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EXECUTIVE SUMMARY 

Background  

Water for Life: Alberta’s Strategy for Sustainability (Water for Life Strategy) represents the 
Government of Alberta’s response to the significant pressures currently facing water 
resources in the province. One of the three primary management goals identified by 
Alberta’s Water for Life Strategy is ‘healthy aquatic ecosystems’.   Stantec (2005)1 proposed 
the following working definition for Aquatic Ecosystem Health: 

“A healthy aquatic ecosystem is sustainable and resilient to stress. It maintains its ecological 
structure and function over time, similar to the natural (undisturbed) ecosystems of the 
region, and provides an array of unimpaired ecological services that continue to meet social 
needs and expectations”. 

The initial assessment of aquatic ecosystem health (AEH) was identified as a medium-term 
objective in the Water Strategy. This report represents a review and synthesis of water and 
sediment quality, and non-fish biota (NFB) information. Similar efforts are underway to 
assess other aquatic ecosystem components (fish, riparian areas, and hydrology), and a 
comprehensive evaluation and synthesis of all major aquatic ecosystem components is 
expected at a later date. The present study was intended to serve as a ‘stepping stone’ along 
the path to a more integrated, quantitative AEH assessment and an associated AEH province-
wide monitoring program. Data and information gaps were evaluated and recommendations 
made about the information required to assess AEH in Alberta. An approache to relay this 
information to Albertans through clear and unambiguous reporting are provided. 

Review and Initial AEH Assessment 

The primary objectives of this study were to: 

• Compile, review, and synthesize information directly relevant to AEH2;  

• Where possible, carry out an initial assessment;  

• Identify data/information gaps; and 

• formulate recommendations to facilitate a more integrated and quantitative future 
assessment. 

                                                 
1 Stantec (Stantec Consulting Ltd.). 2005. Alberta Environment Water For Life – Aquatic Ecosystems Review of Issues and 
Monitoring Techniques. Prepared for Alberta Environment, Edmonton, AB. 
2 For example, information on aquatic environments relevant to human health and livestock were excluded. 
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To this end, potential water and sediment quality and NFB indicators of AEH were 
identified. Pertinent available information within major river basins was then reviewed and 
synthesized, with a focus on recent conditions. The following major river basins were 
evaluated: Hay, Peace and Slave, Athabasca, Beaver, North Saskatchewan3, South 
Saskatchewan4, and the Milk River basins. Where possible, initial qualitative AEH 
assessments were conducted, but in many cases there were simply insufficient data, or data 
were limited with respect to the AEH assessment. This was particularly true for streams, 
lakes and wetlands; rivers generally had the most pertinent and recent data. Overall, water 
quality data were considerably more available for all ecosystems, compared to sediment 
quality and NFB.  

A general summary of the river, streams, lakes and wetlands evaluated, is as follows: 

• 11 major rivers were evaluated, with multiple reaches (1-4 per river); 

• 14 tributaries to these major rivers were evaluated; 

• A wide range of streams was evaluated, specifically: 20 agricultural streams 
belonging to the Alberta Environmentally Sustainable Agriculture (AESA) 
monitoring network; 5 streams in the vicinity of mining operations; and several 
streams located in the boreal forest; 

• The trophic status of more than 100, mainly recreational, lakes belonging to the 
AENV and partners lake monitoring network were evaluated. A subset of 27 of 
these lakes was evaluated in more detail (water and sediment quality and NFB); 

• Other lakes evaluated included: 

o 450 regional lakes in north-eastern Alberta (Athabasca and Peace River basins) 
monitored by the Cumulative Environmental Management Association (CEMA) 
NOxSOx Management Working Group and Regional Aquatics Monitoring 
Program (RAMP), in response to increased acidifying emissions from oil sands 
industries; and 

o A number of boreal lakes and lake-wetland complexes located in the Peace, 
Athabasca and Slave river basins, subject to specific monitoring under various 
research initiatives; 

• With respect to wetlands, a number of wetlands located in the prairie pothole, aspen 
parkland and boreal regions were evaluated to the extent possible given the often 
limited information.  

Initial Qualitative AEH Assessment Results  
                                                 
3 Including the Battle River Basin 
4 Including the Bow, Oldman, Red Deer and South Saskatchewan River Basins 
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When, information was sufficient to support a qualitative assessment of AEH in water bodies 
across the province, the efficacy of the assessment varied considerably among river basins 
and water bodies. Detailed information is provided in the main report, along with the criteria 
used to assess AEH and the quality/quantity of the data on which the qualitative assessments 
were based (i.e., level of ‘confidence’). Findings were also summarized at the provincial 
level for major rivers and their tributaries, as well as agricultural streams within the larger 
river basins. Overall, the initial AEH assessment indicated that: 

• Of the total 28 reaches or river lengths evaluated, 11% had ‘excellent’ water quality, 
61% were considered to have ‘good’ water quality and 29% had ‘fair’ water quality. 
Confidence in these findings was relatively high compared to the other components 
assessed (i.e., 32% of the data were thought to be ‘good’ in terms of data 
quality/quantity).  

• A contrasting situation existed for sediment quality and NFB, where there were 
insufficient data to support an initial qualitative assessment for the majority of 
reaches/river lengths, at this time.  

• Approximately half of the selected tributaries in these basins had ‘fair’ water 
quality. The other half either had insufficient data to support a qualitative 
assessment, or water quality was considered to be mostly ‘good’. There was a lower 
level of confidence associated with these tributary rankings compared to the major 
river reaches, with data quality/quantity considered to be ‘good’ or ‘fair’. Both 
sediment quality and NFB data for a large proportion of the tributaries selected for 
assessment were limited and insufficient to support a qualitative assessment.  

• Water quality is the main focus of the agricultural stream monitoring conducted 
under AESA and in most of the twenty AESA streams evaluated water quality rated 
‘fair’ or ‘marginal’. Due to the established CAESA/AESA monitoring network, a 
high level of confidence is associated with these rankings. 

• Water quality in the majority of lakes evaluated tended to exhibit high spatial and 
temporal variability. The assessment of “health” of these aquatic ecosystems was 
generally not possible. 

• Water quality, sediment quality, and non-fish biota data for wetlands were 
unavailable to conduct a meaningful health assessment. 
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Summary of the initial qualitative assessments of aquatic ecosystem health 
and data quality/quantity: major rivers 

Major River Reaches 1

Qualitative 
Assessment 

Rating 
Water  

Quality  
(%) 

Sediment 
Quality  

(%) 

NFB: Benthic 
Invertebrates 

(%) 

NFB: Primary 
Producers 

(%) 

Excellent 11    
Good 64 7 11 18 
Fair 25 4 7 25 

Marginal   4 11 
Poor     

Aquatic 
Ecosystem  
Health 

Insufficient Data  89 79 46 
Good 39  4 4 
Fair 50 7 4  

Marginal 11 7 25 60 
Data 
Quality/Quantity 

Poor  86 68 36 
NFB = Non-fish biota. 

Notes: 128 major river reaches were considered. 

Summary of the initial qualitative assessments of aquatic ecosystem health 
and data quality/quantity: major tributaries and agricultural 
streams 

Major Tributaries  Agricultural Streams Qualitative 
Assessment 

Rating 
WQ (%) SQ (%) NFB (%) WQ (%) SQ (%) NFB (%) 

Excellent 7      
Good 21 7  10   
Fair 43 21 28 40   

Marginal   7 50   
Poor 7      

Aquatic 
Ecosystem 
Health 

Insufficient Data 21 71 64  100 100 
Good 43 14 21 100   
Fair 29 14 7    

Marginal 7 7 7    
Data 
Quality/Quantity 

Poor 21 64 64  100 100 
WQ = Water quality. SQ = Sediment quality. NFB = Non-fish biota. 

Notes: Select major tributaries and agricultural streams within the four largest river basins: North Saskatchewan, Athabasca, 
Peace and Slave, and South Saskatchewan River basins. 
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Aquatic Ecosystem Health Monitoring in Alberta 

A series of data or information gaps were identified, and recommendations provided for 
rivers, streams, lakes and wetlands within Alberta, with respect to the following: 

• Accessibility of data and interpretive reports, coordination of data management, and 
timely reporting 

• Compatibility of data collection, analysis and reporting by different agencies 

• Existence of recent data and analyzed/interpreted data 

• Establishment of regional or site-specific reference conditions and thresholds or 
targets to define what is ‘healthy’ or in a ‘natural state’ 

• Integrated monitoring, cumulative effects assessment, and consideration of non-
point source inputs 

Consistent with the Water Strategy there will be an ongoing need for evaluation and 
reporting on AEH in Alberta. This initial assessment has identified multiple gaps in current 
monitoring activities, that, if addressed, would facilitate a more comprehensive evaluation 
and reporting framework. AENV expects that a significant portion of environmental data that 
will be needed in future AEH assessments will come from partners. Hence it is important 
that the design of a framework for a provincial-scale AEH monitoring program be 
undertaken in cooperation with key partners. Ideally the design would mesh, and, where 
needed, enhance current monitoring activities and programs in the province to meet reporting 
needs.  

Regular, timely and credible provincial reporting on AEH in the province is truly a large and 
challenging undertaking that will require sustained allocation of resources over the long-
term.  The process will likely take several years to establish, but should result in a defensible, 
meaningful monitoring program that will allow regular, accurate reporting on AEH.  
Monitoring should be iterative, and maintain continuity and consistency over time.  Although 
a standardized monitoring framework is needed, flexibility needs to be built in to 
accommodate and incorporate new information and evolving conditions and issues. 
Therefore, the effectiveness of the framework will benefit from being somewhat adaptive 
and from regular reviews. 
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ABBREVIATIONS FOR RIVER BASINS AND UNITS 
AR(B) Athabasca River (Basin) 
Bow RSB Bow River Sub-Basin 
BR(B) Beaver River (Basin) 
HR(B) Hay River (Basin) 
MR(B) Milk River Basin 
NSR(B) North Sask. River (Basin) 
Oldman RSB Oldman River Sub-Basin 
PR(B) Peace River (Basin) 
Red Deer RSB Red Deer River Sub-Basin 
SR(B) Slave River (Basin) 
SSR(S)(B) South Sask. River (Sub-) (Basin) 

g grams 
mg milligrams 
µg micrograms 
ng nanograms 
dam3 [0]cubic decametre, equivalent to 

1000 cubic metres 
L  litre 
mL millilitres 
m metres 
km kilometres 
µeq/L micro equivalent per liter, ionic 

concentration unit  
  

GENERAL ABBREVIATIONS 
AAWQI Alberta Agricultural Water Quality Index 

AAFRD Alberta Agriculture, Food and Rural 
Development 

AB Alberta 

ABMP Alberta Biodiversity Monitoring Program 

AEH Aquatic Ecosystem Health 
AENV Alberta Environment 

AESA Alberta Environmentally Sustainable 
Agriculture 

AFDW ash free dry weight 
Ag Silver 

AIPC Alberta Invasive Plants Council 
Al Aluminum 

ALMS Alberta Lake Management Society 

ALPAC Alberta Pacific Pulp mill 

ANCo Alberta Newsprint Co. 

ANC acid neutralizing capacity 
ANOVA analysis of variance 
ARWQI Alberta River Water Quality Index 

As Arsenic 

asl above sea level 

ASRD Alberta Sustainable Resource 
Development 

ASWQG Alberta Surface Water Quality Guideline 

B Boron 
Ba Barium 
Be Beryllium 
BOD biological oxygen demand 

BRBC Bow River Basin Council 
CAESA Canada-Alberta Environmentally 

Sustainable Agriculture 
CASA  Clean Air Strategic Alliance 
CBOD carbonaceous biological oxygen demand 

CCME Canadian Council of Minsters of the 
Environment 

CCME 
ISQG 

CCME Interim Sediment Quality Guideline

CCME PEL CCME Probable Effects Level 
CCME 
WQG 

CCME Water Quality Guideline 

CCME WQI CCME Water Quality Index 
Cd cadmium 

CEA cumulative effects assessment 
CEMA Cumulative Environmental Management 

Association 
CFB Canadian Force Base 

Chl Chlorophyll 
CNR Canadian National Railway 
COD chemical oxygen demand 

CONRAD Canadian Oil Sands Network for Research 
and Development 

CPR Canadian Pacific Railway 
Cr chromium 

CRC Cardinal River Coals Ltd. 
CSO combined sewer overflow 
Cu copper 

DBP di-n-butyl phthalate 
DEHP di(2-ethylhexyl) phthalate 
DFO Department of Fisheries and Oceans 

DL detectable level 
DMI Daishowa-Marubeni International Ltd. 
DO dissolved oxygen 

DOC dissolved organic carbon 

EC Environment Canada 
EDC endocrine disrupting compounds 
EEM Environmental Effects Monitoring Program
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EIA environmental impact assessment 
EIS environmental impact statement 
EPT Ephemeroptera/Plecoptera/Trichoptera 
Fe Iron 

FORWARD Forest Watershed and Riparian 
Disturbance Project 

FWMC flow weighted mean concentration 

H Hydrogen 
Hg Mercury 

HEAD Hydrology Ecology and Disturbance 
Project 

ID irrigation district 
IFN instream flow needs 
ISQG Interim Sediment Quality Guidelines 

LEL lowest effect level 
LICA Lakeland Industry and Community 

Association 
LTRN Long-Term River Network 

Mn  Manganese 

Mo Molybdenum 

MRBB Mackenzie River Basin Board 
MTRN Medium-Term River Network 

N Nitrogen 
NFB non-fish biota 
NFR non-filterable residue 
NGO non-governmental organization 
Ni Nickel 

NPEs nonylphenol ethoxylates 
NRBS Northern River Basins Study 
NREI Northern River Ecosystem Initiative 

NRTEE National Round Table on Environment and 
the Economy 

NSMWG NOxSOx Management Working Group 
NSWA North Saskatchewan Watershed Alliance 
NTU nephelometric turbidity units 
NWT North West Territories 
OECD Organization for Economic Cooperation 

and Development 
ON Ontario 
OWC organic wastewater contaminant 
P Phosphorus 
PAH polycyclic aromatic hydrocarbon 

PAI potential acid input 
PAL Protection of Aquatic Life 

Pb Lead 

PCBs polychlorinated biphenyls 
PEL potential effect level 
PPWB Prairie Provinces Water Board 

QA/QC quality assurance/quality control 
RAMP Regional Aquatic Monitoring Program 

RB river basin 

RSB river sub-basin 

SAGD stream assisted gravity drainage 
Sb antimony 
SD standard deviation 
Se selenium 

SE standard error 
SEL severe effects level 
Si silicon 
SO storm outfall 
SOD sediment oxygen demand 
SOPs standard operating procedures 
SQ sediment quality 
SQG sediment quality guideline 
Sr strontium 
SRP soluble reactive phosphorus 
STP sewage treatment plant 
TDP total dissolved phosphorus 

TDS total dissolved solids 

Th thorium 
Ti titanium 
TKN total Kjeldahl nitrogen 
Tl thallium 
TMLL total maximum loading limit 
TN total nitrogen 

TOC total organic carbon 
TP total phosphorus 

TROLS Terrestrial and Riparian Organisms Lakes 
and Streams Program 

TSS total suspended solids 

U uranium 
UC Union Carbide 
USEPA US Environmental Protection Agency 
V vanadium 
VOC volatile organic compound 
WHO World Health Organization 
WID Western Irrigation District 
WPP Wabamun Power Plant 
WQ water quality 
WQG water quality guidelines 

WQI water quality index 

WTP water treatment plant 
WWTF wastewater treatment facility 

WWTP wastewater treatment plant 

Zn zinc 
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GLOSSARY OF KEY TERMS 
Aquatic Ecosystem Health The ability of the physical, chemical and biological components of an 

ecosystem to support and maintain a balanced, adaptive community of 
organisms having a species composition, diversity and functional organization 
comparable to that of natural ecosystems within a region. 1

Aquatic Environment Areas that are permanently under water, or that are under water for a sufficient 
period to support organisms that remain for their entire lives, or a significant 
portion of their lives, totally immersed in water. 

Aquatic Ecosystem Health 
Indicator 

A measure (e.g., physical, chemical, biological, sociological, etc.) that provides 
evidence as to the state of the ecosystem. 2

Guidelines The science-based levels above which an environmental effect may occur. 3

Monitoring Any ongoing activities that measure the state of the environment or 
components within it, usually compared to a reference value. 2

Non-Fish Biota Aquatic biota not including fish species, e.g., phytoplankton, periphyton 
(benthic algae), macrophytes (aquatic plants), zooplankton and benthic 
invertebrates. 

Non-Point Source A pollution source by which contaminants are discharged over a widespread 
area or from a number of small inputs rather than from distinct, identifiable 
sources. 2

Point-Source Any discernible, confined and discrete conveyance, such as a pipe, ditch, 
channel, tunnel, conduit, well, discrete fissure, container, rolling stock, landfill 
leachate collection system or vessel from which pollutants are discharged. 1

River Reach A relatively uniform Section of a river. 2

Sediment Loose particles of sand, clay, silt, and other substances that settle at the 
bottom of a body of water. Sediment can come from the erosion of soil or from 
the decomposition of plants and animals. Wind, water, and ice often carry 
these particles great distances. 4

Sediment Quality  A measure of the condition of sediment relative to the requirements of one or 
more species and/or any human need or purpose. Based on chemical 
composition or on the results of bioassays. Modified from 5

Stressor Physical, chemical and biological factors that are either unnatural events or 
activities, or natural to the system but applied at an excessive or deficient level, 
which adversely affect the ecosystem. Stressors cause significant changes in 
the ecological components, patterns and processes in natural systems. 
Examples include water withdrawal, pesticide use, timber harvesting, 
acidification, and land-use change. 1

Surface Water Water that remains at, or close to the land surface (e.g., a river). 2

Water Quality A measure of the condition of water relative to the requirements of one or more 
species and/or any human need or purpose. Water quality encompasses the 
physical, chemical, and biotic characteristics of water. This includes such 
things as temperature, colour, turbidity, salts, nutrients, metals, organic 
compounds, bacteria, and algal content. 4

Notes: 1 Stantec Consulting Ltd. 2005. Alberta Environment Water For Life – Aquatic Ecosystems Review of Issues and Monitoring 
Techniques. Prepared for Alberta Environment, Edmonton, AB. 2 Northern River Basins Study. 2002. Final Report Glossary. 
Available at: http://www3.gov.ab.ca/env/water/ nrbs/misc/glossary.html. 3 Canadian Council of Ministers of the Environment. 
1996. A Framework for Developing Ecosystem Goals, Objectives, and Indicators: Tools for Ecosystem-Based Management. 
CCME, Winnipeg, Manitoba. 4 U.S. Environmental Protection Agency website. 2006. Contaminated Sediment in Water 
Glossary. Available at: http://www.epa.gov/waterscience/cs/aboutcs/glossary.html. 5 CEMA Glossary of Terms. 
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1.0 INTRODUCTION 

1.1 WATER FOR LIFE STRATEGY AND AQUATIC ECOSYSTEM HEALTH 

Water for Life: Alberta’s Strategy for Sustainability (Water for Life Strategy) released in 
November 2003, represented the Government of Alberta’s response to the significant 
pressures currently facing water resources in Alberta; namely population growth, drought, 
and rapid agricultural, municipal and industrial development (AENV website 2003). Three 
management goals or themes were identified to address Alberta’s water requirements, 
maintain economic prosperity and address environmental concerns: 

1. safe, secure drinking water supply; 

2. healthy aquatic ecosystems; and  

3. reliable, quality water supplies for a sustainable economy. 

For each management goal, various short-term (2004-2007), medium-term (2007-2010) and 
long-term (2010-2014) objectives were identified, intended to guide implementation of the 
strategy. An initial assessment of aquatic ecosystem health (AEH) was identified as a 
medium-term objective of the strategy. A scoping study for an initial assessment of AEH in 
Alberta was completed by Jacques Whitford (2005). The present study was commissioned by 
AENV to provide a synthesis of existing information to support an initial assessment of the 
status and health of aquatic ecosystems in Alberta, in terms of water and sediment quality, 
and non-fish biota (NFB). 

1.2 DEFINITION OF AQUATIC ECOSYSTEM HEALTH AND APPLICATION 
TO AN INITIAL ASSESSMENT 

To achieve the Water for Life (WFL) Strategic goal of ‘healthy aquatic ecosystems’ one must 
first define the concept of AEH. A clear operational definition of AEH would serve to lay the 
foundation, and provide direction for initial and subsequent more comprehensive assessments 
of AEH in Alberta. Still, a widely accepted definition of ecosystem health has proven 
somewhat elusive and been the subject of much global debate in the last 10-20 years (e.g., 
Calow 1992; 1995; Rapport 1992; Suter 1993; Scrimgeour and Wicklum 1996; Karr 1996, 
Cash 1995; Cash et al. 1996; Meyer 1997; Boulton 1999; Karr 1999). Thus, even though the 
initial concept of ‘health’ seems somewhat intuitive; the definition of ecosystem health and 
even the appropriateness of using ‘health’ to assess ecosystems have undergone substantial 
scrutiny. Nevertheless, proponents of this approach such as Karr (1999) point out that 
‘health’ is a concept that all people can identify with which is critical in raising public 
interest and support for the protection of aquatic ecosystems. Yet, the author also conceded 
that the term ‘ecosystem health’ must be clearly defined, and methods of measurement 
developed that prove both effective and practical; i.e., it must be ‘operationalized’ in order to 
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provide protection to ecosystems.  Ecosystem health and existing definitions were reviewed 
by Cash et al. (1996) and Karr (1999).  

These authors discussed ecosystem health and proposed practical assessment approaches in 
the context of aquatic ecosystem management, with the recognition that the formulation of a 
definitive definition was not yet possible. Of particular relevance to Alberta, was the 
pragmatic approach applied to integrated Northern River Basins Study (NRBS) monitoring 
by Cash et al. (1996). This approach combined societal and stakeholder input/expectations 
with best available scientific knowledge, in the development of a pragmatic, operational 
concept of the desired structure and function of a particular ecosystem. It therefore occupied 
the middle ground between holistic definitions (i.e., healthy ecosystems attain stable 
equilibrium states) and anthropocentric definitions (i.e., healthy ecosystems are those that 
meet economic and aesthetic societal expectations).  

This approach was formulated without the development of a generic definition of AEH and 
so avoided the many issues associated with that task. Instead, each ecosystem was assessed 
on an individual basis, with ecosystem dependant health indicators that varied both spatially 
and temporally. Indicator selection depended on the nature of the ecosystem and the stressors 
and issues acting upon it. The approach was also iterative in nature, where by, the selection 
and deployment of indicators was to change in response to advances in scientific 
understanding and societal priorities (Cash et al. 1996). Ecosystem assessment (i.e., what 
constitutes a healthy ecosystem) could therefore, vary regionally or evolve over time, with 
changes in stakeholder expectations and/or available scientific information. Cash et al. (1996) 
regarded this approach to be of high utility, flexible, practical, and able to facilitate the 
development of appropriate indicators.  

Based on this approach, Stantec (2005) proposed a working definition of ‘AEH’ as follows: 

“A healthy aquatic ecosystem is sustainable and resilient to stress. It maintains its 
ecological structure and function over time similar to the natural (undisturbed) 
ecosystems of the region, and provides an array of unimpaired ecological services that 
continue to meet social needs and expectations”. 

For the purpose of an initial assessment, Stantec (2005) also provided an ‘operational’ 
definition of a ‘healthy ecosystem’:  

“Generally, healthy systems will be considered here as those in which the attributes 
(measurable endpoints) fall within acceptable limits, and where the limits are numeric or 
narrative criteria established on the basis of values derived from science (as per water 
and sediment quality guidelines), or as observed in minimally degraded (or acceptable) 
reference locations. Where data from reference locations are used to set acceptable limits, 
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natural spatial, seasonal, and annual variations should be considered. Limits may also be 
specified according to the human uses of the system” 

These definitions of ecosystem health were adopted for the present study but it was 
recognised they will continue to evolve as AEH in Alberta is further defined. 

1.3 STUDY OBJECTIVES 

Jacques Whitford (2005) outlined seven steps to be followed in the conduct of an initial 
assessment which are summarized in part below and in Figure 1-1.  

 

Figure 1-1 General approach to assessing aquatic ecosystem health, from 
Jacques Whitford 2005 

The present report was intended to address steps 3 to 6, to the extent possible, based on 
existing information/data available for the seven major river basins within Alberta; i.e., the 
Hay, Peace and Slave, Athabasca, Beaver, North Saskatchewan1, South Saskatchewan 2 and 
the Milk River basins (Figure 1-2). The specific study objectives were: 

• Compile relevant information, reports, maps and data related to water quality, 
sediment quality and NFB for the seven major river basins.  

                                                 
1 Including the Battle River Basin 
2 Including the Bow, Oldman, Red Deer and South Saskatchewan River Basins 
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• Select 25-50 key documents per river basin for each assessment component (i.e., 
water/sediment quality, and NFB) and produce an annotated bibliography of these 
key documents (the exact number was expected to vary with river basin).  

• Based on the information acquired, identify key stressors and issues for rivers, 
streams, lakes and wetlands within each river basin. Then identify key 
areas/reaches/sites within each river basin. considered most appropriate/relevant for 
the initial AEH assessment. 

• Identify key water and sediment quality, and NFB indicators of AEH, and rationalise 
selection. 

• For each river basin, review and synthesize information. Where possible, carry out 
an initial assessment; identify data/information gaps; and formulate 
recommendations to facilitate a more integrated and comprehensive future 
assessment.  
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Figure 1-2 Major river basins in Alberta 
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2.0 METHODOLOGY 

2.1 LITERATURE REVIEW AND ANNOTATED BIBLIOGRAPHIES 

Information and documents either directly related to AEH or relevant to support an 
assessment of ecosystem health were collated and reviewed. Literature searches were 
conducted to identify relevant documents for each river basin. Literature subject to 
consideration included:  

• Alberta provincial government reports and publications (e.g., AENV 1, Alberta 
Agriculture, Food and Rural Development [AAFRD], State of Environment and 
State of the Watershed reports; 

• Federal government reports and publications (e.g., National Environmental Effects 
Monitoring Program (EEM) documents); 

• consultant interpretive technical reports written on behalf industry, government and 
stakeholders;  

• Regional Aquatic Monitoring Program (RAMP) and Cumulative Environmental 
Management Agency (CEMA) documents; 

• Northern River Basins Study (NRBS), Northern River Ecosystems Initiative (NREI) 
publications; 

• watershed management planning and support studies; 

• university research and scientific peer reviewed publications; and 

• non-government organization reports and publications.  

Literature was acquired from in-house collections, government and university libraries, 
AENV and other provincial agencies, federal agencies, the private sector and from 
individuals. Consultation with AENV representatives greatly facilitated this process and a 
significant proportion of the literature was acquired directly from AENV staff. Where 
required, electronic raw data requests were also submitted to provincial/federal agencies. 
AENV provided available provincial lower trophic electronic raw data (i.e., phytoplankton, 
zooplankton, periphyton and macrophyte data). Data were summarized for select water 
bodies and presented within each appropriate section.  

A prioritised approach was applied, where the most relevant 25-50 reports per river basin 
were reviewed and incorporated into separate annotated bibliographies. For some basins a 
lower number of relevant reports were available (e.g., Hay and Milk river basins) compared 
to others (e.g. Athabasca and South Saskatchewan river basins). The following were 
considered in the selection of key documents: 

                                                 
1 Listing of technical reports at AENV (2006, website). 
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• emphasis on recent (last 5-10 years) and synthesis reports  

• the characterization of water and sediment quality and NFB (i.e., benthic 
invertebrates, phytoplankton, zooplankton, periphyton and macrophytes) 

• the direct assessment of AEH or the provision of information relevant to support an 
AEH assessment (e.g. key indicator data/information) 

• reports that included data interpretation of and/or formal assessments of conditions 
(e.g., ‘state of the environment’); and 

• key documents identified by AENV.  

The bibliographies were annotated to provide summary information relating to the usefulness 
of the document with respect to conducting an assessment of AEH in Alberta, either directly 
or indirectly.  

2.2 KEY INDICATORS  

As previously discussed, the pragmatic approach advocates the selection of ecosystem 
specific indicators; in other words, a sub-set of indicators should be selected for each 
ecosystem, within each river basin (i.e., rivers, streams, lakes and wetlands). Wrona and 
Cash (1996) noted that while the ‘ecosystem approach’ to environmental management was 
appropriate for aquatic health evaluation, they did not provide direction with regard to the 
practicalities of conducting such an assessment (i.e., key questions and indicators). For an 
AEH assessment to be defensible and effective, indicators must be justified by the 
development of a framework to organize and rationalize potential indicators (Cairns et al. 
1993; Wrona and Cash 1996; Boulton 1999; Harwell et al. 1999; Dale and Beyeler 2001).  

Jacques Whitford (2005) proposed a provisional framework to organize potential health 
indicators in order to achieve healthy aquatic ecosystems that defined two goals: i.e., 
‘functioning and diverse aquatic ecosystem’ and ‘unimpaired human uses’. The first goal 
was of greatest relevance to this study and three objectives (i.e., Healthy Biological 
Communities; Adequate Chemical Environment; and Adequate Physical Environment.) were 
identified to achieve this goal. Potential indicators and measurement criteria for each 
objective were then suggested for each objective (Figure 2-1).The present study intended to 
build on this work by adopting the proposed outcome, goals and the two of the objectives 
(i.e., the chemical and biological environments, excluding fisheries). The physical 
environment and fisheries will be covered by other evaluations. 
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Figure 2-1 Proposed objectives under the goal of a functioning and diverse 
aquatic ecosystem, as well as indicators that can be used to 
evaluate whether ecosystem objectives are being met, and the 
criteria against which to judge the condition of an indicator (from 
Jacques Whitford 2005) 

Key water and sediment quality and NFB indicators were identified and their relevance to 
AEH assessment evaluated according to a criteria based on Cairns (1993) and Dale and 
Beyeler (2001). Indicators should capture the complexity of the ecosystem in question but be 
simple enough to allow routine monitoring according to standard protocols (Boulton 1999; 
Dale and Beyeler 2001). Then for each ecosystem within the river basins (i.e., rivers, 
streams, lakes and wetlands) specific indicators were identified and the quality/quantity of 
recent data available was graded. 

2.3 KEY STRESSORS AND ISSUES 

Key stressors and issues pertinent to the assessment of AEH were identified for each river 
basin based on an initial review of the compiled literature, with an emphasis on recent 
conditions and in consideration of the following: 

• type and spatial distribution of land use and intensity, and spatial distribution of 
agricultural and forestry activities within the basin; 

• presence, location, intensity, and number of major industrial operations (point 
source discharges and water use); 
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• urban land use and municipal discharges (e.g., water treatment plants; wastewater 
treatment plants; stormwater outfalls; combined stormwater outfalls); 

• availability of recent studies, data or other appropriate information;  

• water allocation pressures and in-stream flow needs assessments (where available); 
and,  

• water usage and significance to humans (e.g., hydroelectric development; drinking 
water source; recreation), and recreational use and population pressures. 

Continuous and periodic point source discharges to surface waters within each major river 
basin were identified to facilitate the selection process. Lists of surface water users and 
groundwater users were obtained from the provincial database at the Environmental 
Monitoring and Evaluation Branch, Alberta Environment (AENV; Appendix B). Point 
source dischargers that discharged greater than 200,000 m3 per annum were individually 
listed along with specifics regarding the original water source, the receiving water, return 
flow volume, and the specific purpose of the abstraction. The percent of water licences under 
200,000 m3 per annum was listed per sector. The cut-off in the analysis was set at 200,000 
m3 because a cursory review of the discharge data revealed that the major discharges 
appeared to be above 200,000 m3. Discharges below 200,000 m3 were still considered but 
were categorized for analysis. Information relating to non-point source inputs was more 
limited but was incorporated where possible. 

2.4 KEY AREAS, REACHES AND SITES 

In consideration of the broad spatial coverage of this study, the assessment was focussed on 
key areas/sites selected within each river basin, based on the following factors: 

• key stressors and issues (see section 2.3) 

• location of: 

 provincial long-term and medium-term river network (LTRN, MTRN 
Figures 2-2 and 2-3) monitoring sites,  

 federal long-term monitoring sites (Environment Canada [EC], Prairie 
Provinces Water Board [PPWB]),  

 federal EEM and Parks Canada monitoring sites, and  

 Alberta Environmentally Sustainable Agriculture (AESA) stream survey 
watersheds (Figure 2-4);  

• appropriateness of reference locations and/or representation of the basin or areas 
within the basin (e.g., ecoregions/natural regions). 

• availability of recent studies, data or other appropriate information; 

To facilitate this process, maps were produced for each river basin showing the locations of 
water quality monitoring sites sampled by AENV between 1980 and 2005 (Appendix C). 
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Locations of the sediment quality and NFB monitoring sites had a more sporadic spatial and 
temporal distribution that did not support such an approach.  

 

Figure 2-2 Federal and provincial long-term river water quality sites in 
Alberta2

                                                 
2 Source: AENV website http://www3.gov.ab.ca/env/water/swq/assets/transmap.pdf 
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Figure 2-3 Medium-term river network water quality sampling sites in 
Alberta (2004-2005)3

                                                 
3 Source: AENV website http://www3.gov.ab.ca/env/water/swq/assets/mediumterm.pdf  
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Figure 2-4 Agricultural streams in Alberta monitored by AESA Stream 
survey4

Assessment of these key areas was intended to determine, to a certain extent, how water and 
sediment quality and NFB, and ultimately ecosystem health, varied spatially and temporally 
within a river basin. The ability to address spatial and temporal variation depended directly 
on the quantity and quality of information/data available and to what extent raw data had 
been analysed. An attempt was made to select the same key sites/reaches/areas for water and 
sediment quality, and NFB to provide an integrated assessment. Key area selection was 
somewhat different for rivers, streams, lakes and wetlands due to inherent differences 

                                                 
4 Source: AESA webpage http://www1.agric.gov.ab.ca/$department/deptdocs.nsf/all/aesa6422 - program 
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between these aquatic systems, the nature of stressors influencing these systems and 
available information (particularly with regard to the last 5-10 years).  

The stressors and issues relevant to each key area were identified and listed, and provisional 
qualitative impact ratings were given to each key area (i.e., negligible to high). These impact 
ratings were not intended to serve as site assessment ratings, but rather were intended to 
reflect expected impacts at these sites. The initial AEH assessment then served to determine 
if these expected impacts had translated into actual impacts in one or more aquatic ecosystem 
components assessed (i.e., water and sediment quality and/or NFB). 

For rivers and streams, upstream-downstream comparisons were used to assess longitudinal, 
and in some cases, temporal changes to water and sediment quality and NFB. For large rivers 
and rivers with significant point source inputs, key reaches were identified along the 
mainstem, typically in accordance with long or medium term provincial or federal 
monitoring sites. For rivers mainly influenced by non-point source inputs, sites were selected 
along the length of the river or close to the mouth or provincial border. 

A different approach was taken for the identification of lakes/reservoirs for aquatic health 
assessment. This was due in part to issues concerning reference lake selection, and inherent 
difficulties associated with matching candidate reference lakes with potentially impacted 
lakes (i.e., in terms of drainage basin characteristics, size, land use, hydrology, etc.). 
Furthermore, a substantial proportion of available water and sediment quality and/or NFB 
data or reports, dated for time periods stretching back 10-30 years. Water quality sampling 
effort was typically focussed on parameters associated with basic water quality and trophic 
status. Moreover, there was substantial spatial and temporal variability in sampling effort 
with respect to the provincial monitoring of lake water quality. Current lake monitoring 
initiatives include several lake water quality monitoring programs such as the AENV Lake 
Monitoring, Provincial Parks Lake programs, Lakewatch (Alberta Lake Management Society 
[ALMS]) and RAMP. 

As a result, it was decided through discussion with AENV that a unique approach should be 
taken for lakes/reservoirs. This approach involved a two-step waterbody selection process.  

• First, trophic status and changes in salinity (i.e., total dissolved solids [TDS]) from 
1980-2003/4 were evaluated in lakes/reservoirs typically those selected for trophic 
status evaluation by AENV, within each river basin.  

• Second, three or four of those waterbodies were selected for a more detailed water 
quality assessment, as well as an assessment of sediment quality and NFB. These 
were selected in consideration of data/information availability and quality, 
representation of regional lakes in that major river basin and natural sub-region, and 
lake stressors. Reservoirs were also considered in the selection of the 
priority/representative waterbodies. 
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Wetlands represented the least studied aquatic ecosystems in the province and so, for each 
basin, all wetland areas/sites with information were incorporated in the assessment. In 
general, wetlands are subdivided into five classes: bogs, fens, marshes, swamps and shallow 
open water (Vitt et al. 1996).  An estimated 93% of Alberta’s wetlands are classified as 
peatlands (i.e., bogs and fens), and are present in northern and central Alberta5 (Wilson et al. 
2001). The percentage of wetland cover in the northern half of the province ranges between 
26 and 100%. Current wetland mapping in Alberta employs two different wetland mapping 
systems.  In the White Zone of Alberta, wetlands are mapped using the traditional aerial 
photo interpretation and subsequent digitizing to generate a GIS spatial data set. While, in 
the Green Zone, wetlands are being mapped using satellite images and spectral analysis to 
inventory wetland types.  Approximately 40% of the Green Zone and approximately 9% of 
the White Zone have been inventoried or in the process of being inventoried. 

Although peatlands (bogs, rich fens, poor fens) dominate northern wetlands, other wetlands 
classes are also present that have greater relevance for assessment of AEH, namely shallow 
open water and marshes. Swamp, fens, and bogs function very different ecologically and 
hydrologically, and many AEH indicators that may be suitable for open water wetlands types 
are not suitable for these wetlands. It is recognized that peatlands and swamp are important 
components of Alberta’s landscape, especially in the boreal region, but that their ecology is 
unique and needs to be addressed separately. Further, most long-term monitoring has been 
conducted in lakes and marshes, rather than swamps and peatlands. Throughout the report, 
wetland references are generally made in relation to marsh and shallow open water wetland 
types, unless otherwise noted. Definitions of shallow open water and marsh are summarized 
below: 

• Shallow Open Water – non-peat forming wetlands characterized by aquatic process 
confined to less than 2 m depth at mid-summer. Variable chemistry for this wetland 
class determines floristic composition, which is characterized by submergent and 
floating aquatic macrophytes.  

• Marshes – open, non-peat forming wetlands dominated by sedges and other 
monocots, but bryophytes generally lacking. Marshes are characterized by seasonal 
water fluctuations, relatively high water flow, and are influenced by ground and 
surface waters. Nitrogen and phosphorus levels are high, resulting in abundant 
vascular plant growth. Chemical differences in marshes, both alkaline and saline 
marshes occur in Alberta, determine floristic composition (Vitt et al. 1996). 

2.5 REVIEW OF AVAILABLE INFORMATION  

The review and initial AEH assessment was primarily focussed towards ‘current’ conditions 
(i.e., within the last 5-10 years), where feasible. This time frame was considered to provide 
the most accurate assessment of ‘current’ conditions, and therefore reduce issues commonly 

                                                 
5 Central, Dry and Wetland Mixedwood, Boreal Highland, Subarctic and Lower Foothills natural sub-regions 
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associated with incorporating older data, generated with different methodologies and often 
limited quality assurance/quality control (QA/QC) methods. Nevertheless, the specific 
evaluation approach was dependant on the nature, extent and purpose of available 
summarized or raw data (e.g., impact assessment or assessment of long-term trends; industry 
or government). Thus, the evaluation inevitably comprised of primarily spatial but some 
temporal comparisons of key indicators. Specifically, one or more of the following 
evaluation methods were employed: 

• Spatial comparisons and/or identification of temporal trends of water and sediment 
quality parameters, water quality indices, trophic classifications and NFB metrics. 

• Summation of recent conditions (last 5-10 years) or over longer time period. 

• Comparison to water and sediment quality guidelines for the protection of aquatic 
life. On the few occasions where guidelines for other uses were used (e.g., irrigation, 
livestock watering) then this was clearly stated, otherwise all guideline comparisons 
referred to water quality guidelines for the protection of aquatic life. 

• Where considered feasible, data from potentially impacted sites were compared 
against the range of variability observed at reference sites (limited to the literature 
only). 

• Trophic status, eutrophication, changes in salinity (i.e., TDS) and lake level changes 
were among the most important issues concerning lakes in Alberta. As such, trophic 
status, Secchi disk depths, and levels of TDS, total nitrogen and total phosphorus 
(1980-2003) were evaluated across each major river basin in consideration of natural 
sub-region and land use. Where appropriate the influence of other factors on water 
quality or NFB (e.g., depth, lake level, lake surface area to drainage basin area ratio, 
lake outflow and lake residence time) was considered. 

• Key water and sediment quality and NFB indicators were further evaluated in three 
or four select lakes. Although the evaluation was primarily focussed on recent 
conditions, available paleolimnological and dated sediment core information were 
discussed. Given the difficulties associated with reference lake selection, an 
evaluation of paleolimnological and dated sediment core information provided a 
unique insight into water and sediment quality and trophic status prior to major land 
use changes and industrialization. 

• Wetlands were the least studied aquatic systems in the province, and so the majority 
of available wetland data/information relevant to key indicators was considered. 
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• For most biological indicators, site- or region-specific reference conditions or 
endpoints are not yet defined and professional judgement was used to arrive at an 
assessment. 

2.6 QUALITATIVE INITIAL ASSESSMENT OF AQUATIC ECOSYSTEM 
HEALTH 

The initial assessment was based on the evaluation and synthesis of existing information 
collected for a wide range of purposes, and in most cases not directly related to AEH. Key 
points with most relevance in terms of AEH were synthesized, and a qualitative AEH 
assessment was conducted according to criteria presented in Table 2-1. For each river basin, 
this was conducted for mainstem rivers, other rivers and streams, and lakes and wetlands. 
Thus, an initial qualitative assessment of AEH was conducted for each ecosystem type, in a 
manner appropriate for presentation to stakeholders and a non-scientific audience (e.g., 
visual representation).  

Part of the initial assessment was to review data quality and quantity, with the view to 
demonstrating the level of confidence in the AEH assessment (Table 2-2). The assessment 
focussed on recent data, and as such, the confidence rating was lowered if recent data were 
not available. For example, if a river reach was given a ‘marginal’ water quality rating, with 
a ‘good’ data quality and quantity rating, confidence was considered to be high. 

An important component of the review and evaluation process was the identification of data 
gaps that precluded a more comprehensive assessment; and the formulation of 
recommendations to address those gaps (see Section 11). Essentially, this report represents a 
starting point and was intended to provide some direction for the next cycle of reporting on 
AEH.  
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Table 2-1 Summary of initial qualitative Aquatic Health Assessment 
categories 

Rating Water Quality Sediment Quality Non-Fish Biota 

Excellent 

No measurable impairment 
relative to reference or natural 
conditions; all or most data are 

compliant with water quality 
guidelines (WQG) or reach-

specific objectives 

Contaminant concentrations are 
very similar to reference or natural 

conditions and compliant with 
sediment quality guidelines (SQG) 

Species composition, densities 
and biomass of the biological 

communities (e.g., benthic 
invertebrates or phytoplankton) 

are very similar to those of 
reference or natural conditions

Good 

Minor impairment relative to 
reference or natural conditions; 
data are usually compliant with 

WQG or reach-specific 
objectives 

Contaminant concentrations are 
similar to reference or natural 

conditions and usually complaint 
with SQG 

Species composition is similar 
to that of reference or natural 

conditions, and population 
densities or biomass show 

minor change due to human 
influences 

Fair 

Moderate impairment relative to 
reference or natural conditions; 

data are commonly not 
compliant with WQG or reach-

specific objectives 

Contaminant concentrations show 
moderate degradation relative to 
reference or natural conditions; 

data are not compliant with SQG 
and below probable effects 

thresholds (PET) 

Species composition shows 
slight change relative to those 

of reference or natural 
conditions; and densities and/or 

biomass show moderate 
change due to human 

influences 

Marginal 

High impairment relative to 
reference or natural conditions; 

data are more frequently not 
compliant with WQG or reach-

specific objectives 

Contaminant concentrations show 
high degradation compared to 
reference or natural conditions; 

data are not compliant with SQG 
and occasionally exceed PET 

Species composition shows 
moderate change relative to 

reference or natural conditions; 
and densities and/or biomass 
show large changes due to 

human influences 

Poor 

Very high impairment relative to 
reference or natural conditions; 
data are generally not compliant 

with WQG or reach-specific 
objectives 

Contaminant concentrations show 
very high degradation relative to 
reference or natural conditions; 

data are not compliant with SQG 
and regularly exceed PET 

Species composition, densities 
and biomass show very 

substantial changes due to 
human influences 

Insufficient 
Data Insufficient data for an adequate assessment 
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Table 2-2 Summary of the categories used to assess data quality and 
quantity with respect to the conduct of an initial qualitative 
Aquatic Health Assessment  

 
RATING DESCRIPTOR 

Good Recent comprehensive study or studies including sound analysis and 
interpretation of relevant datasets are available 

Fair 
Available study or studies were limited in some aspects. For example, 
relevant datasets or recent data may not be available, or the analysis 

of data is insufficient 

Marginal Available data are few and/or of limited value for inclusion in an aquatic 
health assessment 

Poor There are no, or few data, or previous studies 
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3.0 LITERATURE REVIEW AND AEH INDICATOR SELECTION  

3.1 LITERATURE REVIEW 

A large number of documents related to water and sediment quality and NFB and/or AEH in 
the province of Alberta were compiled in electronic and/or hard copy formats. Priority was 
given to relatively recent documents (i.e., dated 1995 onwards), but where necessary, earlier 
reports dating back 10-25 years were compiled (e.g., some NFB reports, lake water and 
sediment quality reports). A sub-set of key documents was selected for each major river 
basin and annotated bibliographies were produced (Appendix D).  

3.2 AEH INDICATOR SELECTION AND RATIONALE 

A suite of water and sediment quality, and NFB indicators was selected for the initial AEH 
assessment. These are generally ‘typical indicators’ used to assess ecosystem condition, and 
provide early warning of an impending decline in ecosystem health. The selected indicators 
generally performed well according to assigned assessment criteria, and so provided 
objective rationale for their selection (Tables 3-1 to 3-3). All indicators were rated according 
to ecological significance and predictability in response to stress; the majority of the 
indicators are associated with standard or accepted criteria by which they could be assessed. 
Criteria included federal and provincial water and sediment quality guidelines for the 
protection of aquatic life (or most sensitive use in Alberta River Water Quality Index 
[ARWQI]), or deviation from a reference condition. The majority of indicators are also 
applicable to both multiple stressors and multiple ecosystem types (i.e., rivers, streams, 
lakes, wetlands). Many of the indicators are relatively easy to measure with established 
sampling procedures and QA/QC measures, and likely well represented within Alberta 
(Stantec 2005). A brief description of each indicator is provided, including comments 
regarding their significance to AEH and, where appropriate, how information may be used to 
arrive at an assessment of health. 

3.2.1 Water and Sediment Quality 

3.2.1.1 Water Quality Indices 

Water quality indices provide a general framework by which to assess ambient water quality 
conditions according to water quality objectives, e.g. Alberta Surface Water Quality 
Guidelines (ASWQGs; AENV 1999) or Canadian Council of Ministers of the Environment 
Water Quality Guidelines (CCME WQGs; CCME 1999), or against background levels, and 
condense this information into a single qualitative value representative of water quality 
conditions (CCME 2001). Three water quality indices are used extensively within Alberta: 
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Table 3-1 Surface Water Quality: Indicator selection rationale 

Potential Health Indicator for Water Quality Indicator 
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Alberta River Water Quality Index 1 Condition Y Y Y R M Y M Y N 

CCME Water Quality Index Condition Y Y Y R, S, LK, W M Y M Y N 

AAWQI Condition Y Y N S M Y M Y N 

AENV Lake Trophic Status 2 Condition Y Y N L H Y M Y N 

Stream /River Trophic Classification Condition Y Y N R, S H Y M Y N 

Nutrients and Chlorophyll a Condition/Early 
Warning 

Some Y Y R, S, LK, W H Y H Y Y 

Dissolved Oxygen  Condition Y Y Y R, S, LK, W H Y H N Y 

Total Suspended Solids  Condition Narrative Y Y R, S, LK, W H Y H N Y 

Total Dissolved Solids  Condition N Y Y R, S, LK, W H Y H N N 

pH Condition Y Y Y R, S, LK, W H Y H N Y 

Trace Metals/Metalloids 3 Condition Y Y Y R, S, LK, W H Y M N Y 

Trace Organics 4 Condition Y Y * Y R, S, LK, W H Y L N Y 

Pesticides Condition Some Y * N R, S, LK, W H Y L N Y 

Sensitivity of Lakes to Acidification Early warning Y Y * N LK M Y L Y Y 

Y = Yes. Y* = Yes for the most part but still undergoing research to resolve major issues. N = No. N/A = Not applicable. L = Low. M = Medium. H = High. R = River. S = Stream. LK = Lake. W = 
Wetland.  

Notes: 1 ARWQI and sub-indices (nutrient, bacteria, metals and pesticides). 2 Trophic status assessed by chlorophyll a, TP, TN and secchi depth criteria. 3 Emphasis was placed on total metals with CCME 
WQGs (i.e., Al, As, Cd, Cr, Cu, Fe, Pb, Mn, Hg, Mo, Ni, Se, Ag, Zn). Dissolved metals were considered only in particular cases (i.e. when no total data were available). 4 Only PAHs with CCME 
WQGs were considered.. 
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Table 3-2 Sediment Quality: Indicator selection rationale 

Potential Health Indicator for Sediment 
Quality 

Indicator 
Type 
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Trace Metals/Metalloids Condition Ysome Y Y R, S, LK, W M Y M Y Y 

Polycyclic aromatic hydrocarbons (PAHs) Condition Ysome Y Y R, S, LK, W M Y L Y Y 

Nutrients Condition N Y Y R, S, LK, W H Y H Y Y 

Sediment Oxygen Demand Condition N Y Y R, S, LK, W L N L Y N 

Y = Yes. N = No. N/A = Not applicable. L = Low. M = Medium. H = High. R = River. S = Stream. LK = Lake. W = Wetland.  
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Table 3-3 Non-Fish Biota: Indicator selection rationale 

Potential Health 
Indicator for 

Non-Fish Biota 
Indicator Metrics/ Measurements 
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Community-based metrics 1 N Y Y R, S, LK, W M Y M Y Y 

Standing crop biomass N Y Y R, S, LK, W M Y M Y N 
Benthic 
Invertebrates 

Invasive species  N N Y R, S, LK, W M N M Y Y 

Standing crop biomass (as Cha) Y Y Y R, LK, W H Y H Y Y 
Phytoplankton 

Community composition 2 N Y Y R, LK, W M Y M Y Y 

Standing crop biomass N Y Y LK M Y M Y N 
Zooplankton 

Community composition 3 N Y Y LK M Y M Y Y 

Standing crop biomass (as Cha) Y Y Y R, S H Y H Y N 

Community composition 4 N Y Y R, S M Y M Y Y Periphyton 

Stream /River Trophic Classification Y Y Y R, S H N/A H Y Y 

Standing crop biomass N Y Y R, LK, W M N M Y N 

Community composition 5 N Y Y R, LK, W M N M Y Y 
Aquatic 
Macrophytes 

Invasive species  N N N/A R, LK, W M N M Y Y 

Body burdens Invertebrate tissue residues Y some  Y Y R, S, LK, W M Y M Y Y 

Y = Yes. N = No. N/A = Not applicable. L = Low. M = Medium. H = High. R = River. S = Stream. LK = Lake. W = Wetland.  

Notes: 1 Total abundance (density), taxon richness, taxon density and proportion, evenness, % EPT, Simpson’s diversity index, Bray-Curtis index and the EPT index. 2 Total abundance (density), taxon 

richness, % cell concentration composition of taxa, % biomass composition of taxa, Simpson’s diversity index. 3 Total abundance (density), taxon richness, % composition of taxa, % biomass 

composition of taxa, Simpson’s diversity index. 4 Total abundance (density), taxon richness, % biomass composition of taxa, Simpson’s diversity index. 5 Total abundance (density), taxon richness, 

% biomass composition of taxa, Simpson’s diversity index. 
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• The Alberta River Water Quality Index (ARWQI) which has been applied to 
water quality data collected at provincial Long Term River Network (LTRN) 
monitoring sites since 1996. The ARWQI has been tailored to meet the needs of 
Alberta and is the average of four water quality sub-indices (nutrients, bacteria, 
pesticides and metals). ARWQI values are calculated annually based on data 
collected monthly or quarterly from April-March at LTRN sites, and range from 0 to 
100, with 100 being the highest quality1.; 

• The CCME WQI which has been applied to water quality data collected at federal 
long-term monitoring sites (i.e., EC and PPWB sites)2; and,  

• The Alberta Agriculture Water Quality Index (AAWQI) which was specifically 
developed to assess the impact of agricultural activities on streams routinely 
monitored by the Alberta Environmentally Sustainable Agriculture Program (AESA) 
across the province. The AAWQI represents a metric of agricultural water quality 
stressors and is calculated as an average of three equally-weighted sub-indices 
(nutrients, fecal bacteria and pesticides), with parameters compared to objectives 
defined by median concentrations measured during the CAESA studies in 
agricultural streams (Wright et al. 1999, Anderson et al. 1998). AAWQI values are 
calculated annually based on flow-proportionate data collected during the open-
water period as part of the AESA monitoring program3.  

The ARWQI sub-indices also provide information for major groups of parameters separately. 
The nutrient sub-index specifically represents water quality based on nutrients and related 
parameters measured monthly at LTRN sites (i.e., total phosphorus, total nitrogen, nitrate-
nitrogen, ammonia-nitrogen, pH, and dissolved oxygen). The bacteria sub-index and metals 
sub-index represent bacteria water quality based on monthly fecal coliforms and Escherichia 
coli data, and water quality in terms of trace metals based on quarterly data (maximum of 22 
parameters), respectively. The pesticide sub-index specifically represents river water quality 
based on a subset of 17 pesticides measured four times during the open water season. The 
index uses compound-specific analytical method detection limits as objectives because many 
pesticides do not have formal guidelines. The three other sub-indices rely on comparisons to 
Alberta and CCME WQGs. The same rating categories described for the overall ARWQI are 
also applicable to the sub-indices (AENV 2006 website).  

The three indices (i.e., ARWQI, CCME WQI, and AAWQI) rely on the same formulation, 
but vary in terms of parameters, objectives, number of samples and timing of sample 
collection. Each index differs (essentially defined by the user of the index) and the 
subsequent values generated within each index are not comparable. However, each index 
operates under the same general principles. Essentially, these indices combine a complexity 

                                                 
1 Additional information is available at the Alberta Environment website http://www3.gov.ab.ca/env/water/SWQ/resources01.cfm. 
2 Further information regarding the CCME WQI and its application is available at: http://www.ccme.ca/sourcetotap/wqi.html. 
3 Further information regarding the AAWQI and its application is available at AESA website: 
http://www1.agric.gov.ab.ca/$department/deptdocs.nsf/all/aesa5806?opendocument&/ 
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of physical, chemical, and biological data into a single, easily communicated and understood 
water quality value. The three indices incorporate three factors: 

1. Scope: the number of variables that do not meet water quality objectives; 

2. Frequency: the frequency with which the water quality objectives are not met; and 

3. Amplitude: the amount by which variables do not meet water quality objectives. 

The water quality objectives applied differ among indices and are based on provincial or 
federal guidelines (ARWQI, CCME index) or background values (AAWQI). Index values, 
which range from 0 to 100 (100 being the highest quality), are calculated using data collected 
monthly or quarterly (ARWQI, CCME index) or on a flow-weighted basis during the open-
water season (AAWQI). The WQI rating categories, while similar, are specific to each index 
(Table 3-4). Furthermore, in contrast to the CCME index, the provincial ARWQI and 
AAWQI represent an average of several sub-indices that incorporate the three factors listed 
above. 

Many natural and anthropogenic factors can influence water quality index values, for 
example: river flow; temperature; river basin land use intensity; non-point source runoff; and 
point source discharges. These issues are considered in the protection of water quality and 
aquatic ecosystems, as part of the watershed approach outlined in the Government of 
Alberta’s WFL Strategy (AENV website 2003). Ultimately, water quality indices are 
regarded as good indicators of AEH because they provide a ‘snapshot’ of ambient 
river/streamwater quality in Alberta, with results that are easily communicated to the public 
and relate directly to AEH. Nonetheless, the indices are not intended to replace the 
conventional process of analyzing and interpreting water quality data in detail; rather, they 
should be utilized as qualitative and complementary assessment tools. Like all indices, water 
quality indices have inherent limitations, one being that they can oversimplify the 
information they are derived from (CCME 2001). 

3.2.1.2 AENV Lake Trophic Status 

Trophic status represents an effective public and stakeholder communication tool to 
communicate current lake status, or changes in lake status after restoration activities or after 
a disturbance. Status is classified as one of four categories on the trophic continuum (i.e., 
oligotrophic, mesotrophic, eutrophic and hypereutrophic). Oligotrophic lakes have low levels 
of biological production; mesotrophic lakes have moderate levels; eutrophic lakes are 
considered productive; and hypereutrophic lakes are considered very productive. 
Hypereutrophic lakes may develop significant algal blooms throughout much of summer and 
fall (AENV website 2006). The current AENV lake trophic classification is based on total 
phosphorus and phytoplankton chlorophyll a (a measure of algal biomass) levels as per 
Organization for Economic Co-operation and Development ([OECD] Vollenweider and 
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Kerekes 1982). Trophic criteria based on total nitrogen concentrations and Secchi depths 
were additionally adopted from Nürnberg (1996, Table 3-5). 

Table 3-4 Comparison of Key Water Quality Indices  

WQ Index Category Value 
Range Description 

CCME WQI 1 Excellent 95-100 
“Water quality is protected with a virtual absence of threat or impairment; 

conditions very close to natural or pristine levels.” 

ARWQI 2 Excellent 96-100 “Guidelines almost always met; ‘Best’ Quality.” 

AAWQI 3 Excellent 86-100 
“All water quality objectives achieved. All uses protected with none 

threatened.” 
 

CCME WQI  Good 80-94 
“Water quality is protected with only a minor degree of threat or impairment; 

conditions rarely depart from natural or desirable levels.” 

ARWQI  Good 81-95 
“Guidelines occasionally exceeded, but usually by small amounts; threat to 

quality is minimal.” 

AAWQI  Good 71-85 
“Most water quality objectives achieved. All uses are protected with a minor 

degree of threat.” 
 

CCME WQI  Fair 65-79 
“Water quality is usually protected but occasionally threatened or impaired; 

conditions sometimes depart from natural or desirable levels.” 

ARWQI  Fair 66-80 
“Guidelines sometimes exceeded by moderate amounts; quality occasionally 

departs from desirable levels.” 

AAWQI  Fair 56-70 
“Some water quality objectives achieved. Most uses protected with only a few 

threatened.” 
 

CCME WQI  Marginal 45-64 
“Water quality is frequently threatened or impaired; conditions often depart 

from natural or desirable levels.” 

ARWQI  Marginal 46-65 
“Guidelines often exceeded, sometimes by large amounts; quality is 

threatened, often departing from desirable levels.” 

AAWQI  Marginal 41-55 “Very few water quality objectives achieved. Several uses threatened.” 

 

CCME WQI  Poor 0-44 
“Water quality is almost always threatened or impaired; conditions usually 

depart from natural or desirable levels.” 

ARWQI  Poor 0-45 
“Guidelines almost always exceeded by large amounts; quality is significantly 

impaired and is well below desirable levels; ‘Worst’ Quality.” 

AAWQI  Poor 0-40 “Almost no water quality objectives achieved. Most uses are threatened.” 

Notes: 1 CCME (2001). 2 AENV (2006). 3 Depoe et al. (2004). 

A large number of Alberta lakes are naturally high in nutrient concentrations (mesotrophic-
eutrophic) as a consequence of the naturally fertile soils in this region. However, these 
nutrient-rich lakes, as well as less productive lakes in Alberta, are sensitive to further nutrient 
enrichment as a result of anthropogenic activities (e.g., from watershed disturbance; Mitchell 
and Prepas 1990). The assessment of lake trophic status is a useful indicator of 
eutrophication. Trophic status represents a widely accepted indicator of AEH and relates 
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directly to effects on biota and other water quality indicators such as dissolved oxygen (DO) 
and turbidity (Mitchell and Prepas 1990). 

Table 3-5 Lake trophic criteria used in the initial assessment of aquatic 
ecosystem health 

Trophic State Total Phosphorus 
(µg/L) 1 Total Nitrogen (µg/L) 2 Chlorophyll a (µg/L) 1 Secchi Depth (m) 2

Oligotrophic <10 <350 <2.5 >4 

Mesotrophic 10-35 350-650 2.5-8 4-2 

Eutrophic 35-100 650-1200 8-25 2-1 

Hypereutrophic >100 >1200 >25 <1 

Notes: 1 Vollenweider and Kerekes (1982). 2 Nurnberg (1996). 

3.2.1.3 Stream Trophic Classification 

The trophic status of streams and rivers has historically been studied to a lesser extent than 
lakes, but research in the last 15-20 years has enabled the development of some trophic 
classification criteria for streams. A prominent example was the temperate stream trophic 
classification criteria proposed by Dodds et al. (1998). The ability to characterize a stream or 
river with respect to nutrient and algal biomass continuums similar to lakes (i.e., 
oligotrophic, mesotrophic, eutrophic), has greatly facilitated riverine ecosystem 
characterization and management (Dodds et al. 1998). The trophic classifications proposed 
by Dodds et al. (1998) in terms of total nitrogen (TN), total phosphorus (TP) and benthic and 
sestonic algal biomass, were adopted for this initial assessment (Table 3-6). Additionally, 
ecoregion-specific nutrient and benthic algal biomass guidelines, proposed by Chambers and 
Guy (2004) and Chambers et al. (2006), were adopted for the Athabasca and Wapiti rivers 
(Table 3-7). 

3.2.1.4 Nutrients (Phosphorus and Nitrogen Forms) and Chlorophyll a 

Nutrients are essential for primary production but the supply of bioavailable forms to surface 
waters has increased in accordance with rising human activity, particularly those of nitrogen 
and phosphorus. Natural and anthropogenic sources of nutrients to aquatic ecosystems 
include: organic matter breakdown; excretion by biota; municipal and industrial wastewater 
and effluent discharges; soil erosion and runoff; agricultural activities (e.g., fertilizer use); 
atmospheric deposition; and groundwater. The overall increase in bioavailable nutrients has 
been shown to negatively impact aquatic ecosystems, in terms of: increased primary 
production; dominance of phytoplankton communities by bloom-forming algae (e.g., 
cyanobacteria); altered aquatic macrophyte and benthic algal community composition; 
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oxygen depletion; decreased water transparency; fish mortality; and issues related to 
aesthetics, taste, odour, and water treatment (Carpenter et al. 1998; Chambers et al. 2001).  

Table 3-6 Stream trophic criteria used in the initial assessment of aquatic 
ecosystem health 

Variable (units) Oligotrophic-Mesotrophic 
Boundary 

Mesotrophic-Eutrophic 
Boundary 

Mean benthic chlorophyll (mg/m2) 20 70 

Maximum benthic chlorophyll (mg/m2) 60 200 

Sestonic chlorophyll (µg/L) 10 30 

Total Nitrogen (µg/L) 700 1500 

Total Phosphorus (µg/L) 25 75 

 Criteria adopted from Dodds et al. (1998) and USEPA (2000). 

Table 3-7 Proposed guidelines for phosphorus, nitrogen and benthic 
chlorophyll a for Athabasca and Wapiti rivers 

Chl a TP TDP TN NO2 + 
NO3Site 

µg/cm2 µg/L µg/L µg/L µg/L-N 

Athabasca River      

  Upper (headwaters to river km 126) 2.6 17 2 – 100 

  Middle (foothills region between river km 126 to 293) 4.5 27 3 269 105 

  Lower (mixedwood region from river km 293 to confluence) 4.6 51 15 553 137 

Wapiti River 1.2 4 4 322 74 

 Guidelines adopted from Chambers et al. (2006). 

Nutrient levels typical of surface waters induce excessive plant and algal growth that can 
lead to degraded habitat and impaired water quality (e.g., reduced dissolved oxygen at night, 
reduced water clarity and production of algal toxins). Furthermore, direct toxic effects can 
result from exposure to elevated levels of ammonia, nitrate, nitrite, and cyanobacterial toxins 
(Chambers et al. 2001). Consequently, WQGs for phosphorus and nitrogen are intended to 
protect aquatic life from the effects of eutrophication, while ammonia and nitrate WQGs are 
intended to be protective of toxic effects (Table 3-8 in Appendix A). Phytoplankton biomass, 
measured as the pigment chlorophyll a, is often included in water quality monitoring 
programs to provide a measure of nutrient bioavailability to biota and general productivity 
(also see section 3.2.2.1). 
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Primary production can be limited by phosphorus, nitrogen or both (Wetzel 1983). Until 
recently, it was widely accepted that most aquatic ecosystems were phosphorus limited, but 
recent studies have shown nitrogen to be fully or partially limiting in many aquatic 
ecosystems (Chambers et al. 2001). The sensitivity of surface waters to eutrophication is 
dependent on many factors, such as: nutrient input(s); original trophic status; temperature; 
light; flow; sediment quality; basin morphology; and wind-induced mixing in lakes, among 
others. Lake sediments act as a both a sink and source of nutrients to the water column, 
depending on prevailing conditions, sometimes resulting in sediment phosphorus 
concentrations several orders of magnitude higher than water column concentrations (Wetzel 
1983). Under certain physical (e.g., low dissolved oxygen, elevated temperature, and 
turbulence), chemical (low redox potential, iron availability) and biological (invertebrate 
burrowing activity) conditions, sediments can also act as a major internal source of nutrients 
to the water column (Wetzel 1983; Marsden 1989). This release of sediment phosphorus to 
the water column is referred to as the internal loading of phosphorus within a lake, and tends 
to occur in many shallow Alberta lakes during late summer, potentially resulting in algal 
blooms (Sosiak and Trew 1996). 

3.2.1.5 Dissolved Oxygen  

Aquatic ecosystems acquire DO through re-aeration (i.e., from the atmosphere), 
photosynthesis, and groundwater and/or surface water inputs, and lose DO via biotic 
respiration and decomposition, and chemical oxidation. DO levels are affected by water 
temperature and to a lesser extent by altitude and salinity, and can vary across multiple time 
scales (from diurnal to seasonal). From a seasonal perspective, low DO occurs under 
prolonged winter ice cover that inhibits re-aeration; and during late summer/fall due to 
increased BOD from plant and algal decay, or point/non-point source inputs. These seasonal 
low DO levels can be exacerbated by below seasonal flows, increased BOD loading, and 
increased primary production and subsequent decay which secondarily increases winter 
BOD. Summer and winter lake stratification results in reduced DO levels with increasing 
depth, sometimes resulting in anoxia at depth (i.e., hypolimnetic oxygen depletion). 
Although this is a natural occurrence, particularly in some nutrient-rich Alberta lakes, the 
adverse effects of lake stratification on DO are often amplified by further nutrient enrichment 
from point and non-point sources and internal sediment loading. Consequently, DO levels in 
Alberta lakes have been reported to span a wide range (from 0 to >20 mg/L). Large temporal 
and spatial DO variations within and between lakes, occur as a consequence of interactions 
between lake morphometry, wind, air temperatures and biological activity (Mitchell and 
Prepas 1990). The current water quality guidelines for DO are described in Table 3-8 in 
Appendix A. 

Mobile adult and juvenile fish are able to preferentially select favourable DO microhabitats 
and avoid hypoxic conditions. However early fish life stages (eggs, larvae, fry) and benthic 
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invertebrates are relatively sedentary and endure prevailing DO conditions. Lotic 
invertebrates typical of erosional habitats tend to be relatively intolerant of low DO levels, 
while lentic invertebrates typical of depositional habitats are more tolerant. 

3.2.1.6 Sediment Oxygen Demand  

Sediment oxygen demand (SOD) represents the rate at which oxygen in overlying waters is 
consumed by the biochemical decomposition of organic matter in bottom sediments, and is 
an important component of the oxygen balance in rivers (Monenco Inc.1992). Measurement 
of SOD can be conducted in situ using a chamber method, or from core samples incubated in 
a laboratory controlled environment chamber. Both methods rely on sample incubation over 
a period of days, and oxygen consumption is expressed as g/m2/day. A number of procedures 
have been developed for both methods, and specifically for Alberta river applications (Casey 
1990; Noton, 1996). SOD is influenced by several factors including: temperature; water 
column DO; biological activity; sediment nutrient concentrations; and the presence of 
chemical reducing agents (e.g., sulphide; Moneco Inc.1992). In relatively shallow nutrient-
rich water, SOD can be considerable and can lead to severe oxygen depletion, resulting in 
fish kills. The continuous addition of organic nutrients and organic matter which result in an 
increase in benthic biomass and respiration typically results in increased SOD. The SOD 
becomes increasingly important during winter months when ice cover prevents, or 
significantly reduces, photosynthesis and re-aeration from the air. SOD can be used as an 
indicator of organic nutrient enrichment, to evaluate the impact of regional or point source 
organic inputs to a water body, and water quality models.  

3.2.1.7 Total Suspended Solids, Turbidity, and Secchi Disk Depth 

Total suspended solids (TSS) are comprised of organic and mineral particulate matter 
suspended in the water column (Weiner 2000). TSS controls the turbidity (lack of clarity) of 
the water, and the two parameters are typically correlated. Secchi disk depth is a common 
measure of water clarity and transparency in lakes. Because watercourses, in particular, tend 
to experience natural seasonal variability in TSS levels, guidelines, such as the CCME 
WQGs, have specifically been designed to directly relate to background natural TSS 
variability. Elevated TSS exposure can compromise primary productivity through reduced 
light penetration and/or physical smothering or scouring. Elevated levels have also been 
widely reported to impose lethal and sublethal stress on benthic invertebrates and fish. 
Benthic invertebrates, particularly those typical of erosional habitats, can suffer detrimental 
effects due to dislodgement, direct habitat loss, abrasion of respiratory surfaces, and the 
clogging of feeding structures. Observed detrimental effects on fish include: reduced 
survival, growth, reproduction, disease resistance, egg development, impaired behaviour and 
avoidance. Furthermore, fish rearing or spawning habitat can be degraded by increased 
sediment deposition (Culp et al. 1985; Birtwell 1999; CCME 1999). 
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3.2.1.8 Total Dissolved Solids and Conductivity 

Total dissolved solids (TDS) and conductivity are measures of dissolved mineral and organic 
matter in water, and the two parameters are correlated. Specifically, TDS are composed of 
major cations and anions (i.e., carbonate, bicarbonate, chloride, sulphate, potassium, 
magnesium, sodium and calcium) and small amounts of dissolved organic matter (Health 
Canada 2006). These substances mainly enter aquatic systems via weathering of rocks and/or 
from groundwater interaction, but can also be transported by wind and rain. Elevated TDS 
levels can be indicative of the local geology, as well as anthropogenic activities such as, 
mining effluent release and agricultural runoff. TDS and conductivity are surrogate 
parameters of salinity. Salinity affects ion balance and osmotic regulation in aquatic biota 
and as such, is a principal limiting factor in determining the range and distribution of aquatic 
biota. Consequently, elevated TDS levels can result in decreased taxon richness and alter 
community composition and species distribution (Leland and Fend 1998). With respect to 
lake productivity, saline conditions have been shown to weaken the relationship between TP 
and chlorophyll a, often resulting in reduced phytoplankton biomass relative to that predicted 
by empirical models constructed for freshwater lakes (Bierhuizen and Prepas 1985). In 
general, salinity tends to be inversely related to aquatic biodiversity in freshwater aquatic 
systems (Derry et al. 2003). 

3.2.1.9 pH 

The measurement of pH indicates the acid or alkaline nature of an aquatic ecosystem that 
varies across multiple time scales (from diurnal to seasonal), and is influenced by a variety of 
factors (e.g., nutrients, organic acids, metals, gases, photosynthesis, temperature, and 
particulates; CCME 1999). Aquatic biota tend to adapt to optimum pH ranges and exposure 
to conditions outside of species’ tolerance ranges can result in decreased species richness, 
and subsequent dominance of acid-tolerant taxa. Overall, aquatic biota may be directly (i.e., 
highly acidic or alkaline conditions) or indirectly (e.g., increase toxicity of ammonia and 
metals, mobilization of metals) impacted by pH changes (Weiner 2000). The current water 
quality guidelines for pH are described in Table 3-8 in Appendix A. 

3.2.1.10 Trace Metals/Metalloids 

Natural sources of trace metals/metalloids in surface waters and sediments include the 
erosion and weathering of soils and rock and atmospheric deposition. Trace metals occur in 
dissolved or particulate forms and some are essential for aquatic health up to a threshold 
concentration (e.g., copper, zinc, iron), while those that are not are termed non-essential 
(e.g., cadmium, mercury; O’Donnel et al. 1985). Trace metals may be naturally elevated in 
some surface waters depending on the underlying geology, but they may also be elevated due 
to various anthropogenic activities (e.g., acidification, agriculture, mining and smelting, 
fossil fuel combustion, the release of municipal and industrial effluents). Sediments act both 
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as a sink and a source of trace metals and integrate conditions over time. The release of 
bioavailable trace metals to the water column or sediment pore waters, and the movement of 
trace metals within the sediment matrix depend on prevailing conditions in the aquatic 
ecosystem (e.g., pH, redox potential, iron and manganese oxides).  

Metals persist in the environment and do not degrade, so the risk to aquatic biota depends to 
a large extent on their form or species. Trace metals bioaccumulate in aquatic biota via water 
and/or or dietary exposure routes. The extent by which trace metals are toxic to biota 
depends on the bioavailability of the trace metal form or species. Furthermore, resident biota 
may reside in aquatic ecosystems with elevated trace metals without necessarily suffering 
detrimental effects, due to individual tolerance mechanisms. Where tolerance is not 
established or those mechanisms are overwhelmed, survival, growth, reproduction may be 
impaired and/or behaviour altered (Hare 1992). Trace metals can also affect lower trophic 
community composition and species diversity, and some have a propensity to bioaccumulate 
within organisms and biomagnify within food webs (Clements and Newman 2002, Genter 
1996). Mercury, in particular, is known to biomagnify in aquatic food webs. The current 
water quality guidelines for metals are described in Table 3-8 and 3-9 in Appendix A. 

3.2.1.11 Trace Organics  

Pesticides 

Known impacts of pesticides to aquatic biota are numerous and, depending on the compound 
or active ingredients involved, impacts can include: direct kills of fish and other organisms, 
which can influence food webs; sub-lethal effects on reproduction, respiration, growth and 
development; cancer, mutations, and fetal deformities; inhibition of photosynthesis in non-
target plants; and bioaccumulation and biomagnification through the food chain (Gregorich 
et al. 2000). Herbicides have been shown to inhibit growth of algal species when they enter 
surface waters (Peterson et al. 1994; Nystrom et al. 1999). Since algae are an important food 
source in aquatic systems, this can have harmful effects on the food chain. Pesticides have 
also been shown to increase mortality rates and decrease the number of macroinvertebrate 
species, another important food source in aquatic systems (Shulz and Liess 1999). Pesticide 
contamination of surface waters is therefore a significant concern and the presence of 
pesticides is an important indicator of AEH. Unlike other contaminants, pesticides do not 
occur naturally, so the number of detections in surface waters can be used as an indicator of 
AEH. 

The introduction of pesticides to surface waters is often incidental in relation to their use and 
application in the terrestrial environment. Numerous pesticides are applied in the terrestrial 
environment in relation to agriculture (herbicides, fungicides, insecticides), domestic and/or 
municipal usages (e.g., use of herbicides on golf courses and lawns), insect controls (e.g., for 
control of mosquitoes and spruce bud worm), forestry, and general highway and 
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infrastructure maintenance (e.g., weed control along transmission lines).  These pesticides 
can be introduced to surface waters through erosion and runoff, atmospheric transport (long-
range and more localized), and through accidental application. Additionally, several 
pesticides (e.g., algicides and pesticides for mosquitoe larval control) are applied directly to 
surface waters. Some pesticides are persistent and may be transported over long distances, 
resulting in their presence in ecosystems located distant from the source (e.g., persistent 
organic pollutants such as DDT).  

Polycyclic Aromatic Hydrocarbons (PAHs) 

PAHs represent a diverse group of organic compounds composed of two or more aromatic 
(benzene) rings fused together. Parent PAHs and can be broadly categorized into two groups 
according to molecular structure (low molecular weight and high molecular weight). 
Alkylated PAH compounds are formed when an alkyl group is substituted on the ring 
structure of the parent PAH (CCME 1999). PAHs enter aquatic ecosystems from a variety of 
natural (e.g., forest fires, volcanic activity, exposed coal seams and bitumen deposits, 
vegetation decay) and anthropogenic (e.g., industrial activities, fossil fuel combustion, waste 
incineration) sources. PAH contamination has occurred in some Alberta waters, such as in 
the Bow River in connection with older creosote plants, in Wabamun Lake in connection 
with several anthropogenic sources, and in the oil sands area in relation to natural bitumen 
and industrial development (Conly et al. 2002; WRS 2003; Donahue 2006). 

PAHs are hydrophobic with a high propensity for adsorption to suspended particles and 
bottom sediments and concentrations of sediment-associated PAHs tend to be higher relative 
to the water column. Sediments can act as both sinks and sources of PAHs to the overlying 
water column, depending on prevailing conditions. PAH size and structure greatly influence 
the physical, chemical and toxicological nature of a particular PAH compound, and are also 
indicative of its origin (CCME 1999). In general, PAHs tend to be bioavailable and easily 
bioaccumulated and metabolized by biota, and thus have been shown to cause adverse 
effects. Solubility and acute toxicity to freshwater biota tend to decrease with increasing 
PAH molecular weight. Conversely, the longer-term carcinogenic potential of PAHs 
increases with increasing molecular weight. Furthermore, alkyl PAHs tend to be less soluble 
in water and bioaccumulate in biota to a greater degree. Exposure to some PAH’s, such as 
naphthalene can potentially cause tainting of fish flesh. 

Naphthenic Acids 

The consideration of naphthenic acids as a water quality indicator was solely confined to the 
Athabasca oil sands region. This group of trace organic compounds is of importance to AEH 
in this region because naphthenic acids are considered to be primarily responsible for the 
toxicity of tailings waters and can potentially cause tainting of fish flesh (Van Meer 2004; 
Rogers 2003; WRS 2003). Naphthenic acids represent a diverse group of carboxylic acids 
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that are natural constituents of petroleum, but whose solubility and concentration increase 
during bitumen extraction. Despite high concentrations in tailings water, the toxicity of 
naphthenic acids have been shown to decrease over time due to microbial biodegradation 
under aerobic conditions (Leung et al., 2003).There are currently no WQGs due to the 
difficulty of characterising the individual compounds responsible for observed toxic effects.  

Other Organic Compounds 

Dioxins and furans are a group of 210 different compounds, which are created and released 
into the environment as by-products of burning of municipal waste and pulp and paper 
bleaching process. Pulp mill discharges of dioxins and furans have drastically decreased 
since the introduction of chlorine-free bleaching processes in the early 1990s.Dioxins and 
furans are stored in the body fat of animals and are passed on in the food webs, resulting in 
higher concentrations higher in the food webs. Dioxins and furans may pose a risk for people 
who eat large amounts of fish (NREI 2004). 

Polychlorinated Biphenyls (PCBs) are manufactured compounds, which are very resistant 
and difficult to break down. PCBs were widely used in 1930-1970 in numerous industrial 
materials and electrical equipment. Due to concerns of their impacts, manufacturing and 
importing PCBs were banned in North America in 1977 (NREI 2004).  

3.2.1.12 Temperature 

Temperature is a very significant physical parameter as it affects other physical, chemical, 
and biotic components of the aquatic environment. Temperature affects the solubility of 
substances in water, including DO, the toxicity of substances to biota, the rates of various 
biological and chemical processes, and directly affects biota in relation to their thermal 
tolerance ranges. Temperature varies naturally in aquatic ecosystems but changes due to 
anthropogenic activities may adversely affect aquatic biota. Large increases or decreases 
may be lethal to aquatic life while smaller changes can exert more subtle effects.  
Furthermore, potential effects of thermal alterations are strongly associated with season and 
may be site-specific. For example, changes in ambient water temperatures affect the timing 
and occurrence of spawning, development, and migration. Rapid fluctuations in temperature 
may also be detrimental to aquatic life. Thermal changes that alter the timing, extent, and/or 
occurrence of ice formation on aquatic ecosystems may also affect aquatic biota (e.g., 
increase the growing period). 

Temperature was not considered as a primary indicator of AEH for Alberta per se, as the 
absolute value of water temperature is not indicative of AEH. Rather, where information was 
available in the literature reviewed, changes to temperature in relation to anthropogenic 
activities were discussed. Additionally, temperature was considered as a co-variable for 
assessing parameters for which water quality guidelines are dependent (e.g., ammonia). 
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3.2.1.13 Sensitivity of Lakes to Acidification 

The degree to which lakes and their catchments are susceptible to acidification is determined 
by:  

• Rates of deposition of acidifying substances to the catchment; 

• The ability of catchment soils and rocks to neutralize these acidifying substances; 

• Hydrological and lake morphological factors that include runoff, depth, volume and 
lake turnover rate; 

• Alkalinity export rates to the lake from the catchment; and  

• Neutralizing agents and processes within the lake itself. 

In some Alberta Lakes, especially in the upland regions of the province that are relatively flat 
and are dominated by organic soils (e.g., Birch Mountains and Muskeg River Uplands), 
groundwater input may play a significant role in determining lake chemistry and sensitivity 
to acid deposition (WRS 2004; Webster et al. 1996; Kratz et al. 1997; and Riera et al. 2000). 
Groundwater from the fens in the catchments of these lakes may be high or low in alkalinity 
depending on the type of fen (Vitt 1994). In general, the most acid sensitive lakes are those 
with the lowest buffering capacity (also termed alkalinity or acid neutralizing capacity). In 
Alberta, these lakes are usually small, low pH, low conductivity lakes often located in upland 
regions and surrounded by fens, with relatively high dissolved organic carbon (WRS 2004). 
The earliest attempts to survey Alberta lakes for their acid sensitivity relied solely on their 
titration alkalinity and pH (Erickson 1987; Saffran and Trew 1996). The latter study defined 
four sensitivity ranges for Alberta lakes (Table 3-8).  

Table 3-8 Acid Sensitivity Rankings for Lakes and Ponds 

Acid Sensitivity pH1 Alkalinity 1 

(mg/L as CaCO3) 
Critical load 2 

keq H+ha-1yr-1

High 0 to 6.5 0 to 10 0.25 
Moderate 6.0 to 6.7 11 to 20 0.5 
Low 7.1 to 7.5 21 to 40 1.0 
Least >7.5 >40 >1.0 

Notes: 1 Thresholds defined by Saffran and Trew (1996). 2 Thresholds defined by CASA (1999). 

Management of acid deposition to lakes and their watersheds in Canada has traditionally 
relied on the setting of target loads for wet sulphate deposition (e.g., RMCC 1986, 1990; 
Jeffries and Lam 1993). However, this approach is of limited applicability to Alberta lakes 
because sulphate concentrations and acidity (H+) are often poorly correlated (Lau 1982; 
Legge 1988). As an alternative to using sulphate deposition, the Target Loading Subgroup of 
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the Clean Air Strategic Alliance (CASA) recommended that a critical load approach be 
developed and implemented for median and long-term management of acidic emissions 
(CASA 1996). The critical load can be defined as the highest load of acid deposition that will 
not cause chemical changes leading to long-term harmful effects on the most sensitive 
ecological systems (Nilsson and Grennfelt 1986).  

The critical load approach has been used extensively in lake sensitivity surveys and in 
environmental impact assessments where lake critical loads are determined and compared to 
modelled Potential Acid Input (PAI) under deposition scenarios that include baseline, 
applications, and cumulative effects conditions. The critical loads are normally determined 
from the Henriksen steady state water chemistry model modified for Alberta conditions 
(WRS 2004). Since 1999, when target loads were defined, a group of 50 lakes in the Oil 
Sands region has been monitored for effects of acidification under the Regional Aquatic 
Monitoring Program (RAMP). Specific measurement endpoints (chemical parameters) that 
can indicate potential acidification in these lakes include: the critical load of acidity; pH; 
Gran alkalinity (the equivalent sum of titratable bases to the Gran procedure end point), base 
cation concentrations; nitrate+nitrite concentration; dissolved organic carbon concentration; 
and the aluminum concentration of each lake. A significant impact on a lake from acid 
deposition is defined as a statistically significant change in one or more of the above 
measurement endpoints, beyond natural variability and attributable to increased deposition of 
acidifying substances.  

3.2.2 Non-Fish Biota 

The primary NFB indicators of AEH are benthic invertebrate, zooplankton, phytoplankton, 
periphyton and aquatic macrophyte communities. Their status is typically assessed by the 
measurement, quantification and/or calculation of various community metrics or indices 
specific to each type of biota. Furthermore, the identification and quantification of invasive 
species within these communities is also relevant to AEH assessment. 

3.2.2.1 AEH Indicators 

Benthic Invertebrate Communities  

Benthic invertebrates are defined as invertebrates living on or within bottom substrates. 
Benthic invertebrate communities represent a large and diverse food base for higher trophic 
levels including fish, but are also of importance to the overall ecological structure and 
function of aquatic ecosystems. Their occurrence, distribution, density and composition are 
dependent upon key physical, chemical and biological factors (e.g., substrate type, food 
resources [periphyton density, detritus, sediment organic carbon], DO, temperature, pH, 
light, predation, competition and parasitism). Additionally, in rivers and streams, hydraulic 
characteristics (i.e., flow velocity and patterns) play a critical role in determining benthic 
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invertebrate distribution and community composition. Due to the profound influence of these 
factors on communities, it is imperative that the sampling design of benthic invertebrate 
monitoring programs be standardized for these factors to yield comparable data and control 
confounding factors (Rosenberg and Resh 1992). 

A wide variety of anthropogenic stressors has been found to deleteriously affect benthic 
invertebrate community composition including: low DO; temperature extremes; pH; elevated 
suspended solids and sediment deposition; elevated nutrient levels (eutrophication), organic 
enrichment; pesticides; elevated ion concentrations (conductivity); trace metals; and organic 
contaminants (e.g., Nebeker 1972; Wiederholm 1984; Culp et al. 1985; Allan 1995; Winter 
et al. 1996; Lowell and Culp 1999; Yuan and Norton 2003; Irving et al. 2004; Stantec 2005). 
The sensitivity of benthic invertebrate communities to this wide range of stressors has 
contributed to their recognition as an important biomonitoring tool (Rosenberg and Resh 
1992).  

Phytoplankton and Zooplankton Communities  

Phytoplankton are unicellular, microscopic, free-floating plants at the base of lentic food 
webs, whereas zooplankton are small animals floating or weakly swimming in the water 
column, of typically lentic ecosystems. Zooplankton range in size from microns (Protozoa) 
to >2 mm (macrozooplankton), and are an important food for fish and invertebrate predators, 
and in turn, graze on phytoplankton (Paterson 2001). Phytoplankton communities are 
influenced by a number of variables, such as light, aquatic primary consumer grazing, 
climate, and hydraulic and hydrological characteristics. Zooplankton are typically not 
incorporated into river and stream monitoring programs as they cannot maintain positive net 
growth in one area due to transport downstream with currents (Paterson 2001). 

Planktonic algae and invertebrates represent valuable monitoring tools for lentic systems, 
due to rapid turn-over times (i.e. days or days-weeks), and are sensitive indicators of 
environmental stresses, specifically nutrients (N, P, Si), pH, alkalinity, metals, and 
temperature (Baker et al. 1997; Paterson 2001, Stantec 2005). Conversely, rapid turn-over 
times combined with inherent spatial and temporal variation present monitoring challenges 
with regard to sampling frequency in order to adequately characterise the community and 
control variability within key metrics. Changes in phytoplankton and zooplankton 
composition and abundance can be assessed by measuring species richness, the use of 
species diversity or similarity indices, or by employing multivariate statistical tools to assess 
spatial or temporal differences, (Findlay and Kling 2002). A common measure of biomass is 
chlorophyll a determination.  

Phytoplankton biomass can also be a valuable tool for monitoring stream condition, in the 
case of large slow-moving rivers, due to the dominance of  phytoplankton in these systems 
(USEPA 2000). Additionally, streams may experience algal blooms, including toxic blooms 
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of cyanobacteria (e.g., Bowling and Baker 1996 In Dodds and Welch 2000). The relative 
significance of phytoplankton vs. periphyton for monitoring trophic status and productivity 
of lotic systems depends on the relative significance of each group within a given ecosystem. 

3.2.2.2 Periphyton Communities  

Periphyton is a collective term used to describe algal communities attached to submerged 
surfaces, as opposed to free-floating algae. Periphyton communities often account for the 
majority of overall primary productivity in rivers and streams. Community composition and 
standing crop biomass have proven to be sensitive bioindicators of environmental stress in 
stream ecosystems (Lowe and Pan 1996, Stantec 2005). The majority of periphyton 
monitoring has concerned epililithic algae (algae attached to rock surfaces in erosional 
habitats) as they represent an important food source to the majority of benthic invertebrates 
characteristic of riffle communities (i.e., including EPT taxa; Allan 1995). However, 
periphytic algae also grow on mud (epipelic) and sand (epipsammic) substrates, as well as 
aquatic plants (epiphytic), but these forms have received less study and application in 
monitoring programs. The prominent factors controlling periphyton biomass, growth and 
community composition are: light; temperature; physical disturbance (scouring); nutrients; 
and grazing. These factors interact and collectively control the processes of biomass accrual 
(light, temperature, nutrients) and biomass loss (physical disturbance and grazing; Allan 
1995; Biggs 1996; Borchardt 1996). 

Studies have shown that although periphyton biomass does increase due to nutrient 
enrichment, biomass or community composition tend to be affected to a greater degree by 
light availability, physical disturbance (e.g., scouring) and grazing (Allan 1995). Thus, the 
relationship between nutrient levels and periphyton biomass is not as strong as that identified 
for phytoplankton. However, at high nutrient levels, enrichment effects may override top 
down control of biomass.  

The presence and abundance of certain algal taxa can be indicative of nutrient enrichment 
and trophic status in streams. For example, Cladophora and Melosira prefer nutrient-rich 
conditions (Chetalat et al. 1999 In Dodds and Welch 2000) and Cladophora is generally 
associated with eutrophication (Dodds 2006). Vis et al. (1998) reported that the relative 
abundance of cyanobacteria increased in periphyton communities in the St. Lawrence River, 
QB, in relation to discharge of municipal wastewaters. Biggs (2000) summarized the benthic 
taxa characteristic of various trophic states of New Zealand streams; overall, he indicated 
that oligotrophic streams are characterized by diatoms, and mesotrophic systems are more 
dominated by moderately-tall filamentous green algae, stalked diatoms, and cyanobacteria. 

Periphyton responds rapidly to environmental change/stress, with known sensitivities and 
response patterns to a number of natural and anthropogenic stressors. Furthermore, sampling 
and identification protocols are relatively easy (Stantec 2005). In addition to nutrient levels, 
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periphyton communities are also influenced by other water quality constituents such as: 
conductivity; major ion concentrations; alkalinity; trace metals; pH; and salinity (Genter 
1996). 

3.2.2.3 Aquatic Macrophyte Communities  

Aquatic macrophytes are a significant component of all aquatic systems where they occur, 
particularly in lakes and wetlands, but they have historically received less attention in 
Alberta than other aquatic components. Some Alberta lakes have been systematically 
surveyed for aquatic macrophytes (e.g. Wabamun, Buffalo, and Pigeon lakes; see Haag and 
Noton, 1981), and the Bow River downstream of Calgary has been monitored for 
macrophyte biomass for many years (Sosiak 2002). The Alberta Biodiversity Monitoring 
Program (ABMP) has developed aquatic macrophyte monitoring protocols for wetlands 
(Eaton 2005), but currently excludes lakes and streams. The paucity of information on 
aquatic macrophytes within Alberta's forested natural regions, and the large amount of basic 
research required to obtain this information were cited as rationale for exclusion (Scrimgeour 
and Kendall 1999). Scrimgeour and Kendall (1999) pointed out that macrophytes display all 
of the criteria identified as relevant by the ABMP and, if deemed a priority for monitoring, 
that a study plan should be developed to provide information on species distributions and 
change throughout the open-water period.  

The biomass, species composition and distribution of aquatic macrophyte communities are 
influenced by: water quality and clarity; substrate; nutrients; temperature; wave exposure; 
slope; depth; pressure; sediment chemistry; and flow (in rivers and streams). Water bodies 
with diverse habitat types will generally support more diverse aquatic macrophyte 
communities than water bodies with relatively homogenous habitat types. Aquatic 
macrophyte communities are generally classified as: submergent (entire plants submerged); 
floating-leaved (plants with submerged parts and leaves that float at the surface; and 
emergent (plants with stems and leaves that rise above the water surface). 

Aquatic macrophytes can contribute significantly to primary production (photosynthesis), but 
also support and contribute to higher trophic levels. Aquatic macrophytes sustain 
invertebrate communities both on their leaf surfaces, as well as on and within the sediments 
beneath the plants. The majority of plant biomass is eventually reduced to detritus, and 
therefore contributes to energy flow and recycling. In streams and rivers, aquatic 
macrophytes tend to slow flow velocity and thereby decrease sediment transport. 
Submergent or emergent aquatic macrophytes are critical spawning and juvenile rearing 
habitat components required by northern pike and a variety of forage fish species.  

Because of their important ecological role, aquatic macrophytes can be used as indicators of 
change in: trophic status; hydrological regime; water and sediment quality; and contaminant 
loading (Stantec 2005). Spatial or temporal change can be detected through quantitative 
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comparison of biomass, taxon richness, community composition, biodiversity, and 
distribution. Qualitative or semi-quantitative assessments rely on less intensive survey 
methods and are more commonly applied. Invasive and nuisance aquatic macrophyte species 
have become an issue in many North American jurisdictions, and are becoming a potential 
issue of concern in Alberta. 

3.2.2.4 Non-Fish Biota Metrics 

Total Abundance and Biomass 

Total abundance, also referred to as density, is usually expressed as the total number of 
organisms per unit area or volume. By adding a measure of mass or weight, abundance may 
also be expressed as biomass or standing crop per unit area or volume4. These metrics 
provide measures of the ‘productivity’ of a community and tend to be positively correlated to 
nutrient levels in the water and/or sediment. Invertebrate, algal or plant productivity usually 
increases with increasing trophic status, a process which may not always be viewed as 
positive with respect to AEH. For example, abundant macrophyte growth is often viewed as 
a healthy attribute in aquatic systems, but excessive growth may also lead to increased 
diurnal fluctuations in DO and pH and may be a physical nuisance. This, in turn, can cause 
degradation of fish habitat and increase the frequency of fish kills. This highlights the 
difficulty in establishing total abundance or productivity thresholds to assess aquatic health. 

Chlorophyll a is a commonly used, practical and sensitive indicator of algal biomass and 
trophic status. Yet, the measurement of chlorophyll a is subject to the inherent seasonal and 
spatial variability typically associated with phytoplankton (Wetzel 1983), as well as 
periphyton. Furthermore, algal biomass as chlorophyll a has been shown not to be less 
responsive to certain environmental stressors than community composition (e.g., metals 
contamination; Genter 1996). Additionally a good general indicator of algal biomass, the 
precise relationship between chlorophyll a and algal biomass varies between species and 
chlorophyll a is not the only algal pigment present. Therefore, it is important to consider the 
limitations associated with the use of this indicator for monitoring AEH. 

Similarly, zooplankton biomass tends to be a less sensitive metric than community 
composition and species richness. This is particularly evident with respect to contaminant 
exposure that leads to a decrease in sensitive species but an increase in tolerant species, with 
no net change in the overall biomass (Genter 1996). However, the measurement of plankton 
biomass has the advantage of being less labour intensive than the measurement of plankton 
composition and species richness. 

                                                 
4 Biomass estimation for crustaceans (dry weight) entails converting estimates of length to biomass using 
length-weight regressions (Paterson 2001). 
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Community Composition and Indicator Taxa 

Community composition of a sample or population represents the relative contribution of 
individual taxa, expressed as a percentage. This metric has been shown to be responsive to a 
wide variety of factors including habitat and environmental and biological variables, and is 
therefore a useful tool for detecting change in aquatic health. Percent EPT is a benthic 
invertebrate community metric that represents the proportion of Ephemeroptera (mayflies), 
Plecoptera (stoneflies) and Trichoptera (caddisflies) relative to the benthic invertebrate 
community as a whole. These insect larvae are typically considered sensitive or intolerant of 
pollution, and as such are accepted indicators of nutrient and organic enrichment, low DO, 
elevated TSS, and metal and organics contaminants. These taxa also represent an important 
food source for many fish species and many species also play a key role in regulating 
primary production through grazing activity (Allan 1995). 

Similarly, the presence, absence, and/or relative abundance of certain algal taxa can be used 
as indicators of stress. Monitoring of algal indicator species is generally applied to programs 
aimed at evaluating nutrient enrichment. With increasing nutrients, there is shift in the 
dominant taxa towards green and blue-green algae and the period of dominance by these taxa 
can be lengthened (Welch 1992 In USEPA 2000). State agencies in the US that monitor 
periphyton consistently measure species composition (USEPA 2000) because periphyton 
biomass can be highly variable (spatially and temporally), whereas shifts in species 
composition can be a more reliable tool for monitoring eutrophication effects.  Additionally, 
as indicated above, the presence and abundance of certain algal taxa can be indicative of 
nutrient enrichment and trophic status in streams. For example, Cladophora and Melosira 
prefer nutrient-rich conditions (Chetalat et al. 1999 In Dodds and Welch 2000) and 
Cladophora is generally associated with eutrophication (Dodds 2006). 

Taxon Richness and Evenness  

Taxon richness is the total number of distinct taxa in a population. Taxa may be defined as 
individual species (i.e., species richness) or higher taxonomic units, such as genus or family. 
Taxon richness has been shown to be sensitive to environmental changes, and generally 
increases as water quality and habitat diversity/suitability increase (Rosenberg and Resh 
1992). Although taxon richness is sometimes used as a simple expression of diversity, such 
application is misleading since it does not consider evenness (i.e., relative species 
composition). Evenness refers to the relative distribution of individuals among taxonomic 
groups within a benthic invertebrate community. A high evenness value indicates equitable 
distribution among taxa, while a low value indicates dominance by one or more taxa. 
Environmental change often favours certain adaptable or tolerant species, leading to 
dominance and reduced evenness. Reduced evenness may therefore be used as an indicator 
of loss of biotic integrity (Goldstein et al. 1994).  

North/South Consultants Inc. 
Page 3-22 



AEH Information Synthesis and Initial Assessment 
Alberta Environment Section 3.0: Literature Review and AEH Indicator Selection 

Diversity and Similarity Indices 

Diversity indices provide a measure of species or taxon diversity by considering both 
richness and evenness. The commonly used Simpson’s and Shannon’s Diversity indices 
provide comparable estimates of biodiversity but differ somewhat in their approach. Whether 
high or low diversity is indicative of a healthy aquatic system depends on the nature of that 
system and other factors (i.e., high diversity is not necessarily indicative of aquatic health). 
Rather, comparisons of biodiversity between reference (relatively unimpacted) areas and 
potentially impacted/degraded areas, should be used to indicate the health of an aquatic 
system. Similarity indices indicate the degree of similarity in species composition between 
samples or populations, in both spatial and temporal contexts. The Bray-Curtis Index and 
Jaccard’s Index are the most commonly used similarity indices. The Bray-Curtis index has 
been commonly used by the metal mining and pulp and paper Environmental Effects 
Monitoring (EEM) programs, and has been shown to be a sensitive indicator of both nutrient 
and contaminant exposure (Lowell et al. 2005). 

Invasive Species 

The term ‘invasive species’ is broadly used to describe any species that comes to occupy an 
area where it formerly did not occur, and includes both exotic (alien) species and species 
considered indigenous to adjacent water bodies/watersheds. They include species introduced, 
purposefully or inadvertently; as well as species that have expanded their range in response 
to changing environmental conditions. The latter could include large-scale regional 
conditions such as climate change, localized changes to accessibility or environmental 
conditions (e.g., water and sediment quality, hydrology or biotic communities). While exotic 
invasive species are relatively easy to identify, range extending species can be difficult 
unless the distribution of indigenous invertebrate fauna is well understood. Although the 
term ‘invasive’ tends to imply detrimental attributes, invasive species are sometimes 
considered benign or in some cases beneficial (e.g., as bio-control agents). Invasive species 
are useful indicators of aquatic health in that they may in themselves represent environmental 
impairment, or their presence may be indicative of other environmental changes. 

The presence of invasive aquatic macrophytes is relatively easy to detect and so is actively 
monitored in many Canadian and North American jurisdictions. Still there currently are no 
programs operating in Alberta that actively monitor the incidence or spread of aquatic 
macrophytes. The Alberta Invasive Plants Council (AIPC) focuses primarily on plants that 
threaten agriculture and forestry. The Alberta Weed Control Act currently includes two 
aquatic or riparian plant species in its Weed Designation Regulation. Eurasian watermilfoil 
(Myriophyllum spicatum) is designated as a ‘restricted weed’ and purple loosestrife (Lythrum 
salicarialisted) is listed as a ‘noxious weed’. Both of these species have become serious 
pests in adjacent provinces. 
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4.0 NORTH SASKATCHEWAN RIVER BASIN  

4.1 INTRODUCTION 

The North Saskatchewan River Basin (NSRB), defined as the North Saskatchewan and the 
Battle and Sounding Creek drainage basins, comprises 18 sub-watersheds and traverses five 
of the six natural regions (Rocky Mountain, Foothills, Boreal Forest, Parkland and 
Grassland) and nine sub-regions (Figure 4-1). The North Saskatchewan River (NSR) 
originates from the Saskatchewan Glacier, 1,800 m above sea level in the Rocky Mountains 
and flows in a north-eastern direction to the Alberta-Saskatchewan provincial border. 
Ultimately, the NSR joins the South Saskatchewan River near Prince Albert in 
Saskatchewan, to form the Saskatchewan River that flows generally eastward to Lake 
Winnipeg in Manitoba. The NSR is regulated by two dams in the upper reaches (the Bighorn 
and Brazeau dams) and the mean annual discharge from Alberta into Saskatchewan exceeds 
7 billion m3. Within Alberta, six major tributaries flow into the NSR mainstem: the Brazeau, 
Nordegg, Ram, Clearwater, Sturgeon and Vermilion rivers, while the Battle River flows into 
the NSR in Saskatchewan (AENV 2006; NSWA 2005). For the purposes of a review and 
initial AEH assessment in the NSRB, the North Saskatchewan River, two major tributaries, 
five AESA agricultural streams, a selection of lakes, and some wetlands were selected (Table 
4-1). A complete listing of point source discharges within the NSRB is given in Appendix B, 
while a compilation of key documents is given in Appendix D.  

This following assessment focuses on the North Saskatchewan and Battle River basins due to 
limited information available for the Sounding Creek River Basin. Still, the Sounding Creek 
Basin is located in an arid area of Alberta that has been designated as the 'Special Areas'. 
Historically, low precipitation and lack of secure water supply have been the predominant 
characteristics that have caused severe hardship to the local farming community (Special 
Areas Board 2005). Sounding Creek and a series of lakes in the basin (e.g., Shooting and 
Sullivan lakes) are part of a proposed diversion of water from the Red Deer River near 
Nevis. The goal of this project is to provide irrigation water, assure stock watering and 
domestic or household needs, and enhance waterfowl and wildlife habitat by creating or 
stabilizing wetlands (Golder Associates 2005). Much of the soils in the basin are solenetzic, 
leading to concerns regarding salinization. Thus, extensive water quality modeling has been 
carried out to determine if the diverted water would have suitable sodium adsorbtion ratio 
(SAR) and electrical conductivity (EC) for irrigation (Golder 2005 a and b). Many lakes on 
the proposed diversion route are saline and typified by high total phosphorus concentrations, 
but low chlorophyll a levels (Bierhuizen and Prepas 1985; Mitchell and Prepas 1990). 
Responses to the freshening of these lakes and reservoirs could involve higher phytoplankton 
biomass and perhaps nuisance blooms. Recent water quality information has come primarily 
from runoff sampling and has included major ions, nutrients and physical parameters. Other  
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Figure 4-1 Land cover and natural regions of the North Saskatchewan River 
Basin showing lakes and average chlorophyll a concentrations 
(1980-2003)1

                                                 
1 The AENV monitoring lakes shown are discussed in Section 4.4.2. Map provided by AENV. 
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Table 4-1 Summary of impact areas and associated stressors in the North Saskatchewan River Basin 

Watercourse/ 
Waterbody 

Assessment Area/Site Rationale for Selection Stressors and Issues Qualitative Impact Rating 

Headwaters (U/S of 
Whirlpool Point) 

Relatively low dilution capacity. U/S of 
major point source inputs, thus provides 

an U/S reference. 
Low dilution capacity. Negligible 

Between the Headwaters 
and the Town of Devon 

Devon LTRN site is an U/S reference 
site for the City of Edmonton. 

Non-point source inputs and some relatively small 
municipal inputs. Cooling pond blowdown discharges 
from the Keephills and Genesee power plants. 

Low 

U/S to D/S of the City of 
Edmonton and Fort 

Saskatchewan (Town of 
Devon to the Town of 

Pakan). 

Pakan LTRN site is located D/S of the 
point of complete mixing1, and so is 
reflective of the cumulative impact of 

upstream multiple inputs. 

Municipal point source inputs: Storm water outfalls 
(238), combined sewer outflow (19), water treatment 
plant (2) and wastewater treatment plant (2) 
discharges. 
Industrial point source inputs and groundwater 
seepage.  
Tributary inputs: Sturgeon and Redwater rivers and 
several smaller creeks.  
Non-point source inputs: agricultural and urban 
runoff. 

Moderate/High 

North 
Saskatchewan 
River 

Town of Pakan to the 
Provincial Border 

Long-term PPWB transboundary 
monitoring site to monitor water quality 3. 

Cumulative U/S point and non-point source and 
tributary inputs. 

Moderate/Low 

U/S of Ponoka LTRN 
station 

The newly established LTRN monitoring 
site upstream of Ponoka is an upstream 

monitoring site for the Battle River. 

U/S non-point source and tributary inputs. 
Agricultural activities (primarily livestock) and low 

flows. 
Low 

Battle River From the Ponoka LTRN 
station to the LTRN 

station located U/S of 
Driedmeat Lake 

The D/S LTRN, U/S of Driedmeat Lake 
is located D/S of major population 

centres (e.g., Camrose4, Wetaskiwin, 
Ponoka, Millet), the majority of the 

municipal discharges, and the most 
intensive livestock production areas. 

Municipal: This most populated section receives the 
largest proportion of municipal wastewater 
discharges and municipal water withdrawals.   Non-
point source inputs: Agricultural activities, 
agricultural/urban runoff; highest livestock densities. 
Tributary inputs: Several smaller creeks impacted by 
agricultural activities and runoff. 
Industrial: Active oil and gas wells and increasing 
water demands. 

Moderate/High 
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Table 4-1 Summary of impact areas and associated stressors in the North Saskatchewan River Basin Cont’d 

Watercourse/ 
Waterbody 

Assessment Area/Site Rationale for Selection Stressors and Issues Qualitative Impact Rating 

Battle River 
Close to the border 

(provincial monitoring site 
at Highway 897) 

Provincial water quality monitoring site 
D/S of most inputs within Alberta. 

Cumulative U/S point and non-point source and 
tributary inputs (e.g., agricultural impacts, municipal 
discharges, Forestburg Generating Station higher 

densities of active oil and gas wells in the mid-lower 
basin). Low flows and increasing water demands. 

Moderate/Low 

Sturgeon River 
D/S segment near the 

mouth 
Reflective of U/S point, non-point and 

tributary inputs. 

Municipal and agricultural non-point source inputs; 
lake development and rec. use; and water 

allocations and low winter flows. 
Moderate 

Rose Creek 3 Drains low intensity agricultural dryland. Low 

Tomahawk Creek3 Drains moderate intensity agricultural 
dryland. 

Agricultural and non-point source inputs. 
Moderate Agricultural 

Streams 
Strawberry 3, Stretton 

and Buffalo creeks 
Drain high intensity agricultural dryland. Agricultural and non-point source inputs. High 

Lakes 
Lakes previously 

monitored by AENV  
Overview of lake trophic status and TDS, 
by ecoregion, based on collected data. 

Non-point source nutrient inputs, evaporation and 
issues related to hydrological flushing 

characteristics. 
Low/High 

Wabamun Lake 

Received multiple industrial point source 
inputs and air emissions, in addition to 
non-point source and tributary inputs. 
The most intensively studied lake in 

Alberta. 

Point source inputs: Wabamun Lake WWTP 
discharges treated water from NSR, that transits 
through Sundance PP cooling pond; Cooling water 
and ash lagoon discharges from Wabamun PP. Ash 
lagoon also receives surface mine effluent. 
Non-point source inputs: sewage from residences, 
hydrocarbons from boat/road traffic, agricultural and 
urban runoff. Hydrocarbon spill that occurred from a 
CN railway derailment in 2005. Air emissions from 
nearby power plants, and coal mines and associated 
atmospheric depositions. 

Moderate/High 

Lakes Cont’d 

Lac St. Anne and Pigeon 
Lake 

Relatively diverse data sets compared to 
other regional lakes due to recent 

studies (e.g., acted as reference lakes 
for recent Wabamun Lake studies). 

Non-point source inputs: sewage from residences, 
hydrocarbons from boat/road traffic, agricultural and 

urban runoff. 
Low/Moderate 
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Table 4-1 Summary of impact areas and associated stressors in the North Saskatchewan River Basin Cont’d 

Watercourse/ 
Waterbody 

Assessment Area/Site Rationale for Selection Stressors and Issues Qualitative Impact Rating 

Wetlands 
Semi Permanent 
Wetlands in the Aspen 
Parkland 

The only wetlands in the NSRB subject 
to recent monitoring activities. 

Agricultural and other impacts related to pesticide 
concentrations/use, nutrient enrichment, and habitat 

alteration. 
Low/Moderate 

U/S = Upstream. D/S = Downstream. 
Notes:   The NSR is poorly mixed between Edmonton and the provincial border, resulting in incomplete effluent mixing from bank to bank up to 100 km downstream of the city (Shaw et al. 1994).  The 

City of Edmonton monitors four storm outfalls (SOs; 30th Ave., Groat Rd., Quesnell, and Kennedale) and three CSOs (Rat Creek, Highlands, and Capilano) which collectively account for ~80% of 
total storm water discharge and ~92% of total CSO discharge, respectively (Golder 2005c).  Cumulative upstream impacts on NSR water quality have been monitored by Environment Canada for 
the Prairie Provinces Water Board (PPWB) at three trans-boundary sites since the 1970s. (Highway 3 bridge, SK [1970s-1982]; Lea Park, AB [1982-1988]; Highway 17 bridge at the border [1988-
present]).  Camrose withdraws their water from Driedmeat Lake while discharging treated effluent upstream, so their licence for water withdrawl is actually downstream of the LTRN station. 

1 2

3

4
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than SAR and conductivity, there is no recent information concerning sediment quality or 
NFB for this basin. 

4.2 NORTH SASKATCHEWAN RIVER 

4.2.1 Key Reaches, Issues and Indicators 

Upstream of Edmonton, the NSR flows through six natural sub-regions and five land use 
types that range from barren land, to mixed and coniferous forest, to agricultural rangeland 
and cropland closer to Edmonton (Table 4-1). The upper NSRB is sparsely populated and 
dominated by forestry and agricultural activities. Point source inputs are limited to 
continuous and periodic municipal discharges and some periodic industrial discharges. 
Downstream of Edmonton, the NSR flows through three natural sub-regions and five land 
use types to the provincial border (Figure 4-1). Agriculture largely dominates land use in the 
lower North Saskatchewan and Battle River basins. Industrial development occurs 
throughout the major basin (e.g., coal mining, oil and gas abstraction) but two key areas of 
industrial development are Edmonton/Fort Saskatchewan and Wabamun Lake-Genesee 
areas. The NSR was assessed along four longitudinal reaches: the headwaters, headwaters to 
upstream of Edmonton (Devon), upstream to downstream of Edmonton (Devon to Pakan), 
and Pakan to the Provincial Border. Potential AEH water and sediment quality and lower 
trophic indicators for these reaches are given in Tables 4-2 to 4-4. The availability of recent 
data related to these indicators was assessed in Tables 4-5 to 4-7 in Appendix A. 

The headwaters were defined spatially as the NSR mainstem upstream of the EC long-term 
water quality monitoring site at Whirlpool Point, which has been operational since 1973 
(Figure 2-2). The headwaters provide an upstream reference to some extent, due to their 
location upstream of major point and non-point source inputs. Furthermore, due to a low 
dilution capacity within the headwaters relative to downstream reaches, these upper reaches 
are particularly sensitive to the effects of point or non-point source inputs.

The provincial Devon LTRN station located upstream of Edmonton provided a measure of 
the cumulative effect of point and non-point inputs, and major tributary inputs between the 
headwaters and Edmonton. In addition, NSR water and sediment quality and NFB 
communities in the Genesee area were also considered. TransAlta Utilities Corporation and 
EPCOR Utilities Inc. recently initiated a joint biomonitoring program to address concerns 
associated with the Genesee and Keephills power plant expansions. To date, 2004 baseline 
monitoring has been conducted with select monitoring programs to proceed in 2006 (TAU 
and EPCOR 2005).  

North Saskatchewan River water quality in the vicinity of Edmonton, with an estimated 
metropolitan area population of 1,014,000 (City of Edmonton 2006 website), has been an 
issue since the 1950s. Over the years, NSR water quality has been impacted by treated 
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Table 4-2 Summary of potential water quality (WQ) indicators of 
aquatic ecosystem health (AEH) for select North Saskatchewan River 
(NSR) Basin rivers, streams, lakes and wetlands

AEH WQ Indicator NSR 
Battle 
River 

Sturgeon 
River 

AESA 
Streams 

Lakes Wetlands

ARWQI 1    x x x 
CCME WQI  x x x x x 
AAWQI 2 x x x  x x 
AENV Lake Trophic Status 3 x x x x   
Stream/River Trophic Classification 4     x x 
Nutrients and Chlorophyll a       
Dissolved Oxygen       
TSS and /or Turbidity       
TDS and /or Conductivity       
Trace Metals/Metalloids 5    x  6 x 
Trace Organics  x x x  6 x 
Pesticides       

√ = Relevant indicator, X = Indicator not relevant. See Table 4-5 in Appendix A for further details regarding the availability of 
data for the identified indicators.  

Notes: ARWQI and sub-indices (nutrient, bacteria, metals and pesticides). AAWQI and sub-indices (nutrient, bacteria and pesticide). 
Trophic status assessed by chlorophyll a, TP, TN and Secchi depth criteria. As per Dodds at al. 1998 (benthic algal and/or 

phytoplankton biomass as Chlorophyll a, total nitrogen and total phosphorus); See Table 3-6. Emphasis was placed on total 
metals with CCME WQGs (i.e., Al, As, Cd, Cr, Cu, Fe, Pb, Mn, Hg, Mo, Ni, Se, Ag, Zn); where appropriate dissolved metals 
were considered but only in particular cases.  Lake dependent. 

1 2

3 4

5

6

Table 4-3 Summary of potential sediment quality (SQ) indicators of aquatic 
ecosystem health (AEH) for select North Saskatchewan River 
(NSR) Basin rivers, streams, lakes and wetlands 

AEH SQ Indicator NSR 
Battle 
River 

Sturgeon 
River 

Agricultural 
Streams 

Lakes Wetlands 

Trace Metals/ Metalloids    x  1 x 
Trace Organics  x x x  1 x 
Nutrients       
Sediment Oxygen Demand    x x x 
√ = Relevant indicator, X = Indicator not relevant. See Table 4-6 in Appendix A for further details regarding the availability of 
data for the identified indicators. 

Notes:  Lake dependent. 1
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Table 4-4 Summary of potential non-fish biota (NFB) indicators of aquatic ecosystem health (AEH) for select North 
Saskatchewan River (NSR) Basin rivers, streams, lakes and wetlands 

AEH NFB Indicator Measurement NSR 
Battle 
River 

Sturgeon 
River 

Agricultural 
Streams 

Lakes Wetlands 

Community-based metrics 1       
Standing crop biomass   x x  x Benthic Invertebrates 

Invasive species       
Standing crop biomass (as Chl a)  2 2 2 2   
Community composition 3 2 2 2 x   Phytoplankton 

Stream/Lake Trophic Classification 4 2 2 2 2   
Standing crop biomass x x x x  x 

Zooplankton 
Community composition 5 x x x x  x 
Standing crop biomass (as Chl a) 2 2 2 2 x x 
Community composition 6     x x Periphyton 

Stream /River Trophic Classification 4     x x 
Standing crop biomass       
Community composition 7       Aquatic Macrophytes 

Invasive species       
√ = Relevant indicator, X = Indicator not relevant. See Table 4-7 in Appendix A for further details regarding the availability of data for the identified indicators. 

Notes: Total abundance (density), taxon richness, density and proportion, eveness, % EPT, Simpsons diversity index, Bray-Curtis index and/or the EPT index.  Applicability dependent on the 
stream/reach. Total abundance (density), taxon richness, % cell concentration composition of taxa, % biomass composition of taxa, Simpson’s diversity index. See Tables 3-5 and 3-6.  Total 
abundance (density), taxon richness, % composition of taxa, % biomass composition of taxa, Simpson’s diversity index.  Total abundance (density), taxon richness, % biomass composition of taxa, 
Simpson’s diversity index.  Total abundance (density), taxon richness, % biomass composition of taxa, Simpson’s diversity index.  

1 2

3  4 5

6

7
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municipal and industrial wastewater discharges and urban stormwater runoff from Edmonton 
and surrounding areas, as well as runoff from the rural watershed (Anderson et al. 1986, 
Golder 1995; Focus 2005; NSRA 2005). The cumulative impact of these diverse inputs has 
generally been evaluated by comparing conditions at the upstream Devon site with those at 
the downstream Pakan LTRN site (e.g., Anderson et al. 1986; Hebben 2005). In addition, the 
direct effect of one or more inputs on NSR water and sediment quality and NFB 
communities have been evaluated by a range of monitoring studies commissioned by AENV, 
the City of Edmonton and various industries (Table 4-8 in Appendix A). A summary of the 
various point source discharges within the river reach between Devon and Pakan is given 
below: 

• Studies completed in the last 10-15 years have consistently identified Gold Bar and 
Capital Region waste water treatment plants (WWTPs) as major point sources of 
BOD, nitrogen and phosphorus and fecal coliforms to the NSR (e.g., Golder 1995a; 
Focus 2003, 2004, 2005; Golder 2005c; NSRA 2005). In response, the City of 
Edmonton has progressively upgraded wastewater treatment at the Gold Bar 
WWTP, in terms of ultra-violet disinfection (fall 1997), biological nutrient removal 
(fully implemented in 2002) and enhanced primary treatment to increase wet 
weather treatment capacity (fully implemented by 2006). It has also monitored NSR 
water quality since 1998 to assess the effectiveness of these plant upgrades, and 
similar upgrades were recently implemented at the Capital Region WWTP (Golder 
2005c). To date, dry weather total and fecal coliform loadings and in-stream 
concentrations have been reduced from 1996-1997 levels by the ultra-violet 
disinfection of Gold Bar WWTP final effluent (Focus 2005; Golder 2005c). 
Furthermore, biological nutrient removal technology was responsible for a 40% 
reduction in final effluent TP concentrations between 1996 and 2003 (NSRA 2005).  

• Urban stormwater runoff from stormwater outfalls (SOs) and combined sewer 
overflows (CSOs) represent a major source of TSS and fecal coliforms to the NSR 
(NSWA 2005). To reduce the impact of SO and CSO discharges on the NSR, the 
City of Edmonton is undertaking a Total Maximum Loading Limit (TMLL) study 
and developing a Storm Water Quality Strategy (City of Edmonton 2006 website).  

• The E.L. Smith and Rossdale WTPs have and continue to receive upgrades, 
including the installation of ultraviolet disinfection systems to reduce bacteria and 
protozoan levels in the treated effluent (EPCOR 2006 website).  

• Various NSR sites between E.L. Smith and the Sturgeon River confluence were 
sampled in 2004 by Focus (2005) for the City of Edmonton, during winter dry 
weather, spring runoff, summer wet weather, and summer dry weather2. The 2004 
program involved sampling NSR transects upstream and/or downstream of four 
major CSOs (30 Ave., Quesnell, Groat Rd., Kennedale), two CSOs (Rat Creek, 

                                                 
2 This water quality monitoring program has been conducted annually since 1996 (e.g., more recent reports: Cochrane Engineering 
2001; Focus Intec 2002, 2003; Focus Corporation 2004). 
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Capilano), four creeks (Whitemud, Mill, Gold Bar, Horsehills), and Gold Bar and 
Capital Region WWTPs.  

• Industrial development in the vicinity of Fort Saskatchewan extends over 194 square 
kilometres, from the City of Fort Saskatchewan to the confluence with the Redwater 
River, east of Edmonton. As of May, 2002, a total of twenty-six industries were 
operating in this area including Shell Canada, Imperial Oil and Pipelines, Agrium 
Redwater, Celanese Canada, AT Plastics, and Dow Chemical Canada. Furthermore, 
a series of new petrochemical projects has recently been announced (Heartland 2006 
website). In order to address the cumulative impact of municipal and industrial point 
sources on NSR water quality, Golder (1995a) conducted a joint industry-municipal 
study to assess the cumulative and relative nature of point source inputs to the NSR 
within a 60 km reach extending from Edmonton’s 50th Street bridge to the Redwater 
River confluence. Individual industries have also conducted specific studies on the 
NSR according to approval requirements (Table 4-8 in Appendix A). 

The NSR from the Pakan LTRN site to the Alberta/Saskatchewan provincial border flows 
through sparsely populated land dominated by agriculture (cropland, interspersed with 
rangeland and some mixed forest; Figure 4-1). Non-point source and tributary inputs 
dominate, but cumulative residual impacts from upstream discharges can extend to the 
border (e.g., nutrient enrichment; Mitchell 1998). The PPWB compares transboundary water 
quality with objectives specifically established to protect downstream uses of water in 
Saskatchewan (Table 4-9 in Appendix A). 

4.2.2 Water Quality 

4.2.2.1 Headwaters  

North Saskatchewan River headwater water quality was rated as ‘marginal’ by Glozier et al. 
(2004) based on a calculated CCME WQI value on the borderline between ‘fair’ and 
‘marginal’ water quality (Table 4-10). On balance, this rating for the NSR headwater site 
was rather low in comparison to CCME WQI ratings for other headwater sites, and was 
similar to the ‘marginal’ rating given to the NSR at the provincial border. Glozier et al. 
(2004) attributed this low rating to a higher proportion of parameters that were non-
compliant with WQGs, relative to other headwater sites. The majority of WQG exceedences 
were due to elevated total phosphorus levels during high spring/summer flows. For the most 
part, phosphorus was likely associated with suspended particles and so relatively unavailable 
to aquatic biota. Except for this seasonal increase in TP, the NSR headwaters were typically 
low in phosphorus and nitrogen, with 30-year median values well below ASWQGs (Table 4-
11 in Appendix A). The headwaters can be classified as oligotrophic according to TP and TN 
(Table 4-10) but there were no data available for either phytoplankton or benthic algal 
chlorophyll a at this site. Over the period of record, total and dissolved phosphorus 
concentrations did not significantly change, but total and dissolved nitrogen concentrations 
significantly increased (Table 4-11 in Appendix A).  
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Dissolved oxygen (DO) concentrations at this headwater site were typically high and 
remained above the ASWQG, with no significantly temporal change (Table 4-11 in 
Appendix A). There were however large variations of TSS at this headwater site mainly 
related to seasonal discharge (0.2-513 mg/L). However, TSS levels did not significantly 
increase and generally remained under 25 mg/L (excluding summer high discharge loads). 
TDS concentrations showed an inverse seasonal trend to that observed for TSS, with 
minimum levels during the summer high flow months, while maximum concentrations 
occurred during spring and winter low flow months. There was a significant increase in TDS 
concentrations from 1973-2002, possibly related to discharge patterns. This site was 
relatively pristine with dissolved trace metals present at low concentrations or below 
detection limits, and there were no pesticide data available. 

Headwaters to the Devon LTRN site 

On average, water quality upstream of Edmonton, at the Devon LTRN site, has been ‘good’ 
since 1996 (Table 4-10; Figure 4-2). For the most part, nutrient levels were fairly low except 
for occasional peaks during high low events, and this site was classified as oligotrophic in 
terms of nutrients, phytoplankton biomass and periphyton biomass (Table 4-10; Table 4-12 
in Appendix A). Furthermore, nutrient or chlorophyll a levels either did not significantly 
change or decreased over time Table 4-13 in Appendix A). There were few exceedences of 
nutrient WQGs over the period of record, except for spring and summer TP peaks associated 
with during elevated flows and TSS loads. 

Table 4-10 Summary of water quality index (WQI) and trophic classification 
information for the North Saskatchewan River 

Indicator Headwaters 
U/S of Edmonton 

(Devon) 
D/S of Edmonton 

and Pakan 
Close to the 

Provincial Border 

CCME-WQI (1983-2002) Marginal (64) – – Marginal (53) 

ARWQI (1998-2004) – Good (94) Good (82) – 

ARWQI nutrient – Good (88) Fair (76) – 

ARWQI bacteria – Excellent (98) Good (85) – 

ARWQI trace metal – Good (95) Good (89) – 

ARWQI pesticide – Good (94) Fair (80) – 

Nutrients 
Oligotrophic (TN, 
TP; 1972-2002) 

Oligotrophic (TN, 
TP; 1987-2002) 

Eutrophic (TP); 
Mesotrophic (TN); 

1987-2002 

Mesotrophic (TN, 
TP; 1999-2003) 

Phytoplankton 
Biomass 

– 
Oligotrophic 
(1987-2002) 

Eutrophic  
(1987-2002)) 

– 

Stream/River 
Trophic 
Classification 1

Periphyton 
Biomass 

– 
Oligotrophic 
(1999-2003) 

Eutrophic  
(1999-2003) 

– 

– = Not applicable/ Data not available. 
Notes: As per Dodds at al. 1998 (benthic algal and/or phytoplankton biomass as Chlorophyll a, total nitrogen and total phosphorus); 

See Table 3-6.  

1
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North Saskatchewan River at Devon
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North Saskatchewan River at Pakan
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Figure 4-2 Annual Alberta River Water Quality Index (ARWQI) values and 
sub-index values in 1996-2004: upstream (Devon) and 
downstream (Pakan) of the City of Edmonton 

Upstream of Edmonton, TSS typically remained below 50 mg/L from September to March, 
but showed wider fluctuations between April and July when flows were either high or rising, 
typical of large rivers in Alberta. Nevertheless, the majority of high flow measurements 
remained below 100 mg/L and TSS levels significantly decreased over time (Tables 4-11 and 
4-12 in Appendix A). In contrast, TDS levels significantly increased over time, possibly due 
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to long-term discharge patterns. The median TDS value was approximately double that 
calculated for the headwaters, likely due to inputs from major tributaries such as the Brazeau 
River. All DO measurements at this site upstream of Edmonton complied with the ASWQG 
and did not significantly change.  

Trace metals at Devon typically complied with CCME WQGs between 1999 and 2004, 
except for some total forms, likely associated with elevated TSS levels during high flow 
events 3 (Table 4-12 in Appendix A). This was particularly true for Al and Cr which have a 
strong tendency to adsorb to surfaces, and occur at high concentrations in association with 
re-suspended particles. For parameters that showed a significant correlation with flow, 
Hebben (2005) performed temporal trend analysis on flow-adjusted values, in addition to the 
raw data. This type of flow-correction was useful because it corrected for elevated 
concentrations during high flows years, in addition to the accentuation of effluents impacts 
during low flow years (due to reduced dilution capacity).Flow did affect temporal trends in 
nutrients, DO, TSS and TDS and other parameters at both Devon and Pakan sites, and these 
findings are discussed further in Hebben (2005).  

Water quality at Devon according to the pesticide sub-index has been ‘good’ on average 
since 1996 (Table 4-10). A total of five pesticides were detected at the Devon site between 
1995 and 2002 (Anderson 2005). The herbicide 2,4-D was detected most frequently in 20% 
of samples, while the herbicides MCPP, MCPA, picloram and triclopyr were detected in less 
than 10% of samples. Lindane concentrations were measured at or below the relevant 
analytical detection limit. In general, pesticide concentrations were low, and remained within 
available CCME WQGs for the protection of aquatic life (2,4-D, MCPA, lindane).  

4.2.2.2 Upstream/Downstream Comparison: Devon to Pakan 

Alberta River Water Quality Index (ARWQI)  

A comparison of ARWQI and sub-indices for the Devon and Pakan LTRN sites clearly 
showed that water quality at these two sites has evolved differently over the past nine years 
(Figure 4-2, Table 4-10). The bacterial index exhibited the largest upstream-downstream 
difference between the two sites. Initially, in 1996/97, water quality in terms of bacterial 
levels was rated as ‘poor’ at Pakan but ‘good’ at Devon. Then upgrades to the Gold Bar 
WWTP increased bacterial water quality at Pakan from 1998-2003 to ‘good’, while ratings at 
Devon varied between ‘good’ and ‘excellent’. Improvement in bacterial quality was the main 
factor driving the steady improvement in overall water quality at the Pakan site from 1998 to 
2003. Nevertheless, in 2003/04 this sub-index value unexpectedly decreased by a factor of 
two, which AENV (2005) attributed to increased bacterial counts in spring and winter. The 
result was a decrease in the overall ARWQI value at Pakan from ‘good’ in 2002/03 to ‘fair’ a 
year later. 

                                                 
3 Al, Cr, Cu, Fe and Pb 
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Nutrients and Dissolved Oxygen 

Average nutrient sub-index values indicated a decrease in nutrient water quality from ‘good’ 
upstream of Edmonton to ‘fair’ downstream at Pakan (Table 4-10). This shift in water 
quality has been attributed to municipal inputs, from the Gold Bar and Capital Region 
WWTPs, as well as urban runoff from SOs and CSOs and industrial discharges (Golder 
1995, 2005; Focus 2005; Shell Canada 2005). With reference to specific parameters, median 
nutrient and chlorophyll a concentrations at Pakan were at least an order of magnitude 
greater than those upstream (Table 4-12 in Appendix A). Largely based on these values, the 
NSR at Pakan can be classified as eutrophic according to TP and planktonic and benthic 
algal biomass, and mesotrophic according to TN (Table 4-10). This compared to oligotrophic 
conditions upstream of Edmonton. Total phosphorus had the lowest compliance rates of all 
nutrients assessed at Pakan, followed by TN (Hebben 2005). A temporal decrease in most 
nutrients at the Pakan site was reported by Hebben (2005) but the author cautioned that the 
observed trends may have been driven by a step in the data, and should be interpreted with 
caution.  

Focus (2005) assessed NSR water quality at various sites throughout Edmonton and Fort 
Saskatchewan during winter dry weather, spring runoff, summer wet weather, and summer 
dry weather in 2004 (between E.L. Smith and the Sturgeon River confluence). This study 
confirmed that WWTPs, SOs and CSOs were major sources of nutrients, consistent with the 
findings of Anderson et al. (1986), Golder (1995a) and previous water quality monitoring 
programs conducted for the City of Edmonton (1996-2003). Nutrient concentrations were 
substantially higher under summer wet versus dry conditions (Figure 4-3), and 
concentrations progressively increased with distance downstream from the E.L. Smith WTP. 
Correspondingly, nutrient WQG compliance generally decreased under summer wet 
conditions relative to other monitoring periods, particularly for TP. Though, ammonia 
concentrations at all sampling sites for all sampling periods remained below the CCME 
WQG. 

A comparison between 1994 and 2003 NSR TP loadings from various municipal and 
industrial sources within and downstream of Edmonton is given in Table 4-14 in Appendix 
A. Within this time period total TP loading almost halved. This was primarily due to a large 
reduction in TP loading from the Gold Bar WWTP, as a result of the installation of nutrient 
removal technology. During the same time period, TP discharge from the Capital Region 
WWTP increased by 28%, and actually accounted for a greater percentage of the 2004 TP 
load than the larger Goldbar WWTP. Shell Canada (2005) reported that TP loadings at the 
Capital Region WWTP would also be substantially reduced due to the installation of similar 
technology. Collectively, municipal sources accounted for 80-90% of the total NSR loading 
in both years. 
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Figure 4-3 Nutrient longitudinal concentration patterns at key sites 
monitored by Focus (2005) within the vicinity of the City of 
Edmonton during summer 2005 
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Despite elevated nutrient levels at Pakan, DO levels upstream and downstream of Edmonton 
were similar and generally complied with the ASWQG (Hebben 2005). This was also true 
for DO levels measured within the vicinities of Edmonton and Fort Saskatchewan (Focus 
2005, Shell Canada 2005). 

TSS and TDS 

Levels of TSS at Pakan tended to remain below 50 mg/L under low flow conditions, but 
fluctuated more widely under high flow conditions (Hebben 2005). Even so, TSS levels have 
significantly decreased and the long-term median value was similar to that calculated 
upstream at Devon (Table 4-12 and 4-13 in Appendix A). During the 2004 wet summer 
period, Focus (2005) reported a notable increase in TSS from E.L. Smith WWTP to 
downstream of the Capital Region WWTP (168 mg/L) and upstream of the Sturgeon River 
(349 mg/L). The observed increase did not entirely correspond to point source discharges, 
and may also have reflected tributary and non-point source inputs. The NSR river banks can 
often be quite erodable downstream of Edmonton, especially during wet periods. Only a 
slight increase in downstream TSS levels was evident during the 2004 dry summer period 
Focus (2005). The long-term median TDS concentration at Pakan was only slightly higher 
than that calculated for Devon, and TDS levels also increased over time (Tables 4-12 and 4-
13 in Appendix A).  

Trace Metals and Pesticides  

Based on recent median values, some metals occur at higher concentrations downstream 
from Edmonton and Fort Saskatchewan, but in general median levels were fairly similar 
(Table 4-12 in Appendix A). With respect to localised impacts, Golder (1995a) reported that 
trace metal concentrations were generally similar upstream and downstream of municipal 
and industrial outfalls in fall 1992. However, this single study did not account for temporal 
and seasonal differences, variability in contaminant loading, and variability in upstream NSR 
flow and loading. 

On average, pesticide water quality has been ‘fair’ at Pakan, relative to ‘good’ upstream at 
Devon (Table 4-10). A direct comparison between Devon and Pakan by Anderson (2005) 
indicated that pesticide inputs have affected downstream water quality of Edmonton to 
various degrees. Specifically, total herbicide, insecticide, and pesticide concentrations, and 
the number of pesticides detected per sample, were significantly higher downstream at Pakan 
compared to upstream of Edmonton (specifically concentrations of 2,4-D, MCPP and 
lindane). A total of eight pesticides were detected at the Pakan site between 1995 and 2002. 
Similar to Devon, the herbicide 2,4-D was detected most frequently at Pakan but to a greater 
degree (~70% of samples). The herbicide MCPP was also frequently detected downstream of 
Edmonton (~50% of samples) but only occasionally detected upstream (<10% of samples). 
All of the pesticides detected at Pakan between 1995 and 2002 remained below available 
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CCME WQGs except for exceedence of the lindane CCME WQG, (Anderson 2005). 
Elevated levels of lindane and historically elevated levels of 2,4-D measured at Pakan were 
attributable to now decommissioned industrial facilities in the Edmonton and Fort 
Saskatchewan areas (Anderson 2005). 

Proposed Site-Specific NSR In-stream thresholds 

The AENV approval granted to the City of Edmonton to continue the release of stormwater 
runoff and treated municipal effluent to the NSR; required the development of a total loading 
management plan for key water quality parameters. In partial fulfillment of this condition, 
Golder (2005c) recently developed site-specific in-stream thresholds that accounted for 
seasonality (Table 4-15 in Appendix A). These site-specific thresholds are relevant to AEH 
assessment because they relate more directly to the NSR water quality reference condition, 
than generic WQGs (i.e., they provide more realistic and relevant thresholds by which to 
protect aquatic life). 

4.2.2.3 Pakan to the Provincial Border 

North Saskatchewan River water quality was rated as ‘marginal’ at the provincial border 
according to the CCME WQI4 (Table 4-10). Periodic deviations or excursions from the 
PPWB water quality objectives (Table 4-9 in Appendix A) have occurred over the period of 
record. Mitchell (1998) conducted an investigation into the cause(s) of deviations from 
PPWB objectives at the provincial border. Several parameters of concern were identified 
including: total Cu, Pb and Zn, TSS and fecal coliforms. Although Mitchell (1998) was 
unable to identify definitive sources responsible for these observed excursions, a greater 
understanding of relative inputs upstream from the provincial border was gained. 
Furthermore, recommendations were made to facilitate the identification of specific upstream 
sources of these parameters of concern. 

In recent years, water quality data5 have continued to be collected at the provincial border on 
a monthly basis, but there was a lack of pesticide and chlorophyll a data. Between Pakan and 
the border the NSR changed from eutrophic to mesotrophic in terms of TP but remained 
mesotrophic in terms of TN (Table 4-10). Thus, moderately nutrient enriched conditions 
persisted far downstream of Edmonton compared to relatively nutrient poor upstream 
conditions. Correspondingly, TN, TP, TDP, ammonia and nitrate concentrations remained 
elevated close to the provincial border; but nutrient concentrations appeared to decrease with 
distance downstream from Edmonton (Table 4-11 in Appendix A). All median nutrient 
values at the border complied with available WQGs and TSS, TDS and DO levels were 
similar to those reported upstream at Pakan. 

                                                 
4 Based on data collected from Lea Park (1982-1988) and Highway 17 (1983-2002). 
5 Conventional, inorganic, nutrient, trace metal (total and dissolved) and bacteriological parameters. 
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4.2.3 Sediment and Pore Water Quality  

The most comprehensive sediment quality assessment on the NSR was conducted in 
September 1985, by Shaw et al. (1994). A total of 12 sites were sampled along the river 
length for TOC, nutrients and trace metals. Previously, Anderson et al. (1986) evaluated 
NSR sediment quality in terms of trace metals and organics, at sites located between Devon 
and Pakan (fall 1983). Since 1985, sediment quality sampling on the NSR has tended to be 
limited and sporadic in nature. 

In fall 1985, NSR sediments downstream of Edmonton tended to be higher in total organic 
carbon (TOC) compared to those sampled upstream (Shaw et al. 1994).This was attributed to 
several factors, namely: downstream changes in channel geomorphology; greater dominance 
of finer sediments; and the assimilation of upstream municipal and industrial effluent 
discharges. Unlike TOC, sediment TP concentrations along the length of the NSR were 
highly variable with no discernable pattern of accumulation, even though TP was 
significantly correlated with TOC. Total nitrogen on the other hand, which was more 
strongly correlated with TOC, was elevated at sites downstream of Edmonton compared with 
upstream sites. Shaw et al. (1994) concluded that relative TN enrichment of sediments 
downstream from Edmonton was likely due to increased TOC in these sediments, as well as 
the assimilation of upstream municipal and industrial effluent discharges.  

The fall 1985 synoptic study indicated that some metals increased in sediments downstream 
of Edmonton6. The highest relative concentration increases were observed for Cr and Ni, but 
levels remained below the CCME Interim Cr Sediment Quality Guideline (CCME ISQG) 
and the Ontario Ni severe effects level (SEL). Concentrations upstream and downstream of 
Edmonton mostly exceeded the Ni lowest effect level (LEL), likely due to natural Ni sources 
throughout the watershed, as well as anthropogenic sources in the vicinity of Edmonton. 
Concentrations of some metals not observed to increase downstream of Edmonton still 
exceeded CCME SQGs. Elevated headwater and upstream As concentrations were likely due 
to geological influences, whereas downstream peaks in Cd and Pb may have been due to 
municipal/industrial discharges and/or urban runoff (Shaw et al. 1994). 

Based on sediment porewater toxicity evaluations downstream of industrial and municipal 
outfalls within the vicinity of Edmonton and Fort Saskatchewan in fall 1992, Golder (1995a) 
identified potentially contaminated sediments that were subsequently sampled for trace 
metals. A concern for many industries in the Fort Saskatchewan area was groundwater 
seepage into the NSR from these industrial sites and the potential effect on NSR aquatic life, 
particularly substrate dwelling benthic invertebrates. Subsequent studies commissioned by 
specific industries to address approval requirements or specific issues have, therefore, largely 
concentrated on the assessment of porewater quality (e.g., Golder 1995a&b; CH2MHILL 

                                                 
6 Cr, Cu, Hg, Ni and Zn 
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2005; Stantec 2005). A summary of the NSR sediment and porewater quality reports 
available for the NSR in the vicinity of Edmonton and Fort Saskatchewan is given in (Table 
4-8 in Appendix A). 

Golder (1995a) evaluated the trace metal content of sediments downstream from the Sherritt 
Fort Saskatchewan outfall in fall 1993 and spring 1994. Several metals were elevated at one 
or more sites below the outfall, relative to upstream concentrations7.Concentrations of Cd, 
Cr and Pb exceeded CCME ISQGs at one or more sites in fall, while Ni concentrations 
exceeded the Ontario Ni severe effects level (SEL) in fall and spring. Shaw et al. (1994) also 
reported sediments sampled close to the right river bank downstream of Edmonton in fall 
1985 were particularly high in Ni, particularly downstream of Fort Saskatchewan.  

Results of the NSR sediment porewater studies (Table 4-8 in Appendix A) indicated that 
surface waters were not impacted by observed groundwater plumes and porewater trace 
metal concentrations were not of concern. Elevated levels of ammonia, sulphate, and 
chloride concentrations were present in sediment porewaters in the vicinity of the Sherritt, 
Dow and/or Agrium facilities, either directly due to groundwater seepage from these sites or 
from upstream sources. Groundwater contamination sources were facility dependent, but 
included: gypsum stacks, sludge or effluent ponds, metals tailing ponds, storm water ponds, 
and/or waste management or landfill areas. 

4.2.4 Non-Fish Biota  

4.2.4.1 Benthic Invertebrates 

The most consistent and comprehensive benthic invertebrate dataset for the NSR was 
generated by synoptic surveys of the entire mainstem in the 1980s (Anderson 1986, 1991; 
Shaw et al. 1994). Benthic invertebrate communities were monitored at Devon, Pakan and 
near the provincial border (Lea Park) in spring and fall 1983-1987. Observed invertebrate 
abundance and community composition trends were characteristic of pronounced 
longitudinal changes expected to naturally occur along a large river. For instance, benthic 
communities characteristic of erosional habitats were more prevalent in the upstream 
reaches, while depositional communities became gradually more dominant with distance 
downstream. This was primarily due to the widening of the channel, greater sedimentation 
and slower flows, but was accentuated by the cumulative effect of organic/nutrient 
enrichment from downstream municipal and industrial effluent discharges (Anderson 1991). 

                                                 
7Al, Cr, Co, Cu, Pb, Mn, Ni, and Zn 
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Upstream of Edmonton to Downstream of Edmonton  

A large proportion of benthic invertebrate monitoring effort on the NSR has been focussed 
within the vicinities of Edmonton and Fort Saskatchewan; with sampling conducted either 
upstream, downstream or within these areas (Table 4-16 in Appendix A). The type of 
monitoring conducted was dependent on study objectives (e.g., as part of AENV synoptic 
surveys and monitoring activities; to support aquatic impact/monitoring surveys 
commissioned by the City of Edmonton or EPCOR; or to support aquatic impacts studies 
commissioned by industries located downstream of Edmonton). 

Anderson (1986) identified three distinct zones in the NSR between Devon and Pakan shown 
in Figure 4-4 based on community data collected between Devon and Fort Saskatchewan in 
fall 1982 (i.e., total abundance, taxa richness, abundance per major taxon, diversity): 

Zone 1: Unimpacted communities 

Zone 2: Impacted communities 

Zone 3: Communities in recovery 

The geographical extents of these zones varied with season, with zones 1 and 2 extending 
further downstream in spring compared to fall. The primary effect on benthic communities in 
this section of the river was one of nutrient or organic enrichment rather than toxicity. For 
the majority of taxa, abundance increased downstream of Edmonton due to enrichment 
effects. The fall zone delineations were selected for discussion here because benthic 
invertebrate sampling is commonly conducted in fall. Fall and spring zone delineations 
differed slightly, due to higher quality runoff in the spring compared to that in the fall which 
was influenced by summer rains and CSO discharges Anderson (1986). 

Zone 1, where benthic communities were relatively unimpacted by point source effluent 
discharges, extended to the Rossdale WTP (Figure 4-4). Benthic invertebrate communities 
sampled upstream at Devon between 1983 and 1987 were distinct from those sampled at 
Pakan and the provincial border, and were characterized by lower abundance and taxa 
richness (Anderson 1991, Shaw et al. 1994). Taxa considered intolerant of pollution were 
mainly responsible for this separation (e.g. EPT taxa). Upstream communities at Devon 
comprised of 20-30% EPT taxa in spring and fall 1985, and 30-50% of EPT taxa more 
recently in fall 2001 (Shaw et al. 1994, Table 4-17 in Appendix A).  

Zone 2 encompassed all major municipal and industrial discharges at that time, and extended 
from the Rossdale WTP to Fort Saskatchewan (left bank) and the Sturgeon River confluence 
(right bank). The Rundle Foot bridge right bank (directly downstream from the Gold Bar 
WWTP discharge) was the most impacted site but nutrient enrichment impacts from the 
Gold Bar WWTP persisted for some distance downstream, confounding the detection of 
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impacts from downstream discharges. Still, within Edmonton, effects were more pronounced 
close to the right bank where the majority of municipal and industrial discharges entered the 
NSR (Anderson 1986). Synoptic surveys concluded that there was a prominent increase in 
benthic invertebrate density downstream of Edmonton, with changes in taxonomic 
composition consistent with organic and nutrient enrichment (Shaw et al. 1994). Overall, 
NSR benthic communities resident between Devon and Pakan were typical of a moderately 
enriched large river. The community composition was typically dominated by taxa such as: 
Naididae (bristle worm), Chironomidae (midge larvae), Hydropsyche (net-spinning caddisfly 
larvae), Nematoda (roundworms), Baetis (mayfly larvae; Golder 1995a). 

Benthic communities within Zone 3 were deemed by Anderson (1986) to either be in the 
process or had recovered from the cumulative upstream nutrient enrichment. This recovery 
zone extended downstream of Pakan for an undetermined distance in fall 1982 (Figure 4-4). 

Upstream and Downstream of Specific Discharges Within the Vicinity of 
Edmonton and Fort Saskatchewan 

Municipal Discharges 

• A recent study by Golder (2005d) reported localised impacts on benthic invertebrate 
abundance and community composition within 2000 m of the E.L. Smith and 
Rossdale WTP outfalls. 

• The Rat Creek CSO, located upstream of the Gold Bar WWTP, accounted for up to 
70% of the total CSO overflow volume within Edmonton. RL&L (1998) reported 
elevated invertebrate densities downstream of this CSO discharge in summer 1996, 
with a peak in mean density 1200 m downstream. By 4200 m downstream, the 
benthic invertebrate community was in recovery, but densities were still 
substantially higher than upstream. Thus, the predominant impact appeared to be 
one of nutrient enrichment rather than toxicity. 

• The Quesnell SO accounted for >20% of the total annual SO discharge volume and 
20% of the storm sewer contaminant loading from Edmonton. Benthic invertebrate 
densities were reduced close to the outfall (250 m downstream) in summer 1998, but 
densities progressively increased with distance downstream RL&L (2000). Thus, 
mild nutrient enrichment facilitated by lower flows and increased water clarity in 
fall 1998 predominated after an initial toxic effect likely due to TSS inputs. 

• Golder (1995a) assessed benthic communities at sites located upstream and 
downstream of the Gold Bar WWTP in fall 1992, using artificial substrates. Relative 
to upstream, downstream communities had elevated total invertebrate abundance, 
reduced taxon richness, with a dominance of oligochaetes and a substantial 
reduction or elimination of taxa regarded as sensitive to organic pollution (e.g., EPT 
taxa). Golder (1995a) concluded that these changes were indicative of toxic effects 
due to severe organic enrichment and potential toxicity (e.g., ammonia). Further 
downstream toxic effects were attenuated and nutrient enrichment, no longer 
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suppressed by toxic effects, became the dominant impact. Specifically, Oligochaeta 
dominance declined, Chironomidae became dominant and EPT densities increased. 
These community-level changes further downstream indicated that nutrient 
enrichment became the dominant impact. Lowell et al. (2000) described this 
response pattern downstream of pulp mill and municipal effluent discharges (Figure 
4-5). In fact the municipal effluent discharge from the Gold Bar WWTP was 
responsible for nutrient enrichment of the NSR until the Redwater River confluence.  

 

Figure 4-4 Diagrammatic representation of discrete benthic invertebrate 
communities delineated by three zones of different water quality 
in the North Saskatchewan River in fall 19828

• Benthic communities upstream of the Capital Region WWTP were in recovery from 
upstream nutrient enrichment due to the Gold Bar WWTP Golder (1995a). 
Nonetheless, discharge from the Capital Region WWTP resulted in a moderate to 
severe organic enrichment impact on downstream benthic communities, similar to 
that observed downstream of the larger Gold Bar WWTP discharge (i.e., increased 
total abundance, and Oligochaeta and Chironomidae densities; severe reduction or 
elimination of EPT taxa). The impact did not persist as far downstream due to 
smaller discharge volumes at that time.  

                                                 
8 (Zone 1: unimpacted communities; Zone 2: impacted communities; Zone communities in recovery; from Anderson 1986). 
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Figure 4-5 Diagrammatic representation of the relative magnitude of 
nutrient enrichment and toxic effects on aquatic biota with 
increased effluent concentrations (from Lowell et al. 2000) 

Industrial discharges 

• Invertebrate densities remained elevated downstream from the Capital Region 
WWTP to the Redwater River confluence, and community composition reflected 
moderately enriched conditions in fall 1992 (i.e., 88-98% comprised of 
Chironomidae, Hydropsyche, and Oligochaeta; Golder (1995a). The findings of 
Golder (1995a) were in agreement with Anderson (1986) and Shaw et al. (1994) in 
that benthic communities downstream of Edmonton were affected by the persistent 
effect of nutrient enrichment, primarily due to WWTP discharges but also SO and 
CSO discharges; as well as natural longitudinal changes in NSR attributes (e.g., 
substrate, flow, channel characteristics). The persistent nutrient enrichment impact 
many km downstream from the Gold Bar WWTP impeded the ability to assess the 
impacts of downstream industrial discharges on NSR benthic communities. 

• The effect of single or multiple industrial discharges on downstream NSR benthic 
communities was investigated in fall 1992 by Golder (1995a) and the nature and 
probable cause(s) of observed impacts are summarized in Table 4-18 in Appendix 
A. Golder (1995a) concluded that industrial effluent discharges did contribute to the 
cumulative impact on benthic communities between Edmonton and the Redwater 
River confluence, although to a lesser, more localised extent than upstream 
municipal discharges. This represented a major problem in the ability to determine 
the relative impacts of industries and municipalities on NSR benthos. Due to 
upstream confounding factors Golder (1995a) were unable to definitively determine 
the impact of each industrial discharge on NSR benthic communities. They were 
able to determine that industrial discharges were in part responsible for observed 
impacts on benthic invertebrate communities downstream of Edmonton, despite 
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some evidence of temporal variability (i.e., inconsistency between 1992 and 
1993/1994 results). 

• Another factor that has been considered and addressed in recent years is the 
influence of contaminated groundwater runoff from these industrial facilities on 
NSR porewater, and thus benthic invertebrate communities. For example, benthic 
communities adjacent to the Agrium Redwater nitrate fines landfill had higher 
taxonomic richness and abundance, and higher EPT richness and abundance, 
compared to those upstream. Stantec (2003) suggested that this was due to mild 
nutrient enrichment due to the seepage of nitrogen-rich groundwater from the 
landfill. This effect persisted downstream possibly due to the cumulative impact of 
groundwater seepage and effluent discharge from the facility. Similar effects on 
NSR benthic communities were also reported by Golder (1995b), due to nutrient 
enriched (ammonia) groundwater seepage from the Sherritt Fort Saskatchewan 
facility in fall 1994. 

Pakan to the Provincial Border 

Benthic communities at various sites between Pakan and the Provincial Border sampled by 
AENV from 1983 to 1987; were in various stages of recovery from upstream cumulative 
nutrient enrichment, though residual effects of nutrient enrichment were still evident (Shaw 
et al. 1994). There was considerable overlap between benthic communities at Pakan and Lea 
Park near the border, with both communities dominated by taxa characteristic of depositional 
communities and/or generally tolerant of nutrient enriched conditions9. The NSR continued 
to be a moderately enriched river downstream of Pakan with relatively high densities of most 
taxa (Shaw et al. 1994, Anderson 1991). 

4.2.4.2 Primary Producers  

Phytoplankton biomass was measured as chlorophyll a (mg/m3).Thus to avoid repetition, the 
water quality evaluation of chlorophyll a concentrations in the NSR also applied to the NFB 
assessment. Shaw et al. (1994) found periphyton biomass (as mg/m2 epilithic chlorophyll a) 
to be inherently more variable than phytoplankton biomass (as mg/m3 chlorophyll a) along 
the length of the NSR but was still able to identify longitudinal patterns. Historical (1980-
1990) and recent (1994-2004) summer and fall data from select AENV monitoring stations 
along the length of the NSR are summarized in Figure 4-6. 

Upstream of Edmonton 

Both recent and historical mean biomass values were relatively low at Genesee and Devon, 
upstream of Edmonton (Figure 4-6). The recent estimates appeared to be consistent with the 
range of 8-year median biomass values reported by Yonge (1988) for upstream of Edmonton  

                                                 
9 Tubicidae [oligochaete], Glossiphonidae [leech], Erpobdellidae [leech], Nematoda, Caenidae [mayfly], Hydroptilidae [caddisfly], 
Physidae [snail], Sphaeriidae [fingernail clam], and Amphipoda. 
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Figure 4-6 North Saskatchewan River Recent and Historical Periphyton 
Biomass Estimates for Select AENV Monitoring Stations from 
upstream of Edmonton to the provincial border 

(0.2 to 12.9 mg/m2). This was far lower than the 10-year mean biomass value of 65.8±5.7 
mg/m2 for the entire NSR mainstem reported by Carr and Chambers (1999). Shaw et al. 
(1994) concluded that phytoplankton biomass upstream of Edmonton was comparable 
between stations and years (1985-1989), and was relatively low compared to concentrations 
measured in the downstream mid and lower reaches.  

Upstream (Devon) to Downstream of Edmonton (Pakan) 

Epilithic biomass progressively increased with distance downstream between Devon and 
Pakan during both recent and historical time frames (Figure 4-6). Correspondingly, Yonge 
(1988) reported a relatively higher range of 8-year median biomass values downstream of 
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NSR municipal and industrial discharges (8.5-179.4 mg/m2). Mean fall biomass appeared to 
be greater than mean summer estimates for both historic and recent time periods in this 
stretch of the NSR (Figure 4-6). Furthermore, recent mean biomass values appeared to be 
higher than the corresponding historic values but there was substantial variation likely due to 
small sample size (Figure 4-6). An unusually high biomass estimate was reported 
downstream of Fort Saskatchewan in 1988 but this was never replicated. Epilithic biomass 
remained high downstream of Edmonton at Pakan where the river was completely mixed, 
and fall biomass estimates were 2-3 times greater than summer estimates. There was 
reasonable agreement between historical and recent mean biomass at this site. Recent 
biomass estimates at select sites between Devon and Pakan were either greater than or 
approximated the average calculated by Carr and Chambers (1999) for the entire NSR 
(65.8±5.7 mg/m2).In addition to provincial monitoring of NSR periphyton, industry has also 
commissioned several studies on epilithic communities (Table 4-16 in Appendix A). These 
studies have either involved monitoring of periphyton on natural substrates or biomass 
colonization on artificial substrates. 

Pakan to the Provincial Border 

Median periphyton biomass values at sites located from Pakan to the Provincial Border 
ranged from 30.7-36.5 mg/m2 based on data collected from for the period 1980-1988 (Yonge 
1988). This median biomass range was lower than the average calculated by Carr and 
Chambers (1999) for the entire NSR (65.8±5.7 mg/m2) and spanned a narrower range than 
the median periphyton biomass range reported by Yonge (1988) for the upstream stretch of 
river between Edmonton and Pakan. Thus, consistent with the findings from benthic 
invertebrate monitoring, available periphyton biomass data also indicate that this stretch of 
river was moderately enriched and was in recovery from cumulative nutrient enrichment 
impact from upstream municipal and industrial discharges.  

Macrophyte data for this section of the NSR were limited to those reported by Shaw et al. 
(1994) for a September 1988 survey. There were no obvious longitudinal trends in 
community composition or densities, not were they related to substrate type. Macrophyte 
communities were limited to narrow bands close to the river banks and comprised of five 
species: Potomogeton vaginatus, P. pectinatus, P. richardsonii, P. zosteriformis and 
Ceratophyllum demersum. 
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4.2.5 Synthesis and Initial Assessment of Aquatic Ecosystem Health 

• Based on the overview of water and sediment quality and non-fish biota (NFB) 
information for the North Saskatchewan River (NSR), the following was concluded 
regarding the aquatic ecosystem health (AEH) status of the four NSR reaches, and 
summarised in Tables 4-19 and 4-20. 

• The headwaters were characterised by good water quality with no observed 
deterioration over time, although total dissolved solids (TDS) concentrations had 
significantly increased, likely due to climatic factors and recent low flows. The 
headwaters were oligotrophic but experienced seasonally elevated total phosphorus 
(TP) levels during high flow periods expected to have minimal influence on AEH. 
Although there were no sediment or NFB data available the AEH of the headwaters 
was thought to be ‘good’, typical of most relatively unimpacted headwater systems. 

• Likewise, NSR water quality from the headwaters to Edmonton was also good with 
the main concern being seasonally elevated TP levels during high flow periods. The 
majority of water quality parameters upstream of Devon had not significantly 
increased in the last ~20 years, except for TDS. The NSR remained oligotrophic 
upstream of Edmonton. Benthic invertebrate data were largely historical but limited 
recent data confirmed that benthic invertebrate communities were characterised by 
‘pollution intolerant’ taxa, indicative of ‘good’ AEH in the upper section of a major 
river system. 

• The water and sediment quality and NFB information available for the NSR 
indicated that the AEH of this river changed from upstream to downstream of 
Edmonton and Fort Saskatchewan. These changes in AEH indicators were over and 
above those expected due to natural longitudinal changes, as described by the river 
continuum concept (Vannote et al. 1980). The main impact concerned a nutrient 
enrichment of the river from oligotrophic status to mesotrophic/eutrophic. The 
benthic invertebrate fauna also changed and was more reflective of a moderately 
enriched river system, as was periphyton biomass (primarily based on historical 
data). Cumulative nutrient loading from municipal wastewater treatment plant and 
Combined Sewer /Storm Outfall discharges were primarily responsible, though other 
non-point source and industrial inputs likely also contributed. Pesticide detections 
and non-compliance were more numerous downstream of Edmonton and a greater 
variety of pesticides was present. Trace metal levels did not appear to affect AEH 
downstream of Edmonton, with elevated levels largely associated with seasonally 
elevated total suspended solid levels. 

• The NSR remained moderately enriched (mesotrophic) prior to crossing the 
Alberta/Saskatchewan border, and historical benthic and periphyton data indicated 
that some recovery was evident from upstream nutrient enrichment. The overall 
AEH was thought to be ‘fair’ in this downstream reach close to the provincial 
border, compared to ‘good’ upstream of Edmonton. 
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Table 4-19 Initial qualitative assessment of aquatic ecosystem health based 
on a synthesis of available data: North Saskatchewan River  

Reach 
Water 

Quality 
Sediment 

Quality 
Non-fish 

Biota 

Headwaters G ID ID 

Headwaters to U/S of Edmonton G ID G 

U/S to D/S of Edmonton (Devon to Pakan) F ID M 

Pakan to Provincial Border F ID F 

 Excellent  Good  Fair  Marginal  Poor  Insufficient data 

 

Table 4-20 Assessment of data quality/quantity for an initial aquatic 
ecosystem health assessment: North Saskatchewan River 

Reach 
Water 

Quality 
Sediment 

Quality 
Non-fish 

biota 

Headwaters F P P 

Headwaters to u/s of Edmonton G P M 

U/S to D/S of Edmonton (Devon to Pakan) G P M 

Pakan to Provincial Border F P P 

 Good  Fair  Marginal  Poor 

 

4.3 OTHER RIVERS AND STREAMS 

4.3.1 Key Areas, Issues and Indicators 

The Battle and Sturgeon rivers were selected for assessment primarily because they 
represented two of the most impacted NSR tributaries. Both rivers are currently undergoing 
instream flow needs (IFN) assessments in response to concerns regarding mainstem flows. 
These assessments incorporate water quality and NFB monitoring and assessment, in 
addition to other components (Golder 2004, Amec 2004).  

The Battle River, originates in Battle Lake east of the Rocky Mountain foothills, and flows 
eastward approximately 800 km mostly through the Central Parkland natural region of 
Alberta into Saskatchewan, where it joins the NSR near North Battleford. The river drainage 
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area in Alberta is approximately 25,000 km2, with an additional 5,000 km2 in Saskatchewan. 
Although the Battle River is one of the larger NSR tributaries, it actually contributes a 
relatively low volume of flow to the NSR (3.5% of annual flow; Battle River Watershed 
2006 website). The river is regionally unique because it is prairie-fed, with flows sustained 
by local surface runoff, groundwater inputs, and inputs from tributaries, lakes and reservoirs. 
Resulting flows are therefore typically low, except for spring high flow periods (snowmelt 
and local runoff) and variable summer flows (seasonal rains; Anderson 1999). Cumulative 
impact of development within the sub-basin has added additional pressure on naturally low 
seasonal river flows (Amec 2004). 

The Battle River is regarded as heavily allocated, with water allocations distributed among 
municipal, industrial and agricultural sectors. Projected water demands associated with the 
expansion in these sectors will exceed the supply capacity of the Battle River (Battle River 
Watershed 2006 website). This and other issues will be addressed by a basin-wide 
management plan currently under development by representatives from the community, 
industry and government. The Battle River has a number of water and sediment quality 
issues, primarily related to non-point source inputs and low mainstem flows. Anderson et al. 
(1999) noted that even without human activity, it is likely the Battle River would still be a 
fertile river, due to a nutrient-rich watershed, low flow rates and a gradual downstream 
gradient. This natural propensity towards nutrient rich conditions has been accentuated by 
cultural eutrophication from non-point source inputs (e.g., land clearing, agricultural 
activities), and substantial inputs from municipal wastewater (Anderson 1999; Table 4-1). 
Resultant water quality issues related to nutrients, TSS, BOD, DO, temperature and 
contaminants are further amplified by reduced flows, lower dilution capacities and increased 
residence times.  

Manure production, an indicator of agriculture intensity, is highest in the upper Battle River 
reaches near Ponoka, as are livestock densities. Downstream of Camrose, the river basin is 
dominated by cropland with moderate or low livestock densities. Thus, inputs of nutrients, 
pesticides and TSS to the Battle River from agricultural practices and runoff, are of concern 
(Battle River Watershed 2006 website). In addition to loading from municipal wastewater 
discharges, water withdrawals for municipal use are also an issue. Population growth is 
expected to increase further, such that water demands by Camrose and Wetaskiwin (as well 
as smaller communities) are expected to exceed current licences in the next 15-30 years 
(Anderson 1999, Battle River Watershed 2006 website). For the purposes of an initial 
assessment two areas were selected along the length of the Battle River:  

• Upstream of the Ponoka LTRN station to the North end of Driedmeat Lake LTRN 
station; and  

• Close to the Provincial Border (Table 4-1). 
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The Sturgeon River flows through predominantly agricultural and urban land into the NSR 
between Fort Saskatchewan and the Redwater River confluence, thus Sturgeon River 
loadings contribute to cumulative NSR impacts. Approximately 70% of the Sturgeon River 
sub-basin (331,764 ha) has been developed for agricultural and municipal use. A number of 
recreational lakes, towns, reserves and parts of Edmonton are located within the sub-basin 
(NSRA 2005). The primary stressors and issues identified for the Sturgeon River are given in 
Table 4-1. The most downstream segment defined by Golder (2004), close to the confluence 
of the Sturgeon River, was selected for assessment as it was reflective of upstream 
cumulative impacts. 

The assessment of NSRB streams was conducted with reference to agricultural streams since 
the impact of agriculture on water quality has been well documented, both within the basin 
and provincially. Other NSRB streams have been impacted by urban and industrial runoff, 
but this impact has been less well documented (e.g., Blackmud and Whitemud creeks). 
Across Alberta, streams in agricultural watersheds were monitored from 1995-1997 by a 
provincial stream survey conducted under the Canada-Alberta Environmentally Sustainable 
Agriculture (CAESA) agreement (Anderson et al. 1998). The survey aimed to define the 
relationship(s) between the intensity of agriculture in small watersheds and stream water 
quality. CAESA was superseded by the new Alberta Environmentally Sustainable 
Agriculture (AESA) agreement, which committed to the continuation of this water quality 
monitoring program. The conception of the AESA Water Quality monitoring Program 
(AESA Stream Survey) in 1998 provided a network for stream water quality monitoring in 
small low, moderate and high intensity agricultural watersheds. The provincial AESA stream 
survey was designed to address two primary objectives: 

• To further investigate the impacts of agriculture intensity (i.e., low, moderate, high) 
on stream water quality; and, 

• To monitor water quality in agricultural streams and relate findings to changes in 
land use practices and industrial growth (Alberta Agriculture, Food and Rural 
Development 2006 website) 

Anderson et al. (1999) selected 23 small agricultural watersheds for annual water quality 
monitoring under the AESA program that covered the range of agricultural intensity in 
Alberta based on 1996 census data. Anderson et al. (1999) ranked agricultural watersheds in 
the province according to agricultural intensity indicators representing both the livestock and 
cropping sectors (i.e., manure production [tonnes/acre], fertilizer expenses [$/acre] and 
chemical expenses [$/acre)]). The majority of the selected watersheds had soil and landscape 
features that promoted runoff and these watersheds were selected to represent small 
agricultural watersheds in both regional and provincial contexts. 
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Five agricultural NSRB streams representing a range of agricultural intensities from low to 
high, have been routinely monitored by CAESA and AESA on a flow-weighted basis since 
1995 (Anderson et al. 1998a, Depoe 2004). The following review and assessment is 
primarily based on water quality monitoring conducted in these five dryland streams from 
1999-2002, inclusive (Donahue 2000, Carle 2001, Depoe and Westbrook 2003, Depoe 
2004). The streams were located in Boreal Transition, Aspen Parkland and Western Alberta 
Upland ecoregions within agricultural zones 2 and 7. Water quality in Strawberry Creek was 
considered the most likely to be affected by dryland agricultural activities because its 
watershed has both high agricultural intensity and high runoff potential.  In contrast Stretton 
Creek is the only of the 23 streams monitored under AESA that has a low runoff potential 
(Anderson et al. 1998a, Depoe 2004). In contrast, low intensity agricultural streams, such as 
Rose Creek, tended to have high or moderate runoff potentials. Low runoff streams typically 
only flow during snowmelt, whereas streams located in watersheds with higher runoff 
potential are maintained by a combination of snowmelt and rains during the open-water 
period. Thus, stream hydrology has a profound influence on stream water quality and the 
downstream transport of substances. Consequently, Anderson et al. (1998a) noted that due to 
hydrological characteristics, water quality patterns observed in some streams did not 
necessarily follow the agricultural intensity of the surrounding watershed.  

Potential water and sediment quality and lower trophic indicators, considered for AEH 
assessment in these rivers and streams are given in Tables 4-2 to 4-4. The availability of 
recent data related to these indicators was assessed in Tables 4-5 to 4-7 in Appendix A. 

4.3.2 Battle River  

4.3.2.1 Water Quality 

To assess spatial and temporal trends in Battle River water quality, Teichreb (2005) 
compared the results of historical monitoring (1989/90) with more recent monitoring at 
eleven sites along the river length (2004/05; Table 4-21 in Appendix A). The evaluation in 
this report was based upon the preliminary findings of Teichreb (2005) in combination with 
the more detailed findings of the 1989/90 synoptic survey conducted by Anderson (1999). 
Monthly monitoring at two AENV LTRN sites since 2003 was also considered. 

Alberta River Water Quality Index (ARWQI) and Sub-Indices 

Water quality was rated as ‘fair’ at the two LTRN stations upstream of Ponoka, and at the 
north end of Driedmeat Lake (AENV 2006 website; Table 4-22). Likewise, water quality at 
most of the 2004/05 sites along the river length was also rated as ‘fair’. Exceptions included 
upstream of Ponoka and downstream of Hardisty where water quality was rated as ‘good’, 
and at HWY 872 in the lower Battle River where water quality was ‘marginal’(C. Teichreb, 
unpubl. data). In all cases, water quality was most influenced by nutrients. 
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Table 4-22 Summary of water quality index and trophic classification 
information for the Battle and Sturgeon rivers 

Indicator 
Battle River above 

Ponoka 
Battle River Above 

Driedmeat Lake 

Battle River Close 
to the Provincial 

Border 1

Sturgeon River 
- Close to the 

Mouth 

ARWQI (2003/04) Fair (78) Fair (70) Good (83) – 

ARWQI nutrient Poor (34) Poor (21) Marginal (54) – 

ARWQI bacteria Good (90) Excellent (100) Excellent (100) – 

ARWQI trace metals Good (93) Good (93) Good (93) – 

ARWQI pesticides Good (95) Fair (66) – – 

Nutrients 
Eutrophic (TP: 89/90; 
04/05); Mesotrophic 
(TN: 89/90; 04/05) 

Eutrophic (TP, TN: 
89/90; 04/05) 

Eutrophic (TP: 
89/90);  

Mesotrophic (TN: 
89/90; TP, TN: 

04/05) 

Eutrophic (TP, 
TN: 1970s-2004)

Phytoplankton 
Biomass 

Oligotrophic (89/90); 
Mesotrophic (04/05) 

Eutrophic (89/90; 
04/05) 

Mesotrophic (89/90); 
Oligotrophic (04/05) 

Mesotrophic 
(1970s-2004) 

Stream/River 
Trophic 
Classification 1

Periphyton 
Biomass 

– – – – 

– = Not applicable/ Data not available. 
Notes:  Highway 897. As per Dodds at al. 1998 (benthic algal and/or phytoplankton biomass as chlorophyll a, total nitrogen and total 

phosphorus); See Table 3-6.

1 2

Nutrients and Chlorophyll a 

Nutrient levels in the Battle River were relatively low in the headwaters but then increased 
from upstream of Ponoka to downstream of Driedmeat Lake, before decreasing in the lower 
reaches (Figures 4-7 and 4-8). In 2004/05, nutrient water quality deteriorated from 
‘marginal’ upstream of Ponoka (2004/05) to ‘poor’ at most sites between Ponoka and the 
north end of Driedmeat Lake (C. Teichreb, unpubl. data). Elevated phosphorus and nitrogen 
levels and low winter DO were mostly responsible. The persistence of elevated nutrient 
levels downstream depended on the nutrient, year and season. Nutrient concentrations in 
2004/05 often exceeded those measured in 1989/90, possibly due to the cumulative impact of 
increased nutrient inputs, climatic influences, flow history, or timing of sampling.  

Both open-water and under-ice TP concentrations along the river length exceeded the TP 
ASWQG nearly all of the time (Tables 4-21 and 4-23 in Appendix A). Anderson (1999) 
observed a decrease in nutrients such as TP in the downstream reaches of the Battle River 
before the provincial border, possibly due in part to dilution by groundwater inputs. From 
Ponoka to Driedmeat Lake, TN concentrations exceeded the ASWQG most of the time, with 
greater compliance upstream of Ponoka. Levels of ammonia were more complaint that TP 
and TN. Levels of nitrogen compounds (TN and ammonia) were greater under ice.  
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Figure 4-7 Historical and recent mean open water nutrient concentrations at 
select sites on the Battle River from the upper reaches to the 
provincial border (from Teichreb 2005) 
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Figure 4-8 Historical and recent mean under-ice nutrient concentrations at 
select sites on the Battle River from the headwaters to the 
provincial border (from Teichreb 2005) 
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Figure 4-9 Open water and under-ice mean total suspended solids (TSS) 
and total dissolved solids (TDS) concentrations at select sites on 
the Battle River in 2004/05 (from Teichreb 2005) 

Dissolved Oxygen, TSS and TDS 

Open water mean DO concentrations along the river length complied with the DO ASWQG, 
ranging between 8 and 12 mg/L (Anderson 1999; C. Teichreb, unpubl. data). However, 
under ice DO measurements typically did not meet either the acute or chronic DO ASWQG, 
particularly downstream of Ponoka (Table 4-21 in Appendix A).This was not unexpected 
given the propensity for low and variable river flows, low topography and relatively high 
river productivity. It is likely that naturally low winter DO levels have been accentuated by 
anthropogenic reductions in flow and cultural eutrophication over the years.  

Only concentrations of suspended and dissolved solids substantially increased with distance 
downstream, likely due to a combination of municipal inputs, and natural runoff or 
groundwater inputs from soils relatively high in natural salts. This downstream pattern was 
observed in 1989/90 and during the 2004/05 open water season, but not under ice cover in 
2004/05 (Figure 4-9). Levels of suspended solids tended to peak during spring run off in 
March and April, reaching several hundred mg/L at some sites, while minimum values 
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tended to occur under winter low flow conditions (e.g., 10 mg/L; Anderson 1999). The 
opposite was true for TDS values which were negatively correlated with Battle River 
discharge (Anderson 1999). 

Trace Metals 

Water quality in terms of trace metal levels has been rated as either ‘good’ or ‘excellent’ at 
the Ponoka and Driedmeat Lake LTRN sites (2003/04) and the eleven monitoring sites along 
the river length (2004/05; Table 4-22, C. Teichreb, unpubl. data). In contrast to nutrients, 
trace metals appear to present a minimal threat to Battle River water quality10. Historically, 
levels have tended to gradually increase downstream concomitant with TSS levels, and have 
periodically exceeded Canadian and provincial WQGs (Anderson 1999). The metals Fe and 
Mn exhibited the highest levels of non-compliance, likely due to low DO and reducing 
conditions during winter. 

Pesticides  

Pesticides have been an issue of concern within the river basin as a whole, but have been of 
most concern between Ponoka and Driedmeat Lake where they occasionally departed from 
desirable levels (Table 4-22; C. Teichreb, unpubl. data). Nevertheless pesticide data are 
somewhat limited for this river11. Based on available data Anderson (2005) reported no 
significant temporal change in the 10 pesticides detected in the lower Battle River (HWY 
872 bridge), total pesticide concentration, or number of pesticides detected in each sample. 
None of the pesticides exceeded available CCME WQGs for the protection of aquatic life. 
The pesticide detection frequency within the Battle River Basin as a whole was actually the 
second highest in the province, similar to the Oldman and South Saskatchewan river basins.  

4.3.2.2 Sediment Quality and Non-Fish Biota 

Sediment quality information was limited to a study by Anderson et al. (1994) to assess the 
feasibility of contaminant monitoring in water, sediments, lower trophic levels and fish. This 
study suggested that trace metals tend to occur at higher concentrations in the upper Battle 
River, primarily due to a greater predominance of fine grained organic sediments. Some 
localized enrichment was, however, evident in some downstream sediments (e.g., Cu levels 
in the Forestburg Reservoir). 

Benthic invertebrate communities at depositional sites were surveyed during spring and fall 
1989 to identify longitudinal trends in abundance and community composition (Anderson 
1999). Supplementary qualitative samples (dipnet sweeps) from the littoral zone were also 
taken. Mid-channel benthic communities were depositional in nature, reflective of the slow 

                                                 
10 The 2004/05 provincial monitoring program collected raw data on individual trace metals but these data have yet to be analysed (C. 
Teichreb, pers comm.). 
11 The 2004/05 provincial monitoring program collected raw data on individual pesticides at sites located upstream of Driedmeat Lake 
but these data have yet to be analysed (C. Teichreb, pers comm.). 
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hydrological regime, low gradient and depositional substrates. Dominant taxa included 
Oligochaeta, Chironomidae and Nematoda, as well as other lentic taxa12. Fall abundance was 
several times greater than abundance in the spring, typical of rivers with low summer flows 
and elevated nutrient inputs. Furthermore, fall communities appeared to be more influenced 
by municipal discharges rather than substrate type. Littoral communities were often quite 
different, with greater diversity and taxa richness in communities associated with 
macrophytes (Anderson 1999). Trace metal body burdens appeared to be higher in spring 
compared to fall, possibly due to higher temperatures in the spring, resulting in rising 
metabolic rates (Anderson et al. 1994).  

Macrophyte and benthic algal community composition and biomass have not been surveyed 
to date, while phytoplankton biomass is discussed in Section 4.3.2.1.  Trace metal burdens 
were highest in macrophyte roots, lowest in macrophyte stems and leaves, and intermediate 
in phytoplankton. Longitudinal trends similar to those identified for waterborne trace metal 
concentrations were identified for macrophyte stems and leaves (Anderson et al. 1994). 

4.3.3 Sturgeon River Assessment 

4.3.3.1 Water Quality 

Water quality assessment of the lower Sturgeon River was based primarily on the statistical 
summary generated by Golder (2004) for the most downstream segment of the Sturgeon 
River, close to the mouth (Table 4-24 in Appendix A). It should however be noted that some 
of the summary statistics were based on limited data collected over a ~30 year time period.  

Median nutrient values calculated for the lower Sturgeon River indicate that this river section 
was eutrophic during all seasons, according to TP and TN, and mesotrophic according to 
median chlorophyll a levels. Correspondingly, median total phosphorus and nitrogen 
concentrations exceeded ASWQGs, during all seasons. Median TP concentrations were 
greater in the spring, while median TN and ammonia concentrations were greater in the 
winter. Median DP and chlorophyll a levels were highest in the summer. Total phosphorus 
loadings to the NSR from the Sturgeon River substantially increased from 1.47 kg/d in 1993 
to 10.63 kg/d in 2004 (Table 4-13 in Appendix A). 

The Sturgeon River, like many other northern rivers in Alberta, typically experiences 3-4 
months of continuous ice cover during low-flow winter months, often resulting in low DO 
levels or anoxia. These seasonal low DO levels are often exacerbated by elevated nutrient 
concentrations as a result of point and/or non-point source inputs (Chambers et al. 2000, 
Golder 2004). In the lower Sturgeon River, seasonal median DO concentrations remained 
above the chronic DO ASWQG, but minimum winter, spring and summer DO values were 
below this guideline. The minimum winter concentration was characteristic of anoxic 

                                                 
12 (e.g., Unionidae and Sphaeriidae, Hirudinae, Amphipoda) 
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conditions (0.1 mg/L) and was below the acute DO ASWQG. Levels of TSS were higher in 
the lower Sturgeon River compared to upstream sections with peaks during the spring and 
summer high flow months (Golder 2004; Table 4-24 in Appendix A). In contrast TDS levels 
peaked during the winter months likely due to lower flows and greater groundwater 
contribution during winter (Golder 2004). 

Some long-term trace metal median values exceeded available ASWQGs and/or CCME 
WQGs, for some or all seasons, but were often based on limited data (Golder 2004). The 
herbicides 2,4-D, Diuron, and Picloram were detected in the Sturgeon River above Lake Isle, 
but 2,4-D and Picloram concentrations did not exceed the CCME WQG (Mitchell 1999). 

4.3.3.2 Sediment Quality and Non-Fish Biota 

No sediment quality or NFB data were available for the Sturgeon River, other than 
phytoplankton biomass expressed as chlorophyll a. In order to fulfill IFN requirements for 
the Sturgeon River, Golder (2004) proposed to conduct baseline benthic invertebrate 
monitoring in fall 2004, but these data were not available at the time of report writing. In the 
interim Golder (2004) made broad predictions as to the benthic communities expected to 
reside in the Sturgeon River, based on habitat data and historical data from the Battle River, 
Lake Isle and Lac St. Anne. Briefly, benthic communities were likely depositional in nature 
along the mainstem, except for areas such as those close to the mouth where erosional habitat 
was more common. Similar to the Battle River, habitat in the Sturgeon River was fairly 
homogeneous along the river length (Anderson 1999, Golder 2004). 

4.3.4 Agricultural Streams  

4.3.4.1 Water Quality 

Water quality was rated as ‘marginal’ in Tomahawk and Strawberry creeks, and ‘fair’ in 
Rose, and Stretton and Buffalo creeks between 1999 and 2002 (Table 4-25; Table 4-26 in 
Appendix A). These ratings were consistent with AAWQI ratings determined for AESA 
streams across the province (Depoe 2004). Also consistent with provincial AESA monitoring 
was the fact nutrient and bacteria sub-indices were lower than the pesticide index for these 
streams. Nutrient water quality in these streams was rated as ‘poor’ with the exception of 
Rose Creek (‘marginal’). Although pesticides were detected in these streams, water quality 
remained ‘good’ or ‘excellent’ according to the sub-index. Pesticides are commonly detected 
in agricultural streams during the spring runoff period, due to the carry over of pesticide 
residues from the previous growing season (Anderson 2005).  

On average, the highest number of pesticides per sample was detected in Strawberry and 
Stretton creeks between 1999 and 2002, with fewer compounds detected in the other three 
streams (Table 4-25). Similarly, the pesticide sub-index indicated lower pesticide water 
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quality in Strawberry and Stretton creeks during this period compared to the other streams, 
mainly due to more frequent exceedences of irrigation use CCME guidelines for Dicamba 
and MCPA. It should however be noted that available CCME WQGs for the protection of 
aquatic life were met in all five streams from 1999-2002. 

Table 4-25 Summary of water quality index, trophic classification and 
pesticide information for five agricultural streams in the North 
Saskatchewan River (NSR) Basin 

Agricultural Stream Rose Creek 
Tomahawk 

Creek 
Stretton  
Creek 1

Strawberry 
Creek 

Buffalo Creek 

River Basin NSR NSR NSR NSR Battle 
Agricultural Watershed 
Intensity 

Low Moderate High High High 

Runoff Potential Moderate High High Low Moderate 

Water Quality Index and Trophic Classification 

AAWQI (1999-2002) Fair (65.6) Marginal (51.0) Fair (66.8) Marginal (51.1) Fair (69.1) 

AAWQI Nutrients Marginal (43.5) Poor (25.3) Poor (22.8) Poor (31.0) Poor (33.1) 

AAWQI Bacteria Marginal (41.4) Poor (37.9) 
Excellent 

(92.3) 
Poor (38.1) Good (78.8) 

AAWQI Pesticide Excellent (91.1) 
Excellent 

(91.8) 
Good (85.2) Good (83.6) 

Excellent 
(95.0) 

Stream Trophic 
Classification 2 (1999-2002) 

Eutrophic (TP); 
Mesotrophic 

(TN) 

Eutrophic (TN 
and TP) 

Eutrophic (TN 
and TP) 

Eutrophic (TN 
and TP) 

Eutrophic (TN 
and TP) 

Pesticides (1999 - 2002) 

Average # of detections per 
sample 

0.7 0.9 3.3 2.3 0.5 

Range of individual 
pesticides detected annually 

3-5 1-4 6-9 4-8 0-4 

# of samples with WQG 
exceedences 3

0 Dicamba (1) MCPA (3) 
Dicamba (3),  

MCPA (8) 
MCPA (2) 

Notes:  Stretton Creek was dry during 2001 and 2002. As per Dodds at al. 1998 (benthic algal and/or phytoplankton biomass as 
Chlorophyll a, total nitrogen and total phosphorus); See Table 3-6.  All exceedences are for CCME WQGs for irrigation; 
CCME WQGs for Protection of Aquatic Life (PAL) were not exceeded. 

1 2 

3

Compliance rates for nutrients and TSS were typically higher for Rose Creek than the other 
streams, and lower for Tomahawk and Stretton creeks (Tables 4-27 and 4-28 in Appendix 
A). For the most part, ammonia levels in these streams complied with the CCME WQG, 
though lower compliance rates were documented for Buffalo Creek in 2001 and 2002, 
possibly due to a lower dilution capacity in this stream during these drought years. Dissolved 
phosphorus concentrations were also relatively high, and exceeded the TP ASWQG in all 
streams except Rose Creek. Dissolved nitrogen forms (i.e., ammonia and NO2+NO3) were 
also substantially higher in the moderate and high intensity streams compared to Rose Creek 
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(up to an order of magnitude). This pattern was typical of agricultural dryland streams 
monitored across the province, where the proportion of dissolved nutrient forms tended to 
increase with agricultural intensity. Particulate nutrient forms were more prevalent in low 
intensity streams such as Rose Creek and were often associated with elevated TSS loads and 
flows. As a result, nutrients in streams located in watersheds of moderate or high intensity 
agriculture tended to be more bioavailable than those in streams located in low intensity 
watersheds (Anderson 1998a, Depoe 2004). 

Consistent with the findings of Anderson et al. (1998a), the low intensity stream, Rose 
Creek, had some of the highest TSS concentrations of all five agricultural streams. Thus, 
flow-weighted mean TSS concentrations did not correspond directly to agriculture intensity 
but rather runoff potential and annual flows (Table 4-27 in Appendix A). In all creeks, TSS 
FWM concentrations that exceeded 400 mg/L were observed between 1999 and 2002, but 
levels were generally higher in Strawberry, Tomahawk and Rose creeks. Strawberry and 
Rose creeks had relatively large watersheds and runoff potential was either high or moderate 
in all three creeks (10-30 mm spring mean unit runoff between 2000 and 2002). By 
comparison, Stretton and Buffalo creeks had relatively low TSS FWM concentrations (<25 
mg/L). These streams had low or moderate runoff potentials with far lower spring mean unit 
runoff between 2000 and 2002 (<10 mm). 

Measurement of pH, conductivity, TDS, temperature and DO were taken from these five 
streams as supporting parameters in the AESA monitoring program, though DO 
measurements were sparse. Four year median pH values of all five streams were similar and 
within the recommended ASWQG range, while DO measurements for Strawberry Creek 
were above 7 mg/L (there were insufficient DO data available for the other creeks). Buffalo 
Creek had considerably higher TDS and conductivity levels compared to the other streams, 
reflective of the relatively high salt content in soils within the Battle River watershed (4-year 
median of 1545 μS/cm compared to <500 μS/cm for the other streams). 

4.3.4.2 Sediment Quality and Non-Fish Biota 

Sediment quality data for NSRB agricultural streams were limited to 1995/96 pesticide data 
generated as part of the CAESA program for Buffalo, Stretton, Strawberry and Tomahawk 
creeks (Anderson et al. 1998b). All pesticides analysed were below analytical detection 
limits in all four streams. There were no NFB data available for Strawberry, Tomahawk, 
Buffalo, Stretton and Rose creeks. 
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4.3.5 Synthesis and Initial Assessment of Aquatic Ecosystem Health 

• Based on the overview of water and sediment quality and non-fish biota (NFB) 
information for the Battle and Sturgeon rivers and the five agricultural streams, the 
following was concluded regarding the aquatic ecosystem health (AEH) status of 
these watercourses, and summarised in Tables 4-29 and 4-30. 

• The Battle River flows through a nutrient-rich watershed and its propensity towards 
nutrient-rich conditions has been accentuated by cultural eutrophication from point 
and non-point source inputs. Furthermore, this prairie-fed river that is already pre-
disposed to low and variable flows is heavily allocated.  

• The Battle River is considered mesotrophic or eutrophic along its length within 
Alberta, with poor or marginal water quality in terms of nutrients. Aquatic health 
most affected in the upper mid-reach between Ponoka and Driedmeat Lake where 
the river is eutrophic and receives the most municipal and agricultural inputs. 
Pesticides were also of concern in this reach. In comparison, water quality in the 
upper and lower reaches of the Battle River was relatively good, only total 
suspended solids and dissolved solids substantially increased along the length of the 
river. Winter dissolved oxygen (DO) levels were often below provincial water 
quality guidelines (WQGs) along the river length, primarily due nutrient rich, low 
flow conditions. However, this was especially prevalent downstream of Ponoka. 

• Comprehensive water quality monitoring on the Battle River resumed after 13 years 
in 2004, continued monitoring under the current sampling program, when combined 
with the historic1989/90 synoptic surveys, will provide a good knowledge base by 
which to assess AEH. The overall ‘fair’ rating given to this river was based on 
analysed data available at the time of report writing.  

• The Sturgeon River was similar to the Battle River in many respects; this river was 
mesotrophic or eutrophic, experienced frequent low flow conditions, and under-ice 
low DO conditions frequently did not meet WQGs for the protection of aquatic life. 
Based on the available somewhat limited data, the AEH of this river was also 
considered to be ‘fair’. There were insufficient sediment quality and NFB data 
available for both these NSR tributaries to assess AEH.  

• The five NSRB agricultural stream watersheds monitored by CAESA/AESA ranged 
from low to high agricultural intensity and had moderate or high runoff potential. 
Overall, AEH in the high or moderate intensity streams with high runoff potential 
was considered ‘marginal’, while AEH in the other streams was considered ‘fair’. 
Water quality was most affected by nutrients and bacteria levels and all streams 
were considered eutrophic. Nutrients were more bioavailable and pesticides more 
prevalent in high or moderate intensity streams. There were insufficient sediment 
quality and NFB data available to assess AEH in these streams. 
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Table 4-29 Initial qualitative assessment of aquatic ecosystem health based 
on a synthesis of available data: tributaries and agricultural 
streams in the North Saskatchewan River Basin  

Reach 
Water 

Quality 
Sediment 

Quality 
Non-fish 

Biota 

Battle River F ID ID 

Sturgeon River F ID ID 

Agricultural Streams: Rose, Stretton, Buffalo 
creeks F ID ID 

Agricultural Streams: Strawberry and Tomahawk 
creeks M ID ID 

 Excellent  Good  Fair  Marginal  Poor  Insufficient data 

 

Table 4-30 Assessment of data quality/quantity for an initial aquatic 
ecosystem health assessment: tributaries and agricultural 
streams in the North Saskatchewan River Basin 

Reach 
Water 

Quality 
Sediment 

Quality 
Non-fish 

biota 

Battle River G P P 

Sturgeon River M P P 

Agricultural Streams: Rose, Stretton 1, Buffalo 
creeks G P P 

Agricultural Streams: Strawberry and Tomahawk 
creeks G P P 

 Good  Fair  Marginal  Poor 
Notes: 1 Limited water quality data were available for Stretton Creek due to insufficient flows during recent drought years. 
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4.4 LAKES AND WETLANDS 

4.4.1 Introduction 

Lakes within the NSRB tend to be relatively shallow and productive in nature, and there are 
numerous wetlands. Although there has been substantial monitoring of these Central Alberta 
lakes, monitoring effort has varied between lakes and also over time. Monitoring stations on 
lakes sampled at least once from 1980-2004 are spatially represented in Appendix C. 
Monitoring of lakes within this basin has primarily focused on recreational lakes where 
water quality for aquatic health, recreation and drinking water has been of primary concern 
(Mitchell and Prepas 1990). A large number of largely recreational NSRB lakes have 
undergone monitoring by AENV primarily to assess trophic status since 1980, although the 
level of sampling effort has been lake dependent. Consistent with data available for many of 
these lakes and the common stressors of nutrient enrichment and climatic factors, a within-
basin comparison of trophic status and levels of phosphorus, nitrogen and TDS was 
conducted. Overall, sediment quality and NFB data were limited for lakes within the NSRB 
and largely related to historical time periods extending back 20-40 years. The majority of 
available NFB information for NSRB lakes was summarised in Mitchell and Prepas (1990). 
AENV is currently processing archived phytoplankton and zooplankton samples from 
provincial lakes and these data will be available in the future. 

There were some lakes that have undergone more comprehensive water quality monitoring 
covering a larger range of parameters (e.g. trace metals, pesticides), and more recent 
sediment quality and NFB monitoring has been conducted (i.e., last 10 years). Four of those 
lakes were individually assessed for AEH water and sediment quality and NFB indicators 
(i.e., Wabamun Lake, Lake Isle, Lac St. Anne and Pigeon Lake). 

4.4.2 Lakes 

The thirty-seven lakes and two reservoirs monitored by AENV between 1980 and 2003 for 
trophic status are largely located in four natural sub-regions (Dry Mixedwood, Central 
Mixedwood, Central Parkland, Lower Foothills; Figure 4-1). Based on average chlorophyll a 
levels, there are 19 hypereutrophic, 14 eutrophic, 10 mesotrophic lakes, and 1 oligotrophic 
lakes/lake basins13. The lakes are generally located within the Dry Mixedwood and Central 
Parkland sub-regions (Figure 4-1). With respect to land use, a large proportion of these lakes 
are located in watersheds dominated by agricultural rangeland. Overall, it appears that both 
land use and natural region have influenced lake trophic status to various degrees, as well as 
watershed nutrient inputs to lakes, lake flushing rates, and lake area:watershed area. A 
correlation between TP and chlorophyll a is apparent for lakes typified by TDS < 500 mg/L, 

                                                 
13 Some lakes, namely Wizard, Wabamun, Lac Ste. Anne, Sandy and Big Lake, were given more than one trophic rating for different 
areas in the lake.  
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which is characteristic of freshwater lakes in Central Alberta (Prepas and Trew 1983). In 
lakes with higher TDS levels such as Miquelon Lake, the relationship between TP and 
chlorophyll a appears to weaken with increased salinity (Bierhuizen and Prepas 1985). Lakes 
in the NSRB tend to be shallow and productive, and are thus predisposed to algal blooms in 
late summer and fall. Often these blooms comprise of cyanobacteria (blue-green algae) that 
can release cyanotoxins (e.g., microcystins) into the lake, potentially causing lethal effects on 
aquatic biota (e.g., fish kills). Depletion of DO within the lake follows the inevitable bloom 
collapse and decay, which also results in detrimental lethal and sub-lethal effects on aquatic 
biota (Mitchell and Prepas 1990). 

The following represents an overview of lake trophic and TDS status by natural region and 
land use category, according to Figures 4-1 and 4-10 to 4-12. 

4.4.2.1 Trophic Status and TDS by Natural Region 

Approximately half of the monitored lakes are located within the Dry Mixedwood sub-
region, largely within areas dominated by agricultural rangeland and cropland (Figure 4-1). 
Limnological characteristics of 12 of these lakes were assessed in the Atlas of Alberta Lakes 
(Mitchell and Prepas 1990); while 13 have recently been monitored by the Alberta Lake 
Management Society (ALMS) ‘Lakewatch’ program (2000-2004; ALMS 2006 website).The 
1980-2003 mean chlorophyll a levels for individual lakes are highly variable, but the average 
chlorophyll a value indicates that lakes in this sub-region are typically hypereutrophic (Table 
4-31 in Appendix A). This is also true for TN, while the average TP value approaches the 
eutrophic-hypereutrophic boundary. Five lakes are classified as hypereutrophic according to 
all three trophic criteria (i.e., Matchayaw, Isle, Antler, Cooking and Sandy lakes).  

In general, the lakes in the Dry Mixedwood sub-region appear to be slightly saline but again 
there is a large variation in TDS levels (‘fresh’ to ‘saline’). Miquelon Lake and Lac Sante are 
classified as saline and moderately saline, respectively, while Cooking, Laurier and Jackfish 
lakes are classified as slightly saline. The remaining 18 lakes are freshwater lakes. Casey 
(2003) reported that TDS levels in two of those freshwater lakes (Wabamun and Sandy 
lakes) significantly increased between 1982 and 2001. These lakes have relatively small 
drainage basins, long lake residence times and had long periods (>10 years) where no surface 
outflow had occurred. These factors would have likely reduced hydraulic flushing14 in these 
lakes leading to increased TDS levels.  

Battle Lake is the only lake located in the Central Mixedwood Sub-region that has been 
monitored by AENV. It is classified as a eutrophic, freshwater lake according to mean 
chlorophyll a, TP, Secchi depth and TDS values (Figures 4-11 and 4-12). The limnological 
characteristics  

                                                 
14 Hydraulic flushing refers to the replacement of lake water by inflows (e.g., precipitation and streams). 

North/South Consultants Inc. 
Page 4-44 



AEH Information Synthesis and Initial Assessment 
Alberta Environment Section 4.0: North Saskatchewan River Basin 

Chlorophyll a (µg/L)

0 20 40 60 80 100 120 140

Antler Lake
Bonnie Lake
Borden Lake

Chickakoo Lake 
Cooking Lake

Half Moon Lake
Isle Lake

Islet Lake
Jackfish Lake 

Joseph Lake
Lac Saint Cyr

Lac Sante
Lac Ste. Anne

Laurier Lake
Long Lake

Matchayaw Lake
Miquelon Lake

Pigeon Lake
Sandy Lake

Vincent Lake
Wabamun Lake

Wizard Lake
Battle Lake

Big Lake
Capt Eyre Lake

Clear Lake
Coal Lake

Dillberry Lake
Driedmeat Lake

Hardisty Lake
Shorncliffe Lake

Spring Lake
Buck Lake
Cow Lake

Crimson Lake
Swan Lake

Dry Mixedwood

Central Mixedwood

Central Parkland

Lower Foothills

 

 

Total Phosphorus (µg/L)

0 50 100 150 200 250 300

Antler Lake
Bonnie Lake
Borden Lake

Chickakoo Lake 
Cooking Lake

Half Moon Lake
Isle Lake

Islet Lake
Jackfish Lake 

Joseph Lake
Lac Saint Cyr

Lac Sante
Lac Ste. Anne

Laurier Lake
Long Lake

Matchayaw Lake
Miquelon Lake

Mons Lake
Pigeon Lake
Sandy Lake

Vincent Lake
Wabamun Lake

Wizard Lake
Battle Lake

Big Lake
Capt Eyre Lake

Clear Lake
Coal Lake

Dillberry Lake
Driedmeat Lake

Hardisty Lake
Shorncliffe Lake

Spring Lake
Buck Lake
Cow Lake

Crimson Lake
Swan Lake

Dry Mixedwood

Central Mixedwood
Central Parkland

Lower Foothills

Hypereutrophic
Eutrophic
Mesotrophic
Oligotrophic

 

Figure 4-10 Trophic status of select lakes in the North Saskatchewan River 
basin based on chlorophyll a and total phosphorus, by natural 
region  
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Figure 4-11 Trophic status of selected lakes in the North Saskatchewan River 
basin based on total nitrogen and Secchi depth, by natural region 
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(from Mitchell and Prepas 1990). 

Figure 4-12 Total dissolved solids (TDS) of selected lakes in the North 
Saskatchewan River basin, by natural region 

of Battle Lake were assessed in the Atlas of Alberta Lakes (Mitchell and Prepas 1990) and 
the lake has also undergone recent water quality monitoring by the ALMS ‘Lakewatch’ 
program in 2001 and 2003, in addition to further AENV monitoring in 200515 (ALMS 2006 
web site).  

Nine out of the 39 lakes for which there were data available, are located within the Central 
Parkland sub-region, typically within areas dominated by agricultural rangeland and 
cropland (Figure 4-1). Limnological characteristics of four of these lakes were assessed in 
the Atlas of Alberta Lakes (Mitchell and Prepas 1990; Dillberry, Spring, Driedmeat and Coal 
lakes), while Driedmeat Lake was monitored by the ALMS ‘Lakewatch’ program in 1999 
(ALMS 2006 web site). Hypereutrophic, eutrophic and mesotrophic trophic categories are 
represented by lakes in this sub-region according to chlorophyll a and TP data (Figures 4-1 

                                                 
15 All major lakes in the Battle River watershed were monitored in 2005 (i.e., Battle, Pigeon, Samson, Coal, Driedmeat, and 
Forestburg Reservoir), but no detailed assessment has been conducted to date (C. Teichreb, pers.comm.). 
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and 4-10). Overall, 1980-2003 mean chlorophyll a and TP levels for individual lakes are 
highly variable, but indicate that on average lakes in this sub-region are typically eutrophic 
(Table 4-31 in Appendix A).In contrast, most lakes are classified as hypereutrophic 
according to TN based on more limited data (Figure 4-11). Two lakes are classified as 
hypereutrophic according to all three criteria (i.e., Driedmeat and Coal lakes,). With respect 
to TDS levels, Shorncliffe Lake is moderately saline, while Hardisty and Captain Eyre lakes 
are slightly saline, with the remaining lakes freshwater lakes (Figure 4-14). . 

Four of the 39 lakes monitored are located within the Central Foothills sub-region, and these 
freshwater lakes span the upper three trophic categories according to chlorophyll a and TP 
(Figures 4-1 and 4-10).  

4.4.3 Wabamun Lake  

4.4.3.1 Key Issues  

Wabamun Lake is a large, shallow, generally well-mixed headwater lake, 60 km west of 
Edmonton, in the Boreal Mixedwood sub-region. The lake has a relatively small watershed 
(three times the lake area) and long water residence time (Table 4-32 in Appendix A). Land 
use in the basin comprises of agriculture (including hay, crops and cattle production); a 
diverse mix of bush and forest; two strip coal mines with active and reclaimed areas; three 
coal fired power plants; road and rail transportation routes; and residential and recreational 
land use (e.g., the village of Wabamun and several summer villages and subdivisions; 
Mitchell and Prepas 1990, Casey 2003, Schindler et al. 2004). Industrial development within 
this watershed dates back to the early 1900s and this lake is one of the most studied lakes in 
Alberta (Schindler et al. 2004). Over the years a variety of concerns concerning Wabamun 
Lake have been expressed including: the effects of the diverse land use activities (e.g., coal 
mining), coal fired power plants (two are located in the watershed and two others nearby), 
and wastewater and warm water discharges on groundwater, surface water and sediment 
quality; the lake water balance; and impacts on aquatic macrophyte communities and other 
aquatic life. The main stressors and issue related to Wabamun Lake are summarised in Table 
4-1.  

The following review and initial assessment of AEH of Wabamun Lake was based on 
available information/data related to lake water and sediment quality and NFB, prior to 3rd 
August 2005, when a CN train derailment occurred on the northern shore of the lake. The 
derailment, close to the summer village of Whitewood Sands, resulted in the release of more 
than 700,000 L of oil from twelve rail cars, with approximately 500,000 L reaching 
Wabamun Lake. The majority of the spill comprised of ‘Bunker C’ oil, a relatively low 
toxicity fuel oil, comprised of heavy petroleum hydrocarbons and trace metals. However, a 
lesser volume (90,000 L) of more toxic pole treating oil (used to treat wood) was also 
released. This oil contained a complex mixture of unspecified aromatic and non-aromatic 
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compounds, including PAHs such as naphthalene. Still, pentachlorophenol, the active and 
most toxic wood preserving ingredient had not been added to the oil prior to the spill (Lake 
Wabamun Residents Committee 2006 website; AENV 2005; AENV 2006 website). 

Based on limited preliminary monitoring results Anderson et al. (2005) concluded that the 
offshore area of the lake was generally not contaminated with spilled hydrocarbons, unlike 
the areas enclosed by the containment booms. Open water effects monitoring (e.g., on 
aquatic biota, surface water and sediment quality/toxicity) is ongoing and an ecosystem-
based monitoring plan is under development and implementation by CN (AENV 2005).  

4.4.3.2 Water Quality 

Long-term water quality data collected between 1982 and 2001 were recently summarized 
and evaluated by Casey (2003), while Anderson (2003) evaluated the spatial variability in the 
lake water quality in 2002. Several monitoring studies commissioned by industry have also 
been conducted in recent years (e.g., Golder 1997, 2002, 2005; TAU and EPCOR 2005).  

Wabamun Lake can be classified as eutrophic according to TN and chlorophyll a 
concentrations, and mesotrophic according to TP concentrations and Secchi depth estimates. 
(1980-2003). Chlorophyll a was strongly correlated to TP concentrations, typical of 
freshwater lakes in central Alberta (Prepas and Trew 1983). Overall, Casey (2003) reported 
no significant change in TP or chlorophyll a levels (1982-2001), whereas a significant 
decline in DP concentrations was noted. Total and dissolved phosphorus and chlorophyll a 
levels were significantly lower and less variable in the years following the commissioning of 
the Wabamun Lake Water Treatment Plant (WTP; 1999-2001) compared with previous three 
years. This trend was not observed in other regional lakes and was attributed to the co-
precipitation of phosphorus with increased precipitation of calcium carbonate (as calcite) on 
the lake bottom, as a result of the treated water from the WTP into the lake (Casey 2003). 
Approximately 30% of TP in the lake euphotic zone was present in dissolved forms and 
annual median TP concentrations remained below the ASWQG. Nitrogen forms have not 
significantly changed, and have remained below relevant ASWQGs and CCME WQGs. 

The lake water column has generally been well oxygenated during the open water period, but 
DO concentrations under winter ice cover tend to decline close to the lake bottom. The lake 
does however remain well oxygenated during the winter months close to the Wabamun 
Power Plant (WPP) due to the discharge of thermal effluent (Mitchell and Prepas 1990). 
Casey (2003) reported a significant 30% increase in median TDS concentrations from 1982-
2001, with a greater rate of increase in the 1990s compared to the 1980s. 

In 2002, two parallel studies by Anderson (2003) and Golder (2002) were undertaken to 
evaluate spatial variability in trace metal concentrations within Wabamun Lake. Both studies 
concluded that trace metals concentrations in 2002 were generally comparable between 
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Wabamun and the regional lakes sampled, in consideration of differing lake and watershed 
characteristics. With regard to mercury, Casey (2003) concluded that waterborne mercury 
concentrations in Wabamun Lake were comparable to available data for other regional and 
provincial lakes (i.e., Big Lake, Buffalo Lake, and the Oldman Reservoir). Within Wabamun 
Lake itself, both Casey (2003) and Anderson (2003) reported low spatial variability in trace 
metal concentrations. Based on only one year of data from 1995, two commonly used 
herbicides (2,4-D and MCPA) were found at low concentrations, below WQGs for the 
protection of aquatic life (Casey 2003).  

4.4.3.3 Sediment Quality 

A number of sediment quality studies were conducted post-2002 to determine trace metals 
and organic compounds (including PAHs and priority pollutants) in Wabamun Lake 
sediments, and to evaluate the potential consequences on aquatic life. HydroQual (2003) also 
conducted a toxicity evaluation of lake sediments and concluded there was no difference in 
toxicity between sediments in Wabamun and other regional lakes.  

Based on a 2002 whole lake survey, Anderson (2003b) reported that some metals (Cd, Cu, 
Hg, Sb, Zn) were present at higher concentrations in Wabamun Lake relative to other 
regional lakes, whereas other metals were present at comparable concentrations (Cr, Pb, Sr, 
Ti). Trace metals levels in Wabamun Lake and other regional lake sediments exceeded 
interim SQGs, depending on the trace metal, lake and sampling location. It is not unusual for 
trace metals in lake sediments to exceed SQGs, depending on the geology and geochemistry 
of the area, among other factors. Nevertheless, Wabamun Lake exhibited a relatively higher 
level of exceedence, at least for some metals. While Anderson (2003b) determined metals 
levels in sediments from both shallow and deep areas, Golder (2002) mainly sampled in 
shallower areas and concluded that trace metal sediment concentrations were reasonably 
comparable between Wabamun and other regional lakes. Anderson (2003b) concluded that 
greater trace metal accumulation occurred in the deeper part of the Wabamun west basin 
which was dominated by fine, high organic sediment; as well as in the shallower area close 
to the WPP ash lagoon outfall. Elevated trace metal levels in sediments close to the WTP 
appeared to be limited to a few hundred metres from the outfall Golder (2002). In contrast to 
trace metals levels, sediment nutrient levels within 200 m of the WPP fly ash lagoon 
appeared to be comparable to corresponding sediment concentrations in Kapasiwin Bay (far-
field) and Isle Lake, based on a 1993 survey by TAEM (1994). 

It has been accepted that both localised and regional sources are likely responsible for 
observed levels of trace metals in sediments within Wabamun Lake. Natural sources include 
watershed geology and geochemistry, whereas anthropogenic sources include industrial point 
source discharges (e.g., WPP WTP outfall; coal mining activities, power plants) and the long 
range transport and deposition of trace metals such as mercury. Sediment trace metal 
accumulation is further influenced by within lake physicochemical, geochemical and 
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biological processes. Nonetheless, the relative importance of these natural and anthropogenic 
sources remains under debate. Recent studies suggest that trace metals background levels 
may be naturally elevated due to natural geochemical sources within Wabamun Lake and the 
surrounding watershed (e.g. Anderson 2003). Although, Golder (2002) reported elevated 
concentrations of several metals present in the sediment core record, coincident with the 
onset of development and industrial activities in the surrounding watershed. 

Donahue et al. (2006) also reported 1.2 to 4-fold increases in some Wabamun Lake trace 
metal sediment concentrations16since the 1950s according to paleolimnological studies (early 
1900s to present). This compared to comparatively smaller increases in Lac Ste. Anne and 
Pigeon Lake sediments. With respect to mercury, the total Hg flux to Wabamun Lake 
sediments has increased six fold since 1950; substantially higher than the respective 2-fold 
and 1.5-fold increases in Lac Ste. Anne and Pigeon Lake, respectively, since circa 1990. 
Donahue et al. (2006) attributed increases in mercury and other trace metals in Wabamun 
Lake surface sediments to fossil fuel combustion and implicated adjacent coal-fired power 
plants as dominant sources. The author rejected the hypothesis that observed Hg 
accumulation may have originated solely from globally sourced Hg, stating that the 
“mercury flux to rural, remote lakes in North America has typically increased by 2-4-fold in 
the last 150 years”, whereas a 7–fold increase was observed in Wabamun Lake. 

In 2002, PAHs were the primary trace organics detected in sediments from Wabamun Lake 
and eight other regional lakes by Anderson (2003b). A wider range of PAHs at higher 
concentrations, were detected in Wabamun Lake sediments, relative to the other lakes. 
Concentrations of some PAHs17 in sediments mainly the northeastern area exceeded CCME 
ISQGs In contrast, all PAHs measured in other regional lakes were below available CCME 
ISQGs. The widest range of PAHs and the highest total PAH concentration was detected by 
Donahue et al. (2006) in both recent and historical sediments from Wabamun Lake, 
compared to Lac Ste. Anne and Pigeon lakes. Wabamun Lake also received the highest range 
of PAH fluxes.  

Donahue et al. (2006) and Anderson (2003b) considered it likely that a combination of both 
natural and anthropogenic sources contributed to PAH accumulation in these sediments. 
However, the exact nature of those sources and their relative contributions still requires 
clarification. The nature and concentrations of the PAH compounds detected by Donahue et 
al. (2006) led the authors to speculate that emissions from coal processing and coal-fires 
power plants in addition to local fuel-based sources were the principle sources of PAHs. The 
recent oil spill into Wabamun Lake will likely result in an elevation of PAH concentrations 
in sediments, at a minimum near to where the spill occurred. 

                                                 
16 e.g., Hg, As, Cu, Pb, Se 
17 e.g., naphthalene, pyrene, benzo(a)anthracene, chrysene, benzo(a)pyrene and dibenzo(a,h)anthracene. 
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4.4.3.4 Non-Fish Biota 

Benthic Invertebrates and Zooplankton 

As part of a recent joint biomonitoring program to fulfill regulatory requirements for the 
Genesee, Keephills, Sundance and Wabamun power plants, TAU and EPCOR (2005) 
sampled Wabamun Lake littoral benthic invertebrate communities in fall 2004. Overall, 
abundance was ‘moderately low’ at most sites with some variation likely due to habitat 
differences (e.g., macrophyte cover and substrate), but taxa richness was fairly similar 
between sites. As expected, community composition was dominated by depositional taxa18. 
The only other recent benthic invertebrate survey on Wabamun Lake was conducted by 
Stantec (2003) in fall 2002 to evaluate the effects of the WPP ash lagoon discharge (north 
shore) and the WWTP discharge (south shore) on exposed benthic communities. Benthic 
communities in the vicinity of the WPP Ash Lagoon Discharge appeared to have been 
impacted by mild organic or nutrient enrichment. Difference in abundance and community 
composition between reference and impacted communities in the vicinity of the WWTP 
discharge, were likely attributed to differences in water quality and/or habitat. 

Agbeti (2002) recently assessed long-term trends in zooplankton communities during the 
open water period from 1980-200119. Overall, community composition and the number of 
common zooplankton species did not appear to change. A total of 55 zooplankton taxa were 
identified in Wabamun Lake, including: rotifers (33 taxa), copepoda (8 taxa) and cladocerans 
(10 taxa). Rotifers typically dominated zooplankton densities, while rotifers, cladocerans and 
copepods typically constituted up to 50, 40 and 80% of the total biomass, respectively 
(Agbeti 2002). Overall the WTP inflow to Wabamun Lake did not appear to have influenced 
zooplankton communities in the lake (Agbeti 2002, Casey 2003, Schindler 2004). 

Primary Producers 

Phytoplankton community composition and the number of common species did not appear to 
have substantially changed in Wabamun Lake, over the period of record (1980-2002; Agbeti 
2002). The annual seasonal phytoplankton succession was typical of that observed in 
temperate dimictic lakes where diatoms dominated in the spring (during the overturn in 
April/May) but were replaced by cyanobacteria in the August-September, partly due to high 
temperatures. A total of 274 phytoplankton species20 was reported; with cyanobacteria 
dominating community composition, typical of many central Alberta lakes (Prepas and 
Trimbee 1988). 

                                                 
18 Amphipoda, Pelecypoda (fingernail clams), Oligochaeta (bristle worms), Chironomidae (midge larvae; largely Chironomini and 
Tanytarsini) and Nematoda (nematodes) 
19 Monthly data for 1980, 1988, 1990, 1992, and 1994-2001. 
20 57 diatom, 107 chlorophyte, 33 chrysophyte, 42 cyanobacteria, 12 dinoflagellate, 15 cryptophyte and 3 euglenophyte species 
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Wabamun Lake has abundant aquatic macrophyte communities, to the extent that they are 
often viewed as ‘weeds’ by recreational users. Historically, concerns have been raised that 
that aquatic plant growth was increasing due to thermal discharges from the WPP. These 
were heightened in the early 1970s when Canada waterweed (Elodea canadensis) became 
the dominant aquatic plant in the eastern end of the lake (Mitchell and Prepas 1990). This 
plant is now considered to be rare in Wabamun Lake, except in the vicinity of the WPP 
outlet canal. Aquatic macrophyte communities in Wabamun Lake have historically been 
surveyed since the 1970s. Furthermore, a TransAlta aquatic macrophyte harvesting program 
has been ongoing in Kapasiwin Bay since 1971; with Northern watermilfoil (Myriophyllum 
exalbescens) the most abundantly harvested species. 

Recent studies conducted by Golder (1999, 2001) examined the effects of thermal discharge 
and lake level changes on submerged and emergent macrophyte communities (Golder 1999, 
2001). The macro-algae Chara was markedly reduced and Potamogeton species were largely 
absent in the immediate vicinity of the discharge, where water temperatures were 5°C above 
the ambient water temperatures Golder (1999). Plant species diversity was reduced in the 
thermal plume. There did not, however, appear to be an impact on total plant biomass in 
Kapasiwin Bay relative to unimpacted bays. Golder (1999) concluded that reduced biomass 
of vegetation such as Chara and Potamogeton were apparently offset by increases in more 
tolerant plants such as Myriophyllum. The total plant cover area appeared to be similarly 
offset. In summary, Golder (1999) concluded that discernible effects of thermal effluent 
discharge on submerged macrophyte communities were limited to localized and reversible 
shifts in community structure; whereas Golder (2001) concluded that thermal effluent from 
the WPP was not affecting the growth of emergent vegetation.  

These studies also examined the effects on aquatic macrophyte communities in relation to 
lake level changes. During periods of prolonged low lake levels (i.e., when lake levels are 
below the level of the outlet weir (Golder 2001), TransAlta’s operations contribute to lake 
level reduction at a rate of 13.6 cm per year. Reduced water levels result in a moderate 
increase in the amount of littoral area. Golder (1999) examined historical macrophyte survey 
data and concluded that in Kapasiwin Bay, low water levels resulted in a marked increase in 
the area covered by submergent macrophyte species on the whole, and Myriophyllum and 
Chara in particular. Low lake levels also led to a lakeward expansion of emergent 
macrophyte communities (Golder 2001). 

TransAlta is currently engaged in mitigation of these water temperature and lake level 
impacts, which is expected to reverse the observed changes in the aquatic macrophyte 
communities (Golder 1999, 2001). The August 3, 2005 CN train derailment and oil spill into 
Wabamun Lake likely affected shoreline and off-shore plant communities. Part of CN’s 
response was to initiate a selective harvest of affected emergent plant beds. The extent of the 
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oil spill impacts to aquatic plant communities and results of the selective harvest were not 
available for inclusion in this report.  

4.4.4 Lac St. Anne  

4.4.4.1 Key Issues  

As a shallow, exposed and productive lake, Lac St. Anne located in the Dry Mixedwood sub-
region is representative of a typical central Alberta Lake. This naturally eutrophic lake is 
comprised of two functionally distinct basins (East and West) connected by a narrow, 
shallow channel (the East basin is larger). It is a small shallow lake with a relatively large 
watershed and a short lake residence time, located downstream of Lake Isle on the Sturgeon 
River mainstem (Table 4-32 in Appendix A). An estimated 45% of the watershed has been 
disturbed since the arrival of European settlers and land use is dominated by agricultural 
rangeland. Cottage development is dense relative to other Alberta lakes, primarily due to the 
proximity to Edmonton. There are seven summer villages and several subdivisions on the 
lakeshore (Mitchell and Prepas 1990). The key stressors on the lake generally relate to 
nutrient inputs and other stressors related to agriculture and urban development, as well as 
those related to recreational use (Table 4-1).  

 Water Quality 

Lac St. Anne is currently classified as hypereutrophic according to chlorophyll a and TN 
data, and eutrophic according to TP (Figures 4-10 and 4-11). In fact, Mitchell (1999) noted 
that Lac St. Anne and Lake Isle were among the most productive lakes monitored in Alberta. 
As such, intense potentially toxic cyanobacteria blooms have occurred periodically, resulting 
in occasional pet and wildlife fatalities. In a recent paleolimnological study, Blais et al. 
(2000) concluded that before development of the watershed by European settlers, Lac St. 
Anne was naturally eutrophic with relatively large algal blooms and seasonal anoxia. 
Nevertheless, this natural productivity had been amplified by increased nutrient loading from 
the surrounding watershed, especially since 1960s. The largest relative change in nutrient 
status occurred during the 1960s and 1970s, with the lake becoming increasingly more 
eutrophic since the 1970s.  

A diagnostic study (Mitchell 1997, 1999) of Lac St. Anne water quality from 1996-1998 
included a nutrient budget. Average concentrations of TN and TP exceeded ASWQGs for all 
years monitored, but nutrient and chlorophyll a concentrations varied annually, typical of 
shallow, productive lakes. This precluded the identification of temporal trends as a long-term 
comprehensive data set was not available. The nutrient budget suggested that TP loading to 
Lac St. Anne in 1984/85 was approximately half that estimated using 1996 data, although the 
author cautioned that these estimates required refinement with additional data. Internal 
loading accounted for 53-73% of the total P loading to Lac St. Anne between 1996 and 1998, 
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while the Sturgeon River (the largest watershed contributor) accounted for 5-20% (Figure 4-
13).The water column in Lac St. Anne is typically well mixed during the open water period 
but slight stratification can occur in both basins under calm, hot conditions in late summer. 
This can result in DO depletion near the lake bottom. The collapse of intense blue-green 
algal blooms can also exacerbate mid-late summer DO depletion, leading to periodic fish 
kills (Mitchell 1999). Seasonal anoxia has also been observed in both basins during the 
winter months. 

Lac St. Anne water quality has also recently been evaluated by Lakewatch (2002), Golder 
(2002) and Anderson (2003). Based on these studies the following additional conclusions 
can be drawn with respect to the water quality AEH indicators selected for this review: 

• Lac St. Anne is a freshwater lake with relatively stable TDS levels over the period of 
record (Mitchell 1999).  

• Two parallel studies by Anderson (2003a) and Golder (2002) both concluded that 
similar to other regional lakes, Lac St. Anne trace metal concentrations in 2002 were 
low and below available CCME WQGs for the protection of aquatic life.  

• Pesticide concentrations in Lac St. Anne from 1996-1998 were low and below 
available CCME WQGs. Specifically, MCPA was detected in both basins in 1997 
and 2,4-D was detected once in the west basin (Mitchell 1999). 

4.4.4.2 Sediment Quality 

Aspects of sediment quality in Lac St. Anne have been evaluated by Anderson (2003), Blais 
et al. (2000) and Donahue et al. (2005). As discussed in the previous section, the sedimentary 
record examined by Blais et al. (2000) indicated that the largest relative change in nutrient 
status occurred during the 1960s and 1970s. Sedimentary P fractions in the 
paleolimnological record increased during the 1960s and 1970s, with an increase in 
bioavailable P in the sediments post-1960. Trace metal concentrations in Lac St. Anne in 
2002 were comparable to other regional lakes sampled by Anderson (2003b). Concentrations 
were mostly below available CCME ISQGs in 2002 and 1993/94. Though, 2002 mean and 
maximum Ni levels and the 1993/1994 maximum Ni level exceeded the Ontario Ni LEL 
guideline. Similar to other lakes monitored by Anderson (2003b), PAHs were detected at low 
levels in Lac St. Anne sediments, below available CCME ISQGs. The historical sedimentary 
record examined by Donahue et al. (2005) suggested that sedimentary PAH concentrations 
may have increased over time (i.e., increase in the total PAH concentrations and the number 
of PAH compounds detected). The PAH flux received by Lac St. Anne appeared to be 
intermediate between Wabamun and Pigeon lakes, and the author suggested that the PAH 
sources may have included coal processing power plant emissions and/or local fuel-based 
sources.
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Figure 4-13 Range of daily net internal loading rates for 28 shallow Alberta lakes, from Trew pers. comm. 
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4.4.4.3 Non-Fish Biota 

There were no recent data available concerning benthic invertebrate, zooplankton and 
aquatic macrophyte communities in Lac St. Anne (limited historical information has been 
discussed by Mitchell and Prepas [1990]). Chironomidae head capsules were dominant in the 
paleolimnological record, possibly indicative of low DO conditions close to the sediment 
since the 1950s (Blais et al. 2000). A phytoplankton study conducted in 1984/85 indicated 
that species composition was similar in both East and West basins, but large diatom blooms 
were prevalent and total biomass was greater in the West basin. Two or three species of the 
cyanobacterium (Anabaena) were dominant in both basins during late summer, while 
diatoms were prevalent in spring and fall (Mitchell and Prepas (1990). There were no recent 
aquatic macrophyte data. 

4.4.5 Pigeon Lake  

4.4.5.1 Key Issues  

Pigeon Lake, located in the headwaters of the Battle River Basin, is one of the most 
intensively used recreational lakes in Alberta. It is a large shallow lake with a watershed 
approximately twice the size of the lake (Mitchell and Prepas 1990). Approximately 59% of 
the watershed has been disturbed since the arrival of European settlers, with current land use 
dominated by agricultural rangeland. The remainder is covered by forest, with some 
residential development (Mitchell and Prepas 1990, Lilley and Earle 1998). Key stressors on 
the lake generally related to nutrients inputs and other stressors associated with agriculture, 
as well as those related to recreational use (Table 4-1). Pigeon Lake may also potentially 
receive atmospheric inputs from the power plant operations in the Genesee/ Wabamun area 
(Mitchell and Prepas 1990; Donahue et al. 2005). Water levels have typically fluctuated 
around 1m over the years, in part due to the relatively small watershed to lake ratio of this 
lake (Teichreb 2006). 

4.4.5.2 Water Quality 

Water quality in Pigeon Lake has been assessed by Lilley and Earle (1998), Lakewatch 
(2001), Anderson (2003) and Teichreb (2006). Similar to other lakes in central Alberta, 
water quality monitoring has focussed on physical, nutrient and major ion parameters, with 
more limited trace metals and pesticide monitoring. Overall, Lakewatch (2001) and Teichreb 
(2006) concluded that nutrient water quality has not changed substantially over the period of 
record, based on available data. Nevertheless, recent studies suggest that Pigeon Lake may 
be impacted by nutrient loading, though further sampling and/or the development of a 
nutrient budget was recommended to provide definitive information. (Lilley and Earle 1998, 
Lakewatch 2001). Although water quality in Pigeon Lake is comparable to other lakes in 
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central Alberta, Pigeon Lake receives comparatively lower external nutrient loadings because 
the watershed is only about double the size of the lake (Table 4-32 in Appendix A). 

Pigeon Lake is classified as eutrophic according to chlorophyll a and TP data, and 
mesotrophic according to more limited TN data (Figures 4-10 and 4-11). Lake water quality 
was typical of large, shallow lakes in central Alberta, where TP and chlorophyll a 
concentrations tend to increase throughout the open water season, peaking in late August 
likely due to P recycling from the sediments to the water column (Mitchell and Prepas 1990). 
Yet, unlike some other central Alberta lakes, nuisance algal blooms tended to be infrequent 
or rare in Pigeon Lake (Lakewatch 2001, Teichreb 2006). Available limited data suggest that 
internal loading from sediments in Pigeon Lake may be lower than other lakes in Central 
Alberta. Teichreb (2006) concluded that the nutrient status was for the most part a reflection 
of the natural geology of the area (e.g., phosphorus rich soils).  

Pigeon Lake water quality has also recently been evaluated by Lakewatch (2002), Golder 
(2002) and Anderson (2003). Based on these studies the following additional conclusions 
can be drawn with respect to the water quality AEH indicators selected for this review: 

• Pigeon Lake is a freshwater lake with a relatively high major ion concentration, 
mainly reflective of regional geology (Teichreb 2006). Although, Casey (2003) 
suggested that TDS levels had remained relatively stable over the long term; 
Teichreb (2006) observed a slight increase in major ion concentration. Although, a 
definite trend was not evident, an increase in TDS levels could be attributed to a lack 
of hydraulic flushing in recent years.  

• The lake is generally well mixed with only weak stratification and near-saturation 
water column DO levels throughout the open water period. During late winter DO 
depletion can occur near the lake bottom, likely due to SOD from the sediments 
(Mitchell and Prepas 1990, Lakewatch 2001). 

• Based on available data, trace metals have generally been present at low 
concentrations, below available WQGs in Pigeon Lake (Anderson 2003a, Teichreb 
2006). 

• Only a few pesticides have been detected in Pigeon Lake and these were present at 
low concentrations (based on limited pesticide data from 1997 and 2005). Only 
MCPA and 2,4-D were present at detectable concentrations during sampling in 
2005. 

4.4.5.3 Sediment Quality 

For the most part, trace metal concentrations in Pigeon Lake sediments were comparable to 
other regional lakes sampled by Anderson (2003b), and were below available CCME ISQGs. 
In 2002, nine PAHs were detected in Pigeon Lake and these were present at concentrations 
below available CCME ISQGs. Although Donahue et al. (2005) calculated that Pigeon Lake 
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sediments received a lower PAH flux than either Wabamun Lake or Lac St. Anne sediments, 
the total PAH concentration in surficial sediments was similar to that determined for Lac St. 
Anne sediments in 2001. A comparison between the total PAH concentration measured by 
Donahue et al. (2005) in more recent surficial and deeper historical sediments suggests that 
total sediment PAH concentration may have increased over time ( a similar number of 
compounds were detected). Donahue et al. (2005) speculated that PAH sources may have 
included coal processing power plant emissions and/or local fuel-based sources. 

4.4.5.4 Non-Fish Biota 

There were no recent data available concerning benthic invertebrate, zooplankton, 
phytoplankton and aquatic macrophyte communities in Pigeon Lake (limited historical 
information has been discussed by Mitchell and Prepas [1990]). Mitchell and Prepas (1990) 
reported aquatic macrophyte cover was generally low along most of the shoreline at depths 
less than 1.5 m. Development of littoral plant communities is typically hindered by unstable 
lake levels, and within-year fluctuations are more pronounced in Pigeon Lake than in other 
Alberta Lakes (Lakewatch 2001). This and the fact that a large proportion of the sediments in 
the littoral zone are coarse-textured (Haag and Noton 1981) likely account for the poorly 
developed nearshore plant beds. Northern watermilfoil (Myriophyllum exalbescens), 
stonewort (Chara sp.), and Richardson pondweed (Potamogeton richardsonii) were the 
dominant macrophyte species (Mitchell and Prepas 1990). 

4.4.6 Wetlands 

Pesticide levels and other supporting water quality parameters were recently monitored in 
semi-permanent wetlands within the Aspen Parkland region of central Alberta, by Anderson 
et al. (2002). This region spanned across North Saskatchewan, Battle, and Red Deer river 
drainage basins (see Appendix C for NSRB monitoring stations). Sixty semi-permanent 
wetlands were sampled in July 2000 for TP, chlorophyll a, conductivity, pH, pesticide 
residues and fecal coliform bacteria. Sampling at specific sites was also conducted in April, 
June and October 2000. Agricultural practices and non-point source inputs were the largest 
stressors on these semi-permanent wetlands (Table 4-1).  

The majority of semi-permanent wetlands sampled in 2000 were classified as hyper-
eutrophic according to TP, and oligotrophic or mesotrophic according to chlorophyll a. Thus 
algal growth was not determined by phosphorus concentration alone, but a combination of 
TP and other physical and chemical factors (e.g., light, temperature, turbidity, and salinity). 
The wetland median TP value exceeded the ASWQG by 13 times, while the median 
chlorophyll a level was 3.8 µg/L. Stewart and Kantrud (1971) previously used conductivity 
as a generic indicator of salinity and ionic composition, to classify wetlands. Accordingly, 
eight of the semi-permanent wetlands sampled were ‘fresh’ (<40-500 µS/cm); 27 were 
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‘slightly brackish’ (500-<2000 µS/cm); 18 were ‘moderately brackish’ (2000-<5000 µS/cm); 
and six were ‘brackish’ (5000-<15,000 µS/cm; Anderson et al. 2002). 

Residues of 40 pesticides, including 19 of the 30 top selling herbicides in the Aspen Parkland 
region, were detected either in water, precipitation, or biota of 92% of the semi-permanent 
wetlands sampled by Anderson et al. (2002). Detection frequency varied substantially among 
pesticides and among sample matrices. MCPA and 2,4-D were the most commonly detected 
pesticides (58% and 46% of all samples). All pesticide concentrations were below available 
CCME WQGs, with the exception of lindane concentrations in four samples. Glyphosphate 
was only monitored in 7 of the 60 wetlands but Anderson et al. (2002) reported that it was 
detected at relatively high concentrations in surface water at sampling locations. 
Furthermore, the authors proposed that dry deposition via adsorption to dust particles 
represented the major pathway for glyphosphate contamination of these wetlands. 

There were no sediment quality data available for these wetlands and NFB information was 
limited to descriptive macrophyte information provided by Anderson et al. (2002). The 
author proposed that aquatic macrophytes and associated periphyton may prove better 
indicators of trophic status than planktonic algal biomass. 

4.4.7 Synthesis and Initial Assessment of Aquatic Ecosystem Health 

• Based on the overview of water and sediment quality and non-fish biota (NFB) 
information for lakes and wetlands within the North Saskatchewan River Basin 
(NSRB), the following was concluded regarding the aquatic ecosystem health 
(AEH) status of these waterbodies, and summarised in Tables 4-33 and 4-34. 
Roughly half of the mainly recreational lakes monitored by Alberta Environment 
(1980-2003) were hypereutrophic, while the others were mostly eutrophic or 
mesotrophic. These lakes were generally located within Dry Mixedwood and 
Central Parkland sub-regions, and had watersheds dominated by agricultural 
rangeland. Both land use and natural region appeared to influence lake trophic status 
to various degrees, likely due to influence on watershed nutrient inputs to lakes and 
lake flushing rate, and lake area:watershed area.  

• Aquatic ecosystem health of monitored lakes within the NSRB in terms of water 
quality (trophic status and total dissolved solids) was thought to range from 
‘marginal’ to ‘good’, and was lake dependent due to the unique characteristics of 
these lakes. Lakes in this river basin tend to be naturally nutrient-rich or eutrophic 
due to watersheds characterised by fertile soils, typical of Central Alberta. 
Paleolimnological studies have shown this to be true for some lakes such as Lac St. 
Anne. Similarly, some lakes are naturally saline due to naturally elevated salts in 
their watershed soils, and this has been shown to affect trophic status. The largest 
degree of watershed disturbance typically occurred decades ago due to land 
clearance for agriculture, but has been gradually increasing ever since. Thus, for 
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many lakes a reference condition (either spatial or temporal) has not been 
established making it difficult to assess aquatic ecosystem health.  

• The development and relevance of a lake water quality index is complicated by 
natural exceedences of generic water quality guidelines (e.g., nutrients).  

• Sediment quality and NFB information is typically limited and dated, hindering a 
more comprehensive and integrated assessment approach. Wabamun Lake was an 
exception as fairly comprehensive water quality, sediment quality and NFB datasets 
were available and had undergone both spatial and temporal analysis. While, AEH 
was thought to be ‘fair’ in terms of water quality and ‘marginal’ in terms of 
sediment quality, available information regarding lower trophic communities 
indicated that AEH was ‘good’.  

• In conclusion, the assessment of AEH based on available information is problematic 
for lakes within the NSRB, and a more integrated, focussed monitoring approach 
will facilitate future assessment. 

Table 4-33 Initial qualitative assessment of aquatic ecosystem health based 
on a synthesis of available data: lakes and wetlands in the North 
Saskatchewan River Basin 

Reach 
Water 

Quality 
Sediment 

Quality 
Non-fish 

Biota 

Lakes previously monitored by AENV1  Variable ID ID 

Wabamun Lake 2 F M G 

Lac St. Anne  ID ID ID 

Pigeon Lake ID ID ID 

Wetlands ID ID ID 

 Excellent  Good  Fair  Marginal  Poor  Insufficient data 
Notes:  1 Primarily to assess trophic status. 2 Prior to the August 2005 oil spill on the North Shore. 
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Table 4-34 Assessment of data quality/quantity for an initial aquatic 
ecosystem health assessment: lakes and wetlands in the North 
Saskatchewan River Basin  

Reach 
Water 

Quality 
Sediment 

Quality 
Non-fish 

biota 

Lakes previously monitored by AENV 1  Variable P P 

Wabamun Lake 2 G G 
BI 
F 

PP 
M 

Lac St. Anne  F M P 

Pigeon Lake M M P 

Wetlands M P P 

 Good  Fair  Marginal  Poor 
BI = Benthic Invertebrates. PP = Periphyton. 

Notes:  1 Primarily to assess trophic status. 2 Prior to the August 2005 oil spill on the North Shore. 

North/South Consultants Inc. 
Page 4-62 



AEH Information Synthesis and Initial Assessment 
Alberta Environment Section 4.0: North Saskatchewan River Basin 

4.5 REFERENCES 

4.5.1 Literature 

Agbeti, M. 2002. An evaluation of long-term phytoplankton and zooplankton communities of Wabamun Lake. Draft. 

AENV (Alberta Environment). 2005. CN Train Derailment – Wabamun Progress Update. September 3, 2005. 

AMEC (AMEC Earth & Environmental). 2004. Instream flow incremental methodology scoping study Battle River Basin. 
Submitted to Alberta Environment by AMEC and Townsend Environmental Consulting. Calgary, AB. 85 pp.  

Anderson, A.-M. 2005. Overview of pesticide data in Alberta surface waters since 1995. Environmental Monitoring and 
Evaluation Branch, Alberta Environment. Pub No. T/772. 

Anderson, A.-M. 2003a. Spatial variability of water quality in Wabamun Lake (July 2002): Data report. Alberta 
Environment. Edmonton, AB. Pub No. No: T/694.  

Anderson, A.-M. 2003b. A survey of metals and trace organic compounds in sediments from Wabamun Lake and other 
Alberta lakes. Alberta Environment. Edmonton, AB. Pub. No: T/693.  

Anderson, A.-M. 1999. Water quality of the Battle River: technical report, Parts 1-3. Water Sciences Branch, Alberta 
Environment. Edmonton. Pub No: T/795.  

Anderson, A.-M. 1998. Water quality Monitoring Program of Agricultural Streams and Lakes. Prepared for Alberta 
Environmentally Sustainable Agriculture (AESA) Resource Monitoring, Water Quality Component. 27 pp. 

Anderson, A.-M., 1991. An overview of long-term zoobenthic monitoring in Alberta rivers (1983-1987). Alberta 
Environment, Edmonton, AB. 96 pp. 

Anderson, A. -M., 1986. North Saskatchewan River. Characterization of water quality in the vicinity of Edmonton (1982-
1983). Part II. Zoobenthic surveys of spring, summer and fall 1982. Water Quality Control Branch, Alberta 
Environment, Edmonton, AB. 91 pp. 

Anderson, R.S., A.-M. Anderson, A.M. Akena, J.S. Livingstone, A. Masuda, P.A. Mitchell, T.B. Reynoldson, D.O. Trew 
and M. Vukadinovic. 1986 North Saskatchewan River: characterization of water quality in the vicinity of 
Edmonton (1982-1983). Part I: introduction, water chemistry, chlorophyll, bacteriology. Water Quality Control 
Branch, Alberta Environment, Edmonton, AB.  

Anderson, A.-M., G. Byrtus, J. Thompson, D. Humphries, B. Hill and M. Bilyk. 2002. Baseline Pesticide Data For Semi-
Permanent Wetlands In The Aspen Parkland of Alberta. Alberta Environment, Ducks Unlimited Canada, Alberta 
Research Council, Agriculture and Agri-foods Canada. Edmonton. Pub No. T/673. 91 pp. 

Anderson, A.-M., S. Cooke and N. MacAlpine. 1999. Watershed Selection for the AESA Stream Water Quality Monitoring 
Program. Alberta Environmentally Sustainable Agriculture, AAFRD. 

Anderson, A.-M., K.A. Saffran, G. Byrtus, D.O. Trew. R.D. Neilson, N.D. MacAlpine and R. Borg. 1998b. Impacts of 
agriculture on surface water quality in Alberta Part III. Pesticides in small streams and lakes. Prepared for 
CAESA Water Quality Monitoring Committee. Published by Alberta Agriculture Food and Rural Development, 
Edmonton, AB. 84 pp. 

Anderson, A.-M., D.O. Trew, R.D. Neilson, N.D. MacAlpine and R. Borg. 1998a. Impacts of agriculture on surface water 
quality in Alberta Part II. Provincial Stream Survey. Prepared for CAESA Water Quality Monitoring Committee. 
Published by Alberta Agriculture Food and Rural Development, Edmonton. 91 pp. 

Anderson, A.-M., R. Crosley, F.P. Dieken, D.S. Lucyk and S. Wu. 1994. Multi-media monitoring of trace metals and 
pesticides in the Battle River 1989-1990. Alberta Environment, Edmonton, AB. 

Bierhuizen, J.F.H. and Prepas, E.E. 1985. Relationship between nutrients, dominant ions, and phytoplankton standing crop 
in prairie saline lakes. Canadian Journal of Fisheries and Aquatic Sciences 42: 1588-1593.  

Blais, J.M, E. Duff, D.W. Schindler, J.P. Smol, P.R. Leavitt and M. Agbeti. 2000. Recent eutrophication histories of Lac 
Ste. Anne and Lake Isle, Alberta, Canada, inferred using paleolimnological methods. Lake and Reservoir 
Management 16(4): 292-304. 

Carle, N. 2001 Water Quality Monitoring Program 2000: Annual technical report water quality monitoring of small streams 
in agricultureal areas. Alberta Agriculture, Food and Rural Development, Edmonton, AB.  

North/South Consultants Inc. 
Page 4-63 



AEH Information Synthesis and Initial Assessment 
Alberta Environment Section 4.0: North Saskatchewan River Basin 

Carr, G.M. and P.A. Chambers. 1999. Spatial and temporal patterns in nutrients and algal abundance in Alberta rivers. 
Environment Canada, National Water Research Institute, Burlington, Saskatoon, NWRI Contribution No. 98-225. 

Casey, R. 2003 Wabamun Lake water quality: 1982-2001. Science and Standards Branch, Alberta Environment. Edmonton, 
AB. Pub. No: T/695 

CH2MHILL 2005. North Saskatchewan River Porewater Sampling Program: an addendum to the site investigation and risk 
assessment of the alluvial plain. Prepared for Dow Chemical Canada Inc., Fort Saskatchewan, AB. 

Chambers, P.A., S. Brown, J.M. Culp, R.B. Lowell and A. Pietroniro. 2000. Dissolved oxygen decline in ice-covered rivers 
of northern Alberta and its effects on aquatic biota. Journal of Aquatic Ecosystem Stress Recovery 8(1): 27-38.  

Cochrane Engineering. 2001 North Saskatchewan River 2000 Water quality sampling program. Calgary, AB.  

Depoe, S. 2004. Water quality monitoring program 2002 annual technical report: Water quality monitoring of small streams 
in agricultural areas. Alberta Agriculture, Food and Rural Development, Edmonton, AB.  

Depoe, S. and C.J. Westbrook. 2003 Water Quality Monitoring Program 2001 annual technical report: Water quality 
monitoring of small streams in agricultural areas. Prepared for the AESA Water Quality Committee. Published by 
Alberta Agriculture, Food, and Rural Development, Edmonton, AB.  

Donahue W.F. 2000. Water quality monitoring of small streams in agricultural areas. AESA Report on 1999 Water Quality 
Program. Prepared for Alberta Agriculture, Food and Rural Development, Edmonton AB.  

Donahue, W.F., E.W. Allen and D.W. Schindler. 2006. Impacts of coal-fired power plants on trace metals and polycyclic 
aromatic hydrocarbons (PAHs) in lake sediments in central Alberta, Canada. Journal of Paleolimnology 35: 111-
128 

Focus (Focus Corporation Ltd.) 2005. North Saskatchewan River 2004 Water Quality Sampling Program Final Report. 
Prepared for the City of Edmonton, Drainage Services. 

Focus (Focus Corporation Ltd.) 2004. North Saskatchewan River 2003 Water Quality Sampling Program Final Report. 
Prepared for the City of Edmonton, Drainage Services. 

Focus (Focus Corporation Ltd.). 2003. North Saskatchewan River 2002 Water Quality Sampling Program Final Report. 
Prepared for the City of Edmonton, Drainage Services. 

Focus (Focus Corporation Ltd.). 2002. North Saskatchewan River 2001 Water Quality Sampling Program Final Report. 
Prepared for the City of Edmonton, Drainage Services. 

Golder Associates Ltd., 2005a. Water quality modelling study for the special areas water supply project. Submitted to: 
Special Areas Board, Hanna, Alberta. http://www.specialareas.ab.ca/SAWSPWQModelling-
ExecSummary(FINAL,StandardFormat).pdf 

Golder Associates Ltd., 2005b. Water quality study for the special areas water supply project (draft) prepared for the 
Special Areas Board. 107 pp and Appendices. 

Golder (Golder Associates Ltd.) 2005c. North Saskatchewan River impact study: Development of total loading 
management objectives for the City of Edmonton. Prepared for the City of Edmonton. 88 pp. 

Golder (Golder Associates Ltd.). 2005d. Water quality monitoring of tributaries and municipal wastewater treatment 
facilities upstream of the City of Edmonton: Data from 1998-2003. EPCOR Utilities Inc., Edmonton, AB.  

Golder (Golder Associates Ltd.). 2004 Sturgeon River instream flow needs scoping study. Submitted to Alberta 
Environment.  

Golder (Golder Associates Ltd.). 2003 Historical trends in concentration of metals in sediments of Wabamun Lake, Alberta. 
Calgary, AB.  

Golder (Golder Associates Ltd.). 2002. Water and sediment quality in Wabamun Lake and surrounding lakes, summer 
2002. Prepared by Golder for TransAlta Utilities Corporation and Alberta Environment. 022-7016. 

Golder (Golder Associates Ltd.). 2001 Assessment of the status of emergent vegetation in Wabamun Lake, Alberta. 
Prepared by Golder for TransAlta Utilities Corporation and Alberta Environment. 012-2348-5100. 

Golder (Golder Associates Ltd.). 1999. Lake Wabamun Science and Public Consultation Program: Evaluation of aquatic 
plant (“weed”) and related issues. Prepared by Golder for TransAlta Utilities Corporation. 972-2541. 

Golder (Golder Associates Ltd.). 1997. A synthesis of historical information on the effects of the TransAlta Utilities 
Wabamun Lake Power Plant using a risk assessment approach. Prepared by Golder for TransAlta Utilities 
Corporation. 962-2354.  

North/South Consultants Inc. 
Page 4-64 



AEH Information Synthesis and Initial Assessment 
Alberta Environment Section 4.0: North Saskatchewan River Basin 

Golder (Golder Associates Ltd.). 1995a Joint Industry-Municipal North Saskatchewan River Study. Calgary, AB. 88 pp. 

Golder (Golder Associates Ltd.). 1995b. North Saskatchewan River Groundwater Investigation. Prepared for Sherritt Inc., 
Fort Saskatchewan Alberta.30 pp. 

Haag, R. and L. Noton. 1981. Pigeon Lake macrophyte and littoral sediment survey. Prepared for Alberta Environment, 
Planning Division, Edmonton. 

Hebben, T. 2005 Analysis of water quality trends for the long-term river network, 1977-2002. Environmental Monitoring 
and Evaluation Branch, Environmental Assurance, Alberta Environment.  

Hydroqual (HydroQual Laboratories Ltd.). 2003. Toxicity assessment of Wabamun Lake sediments. Calgary, AB.  

Lakewatch. 2002. The Alberta Lake Management Society volunteer lake monitoring report: Lac St. Anne 

Lakewatch. 2001. The Alberta Lake Management Society volunteer lake monitoring report: Pigeon Lake. 

Lilley, J. and C. Earle. 1998. Pigeon Lake Water Quality Study. Prepared for the West Central Planning Agency, 
Wetaskiwin, AB. 

Lowell, R.B., J.M. Culp and M.G. Dubé. 2000. A weight-of-evidence approach for northern river risk assessment: 
Integrating the effects of multiple stressors. Environmental Toxicology and Chemsitry 19(4-2): 1182-1190.  

Mitchell, P. 1999. Water quality management in Lac Ste. Anne and Lake Isle: a diagnostic study. Prepared for the Lac Ste. 
Anne and Lake Isle Water Quality Management Society. Water Sciences Branch. Alberta Environment 
Protection. 44 pp. 

Mitchell, P. 1998 Investigation of PPWB excursions in the North Saskatchewan River at the Alberta-Saskatchewan border, 
1997. Water Sciences Brach, Water Management Division, Natural Resources Service, Alberta Environment, 
Edmonton, AB.  

Mitchell, P. 1997. A preliminary phosphorus budget for Lac Ste. Anne and Lake Isle. Prepared for the Lac Ste. Anne and 
Lake Isle water quality management society. Water Sciences Branch. Alberta Environment Protection, Edmonton, 
AB. 8 pp. 

Mitchell, P. 1994 Effects of storm and combined sewer discharges in the City of Edmonton on water quality in the North 
Saskatchewan River. Surface Water Assessment Branch, Technical Services and Monitoring Division, Water 
resources Services, Alberta Environmental Protection, Edmonton, AB.  

Mitchell, P. and E. Prepas (eds.). 1990. Atlas of Alberta. University of Alberta Press. Edmonton. Atlas of Alberta 
Lakes website availabe at http://sunsite.ualberta.ca/Projects/Alberta-Lakes/. 

NSWA (North Saskatchewan Watershed Alliance). 2005. State of the North Saskatchewan Watershed Report 2005 - A 
Foundation for Collaborative Watershed Management. North Saskatchewan Watershed Alliance, Edmonton, AB.  

O’Connor Associates. 2005. 2004 Groundwater and Surface Water Monitoring Program Imperial Oil Pipelines and 
Terminals Alberta Butane Storage (ABS) Cavern Redwater, Alberta. Calgary, AB. 

Prepas, E.E. and D.O. Trew. 1983. Evaluation of the phosphorus-chlorophyll relationship for lakes off the Precambrian 
Shield in western Canada. Canadian Journal of Fisheries and Aquatic Sciences 40: 27-35. 

Prepas, E.E. and A.M. Trimbee. 1988. Evaluation of indicators of nitrogen limitation in deep prairie lakes with laboratory 
bioassays and limnocorrals. Hydrobiologia. 159:269-276.  

RL&L (RL&L Environmental Services Ltd.) 2000 Influence of discharges from the Quesnell storm sewer on the 
distribution of benthic macroinvertebrates in the North Saskatchewan River. Edmonton, AB. 43 pp. 

RL&L (RL&L Environmental Services Ltd.) 1998. Rat Creek combined sewer overflow benthic assessment study. 
Prepared for The City of Edmonton.  

RL&L (RL&L Environmental Services Ltd.) 1996 Rat Creek combined sewer overflow benthic assessment study. Prepared 
for The City of Edmonton.  

Schindler, D.W., A.-M. Anderson, J. Brzustowski, W.F. Donahue, G. Goss, J. Nelson, V. St. Louis, M. Sullivan and S. 
Swanson. 2004. Lake Wabamun: a review of scientific studies and environmental impacts. Alberta Environment. 
Edmonton, AB. Pub No: T/769  

Shaw, R.D., P.A. Mitchell and A. -M. Anderson. 1994. Water quality of the North Saskatchewan River in Alberta. Surface 
Water Assessment Branch, Alberta Environmental Protection. Edmonton, AB.  

Shell (Shell Canada Ltd.) 2005. Scotford Upgrader Expansion Project Volume 2: Environmental Impact Assessment. 

North/South Consultants Inc. 
Page 4-65 



AEH Information Synthesis and Initial Assessment 
Alberta Environment Section 4.0: North Saskatchewan River Basin 

Special Areas Board, 2005. Special Areas Water Supply Project, Project Summary 
http://www.specialareas.ab.ca/ProjectSummaryMay20am.pdf 

Stantec (Stantec Consulting Ltd.). 2005. 2004 Annual groundwater monitoring report. Volume1- Main report. Prepared for 
Agrium Products Inc. 

Stantec (Stantec Consulting Ltd.). 2003 A benthic invertebrate monitoring study on the North Saskatchewan River. 
Prepared for Agrium Redwater.  

Stantec (Stantec Consulting Ltd.). 2002. Benthic Invertebrate Assessment in Wabamun Lake: November 2002. Prepared for 
Alberta Environment. Pub. No: T/718  

Stantec (Stantec Consulting Ltd.). 2000 Aquatic study of the North Saskatchewan River in the vicinity of the Rossdale 
Power Plant - benthic invertebrate survey. Prepared for EPCOR. Project Number 102-15229.  

Teichreb, C. 2006. Overview of Pigeon Lake water quality and surface water quality monitoring in Alberta. Presentation 
held at the Association of Pigeon Lake Munipalities on November 15, 2005 as part of their fall meeting in Leduc 
County Office, Nisku.  

TAEM (Terrestrial and Aquatic Environmental Managers Ltd. ). 1994. Results of the lake sediment survey Wabamun Lake 
study area. January 1994. Prepared for TransAlta Utilities Corporation, Calgary, AB. 10 pp. 

TAU (TransAlta Utilities Corporation) and EPCOR (EPCOR Utilities Inc.) 2005. Wabamun – Genesee Area Biomonitoring 
Program: 2004 annual report. 

Yonge, G. J. 1988. A review of epilithic algal biomass, nutrient, and nonfilterable residue data for major Alberta river 
basins. Prepared for Alberta Environment, Environmental Assessment Division, Edmonton, Alberta 

4.5.2 Websites 

AENV (Alberta Environment). 2006. Available at: http://www3.gov.ab.ca/env/water/basins/BasinForm.cfm Accessed 
January 2006. 

ALMS (Alberta Lake Management Society). 2006. Available at: http://alms.biology.ualberta.ca/Pages-
Main/LakeWatch.htm. Accessed March 2006. 

AAFRD (Alberta Agriculture, Food and Rural Development). 2006. Provincial stream survey. Available at: http://www1. 
agric.gov.ab.ca/$department/deptdocs.nsf/all/wat2449 

Battle River Watershed. 2006. Available at: http://www.battleriverwatershed.ca. Accessed March 2006. 

City of Edmonton. 2006. 2005 Municipal census results. Edmonton Election & Census Services. Available at: 
http://www.edmonton.ca/portal/server.pt/gateway/PTARGS_0_2_275_216_0_43/http%3B/CMSServer/COEWeb
/city+government/municipal+elections/municipal+census/ Accessed February 2006. 

City of Edmonton. 2006. Environment: Wastewater and Sewers. Available at: http://www.edmonton.ca/ 
portal/server.pt/gateway/PTARGS_0_0_271_213_0_43/http%3B/CMSServer/COEWeb/environment+waste+and
+recycling/wastewater+and+sewers/ Accessed February 2006. 

EPCOR (EPCOR Utilities Inc.) 2006. Available at: http://www.epcor.ca/about/whoweare/history.htm 

Heartland On-line. 2006. Available at: http://www.industrialheartland.com/pages/content.html. Accessed January 2006. 

Lake Wabamun Residents Committee. 2006. Available at: http://www.wabamunresidents.com/spill_resources.php. 
Accessed January 2006. 

Teichreb, C. 2005. The aquatic environment - managing for river health in the Battle River. Battle River Watershed 
Management Planning (Phase I). Water Forum II. April 13th 2005. http://www.battleriverwatershed.ca/ 
water_forums.  

 

4.5.3 Personal Communication 

Trew, David. Senior limnologist with the Water Quality Team, Evaluation and Reporting Section, Environmental 
Monitoring and Evaluation Branch, Environmental Assurance Division, Alberta Environment. March 2006. 

Teichreb, Chris. Limnologist/Regional Water Quality Specialist, Alberta Environment, Central Region. February 2006. 

North/South Consultants Inc. 
Page 4-66 



AEH Information Synthesis and Initial Assessment 
Alberta Environment Section 5.0: Athabasca River Basin 

5.0 ATHABASCA RIVER BASIN  

5.1 INTRODUCTION 

The Athabasca River Basin (ARB) extends from the Rocky Mountains to Lake Athabasca, 
draining an estimated 269,000 km2 (MRBB 2004).The ARB together with the Peace, Liard, 
Peel, Great Slave and Mackenzie Great Bear basins form the Mackenzie River Basin. The 
ARB traverses nine sub-regions within Alberta (Figure 5-1). For the most part, 
coniferous/mixed forest and deciduous trees dominate land use, but agricultural cropland and 
rangeland are particularly prevalent in the Pembina and Central Athabasca sub-basin. The 
headwaters on the other hand are covered by ice and snow and barren land. The ARB is not 
heavily populated, and had an estimated population of 155,000 in 2001; approximately a 
third of which resided in the City of Fort McMurray (41,466). In recent years, the population 
of Fort McMurray has dramatically risen to ~60,000, mainly due to the rapid expansion of 
the Oil Sands Mining industry (Labour Market News 2006, website). In contrast, other urban 
centres have maintained fairly stable populations; i.e., Hinton and Whitecourt (<10,000) and 
Athabasca and Jasper (<5,000; Statistics Canada 2006, MRBB 2004). A number of rivers, 
streams, lakes and wetlands within the ARB were selected for the purposes of an AEH 
review and initial assessment (Table 5-1).  

5.2 ATHABASCA RIVER  

5.2.1 Key Reaches, Issues and Indicators 

The Athabasca River (AR) flows 1,375 km northeast, from the source in the Columbia Ice 
Fields (Athabasca Glacier) to the AR Delta and then Lake Athabasca. Unlike other northern 
rivers such as the Peace and North Saskatchewan rivers, the AR is not regulated by man-
made structures, and so flows tend to reflect prevailing climatic conditions (e.g., 
precipitation and evaporation; MRBB 2004). The mean annual discharge close to the AR 
headwaters is 2,790,000 dam3, increasing to 20,860,000 dam3 at Fort McMurray. The largest 
AR tributaries include the McLeod, Pembina, Lesser Slave and Clearwater rivers (AENV 
2006 website).  

Three AR reaches (headwaters, upper AR, and lower AR) were assessed in longitudinal 
sequence. Point source inputs within those reaches included continuous discharges from four 
pulp mills and five WWTPs, as well as smaller more periodic discharges (Figure 5-2, Table 
5-1). The entire length of the AR also received non-point inputs associated with forestry and 
agricultural practices/land use, as well as tributary inputs. Being an unregulated river, AR 
winter flows are typically low, representing an estimated 20% of mean annual flows 
(Chambers et al. 2000a, Golder 2004b). Recent low flows (2000-2004) in the AR represented 
between 68% and 95% of corresponding historical estimates (1990-1999; NSC 2005). 
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Potential water and sediment quality and lower trophic indicators, considered for AEH 
assessment are given in Tables 5-2 to 5-4. The availability of recent data related to these 
indicators was assessed in Tables 5-5 to 5-7 in Appendix A. 
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Figure 5-1 Maps of the land cover and natural regions of the Athabasca 
River Basin showing lakes and average chlorophyll a 
concentrations (1980-2003)1

                                                 
1 The AENV monitoring lakes shown are discussed in Section 5.4.2. Map provided by AENV. 
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Figure 5-2 The Athabasca and Wapiti River Basins showing the natural 

regions and locations of municipal and pulp mill point source 
discharges (from Chambers and Guy 2004) 
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Table 5-1 Summary of impact areas and associated stressors in the Athabasca River Basin 

Watercourse/ 
Waterbody 

Assessment 
Area/Site 

Rationale for Selection Stressors and Issues 
Qualitative 

Impact Rating 
Headwaters: 
Athabasca Falls 
to Snaring River 

Federal monitoring U/S of all point sources and 
downstream from Jasper.  

Low dilution capacity and Jasper WWTP effluent inputs. Recent 
WWTP upgrades have reduced nutrient loading rates. 

Low/Moderate 

Upper Athabasca: 
Hinton to Ft. 
McMurray 

This river section receives multiple point and non-point 
source and tributary inputs. The individual, relative and 
cumulative effects of these inputs have been studied 
and monitored by various agencies. 

Major tributary inputs, low winter flows and cumulative impacts 
Major Point Source Inputs: One combined pulp and municipal 
discharge; two WWTP discharges; three pulp mill discharges.  
Non-Point Source Inputs: Forestry and agricultural activities.  

Moderate/High Athabasca 
River 

Lower Athabasca: 
Ft. McMurray to 
Delta. 

Regional aquatic monitoring program (RAMP) in the 
Athabasca oil sands region (1997-present) 

Oilsands development, one WWTP discharge, and non-point 
source forestry inputs. Low winter flows and cumulative impacts. 

Moderate/High 

McLeod River 
Receives inputs from coal mining operations, 
municipalities, and non-point sources (forestry).  
 

Mobilization of selenium and other metals by mining activity. 
Nutrient enrichment due to mining and municipal discharges. 

Moderate Upper 
Athabasca 
River 
Tributaries Lesser Slave 

River 
Receives pulp and municipal effluent discharges, and 
non-point source inputs (agricultural and forestry).  

Cumulative impacts of low seasonal flows, multiple effluent 
discharges, and tributary and non-point source inputs. 
 

Moderate 

Steepbank River 
Routinely monitoring by RAMP and adjacent to an 
operational oilsands mine.  

Potentially affected by the Suncor Steepbank Mine/Project 
Millennium project. Some forestry activity in the watershed. 

Moderate Lower 
Athabasca 
River 
Tributaries Muskeg River 

Routinely monitoring by RAMP and adjacent to an 
operational oilsands mine. 

Potentially affected by the Muskeg River Mine, while five other 
mines are planned within the watershed. Some forestry activity 
and gravel pit mining. 

Moderate/High 

Coal Mining 
Streams 

Gregg River and 
Luscar Creek 

McLeod River tributary that receives inputs from coal 
mining operations. 

Mobilization of selenium and other metals by mining activity. 
Nutrient enrichment due to mining and municipal discharges. 

Moderate/High 

Paddle River Low intensity agriculture stream  Low Agricultural 
Streams Wabash Creek High intensity agriculture stream  

Agricultural non-point source inputs 
High 

Oilsands 
Stream 

Jackpine Creek Muskeg River tributary close to the Muskeg River Mine. Potentially affected by the Muskeg River Mine. Moderate/High 

Boreal 
Streams 

Several 
The majority of streams in the ARB are small boreal 
streams located in forested areas. Various streams 
monitored as part of recent research initiatives. 

 Land clearance due to pipelines and seismic lines, as well as oil 
sands and forestry. Non-point source inputs due to forestry. 

Low-High 
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Table 5-1 Summary of impact areas and associated stressors in the Athabasca River Basin Cont’d 

Watercourse/ 
Waterbody 

Assessment 
Area/Site 

Rationale for Selection Stressors and Issues 
Qualitative 

Impact Rating 
Lakes monitored 
for trophic status 

Overview of lake trophic status and TDS by ecoregion, 
based on collected data 

Non-point source nutrient inputs, evaporation, and issues related 
to hydrological flushing characteristics. 

Low-High 

Nakamun and 
Baptiste lakes 

Medium sized lakes located in predominantly 
agricultural cropland (Baptiste) and rangeland 
(Nakamun) watersheds. AENV monitoring lakes. 

Non-point source inputs: agricultural runoff, sewage from 
residences, hydrocarbons from boat/road traffic. Evaporation and 
issues related to hydrological flushing characteristics. 

Moderate 

Lesser Slave 
Lake 

Larger Alberta lake that feeds the Lesser Slave River. 
Receives non-point source and tributary inputs as a 
result of forestry and agricultural activity in the 
watershed. 

Non-point source inputs: agricultural runoff, sewage from 
residences, hydrocarbons from boat/road traffic. Evaporation and 
issues related to hydrological flushing characteristics. 

Low/Moderate 

Lakes in the 
Lower Athabasca 
Region  

A total of 449 lakes monitored by CEMA and 50 lakes 
monitored by RAMP, to assess acid sensitivity. 
 

Potentially sensitive to air emissions from the oil sands industry. 
Land clearance due to pipelines and seismic lines, as well as 
other development. Non-point source nutrient and TSS inputs as a 
result of forestry activities. Climate change. 

Low-High 

Boreal Lakes 
The majority of lakes in the ARB are small boreal lakes 
located in forested areas. Various lakes monitored as 
part of recent research initiatives. 

 Land clearance due to pipelines and seismic lines, as well as oil 
sands and forestry. Non-point source inputs due to forestry. 

Low-High 

Lakes 

Lake Athabasca 
and the 
Athabasca River 
Delta 

Lake Athabasca is the largest lake in Alberta and is 
connected to the AR via the Athabasca River Delta. 
These represent a D/S sink for contaminants potentially 
transported down the AR. 

Trace organic and metal inputs from the Athabasca River and 
from atmospheric sources. Nutrient inputs from the Athabasca 
River. 

Low/Moderate 

Wetlands Boreal Peatlands 
These extensive wetlands cover 26-100% of areas in 
the ARB and influence surface waters in the region in 
terms of hydrology, water quality and biota. 

 Land clearance due to pipelines and seismic lines, as well as oil 
sands and forestry. Non-point source inputs due to forestry. 
Climate change and acid deposition. 

Low-High 

D/S = downstream. U/S = upstream. ARB: Athabasca River Basin. 
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Table 5-2 Summary of potential water quality (WQ) indicators of aquatic 
ecosystem health for select rivers and streams in the Athabasca 
River (AR) Basin 

AEH WQ Indicator 
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ARWQI 3    x x x x x x x 
CCME WQI    x x x x x x x 
AAWQI 4 x x x  x x x x x x 
AENV Lake Trophic Status 5 x x x x x x x  x  
Stream/River Trophic 
Classification 6        x  x 
Nutrients and Chlorophyll a           
Dissolved Oxygen           
TSS and /or Turbidity           
TDS and /or Conductivity           
Trace Metals/Metalloids 7    x   x 8  x 
Trace Organics     x   x 8  x 
Pesticides   x  x x x 8 x x 
Acid sensitivity x x x x x x x  x x 

√ = Relevant indicator, X = Indicator not relevant. See Table 5-5 and 5-22 in Appendix A for further details regarding the 
availability of data for the identified indicators.  

Notes: McLeod and Lesser Slave rivers. Steepbank and Muskeg rivers. ARWQI and sub-indices (nutrient, bacteria, metals and 
pesticides). AAWQI and sub-indices (nutrient, bacteria and pesticide). Trophic status assessed by chlorophyll a, TP, TN and 
secchi depth criteria. As per Dodds at al. 1998 (benthic algal and/or phytoplankton biomass as Chlorophyll a, total nitrogen and 
total phosphorus); See Table 3-6. Emphasis was placed on total metals with CCME WQGs (i.e., Al, As, Cd, Cr, Cu, Fe, Pb, 
Mn, Hg, Mo, Ni, Se, Ag, Zn); where appropriate dissolved metals were considered but only in particular cases.

1 2 3

4 5

6

7

 8Lake 
dependent.  

Table 5-3 Summary of potential sediment quality (SQ) indicators of aquatic 
ecosystem health for select rivers and streams in the Athabasca 
River Basin 

AEH SQ Indicator 

A
th

ab
as

ca
 

R
iv

er
 

M
cL

eo
d 

R
iv

er
 

Le
ss

er
 S

la
ve

 
R

iv
er

 

St
ee

pb
an

k 
R

iv
er

 

M
us

ke
g 

R
iv

er
 

A
gr

ic
ul

tu
ra

l 
St

re
am

s 

C
oa

l M
in

in
g 

St
re

am
s 

Ja
ck

pi
ne

 C
re

ek
 

(O
ils

an
ds

) 

B
or

ea
l  

St
re

am
s 

La
ke

s 

A
th

ab
as

ca
 

R
iv

er
 D

el
ta

 

W
et

la
nd

s 

Trace Metals/Metalloids      x   x  1  x 
Trace Organics   x   x   x  1  x 
Nutrients    x   x x     
Sediment Oxygen Demand  x  x  x x x x x x x 

√ = Relevant indicator, X = Indicator not relevant. See Tables 5-6 and 5-23 in Appendix A for further details regarding the 
availability of data for the identified indicators. 

Notes:  Lake dependent.1
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Table 5-4 Summary of potential non-fish biota (NFB) indicators of aquatic ecosystem health (AEH) for select 
Athabasca River Basin rivers, streams, lakes and wetlands 

AEH NFB 
Indicator 

Measurement 
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Community-based metrics 1             
Standing crop biomass  x x x x x x x x  x x Benthic 

Invertebrates 
Invasive species             
Standing crop biomass (as Chla) 2 x 2 x 2 2 x 2 2    
Community composition 3 2 x 2 x 2 x x 2 2    Phytoplankton 

Stream/Lake Trophic Classification 2 x 2 x 2 2 x 2 2    
Standing crop biomass x x x x x x x x x  x x 

Zooplankton 
Community composition 5 x x x x x x x x x  x x 
Standing crop biomass (as Chla)          x x x 
Community composition 6          x x x Periphyton 

Stream /River Trophic Classification          x x x 
Standing crop biomass        x x    
Community composition 7        x x    Aquatic 

Macrophytes 
Invasive species        x x    

√ = Relevant indicator, X = Indicator not relevant. See Tables 5-7 and 5-24 in Appendix A for further details regarding the availability of data for the identified indicators. 
Notes: Total abundance (density), taxon richness, density and proportion, eveness, % EPT, Simpsons diversity index, Bray-Curtis index and/or the EPT index.  Applicability dependent on the 

stream/reach. Total abundance (density), taxon richness, % cell concentration composition of taxa, % biomass composition of taxa, Simpson’s diversity index.  See Tables 3-5 and 3-6.  Total 
abundance (density), taxon richness, % composition of taxa, % biomass composition of taxa, Simpson’s diversity index.  Total abundance (density), taxon richness, % biomass composition of taxa, 
Simpson’s diversity index.  Total abundance (density), taxon richness, % biomass composition of taxa, Simpson’s diversity index.  

1 2
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5.2.1.1 Headwaters 

The AR flows from its headwaters in the alpine sub-region to the foothill sub-region, 
receiving major tributary inputs from the Sunwapta, Whirlpool, Astoria, Miette, Maligne, 
Snaring, Rocky and Snake Indian rivers. The headwaters are dominated by barren land, ice 
and snow extending into mixed forest land downstream (Figure 5-1). Water quality data from 
two long-term federal monitoring sites located upstream and downstream of Jasper were 
evaluated (Figure 2-2). In 2004, Jasper WWTP effluent accounted for 36% of the total 
continuous municipal effluent discharge to the headwater and upper AR (NSC 2005). 
Technological upgrades, including tertiary treatment and biological nutrient removal via an 
activated sludge system, have substantially reduced phosphorus loading to the AR since 
2002/03 (NSC 2005).

5.2.1.2 Upper Athabasca River: Upstream of Hinton to Fort McMurray  

The predominant land use practice in the upper AR basin is forestry, with agriculture 
dominating the Pembina and Central Athabasca sub-basins. Five pulp and paper mills, 
located in the upper ARB, represent the largest point source discharges to the Athabasca and 
Lesser Slave rivers (i.e., two bleached kraft mills and three chemi-thermomechanical mills). 
Due to increased effectiveness of treatment technologies employed at these mills, effluents 
discharges now meet acute toxicity criteria and usually sublethal toxicity criteria. As a 
consequence, nutrient enrichment, low DO sags, and a downstream cumulative decrease in 
DO during late winter, have become the water quality issues of most concern (Chambers et 
al. 2006). Coal mining is the other main industry operating in the upper basin, with six mines 
located in the McLeod, Pembina and Berland river sub-basins. These mines periodically 
discharge supernatant from tailings ponds to surface waters ultimately connected to the AR 
(Sentar 1994). With respect to municipal effluent inputs, the City of Fort McMurray, and the 
towns of Hinton, Whitecourt, and Athabasca continuously discharge secondarily treated 
sewage to the AR. In addition, smaller population centres periodically discharge treated 
sewage once or twice a year to ARB watercourses.  

Water and sediment quality and NFB in this stretch of the river have undergone intensive 
study, particularly in the late 1980s and 1990s, when a series of AENV synoptic surveys and 
the NRBS program were carried out. Further monitoring occurred as part of the  

NREI program. The pulp mills have also gone through three cycles of federal EEM 
monitoring, primarily of fish and NFB, but also aspects of water and sediment quality. In 
some cases, additional monitoring of water and sediment quality and/or lower trophic levels 
has been required by individual provincial operating licences. Since 1980, AENV has 
conducted regular water quality monitoring at two LTRN sites (monthly), three MTRN sites, 
and periodic monitoring at various other sites (see figures 2-2 and 2-3, and Appendix C. 
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5.2.1.3 Lower Athabasca River: Fort McMurray to the Delta 

The oil and gas industry is the dominant industry in the lower ARB, involving both 
conventional oil and gas extraction, and Athabasca oil sands mining and extraction. These 
operations have resulted in the construction of a large network of pipelines and access roads. 
The Athabasca oil sands deposit contains approximately 80% of total provincial oil sands 
reserves, and is the largest of the three oil sands deposits (i.e., Athabasca, Peace River and 
Cold Lake). Collectively, these deposits are estimated to contain 1.6 trillion barrels of 
bitumen, with an anticipated recovery of over 300 billion barrels (allowing for technology 
reasonable economic return). An estimated 19% of the Athabasca deposit can be recovered 
by open pit mining, with the remainder recoverable by in situ methods, such as Steam 
Assisted Gravity Drainage (SAGD) technology (MRBB 2004, Hatfield et al. 2005). 

In 2004, a total of fourteen developments were operational in the Athabasca region, 
involving ten separate companies located north and south of Fort McMurray (Figure 5-3). 
Nine developments were approved and/or in the construction phase, while one development 
was in the planning phase. The lower ARB also supports forestry activities and gravel pit 
mining. With respect to municipal effluent inputs, the lower AR receives discharges from the 
Fort McMurray WWTP and other smaller municipalities. Water quality is regularly 
monitored by AENV at two LTRN sites located upstream of Fort McMurray and close to the 
mouth of the AR (Figure 2-2). Furthermore, since 1997 the Regional Aquatics Monitoring 
Program (RAMP) has monitored water quality along the entire lower AR, and sediment 
quality and NFB to a lesser extent. 

5.2.2 Water Quality  

5.2.2.1 Headwaters 

According to the CCME WQI (1983-2002), water quality decreased from ‘good’ at 
Athabasca Falls to ‘fair’ downstream of the Snaring River, due to a higher proportion of non-
compliant parameters with WQGs2. The Jasper WWTP was primarily responsible for the 
deterioration in water quality. More recently, water quality downstream of Snaring River was 
rated as ‘good’, suggesting that water quality may have improved in recent years (Table 5-8; 
Table 5-9 in Appendix A).  

                                                 
2 i.e., TP, TN, DO, total and fecal coliforms 
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Figure 5-3 Current status of Oilsands Development in the Athabasca 

Oilsands Region (from Hatfield et al. 2006) 
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Table 5-8 Summary of water quality index and trophic classification information for the Athabasca River 

Headwaters Upper Athabasca River Lower Athabasca River 

Indicators 
Athabasca Falls 

D/S of Snaring 
River 

U/S of Hinton Athabasca 
U/S of Fort 
McMurray 

Old Fort 

CCME-WQI (1983-2002) 1 Good (93) Fair (71) – – – – 

General CCME-WQI using EcoAtlas-CE (1998-2002) 2 – Good (93) – – Good (84) Good (90) 

ARWQI (1998-2004)  – – Excellent (98) 3 Good (94) Excellent (96) 4 Good (94) 

ARWQI nutrient  – – Good (94) 3 Good (87) Good (87) 4 Good (83) 

ARWQI bacteria  – – Excellent (100) 3 Excellent (99) Excellent (100) 4 Excellent (100) 

ARWQI trace metals  – – Excellent (98) 3 Good (94) Excellent (97) 4 Excellent (96) 

ARWQI pesticides  – – Excellent (100) 3 Excellent (99) Excellent (100) 4 Excellent (98) 

Nutrients 
Oligotrophic 6 

TP, TN  
Oligotrophic6 TP, 

TN 
Oligotrophic7 TP, 

TN 
Oligotrophic 7TP, 

TN 
Oligotrophic (TN); 
Mesotrophic (TP)8

Oligotrophic (TN); 
Mesotrophic (TP)8

Phytoplankton Biomass (1976-2000) – – – – Oligotrophic Oligotrophic 

Stream/River 
Trophic 
Classification 5

Periphyton Biomass (1984-2000) Oligotrophic Mesotrophic Mesotrophic Mesotrophic – – 

– = Not applicable / Data not available. U/S = Upstream. D/S = Downstream.  
Notes:  From Glozier et al. (2004).  From Dube et al. (2004).  Data from period 1999-2004.  Data from period 2003-2004.  As per Dodds at al. 1998 (benthic algal and/or phytoplankton biomass as 

chlorophyll a, total nitrogen and total phosphorus); See Table 3-6.  Based on 1973-2002 data;  Based on 1984-2000 data.  Based on 1976-2000 data.

1 2 3 4 5

6 7 8
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Long-term median nutrient levels were 1-2 times higher downstream of the Snaring River 
confluence compared to Athabasca Falls, but generally remained below ASWQG and CCME 
WQGs (Tables 5-10 and 5-11 in Appendix A). The AR was classified as oligotrophic at both 
these sites in terms of nutrients, but changed to mesotrophic at the downstream site 
according to periphyton biomass (i.e., compared to upstream oligotrophic conditions; Table 
5-8). Similarly, the AR was nutrient saturated directly downstream of Jasper, compared to P 
limited conditions upstream of the town (Bowman 2004a, Scrimgeour and Chambers 2000). 
A relatively small increase in TP, to levels still compliant with the ASWQG, resulted in a 
significant increase in benthic algal abundance downstream (Bowman et al. 2005).Thus, for a 
given phosphorus concentration, algal biomass was higher and P limitation lower 
downstream of the WWTP discharge, relative to upstream. Bowman et al. (2005a) reasoned 
that this was due to the higher bioavailability of anthropogenically derived phosphorus 
relative to that derived from natural sources. 

Based on a body of literature spanning the last 10-15 years, Chambers and Guy (2004) 
concluded that the current TP and TN ASWQGs were not protective of northern rivers. 
Instead site- specific nutrient guidelines to protect aquatic life were proposed for the 
Athabasca and Wapiti rivers, according to ecoregion (Table 3-7). Long-term median TDP 
and (NO +NO2 3)-N concentrations downstream of Snaring River remained below the 
montane thresholds, but this monitoring site was located 18.2 km downstream of Jasper. It 
was considered likely that elevated AR nutrient levels directly below Jasper may have 
attenuated somewhat at this site, as recently confirmed by Bowman (2004b). Levels of TDP 
and SRP increased 1-2 times directly downstream of the WWTP compared to upstream; but 
TDP and SRP levels measured 15.3 km downstream of the WWTP approximated upstream 
levels. A similar downstream pattern was previously observed in fall 1994 by Scrimgeour 
and Chambers (2000).  

Recent nutrient loads to the AR from the Jasper WWTP have substantially decreased as a 
result of technological upgrades (NSC 2005). This reduced loading coincided with a five-
fold decrease in fall in-stream phosphorus levels below the WWTP from 2002 to 2003. This 
likely contributed to the increase in ecological integrity from ‘poor’ to ‘good’, but Bowman 
(2004b) cautioned that above-average flows may also have contributed. 

Dissolved oxygen concentrations at Athabasca Falls and downstream of Snaring River did 
not significantly change between 1977 and 2002, and remained above ASWQG and CCME 
WQGs (Glozier et al. 2004). For the most part, TSS levels remained below 25 mg/L at both 
sites (excluding summer high discharge loads) and showed no significant temporal increase, 
but TDS levels did significantly increase from 1977 to 2002. As described for the NSR 
headwaters, total mercury and dissolved metal concentrations were low or below detection 
limits, while pesticide levels were not monitored at these sites (Glozier et al. 2004). 
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5.2.2.2 Upper Athabasca River: Upstream of Hinton to Fort McMurray 

Water Quality Indices 

According to the ARWQI, water quality upstream of the Town of Hinton has been 
‘excellent’, and ‘good’ further downstream at the Town of Athabasca (Table 5-8; Figure 5-
4). These ratings were consistent with the ‘good’ or ‘excellent’ CCME WQI ratings scored 
by sites in the upper AR between 1998 and 2002. 

Nutrients  

Nutrient water quality was considered ‘good’ upstream of Hinton and at the Town of 
Athabasca, according to the provincial nutrient sub-index (1998-2004; Figure 5-4). The 
nutrient sub-index scores further indicated that water quality improved from ‘fair’ in the 
mid-late 1990s, to ‘good’ from 1999-2004. As for all large rivers, the AR experiences natural 
changes in nutrient concentrations with distance downstream. This was demonstrated by 
Chambers and Guy (2004), who reported that reference reach nutrient concentrations 
increased with distance downstream from the headwaters (i.e., TP, TDP, TKN and NH3). As 
a result, nutrient levels in reference and exposed reaches within the Central and Dry 
Mixedwood subregions were fairly similar (i.e., downstream of Whitecourt). This compared 
with a 2-fold difference between reference and exposed reaches, upstream of Whitecourt in 
the Montane and Lower Foothills sub-regions. 

Dube et al. (2006) and Chambers and Guy (2004) recently examined longitudinal nutrient 
patterns along the upper AR, as part of the NREI program (Figures 5-5 and 5-6). Both 
authors reported a downstream increase in TP and ammonia concentrations, from the 
headwaters to Fort McMurray. Accordingly, TP ASWQG compliance rates were 
substantially lower downstream of Whitecourt, compared to upstream3 (Table 5-9 in 
Appendix A). Median dissolved phosphorus concentrations peaked at Whitecourt following 
inputs from two pulp mills and one WWTP, before decreasing and then steadily rising 
downstream (Chambers and Guy 2004). Total nitrogen levels also rose steadily from the 
headwaters to Fort McMurray, as did ammonia levels, for the most part (Tables 5-10 to 5-12 
in Appendix A). In contrast, (NO2+NO3)-N headwater concentrations were similar or greater 
than downstream concentrations (Figures 5-5 and 5-6). Nevertheless, this was a broad 
comparison of long-term means that did not account for seasonal differences in this river, 
according to factors such as flow, TSS levels, ice cover, aquatic plants and temperature. 

As the largest unregulated river in Alberta, AR flows generally peak in the summer, due to 
summer rains and glacial melt in the mountains. Under such high flows, there is considerable 
turbidity and suspended solids, with elevated levels of associated particulate phosphorus. 
Consequently, although TP is generally highest in summer, the impact of effluent inputs on  

                                                 
3 Windfall Bridge 
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Athabasca River 0.1 km upstream of Hinton Pumphouse
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Figure 5-4 Annual Alberta River Water Quality Index (ARWQI) Values and sub-index values from 1996-2004, for 
three Athabasca River LTRN sites  
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Figure 5-5 Mean estimates of total phosphorus, nitrate/nitrite (NO2+NO3) and ammonia calculated for sampling 
sites along the length of the Athabasca River sampled between 1985 and 2001 (from Dube et al. 2004, 
2006)4 

  

                                                 
4 Locations of pulp mill effluent (PME) and municipal sewage effluent (MSE) point sources and tributaries are indicated. ANC = Alberta Newsprint Co. ALPAC = Alberta Pacific pulp mill. 
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Figure 5-6 Levels of select nutrient parameters (1984-2000) and benthic 

algal biomass (as chlorophyll a; 1988-2000) measured at 
sampling sites along the length of the Athabasca River (from 
Chambers and Guy 2004)

                                                
5

5

in-stream nutrient levels tend to be at its lowest, due to substantial dilution. With declining 
flows and less turbidity in late summer and fall, TP may decline, but the more bioavailable 
dissolved P can be more affected by effluent inputs. With greater light penetration, 
periphyton can utilize the nutrients and increase in biomass. Correspondingly, increased 

 
 Shading (pale, medium and dark) demarks the montane, lower foothills and central mixedwood ecoregions, respectively (after 

Alberta Environmental Protection 1994). Letters indicate discharge from a pulp mill (P), sewage treatment plant (S), or tributary with 
a pulp mill (T). 
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algal growth in late summer/fall, can result in considerable nutrient uptake, such that (NO2-
NO )-N levels, can for example, exhibit a marked downstream decline in the upper AR. 3

In addition to a longitudinal increase along the upper AR, TP also responded on a more 
localized scale to point source and tributary inputs (Figure 5-5). In general, TP levels tended 
to increase downstream from all pulp mills and some WWTPs, before returning to 
background levels. Overall, the body of literature suggests that the spatial pattern in nutrient 
concentrations in the upper AR has been due to a combination of point source (pulp mills 
and WWTPs), non-point source and tributary inputs (Dube et al. 2004, Anderson 1989, 
Noton and Shaw 1989, Noton and Saffran 1995, Chambers 1996, Chambers and Guy 2004, 
NSC 2005). The pulp mills discharged substantially higher TN and TP loadings, but WWTP 
effluents were likely more bioavailable to biota; though this remained to be confirmed due to 
limited nutrient effluent concentration/loading data (NSC 2005). Even so, both these point 
source loadings were more bioavailable than tributary and non-point source inputs, and so 
likely resulted in a proportionally greater impact on AR in-stream nutrient concentrations. 
The Hinton Pulp combined effluent accounted for 18-25% of the total annual pulp mill TP 
load ultimately discharged to the AR (i.e., the largest proportion; NSC 2005). Nevertheless, 
the AR dilution capacity was considerably lower in the receiving headwater reach, compared 
to reaches further downstream. This also contributed to the larger relative impact of effluent 
discharge on the AR at Hinton, compared to mills downstream. 

The four pulp mill operators monitored AR nutrient levels in the vicinity of their respective 
mill discharges in fall 1998 and 2002, to fulfill federal (EEM) and/or provincial licence 
requirements (Stantec and Golder 2000, Golder 2004a, Stantec 2004a&b). In both years, TP, 
TDP and NH3 concentrations increased directly downstream from the Hinton Pulp Mill, but 
generally decreased to background levels within 50-100 km downstream. Nutrient levels 
downstream from the other pulp mills remained below available ASWQG and CCME WQGs 
(Stantec and Golder 2000; Stantec 2004a&b). Long-term median nutrients levels calculated 
by Chamber and Guy (2004) for reference and exposed reaches below Hinton also remained 
below recently proposed site-specific WQGs (Table 3-7).The upper AR can be classified as 
oligotrophic according to TP and TN until the Town of Athabasca. When periphyton 
biomass was considered, then the upper AR was considered to be mesotrophic from 
upstream of Hinton to Athabasca (Table 5-8). The longitudinal pattern of nutrient limitation, 
as defined by NRBS, upstream and downstream of upper AR major inputs, is shown in 
Figure 5-7. Median benthic algal biomass values calculated for the ‘exposed reach’ upstream 
of Whitecourt exceeded the Lower Foothills guideline, but ‘reference reach’ biomass did not. 
Further downstream, median benthic algal biomass values remained below the Central 
Mixedwood guideline, in both reference and exposed reaches.  
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Figure 5-7 Map of the Athabasca and Peace/Slave major basins showing 
areas of nitrogen (N), phosphorus (P) or N+P limitation or 
nutrient saturation for the Athabasca, Wapiti and Smoky rivers 
(from Chambers et al. 2000b)6

Dissolved Oxygen  

As a low productivity river, atmospheric aeration represented the largest DO source to the 
AR; while respiration and chemical oxidation at the water/sediment boundary mainly 
accounted for oxygen demand. Thus community respiration in the AR was often observed to 
exceed oxygen production (via photosynthesis), resulting in heterotrophic conditions 
(Chambers et al. 2006). Long-term average DO levels indicated a progressive decrease in 
DO with distance downstream in the AR, between Hinton and Lesser Slave River (Figure 5-
8). Three distinct DO sags were evident: downstream of Hinton Pulp to Windfall Bridge; 
directly downstream from the Millar Western Pulp Mill to upstream of the Town of Smith; 
and upstream of the Al-Pac Pulp Mill to Fort McMurray. These discontinuous DO sags were 
concomitant with increased average BOD levels, particularly downstream of Hinton Pulp 
and Miller Western pulp mills. Still, average DO levels did not drop below 9 mg/L, and  

                                                 
6 Determined from in situ experiments with nutrient diffusing substrata. 
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Figure 5-8 Mean estimates of biochemical oxygen demand and dissolved 

oxygen calculated for sampling sites along the length of the 
Athabasca River sampled between 1985 and 2001 (from Dube et 
al. 2004, 2006)7

remained above the ASWQG. Though it should be borne in mind that average DO values 
shown in Figure 5-8, can mask seasonal DO sags during winter or late summer that on 
occasion can be non-compliant with the ASWQG (e.g., late winter 2003; Figure 5-9). 

Small-scale DO sag and recovery zones spanning tens of kilometres, and large-scale linear 
decreases in DO spanning hundreds of kilometres, have been largely attributable to 
municipal and pulp mill effluent loadings (Chambers et al 2000a&b). So while in-stream DO 
tended to recover from effluent inputs to some extent, there was a significant cumulative 
decline in DO along the length of the AR between Hinton and Grand Rapids. The AR 
naturally incurs low DO conditions under prolonged winter ice-cover (up to 4-6 months), and 
exhibits a temporal as well as spatial decrease in DO during this time. Thus, under-ice low 
DO levels during the mid-late winter have been particularly prevalent in the upper AR and  

                                                 
7 Locations of pulp mill effluent (PME) and municipal sewage effluent (MSE) point sources and tributaries are indicated. ANC = 
Alberta Newsprint Co. ALPAC = Alberta Pacific pulp mill. 
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B 

 
Figure 5-9 A) Winter dissolved oxygen concentrations in the Athabasca 

River upstream of Grand Rapids (1989-2003; from NREI 2004) and 
B) A comparison of late winter DO levels in the Athabasca River 
predicted by model simulations with actual observed values 
under average winter flows (2000) and low winter flows (2003; 
from McEachern 2006) 

have undergone extensive study (e.g., Noton and Allan 1994; Chambers 1996; Lowell and 
Culp 1999; Chambers et al. 2000a&b; Golder 2004b; Culp et al. 2004; Chambers et al. 
2006). Low winter DO and critical DO sags observed in recent decades have resulted from a 
combination of factors, including: 

• seasonal low flow coupled with inhibition of re-aeration by prolonged ice cover; and  

• loadings of nutrients and biological/chemical oxygen demanding substances from a 
variety of natural, municipal and industrial sources (Noton and Allan 1994, 
Chambers et al. 2000a). Enhancement of primary production by nutrient enrichment 
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may secondarily increase BOD demand in the winter through plant and algal decay 
and/or through depletion of DO at night. 

Noton and Allan (1994) further demonstrated that late-winter DO in the upper AR underwent 
a longitudinal decrease, from near saturation in the headwaters to ~6.5-10 mg/L upstream of 
the Grand Rapids cascade. There was, however, a subsequent return to approximate 
saturation due to re-aeration. Increased non-compliance with the ASWQG has been observed 
upstream of Grand Rapids during recent winter periods, in part due to substantially lower 
river flows in those years (Golder 2004b). Mean daily DO levels upstream of Grand Rapids 
were below 6.5 mg/L (ASWQG) for 3 consecutive days in 2002, and 42 consecutive days in 
2003. Overall, monitoring has shown that under winter ice cover DO can decline from near-
saturation upstream of all point sources to a minimum average value of 8 mg/L (Chambers et 
al. 2006). 

TSS and TDS 

Levels of TSS in the Upper AR were inherently highly variable, often fluctuating by orders 
of magnitude, according to seasonal river flows and point and non-point source inputs. 
(WRS 2003a). Long-term median TSS and TDS levels typically increased with distance 
downstream from the headwaters, due to inputs derived from natural as well as 
anthropogenic sources (Tables 5-10 to 5-12 in Appendix A). Pulp mill effluent discharges 
dominated TSS point-source inputs, while the often greater non-point source inputs resulted 
from natural processes and forestry and agricultural activities (NSC 2005).The pulp mill 
operators recently monitored TSS levels at sites located upstream and at several distances 
downstream of pulp mill discharges (fall 1995, 1998, 2002). Only the combined effluent 
discharge from Hinton Pulp resulted in elevated TDS and TSS levels downstream from the 
mill. While TSS decreased to background levels within 50-100 km downstream from the 
Hinton discharge, TDS levels remained elevated (Golder 2004a). Levels of TSS downstream 
from the other three mills were low and within 10 mg/L of background levels. 
Correspondingly, the Hinton combined effluent discharge accounted for the highest 
proportion of the total pulp mill TSS load (35-56%; NSC 2005).  

Trace Metals and Organics 

According to the ARWQI, average water quality in terms of trace metal and pesticide 
concentrations has been classified as ‘excellent’ in the upper AR at Hinton and Athabasca 
(Table 5-8). Further downstream, median concentrations of some total metals8exceeded 
CCME WQGs at Fort McMurray. Though the more bioavailable dissolved fractions of some 
metals (e.g., Al, Fe) were far below total estimates. In river systems such as the AR, with 
seasonally elevated TSS loads, significant concentrations of metal and organic contaminants 
can be associated with particulate material. Suspended sediment levels can even be up to an 

                                                 
8 Al, Cd, Cr, Fe, Hg, Pb 
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order of magnitude greater than those in the water, but lower than those present in bottom 
sediments (Carey et al. 1997). Contaminant levels in suspended sediment fractions were 
therefore considered as important in the overall assessment of contaminant downstream 
transport, exposure routes and fate in the AR. Still, the difficulty of measurement relative to 
corresponding measurements in water and bottom sediments has impeded routine 
quantification. 

A recent study by Alaee et al. (2004) as part of NREI did assess suspended sediment 
contaminant levels in the AR between Hinton and Whitecourt (2000-2001). In this study 
PCBs were detected at relatively low levels in both water and suspended sediments, with no 
clear spatial or temporal trends. Hence, the Hinton combined effluent discharge had low or 
negligible effects on instream PCB levels. In contrast, levels of dioxins and furans in 
suspended sediments increased downstream of Hinton to Whitecourt, suggestive that the 
Hinton Pulp discharge may have been responsible to some extent 

According to Anderson (2005), no pesticides were detected upstream of Hinton or upstream 
of Fort McMurray between 1995 and 2002. At the Town of Athabasca, triclopyr and 2,4-D 
were detected on two separate occasions between 1999 and 2003, but remained below 
available WQGs. 

5.2.2.3 Lower Athabasca River: Fort McMurray to the Delta 

Water Quality Indices 

The ARWQI indicated that water quality upstream of Fort McMurray was ‘excellent’ in 
2003/04, while water quality downstream at Old Fort was ‘good’ on average (Table 5-8). 
The CCME WQI ratings were in general agreement with ‘good’ ratings for both sites. Water 
quality in this reach was primarily affected by nutrients, as opposed to metals, bacteria or 
pesticides (Figure 5-4). Over the longer-term, water quality at the Wood Buffalo National 
Park federal monitoring site (downstream of major point sources) was rated as ‘marginal’ 
according to the CCME WQI (1983-2002; Glozier et al. 2004).  

Nutrients and Chlorophyll a 

Long-term median nutrient concentrations calculated upstream of Fort McMurray and at Old 
Fort (downstream of all development) were similar (Table 5-12 and 5-13 in Appendix A). 
Total phosphorus concentrations at these LTRN sites and at intermediate RAMP sites, 
routinely exceed the TP ASWQG mainly during spring and summer high flow periods (WRS 
2003a; Golder 2003a; Hatfield et al. 2005, 2006). The majority of TP was associated with 
suspended particles, and TP levels peaked in July with a minimum in January. When AR 
ecoregion specific guidelines were applied, Fort McMurray and Old Fort median TP and 
TDP concentrations exceeded the Mixedwood WQGs, several fold (Table 3-7, Tables 5-12 
and 5-13 in Appendix A). On the contrary, (NO +NO )-N, median levels were below the 3 2
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Mixedwood WQGs. Overall, the lower AR could be classified as mesotrophic according to 
TP and oligotrophic according to TN (Table 5-8). 

There was evidence of a spatial increase in TP from downstream of Al-Pac to the AR Delta, 
which encompassed the lower AR. (Figures 5-7 and 5-8). Levels of TN and TDP also 
increased with distance downstream, but to a lesser extent. With respect to temporal trends, 
nutrient concentrations have either not significantly changed, or have decreased upstream of 
Fort McMurray and at Old Fort. This was true in recent years and over a longer time period 
(Tables 5-12-5-14 in Appendix A). 

Dissolved Oxygen, TSS and TDS 

Long-term average DO levels progressively decreased with distance downstream from Al-
Pac to the AR Delta, but remained above 10 mg/L (Figure 5-8). The largest decrease was 
observed downstream of Fort McMurray, likely due to inputs from the Fort McMurray 
WWTP. Long-term median DO values downstream of all development at Old Fort were 
similar to those calculated upstream of Fort McMurray (Table 5-12 in Appendix A). 
Dissolved oxygen concentrations measured at these two LTRN sites in the last 10 years have 
remained above 7.0 mg/L, during all seasons (AENV unpubl. data). 

Upstream of Fort McMurray, TSS and TDS concentrations have significantly decreased and 
increased, respectively. Both parameters did not significantly change at Old Fort. Long-term 
median TSS values at both sites approximated 25 mg/L, but maximum values were far 
higher, reflective of seasonal elevated TSS loads typical of this river (i.e., early summer due 
to spring run-off and snow melt).Long-term median TDS estimates were similar at these 
LTRN sites and at intermediate RAMP sites (Tables 5-12 and 5-13 in Appendix A; Hatfield 
et al. 2006).  

Trace Metals and Organics 

WRS (2003a) identified a suite of sixteen trace metals as variables of concern (VOCs) in the 
lower AR, while RAMP primarily focussed effort on total and dissolved Al, and total B, Mo 
and Hg. Industry, CEMA and RAMP expressed interest in the evaluation of total and 
dissolved Al and total Hg, while total B and Mo were thought to be indicators of 
groundwater influence on surface waters (Hatfield et al. 2005). Concentrations of these four 
metals have either not significantly changed or have decreased, either over the long-term or 
more recently (Tables 5-12 to 5-14 in Appendix A). 

Median concentrations of some total metals exceeded CCME WQGs upstream of Fort 
McMurray and/or at Old Fort9. WRS (2003a) reported that total Al concentrations in the 
lower AR typically exceeded the CCME WQG 50% of the time, but dissolved concentrations 

                                                 
9 i.e., Al, Cd, Cr, Fe Hg and Pb 
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were far lower. For metals such as Al and Fe, there is typically a disparity between total and 
dissolved concentrations, due to the propensity of these metals to adsorb to particulate 
matter, especially under high flow conditions. For example, during unusually high AR flows 
in fall 2004, elevated total Al, Cu, Fe and Pb exceeded CCME WQGs at RAMP sites, but 
dissolved concentrations remained stable (Hatfield et al. 2005). 

Napthenic acids, phenolics, toluene, xylene, and PAHs (parent and alkylated) were identified 
by WRS (2003a) as VOCs in the lower AR. Nevertheless, levels of naphthenic acids, toluene 
and xylene have generally been present at low concentrations in the lower AR. Similarly, 
PAH concentrations have largely remained below or close to available DLs due to their 
hydrophobic nature. (WRS 2003a, Golder 2003a, Hatfield et al. 2006).Total phenolics have 
occasionally exceeded the CCME WQG in the lower AR, but likely due to natural sources 
(e.g., plant decomposition).The pesticide sub-index scores at Old Fort from 1996-2004 were 
indicative of ‘good’ or excellent’ water quality. Three pesticides have been detected at this 
site between 1995 and 2002, but at concentrations below available WQGs (i.e., 2,4-D, 
MCPA and MCPP; Anderson 2005). 

5.2.3 Sediment Quality  

Sediment quality data were only available for the two reaches downstream from the 
headwaters. 

5.2.3.1 Upper Athabasca River: Upstream of Hinton to Upstream of Fort McMurray 

In the last ten years, sediment quality has been monitored periodically by pulp mill operators 
to fulfill operating licence obligations, and/or during baseline surveys to support EIAs. 
Aspects of sediment quality in the AR such as contaminant distribution have also been 
intensively studied as part of NRBS and NREI programs (Hazewinkel and Noton 2004, Culp 
et al. 2004, Carey 1997, Crosley 1996, Noton 1996, Day and Reynoldson 1995). The most 
recent sediment quality sampling conducted within the AR from Hinton to Fort McMurray, 
included:  

• upstream and downstream monitoring by Hinton Pulp in fall 1998 and 2002 (Stantec and 
Golder 2000);  

• monitoring at sites located between Hinton and Whitecourt in May 1993, by Day and 
Reynoldson (1995)as part of NRBS (fine sediment fraction only); and  

• multi-year seasonal baseline monitoring by Al-Pac from the Town of Athabasca to 
Grand Rapids (1991-1993; Sentar 1994). 

North/South Consultants Inc. 
Page 5-25 



AEH Information Synthesis and Initial Assessment 
Alberta Environment Section 5.0: Athabasca River Basin 

Nutrients and TOC 

In fall 1998 and 2002, there was evidence of nitrogen and carbon enrichment of sediments 
directly downstream from Hinton Pulp, but not for phosphorus (Golder 2004a, Stantec and 
Golder 2000). Nitrogen enrichment extended between 40 and 100 km downstream in fall 
2002, while in fall 1998 TOC levels remained elevated ~50 km downstream. Day and 
Reynoldson (1995) also observed TN enriched sediments downstream of Hinton in May 
1993, but not for sediment phosphorus. Further downstream, historical baseline data 
indicated that TOC and TKN sediment levels were relatively low from the Town of 
Athabasca to Grand Rapids (Sentar 1994). 

Trace Metals and Organics 

Trace metals, although present in pulp mill effluents, were not considered to be the primary 
contaminants of concern (NREI 2004). Some trace metals have been reported at elevated 
levels in sediments downstream from Hinton, relative to upstream (As, Cr, Ni10 11 and Mn ). 
The spatial pattern of these metals appeared to reflect the distribution of fine sediment (clay 
and silt) and TOC upstream and downstream of the Hinton mill discharge (Day et al. 1995, 
Stantec and Golder 2000). Further downstream, trace metals were present at low 
concentrations12 between Athabasca and Grand Rapids (1991-1993), with no spatial or 
seasonal differences. Overall, these historical sediment metal concentrations measured 
between Athabasca and Grand Rapids primarily reflected regional mineralogy (Sentar 1994). 

Trace organics such as dioxins and furans, PCBs, resin and chlorinated resin acids, and 
PAHs were monitored by Crosley (1996) in a 1994/95 basin wide survey, with the findings 
synthesised by Carey (1997). In general, the basin-wide survey did not observe widespread 
contamination in AR sediments. Bleached kraft mills contributed detectable concentrations 
of chlorinated resin acid, dioxins and furans and chlorophenols; while resin acids and PAHs 
may have been derived from diffuse natural sources. PAH levels were similar upstream of 
Hinton and downstream of Al-Pac, and were lower than those reported for the lower AR  

Resin and chlorinated resin acids and chlorophenolic compounds were most elevated in 
surficial sediments downstream of Hinton in 1994/95, consistent with the pulp mill being the 
largest point source at that time. In contrast, dioxins and furans were detected at very low 
levels, due to the virtual elimination of dioxins and furans from the Hinton effluent in 199313 
(MMRB 2004). The fact that increased chlorinated resin acid levels were not observed 
downstream of the Al-Pac mill in 1994/95 was reflective of the advanced technology 
installed at the newer bleached kraft mill (Carey 1997). More recently in 1998 and/or 2002, 

                                                 
10 At Windfall Bridge in 1993 (Day et al. 1995) 
11 Downstream of Hinton in 2002 (Stantec and Golder 2000 and Golder 2004a) – Note only Mo and Zn were analysed. 

 Ni consistently exceeded the Ontario LEL SQG at most sites, while Cd levels periodically exceeded the CCME SQG at some sites. 12

13 Elemental chlorine ceased to be used in 1993 as the result of a mill process change.
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resin and fatty acids, as well as phenolics were elevated in sediments downstream from 
Hinton Pulp, but chlorinated phenolics, dioxins and furans were not (Golder 2004a).  

Levels of PCBs in AR sediments were recently assessed in 2000 by Hazewinkel and Noton 
(2004). Sediment PCB concentrations remained far below CCME SQGs but concentrations 
were slightly elevated downstream of Hinton. Hardisty Creek that flows into the AR at 
Hinton may have represented a PCB source, in addition to other local sources. Upstream of 
Hinton, PCB concentrations were higher than background levels measured in the Wapiti-
Smoky system, possibly due to an atmospheric source via glacier melt.  

Sediment Oxygen Demand  

Sediment oxygen demand (SOD) in the upper AR was measured in the late 1980s and early 
1990s, to obtain information in support of winter DO modelling (Casey 1990, Monenco 
1993, Noton 1996). In the most recent published study, winter SOD was greater at ice 
covered sites downstream of Hinton and Whitecourt during 1994 and 1995, possibly due to 
cumulative nutrient enrichment (Noton 1996). Low winter DO sags have continued to be a 
primary water quality concern since then. Sediment oxygen demand has likely accounted for 
a significant proportion of the total winter oxygen demand, but its dynamics and controlling 
factors have not yet been fully understood (Noton 1996).  

Modelling developed as part of the NRBS program, successfully predicted winter DO levels 
in 2000, but failed to accurately predict the upper AR DO sag that occurred during late 
winter 2003 (Figure 5-9). A recent winter survey aimed to collect additional model 
calibration data to strengthen DO modelling in this reach (P. McEachern, unpubl data). A 
series of parameters relevant to the DO budget were measured (e.g., DO, nutrients, benthic 
biomass, and sediment quality parameters), as well as relevant rates of processes (e.g., SOD, 
net DOC decay rate and algal dark respiration rate, among others). These results and 
publications were pending.  

5.2.3.2 Lower Athabasca River: Upstream of Fort McMurray to the Delta 

From upstream of Fort McMurray to the Embarrass River, AR sediments are typically 
dominated by sand with low carbon content. Sediment quality within this reach has exhibited 
high spatial and inter-annual variability, in contaminant levels and supporting physical 
parameters (Hatfield et al. 2005, 2006). As expected, trace metals have tended to be elevated 
in sediments proportionally higher in fine sediments and organic carbon14; while 
hydrocarbon levels in AR sediments have been somewhat lower than those reported for some 
tributary sediments. In general, sediment toxicity appeared to be more related to sediment 
composition than contaminant levels (Golder 2003a, Hatfield et al. 2004).  

                                                 
14 Concentrations are similar when adjusted for grain size. 
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Given the observed inherent variability in mainstem sediment quality and variable river 
flows that proved detrimental to sampling design, RAMP discontinued sediment sampling on 
the AR mainstem in 2005 (Hatfield et al. 2006). Furthermore, RAMP did not consider the 
lower AR mainstem as a true depositional environment due to the predominance of shifting 
sands, and as such, considered temporal evaluations inappropriate for this reach. Thus, in fall 
2005, RAMP only assessed sediment quality at the most downstream mainstem site just prior 
to entering the AR Delta. This allowed more sampling effort to be focussed towards the 
assessment of sediment quality in truly depositional channels within the delta (see Section 
5.4.7.2). Levels of trace metals, hydrocarbons and PAHs in sediments at the downstream AR 
site in fall 2005 were below available CCME WQGs. Select parameters were within the 
baseline condition established by RAMP based on historical monitoring (see Hatfield et al. 
2005 and 2006). 

5.2.4 Non-Fish Biota  

The assessment of AEH according to NFB communities was primarily focussed on recent 
conditions where possible, and historical conditions where required, with a maximum limit 
of 25 years. 

5.2.4.1 Headwaters  

Benthic Invertebrates  

Prior to benthic invertebrate surveys from 1998 to 2003 by Bowman (2004a&b), benthic 
invertebrate data for the AR headwaters was lacking. Based on these studies, Bowman 
(2004a) concluded that benthic communities upstream of Jasper were dominated by 
invertebrates belonging to the ‘scraper’ functional feeding group, typical of fast flowing, 
erosional habitats. This group was dominated by mayflies (Heptageniidae, Ephemerellidae 
and Baetidae) with abundant caddisflies (Brachycentridae) and stoneflies (Taeniopterygidae).  

Prior to the 2003 WWTP upgrade, total abundance downstream of the WWTP was several 
fold higher relative to upstream, due to nutrient enrichment of the AR. Following the 
upgrade, the relative increase in downstream total abundance was substantially lower (Figure 
5-10). For all years, the WWTP discharge caused a change in community composition, with 
an increase in overall scraper and chironomid abundance, and a decrease in mayfly 
abundance. Scraper abundance was positively correlated with benthic algal abundance and 
waterborne phosphorus (Bowman 2004a). Nonetheless, in 2003 the relative decrease in 
mayfly abundance and relative increase in chironomid abundance, were proportionally 
smaller compared to previous years. This was presumably due to improved downstream 
nutrient water quality in 2003 which led to a ‘fair’ ecological integrity score (Bowman 
2004b). 
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Figure 5-10 Select benthic invertebrate and algal metrics (mean ± SE) from communities upstream and downstream 

from the Jasper WWTP monitored annually from 1998-2003 (adapted from Bowman 2004b) 
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Primary Producers  

Diatoms dominated periphyton fall communities upstream and downstream of the Jasper 
WWTP, but other algal groups such as cyanophytes and chlorophytes were occasionally 
present in high numbers (Bowman 2004a). Several recent studies demonstrated that 
comparatively small increases in TP from upstream to downstream of Jasper, resulted in a 
significant increase in downstream algal biomass (e.g., Chambers 1996, Chambers et al. 
2000b, Scrimgeour and Chambers 2000, Bowman 2004a, Bowman et al. 2005). 
Consequently, the AR shifted from a phosphorus limited system upstream, to a nutrient 
saturated system downstream that extended several km. Prior to fall 2003, algal biomass 
levels downstream of Jasper were an order of magnitude greater compared to upstream 
(Figure 5-10). There was a significant reduction in downstream algal biomass in fall 2003 
possibly due to reduced nutrient loading, or alternatively due to above-average AR flows that 
may have caused scouring of the river bed. This resulted in only a slightly upstream-
downstream increase in algal biomass in 2003. 

5.2.4.2 Upper Athabasca River: From Hinton to Fort McMurray 

Benthic Invertebrates  

Historically, upper AR benthic communities have been assessed by AENV at various sites 
between Hinton and Fort McMurray from 1983-1987 (Anderson 1989, 1991). More recent 
monitoring since the 1990s has been conducted by various sectors, i.e.,  

• benthic invertebrate monitoring and in situ experimentation in the early 1990s as 
part of the NRBS program (Cash et al. 1996, Culp et al. 2000a ). 

• baseline and operational monitoring for four pulp mills located within this stretch of 
the AR (late 1980s-early 1990s);  

• upstream/downstream monitoring conducted by four pulp mills in fall 1995, 1998 
and 2002, to fulfill federal EEM obligations; and  

• monitoring conducted by AENV to address specific issues such as low winter DO 
levels upstream of Grand Rapids (winter 1998, 1999, 2002, 2003; Golder 2004b). 

Benthic community EEM monitoring was conduced by Hinton Pulp, Alberta Newsprint Co 
(ANCo), Miller Western and Al-Pac in fall 1995 (Cycle 1), 1998 (Cycle 2) and 2002 (Cycle 
3), at sites above (reference) and below the respective discharge (near-field, far-field, far-far-
field). This monitoring indicated that benthic communities downstream from these pulp mills 
have been impacted by nutrient enrichment to various degrees. In general, this impact was 
attenuated with distance downstream and inter-annual variability was observed.  
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The Cycle 3 results for the four mills in terms of key metrics are summarized in Table 5-15 
in Appendix A. Significant effects on community structure between reference and exposed 
sites, and occasionally between exposed sites, were evident at all of the mills except Al-Pac, 
in fall 2002. Alterations in downstream community structure were consistent with nutrient 
enrichment rather than toxicity impacts. Benthic community structure downstream of Hinton 
Pulp was the most affected in fall 2002 and 1998, both in terms of the intensity of effect and 
persistence downstream. In fall 2002, total invertebrate abundance was significantly greater 
up to 100 km downstream, and those communities were significantly different from those 
upstream of the mill. Consistent with previous monitoring and in situ mesocosm 
experimentation (i.e., Cash et al. 1996, Culp et al. 2000a), taxa richness was not significantly 
affected by the Hinton combined effluent discharge. 

The typical response pattern to complex effluents, such a pulp mill effluents, that contain 
both inhibitory and stimulatory substances, is illustrated in Figure 4-5. Using on-site 
microcosms Culp et al. (2000a) showed that Hinton combined effluent did not cause 
measurable toxic effects on benthic communities. Culp et al. (2000a) concluded that 
exposure to in-stream effluent concentrations resulted in “a bottom-up, enrichment effect on 
the river food web” primarily caused by nutrients present in the effluent. The author also 
concluded that these findings could likely be extended to all seven pulp mills operating 
within the Peace and Athabasca basins. Benthic communities directly downstream from the 
ANCo mill at Whitecourt did respond in a similar way as described for Hinton Pulp. 
Downstream invertebrate densities were significantly higher that those upstream of the mill 
but recovered within 50 km. Community composition was also significantly different 
downstream, but taxa richness was not. Stantec (2004a) concluded that nutrient enrichment 
from the Miller Western effluent discharge (directly downstream of the ANCo mill) inhibited 
downstream recovery from the effects of the upstream ANCo effluent discharge 

The effect of low winter DO levels upstream of Grand Rapids due to the cumulative effect of 
upstream point and non-point source and tributary inputs on benthic communities, was 
evaluated by Golder (2004b).Overall, minimum winter DO levels upstream of Grand Rapids 
ranged from 5.8-9.6 mg/L (7-d means), but increased downstream by 3-5 mg/L due to re-
aeration over the rapids. Upstream benthic communities were adversely affected by 
prolonged exposure to DO levels below 6.5 mg/L as occurred in 2003 (42 consecutive days), 
in a manner consistent with the established effects of low DO on sensitive invertebrates, such 
as the mayfly Baetis tricaudatus. In summary, invertebrate total abundance; EPT richness 
and abundance; and total richness were typically lower upstream of the rapids compared to 
downstream. Moreover, the relative change in these benthic metrics was more pronounced 
when DO fell below 6.5 mg/L for any length of time. 
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Primary Producers  

Historically, upper AR periphyton communities were monitored during 1984-85 and 1994-
2000, with biomass data summarized and/or analysed by Yonge (1988), Carr and Chambers 
(1998) and Carr (2004). Carr and Chambers (1998) noted that during this time period only 
some sites were monitored more than once, which limited the evaluation of longitudinal 
trends. Therefore, the authors used data from a synoptic survey of the entire river in 1984 
instead. Fall algal biomass peaked in the vicinities of Hinton and Whitecourt before returning 
to reference levels again. Levels were substantially lower in spring and summer. The average 
algal biomass estimate for the AR was 35.9 mg/m2 (1984-1995).  

More recently, periphyton communities have been monitored by various sectors, i.e., 

• monitoring and in situ experimentation in the early 1990s as part of the NRBS 
program (Dale and Chambers 1995, Chambers 1996, Scrimgeour and Chambers 
2000, Chambers et al. 2000b, Culp et al. 2000a);and 

• baseline and operational monitoring for the four pulp mills within the upper AR (late 
1980s-early 1990s) and upstream/downstream monitoring in fall 1995, 1998 and 
2002 to fulfill federal EEM obligations. 

Several NRBS studies reported elevated biomass levels downstream from Jasper, Hinton, 
Whitecourt and Fort McMurray, concomitant with higher nitrogen and phosphorus 
concentrations. In situ experimentation with nutrient diffusing strata (sealed clay pots 
containing one or more nutrients) and in-situ artificial channels, determined nutrient 
limitation upstream and downstream of point source discharges (Chambers 1996, 
Scrimgeour and Chambers 2000, Chambers et al. 2000b). Upstream of Hinton, algal growth 
was P limited, but was nutrient saturated directly downstream from Jasper (Figure 5-9). In 
fall 1994, periphyton biomass below each pulp mill or WWTP was 2-50 times higher 
compared to upstream (Chambers et al. 2000b). Effluents discharged from pulp mills and/or 
WWTPs changed the periphyton nutrient status for 4-120 km downstream. Upstream of most 
point source discharges, periphyton biomass was constrained by nitrogen, phosphorus or 
both nutrients. This compared to frequent nutrient saturation conditions directly downstream 
of those point sources (e.g. Hinton, Fort McMurray; Scrimgeour and Chambers 2000). This 
information was synthesised and updated by Chambers and Guy (2004) in the context of 
natural subregions (see Figure 5-1). Reference reaches in the Lower Foothills region were P 
limited, whereas these reaches in the Dry Mixedwood region were N and P limited. 
Periphyton biomass in exposed reaches in both ecoregions, downstream from point source 
inputs, was nutrient saturated. In the Central Mixedwood region, TSS was also found to 
influence algal biomass accumulation.  

Cycle 3 EEM monitoring by the pulp mill operators in fall 2002 found that epilithic biomass 
significant increased directly downstream from the Hinton Pulp and ANCo mills (Table 5-16 
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in Appendix A). Elevated algal biomass persisted furthest downstream of the Hinton pulp 
mill, with algal communities still affected at least 100 km downstream. Mean biomass 
estimates downstream of Hinton surpassed the Lower Foothills biomass guideline by 4-5 
times, while algal biomass downstream from the ANCo, Miller Western and Al-Pac mills 
only marginally surpassed the Central Mixedwood region guideline (Table 3-7). In the case 
of Al-Pac, both upstream and downstream biomass levels exceeded this guideline, reflective 
of the cumulative effect of upstream nutrient inputs, as discussed by Chambers (1996). 

5.2.4.3 Lower Athabasca River: Fort McMurray to the Delta 

Benthic Invertebrates  

Benthic invertebrate data collected on the lower AR from Fort McMurray to the Athabasca 
Delta (1975-1997), were recently reviewed and summarized by Golder (2003b). Lower AR 
benthic communities have undergone little study since the late 1990s, when RAMP ceased to 
monitor benthic invertebrate communities. This was primarily due to difficulties associated 
with monitoring dynamic large river systems with predominant shifting sands habitat. This 
type of habitat prevented the development of large stable benthic invertebrate populations 
but was reported to support large populations of some chironomids (Golder 1996). Benthic 
habitat in the lower AR was considered to be harsh, typically colonised by taxa tolerant of 
both physical and chemical degraded conditions. RAMP adopted the view that the relatively 
more diverse lower AR tributary invertebrate communities would likely demonstrate 
detrimental effects, before corresponding effects could be detected in the AR mainstem 
(Hatfield et al. 2005). 

Invertebrate density in the lower AR was variable with >10-fold inter-year variability. In 
depositional habitats densities were low-moderate, and low in erosional habitats. Taxonomic 
richness was low and less variable, with less than 2-fold inter-year variability. Erosional total 
abundance and richness typically increased throughout the open water season cumulating in 
higher fall estimates, a trend not observed for depositional communities. Considerable 
variation was also observed in the community composition, but chironomids typically 
dominated both erosional and depositional communities. Ephemeropterans and oligochaetes 
were also abundant in erosional habitats, while oligochaetes or other groups occasionally 
dominated depositional communities. Golder (2003b) did not identify any temporal trends in 
community composition at depositional sites, and there were insufficient data for erosional 
habitats.  

Approximately two-thirds of the data collected from 1975 to 1997 (13 studies) had been 
collected from reference locations mainly during fall. Although habitat was generally 
regarded as depositional, a range of sampling methods had been employed. Golder (2003b) 
standardised the compiled reference data set, and concluded there were insufficient data 
available to support an application of the reference condition approach to the lower AR. 
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Primary Producers  

Nutrient limitation studies conducted downstream from Fort McMurray and Fort MacKay in 
fall 1994, suggested that downstream benthic algal communities were nutrient saturated (N 
and P; Figure 5-9). Epilithic biomass has generally been inhibited by unsuitable sand 
substrates and elevated TSS levels in the lower AR. Thus, AENV has only conducted limited 
monitoring: spring, summer and/or fall 1984 at one site downstream from Fort McMurray, 
and one site further downstream close to Embarras. These data indicated that algal biomass 
decreased longitudinally along the lower AR to Embarras (Yonge 1988). 

5.2.5 Synthesis and Initial Assessment of Aquatic Ecosystem Health 

• Based on the overview of water and sediment quality and non-fish biota (NFB) 
information for the Athabasca River (AR), the following was concluded regarding 
the aquatic ecosystem health (AEH) status of the three AR reaches (summarized in 
Tables 5-17 and 5-18). 

• The Athabasca River flows from the Rocky Mountains up to Lake Athabasca, via 
the Athabasca Delta. The upper Athabasca River to Fort McMurray, receives 
continuous discharges from several pulp mills and Wastewater Treatment Plants; 
whereas the lower reach flows through the Athabasca Oil Sands region. The entire 
river also receives non-point inputs associated with forestry, agricultural and oil and 
gas extraction activities, as well as multiple tributary inputs. 

• As the largest unregulated river in Alberta, the Athabasca River exhibits large 
variations in seasonal flows that have a profound influence on water quality and 
resident NFB. Under high spring and summer flows, elevated suspended solids and 
turbidity levels prevail, with associated high levels of particulate nutrients (i.e., 
phosphorus) and some metals. Under these conditions, total water quality guidelines 
(WQGs) are frequently exceeded but particulate forms are not necessarily available 
to biota. Nutrients and metals are present in proportionally more bioavailable forms 
during low flow periods (late summer to winter). On the other hand, concentrations 
of some metals and organics can be greatly elevated in suspended sediment relative 
to in-stream concentrations. Therefore, suspended sediments are an important 
consideration in the assessment of contaminant downstream transport, exposure 
routes and fate. 

• There is a progressive natural increase in total suspended solids (TSS) and total 
dissolved solids (TDS) with distance downstream from the headwaters, primarily 
due to non-point source and tributary inputs, as well as changes in channel 
geomorphology and flow. The distribution and characteristics of benthic invertebrate 
and periphyton communities along the length of the AR are influenced by these 
natural factors, in addition to a transition from erosional to depositional substrates. 
The lower AR is characterized by a shifting sand environment thought not suitable 
for routine sediment quality or benthic invertebrate monitoring. Monitoring 
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activities have now been focussed on truly depositional downstream environments in 
the Athabasca Delta. 

• According to the initial qualitative assessment, water quality in the Athabasca River 
varied from ‘excellent’ in the headwaters to ‘good’ in the middle and lower reaches. 
Decreased water quality downstream of Hinton can be attributed to increased 
nutrient levels and low winter dissolved oxygen (DO) levels. In fact these are the 
water quality issues of most concern for the Athabasca River as a whole.  

• While nutrient status in the river is expected to change naturally with distance 
downstream from the headwaters, studies have illustrated the change in upper AR 
nutrient status due to anthropogenically derived nutrient inputs. Upstream of 
Whitecourt, there was a 2-fold difference between nutrient levels in reference and 
exposed reaches.  

• In situ experiments and mesocosm studies within the upper Athabasca River, 
demonstrated that benthic algal growth was not limited by nutrients downstream 
from pulp mill discharges. Upstream in reference reaches within the lower foothills 
and mixedwood regions, periphyton biomass was phosphorus and 
nitrogen+phosphorus limited, respectively. 

• Exposure to in-stream effluent concentrations resulted in “a bottom-up, enrichment 
effect on the river food web” primarily caused by nutrients present in the effluent. 
Elevated algal biomass persisted furthest downstream of the Hinton pulp mill with 
algal communities still affected at least 100 km downstream. Mean biomass 
estimates downstream of Hinton surpassed the Lower Foothills chlorophyll a 
biomass guideline by several times. Algal biomass downstream from the other 
downstream mills only marginally surpassed the higher Mixedwood region 
guideline. 

• Elevated nutrient levels were particularly prevalent during low discharge fall and 
winter seasons. With greater light penetration due to reduced turbidity and flow, 
periphyton can utilize the nutrients and increase in biomass. This can also result in a 
downstream decline in some dissolved nutrients due to nutrients uptake by 
periphyton. 

• Elevated nutrient levels partially accounted for the progressive decline in DO with 
distance downstream in the upper river, and also temporally over the winter months. 
DO sags occurred under winter ice cover downstream from some point source 
discharges as a result of elevated fall/winter nutrient levels, as well as enhanced 
primary production during summer. As a result, DO declined to ~6.5-10 mg/L 
upstream of Grand Rapids, but returned to near saturation downstream from Grand 
Rapids, then gradually decreased to the delta. Key benthic invertebrate community 
metrics were significantly affected by lower DO conditions upstream of the rapids, 
particularly when DO fell below 6.5 mg/L for any length of time. 
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• Chlorinated organic compounds were of most concern with regard to sediment 
quality in the upper Athabasca River, but changes to mill processes in the 1990s 
have alleviated this concern somewhat. Natural and anthropogenic hydrocarbon 
compounds were of most concern in the lower reaches and the delta. Overall, there 
was substantial water and sediment quality and NFB information available for this 
river, and to a lesser degree the Athabasca Delta. 

Table 5-17 Initial qualitative assessment of aquatic ecosystem health based 
on a synthesis of available data: Athabasca River 

Reach 
Water 

Quality 
Sediment 

Quality 
Non-fish 

Biota 

Headwaters E ID ID 

Upper Athabasca River: Upstream of Hinton to 
Fort McMurray 

G F F 

Lower Athabasca River: Fort McMurray to the 
Delta G ID ID 

 Excellent  Good  Fair  Marginal  Poor  Insufficient data 
 

Table 5-18 Assessment of data quality/quantity for an initial aquatic 
ecosystem health assessment: Athabasca River  

Reach 
Water 

Quality 
Sediment 

Quality 
Non-fish 

biota 

Headwaters G P M 

Upper Athabasca River: Upstream of Hinton to Fort 
McMurray G F G 

Lower Athabasca River: Fort McMurray to the 
Delta G M M 

 Good  Fair  Marginal  Poor 
 

5.3 OTHER RIVERS AND STREAMS 

5.3.1 Issues and Indicators 

Four major AR tributaries were selected for assessment: the McLeod and Lesser Slave rivers 
in the upper basin, and the Steepbank and Muskeg rivers in the lower basin (Table 5-1). The 
McLeod River receives inputs from coal mining activity, as well as forestry and periodic 
municipal discharges. The Lesser Slave River, located further downstream, receives pulp 
mill and periodic municipal discharges, in addition to forestry and agricultural non-point 
source inputs. Furthermore, the Lesser Slave River recently incurred below average flows 
that limited the dilution capacity of the river, particularly from 1999 to 2002 (Noton and 
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15Seneka 2000). The Steepbank and Muskeg  rivers located in the vicinity of operating mines 
in the Athabasca oil sands region, have been monitored by RAMP to various degrees since 
1997. Hatfield et al. (2005, 2006) classified the upper reaches as ‘unaffected by oil sands 
activity’, while downstream reaches were ‘potentially affected’. The following regional 
streams were selected for the initial assessment: streams in the vicinity of coal mining 
activity (Gregg River, Luscar Creek); streams within agricultural watersheds (Paddle River, 
Wabash Creek); a stream in the vicinity of oil sands mining activity (Jackpine Creek); and 
boreal streams (Table 5-1).  

Gregg River and Luscar Creek receive drainage and inputs from the now closed Gregg River 
mine and the Cardinal River Coals (CRC) mine, respectively. These streams have been the 
subject of regional provincial monitoring, selenium related research and compliance 
monitoring by industry. Luscar Creek receives periodic discharges from two CRC Luscar 
mine sedimentation ponds, in addition to inflows from two other mining-affected streams 
(Jarvis and Leyland creeks), before flowing into the McLeod River. The Gregg River Mine is 
located in the headwaters of the Gregg River and is currently being reclaimed. The Gregg 
River is a tributary of the McLeod River and receives inflows from several small streams 
that traverse the mine site (e.g., Sphinx and Falls creeks). 

The CAESA/AESA program has monitored water quality in the Paddle River and Wabash 
Creek, on a flow-weighted basis, since 1995 and 1999, respectively. The Paddle River flows 
into the Pembina River (a major AR tributary), while Wabash Creek is located further west. 
Both streams are located in similar sized watersheds with moderate run-off potential, but are 
influenced by differing intensities of agriculture. The Paddle River has a low intensity 
dryland agricultural watershed, while Wabash Creek has high intensity dryland watershed. 
Jackpine Creek is located in the Muskeg River watershed and has been routinely monitored 
by RAMP since 1997, in addition to monitoring by AENV and industry. 

Boreal forests cover ~77% of the forested land in Canada and represent the dominant land 
use in northern Alberta, within the Boreal natural region (Smith et al. 2003a). Forested land 
in northern Alberta is characterized by deep soils, in contrast to Boreal Shield forests that are 
underlain by a thin organic layer (Smith et al. 2003 b). Increased industrial exploitation of 
forests within the Boreal Mixedwood natural regions in northern and central Alberta has 
dramatically increased in recent decades. This has prompted several multidisciplinary 
research and monitoring initiatives, mandated to gain a better understanding of the impacts 
of forest practices and fires on nutrient dynamics, ecology and hydrology. The main ARB 
initiatives have been the Terrestrial, Riparian Organisms, Lakes and Stream (TROLS) and 
Forest Watershed and Riparian Disturbance (FORWARD) projects. The findings of these 
projects were intended to be incorporated into the sustainable forest management planning 
and forest harvesting plans of the major forestry companies. 

                                                 
15 The Muskeg River has also been monitored by provincial and federal agencies 
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Potential water and sediment quality and lower trophic indicators, considered for AEH 
assessment in these rivers and steams are given in Tables 5-2 to 5-4. The availability of 
recent data related to these indicators was assessed in Tables 5-5 to 5-7 in Appendix A. 

5.3.2 McLeod River  

5.3.2.1 Water and Sediment Quality 

Water quality at the mouth of the McLeod River from 1998-2002 was rated as ‘good’ 
according to the CCME WQI, with some total metals (Cd, Pb) and TP concentrations 
occasionally exceeding WQGs for the protection of aquatic life (Table 5-9 in Appendix A). 
Discharge from the McLeod River was the largest of all upper AR tributaries during the open 
water seasons 1990-1999 and 2000-2004. As such, this river also discharged the highest TSS 
loads to the AR both historically (1990-1999) and recently (2000-2004), often in excess of 
point source discharges. Still, high TSS loads in the McLeod River relative to other AR 
tributaries were considered to be a function of the comparatively greater volume of water 
transported to the Athabasca River via the McLeod River (NSC 2005). 

This tributary discharged the highest TP and TN loads to the AR, often in excess of point 
source discharges. Total phosphorus and to a lesser extent TN concentrations at the mouth 
periodically exceeded ASWQGs, over the period of record. Phosphorus and nitrogen sources 
within the McLeod River basin would include: upstream activities related to forest 
harvesting, mining activities and agricultural practices; in addition to forest fires and the 
occurrence of peatlands and wetlands (NSC 2005). Forested watersheds located in the Boreal 
Plain tend to export higher TP concentrations and a higher relative proportion of TDP 
compared with forested watersheds located in Precambrian Shield due to differences in 
vegetation and soil type (Cooke and Prepas 1998). 

Conductivity measurements at the mouth of the McLeod River between 1990 and 2004 were 
within the same general range as other upper AR tributaries (NSC 2005). Similarly, DO 
levels were largely above the chronic ASWQG and CCME WQG of 6.5 mg/L between 1990 
and 2004, excluding some winter measurements that were likely taken under ice cover (NSC 
2005). Anderson (2005) concluded there were insufficient pesticide data for assessing 
temporal trends in this river, but in 1998 two pesticides (2,4-D and MCPP) were detected in 
low concentrations.  

Recently, selenium (Se) has been the trace metal of primary concern in the McLeod River 
basin. Specific monitoring and research studies have been conducted by provincial and 
federal government agencies, academia, and industry to assess ambient Se and metal 
concentrations in water, sediment and biota, as well as subsequent effects on biota (e.g., 
Casey and Siwik 2000, Luscar 2003, Palace et al. 2004, Casey 2005, Holm et al. 2005, 
Wayland and Crosley 2006). These agencies have also supported studies on Se sources, 
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exposure pathways, bioaccumulation, fate, and ultimately environmental risk in aquatic 
systems in this area. The current status of this combined effort was recently summarized by 
AENV (2005).  

An assessment of surface water data for the McLeod River mouth from 1984 to 2003 
revealed that Se concentrations were slightly elevated from the late 1990s to 2003; though 
concentrations largely remained below the CCME Se WQG (i.e., 1.0 µg/L). Prior to 1998, Se 
levels were often below analytical detection limits, which were about one order of magnitude 
below the Se WQG. Casey (2005) speculated that the observed increase in Se at the mouth 
may have been due to the cumulative increase of Se loads to the McLeod River from 
headwater tributary streams that traverse coal mine leases (e.g., due to runoff from exposed 
overburden and disturbed areas). Elevated Se levels were not observed in the McLeod River 
headwater sites upstream of coal mines, where Se concentrations were generally below the 
CCME Se WQG, and often below analytical detection limits. An evaluation of Se levels in 
the mainstem of the McLeod River revealed that the highest levels occurred downstream of 
the Luscar Creek confluence, suggesting that the CRC mine on Luscar Creek was a major 
source of Se to the McLeod River. Selenium concentrations downstream of the Luscar Creek 
exceeded the CCME WQG by several times in fall 1999, 2000 and 2001 (Casey 2005) 

Samples of benthic sediments in Luscar Creek, showed Se concentrations were generally 
about two-fold higher at the exposed site compared to the upstream site and other reference 
sites in headwater streams. Available data for the McLeod River showed selenium 
concentrations in sediments 3.5 km downstream of the inflow from Luscar Creek were 
similar to Se levels in sediments at reference sites.  

5.3.2.2 Non-Fish Biota 

Primary Producers 

Nutrient diffusing substrata deployed close to the mouth of the McLeod River in fall 1994, 
suggested that benthic algae communities were nitrogen limited, similar to the AR upstream 
and downstream of the McLeod River confluence (Figure 5-7). Median biomass (as 
chlorophyll a) downstream from municipal Edson WWTP discharge was several-fold higher 
than median upstream biomass, based on 1984-1988 data. Upstream biomass was typical of 
unimpacted water quality in Alberta (i.e., <50 mg/m2) but downstream median values 
exceeded this threshold several times (Yonge 1988, Carr and Chambers 1999). When 
ecoregion was considered, upstream estimates were still relatively high for the montane sub-
region and exceeded the recently proposed chlorophyll a threshold for the sub-region (26 
mg/m2). Historical enrichment in the upper McLeod River may have been due to inorganic 
nitrogen inputs from the two coal mines (e.g., due to the use of N-based explosives) located 
adjacent to Luscar Creek and the Gregg River (Yonge 1988). Benthic algae in the upper 
McLeod River (downstream from Luscar Creek) were also found to have accumulated high 
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levels of Se in fall 1999-2001, relative to upstream of Luscar Creek and in the lower McLeod 
River, where levels were similar Casey (2005). 

Benthic Invertebrates 

Sites along the McLeod River were sampled by AENV for benthic invertebrates during June 
and September 1985 (Anderson et al. 1997) and at the mouth during June and September 
1987 (AENV, unpubl. data).More recently in accordance with provincial regulatory 
requirements, Cardinal River Coals Ltd. has conducted benthic sampling every two years 
since 1990 (Cardinal River Coals 2003). Cardinal River Coals (2003) reported that benthic 
invertebrate density in 2002 was higher upstream of Luscar Creek compared to a 
downstream site (at HWY 40), though not significantly so. There was also no significant 
upstream-downstream difference in diversity which was consistent with previous monitoring 
in the 1990s. Cardinal River Coals (2003) further concluded that benthic communities at 
these sites appeared to be reasonably similar according to multivariate analysis conducted on 
data from 1996-2002. 

On the other hand, Anderson et al. (1997) reported lower benthic invertebrate densities 
downstream from Luscar Creek, relative to upstream (based on 1985 data). The author 
suggested that elevated TSS loads from Luscar Creek, as a result of mining activity, may 
have impacted downstream benthic invertebrate communities in the McLeod River. In the 
lower McLeod River, benthic communities below the Edson WWTP were impacted by 
nutrient enrichment, with elevated invertebrate densities and dominance by Oligochaeta, 
which decreased with distance downstream (based on 1985 data; Anderson et al. 1997).  

Consistent with benthic algae, Se bioaccumulated to a higher degree in benthic invertebrate 
taxa 16 at the exposed site in Luscar Creek, relative to the reference site (fall 2000-2001; 
Casey 2005). When the upper McLeod River Basin was considered as a whole, Se 
concentrations were statistically greater at exposed sites versus reference sites for 
Perlodidae/Perlidae (stonefly), Hydropsychidae (caddisfly) and Ephemerellidae (mayfly) but 
not for one mayfly family (Heptageniidae). Selenium biomagnification was not pronounced 
at the lower trophic levels of the stream food web in contrast to fish at the top of the aquatic 
food web. Biomagnification was most evident downstream of mining activity, where 
incremental increases of selenium to highest concentrations were found in mature ovaries of 
rainbow trout. Elevated selenium in mature fish eggs is of concern because of the potential 
transfer of selenium to the offspring. This can subsequently result in teratogenesis 
(developmental deformities) and edema in the fry (Holm et al. 2005). 

Wayland and Crosley (2006) conducted another study from 2001-2003 in the McLeod and 
Gregg river basins. The authors determined concentrations of Se and other metals (As, Cd, 

                                                 
16 Insect larvae comprising of taxonomic families of mayfly, stonefly, caddisfly, and cranefly that dominated the diet of various sport 
fish species in the upper McLeod basin. 
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Pb and Zn) in water samples and aquatic insects from McLeod River, Luscar Creek, Gregg 
Creek, other small streams, and other reference sites in the upper ARB. Both sites on the 
McLeod River and upstream of Luscar Creek were considered reference sites, in addition to 
other reference sites in the McLeod River basin (e.g., Wildhay and Berland rivers). Data 
were not presented for each individual site; rather results were discussed with respect to the 
overall data for reference versus exposed sites. An interesting finding was that in some cases 
Se was bioaccumulated by some aquatic insect larvae at reference sites that could represent a 
potential concern for higher trophic levels (e.g., fish, aquatic birds). Specifically, mayflies 
from reference sites had higher median Se levels than other EPT taxa collected from mine-
impacted sites. Unlike Se, body burdens of As, Cd, Pb and Zn, although elevated to various 
extents at reference and/or exposed sites, were not considered a potential concern for higher 
trophic levels. 

Lesser Slave River  5.3.3 

5.3.3.1 Water Quality 

Water quality was rated as ‘excellent’ at the outflow from Lesser Slave Lake, and ‘good’ 
further downstream at two sites, located upstream and at the confluence with the AR (1998-
2002; Table 5-9 in Appendix A). At the lake outflow parameters were compliant with 
WQGs, but further downstream measurements of some total metals (Cd, Cu, Pb) and/or TP 
exceeded WQGs. 

Environmental Effects Monitoring on the Lesser Slave River by Slave Pulp in fall 1998 and 
2002 indicated that the pulp mill effluent discharge was responsible for a mild downstream 
nutrient enrichment impact 17(Stantec and Golder 2000, Golder 2004c). Though, it was 
considered likely that upstream and downstream non-point nutrient sources (e.g., from 
agricultural activities) and tributary inputs may also have contributed to any nutrient 
enrichment impact on the Lesser Slave River. (Noton and Seneka 2000, Stantec and Golder 
2000). Environmental Effects Monitoring in fall 1998 and 2002, revealed a considerable 
increase in total and dissolved phosphorus from upstream to downstream of the pulp mill 
effluent discharge (Stantec and Golder 2000, Golder 2004c). There was also a considerable 
increase in the more bioavailable orthophosphate fraction downstream of the mill in 2002. 
Whereas, total and dissolved phosphorus concentrations decreased with distance 
downstream, orthophosphate concentrations remained elevated in the downstream far-field 
area. Levels of TP exceeded the ASWQG at all monitoring sites by 1-3 times in fall 2002, 
except for the furthest upstream reference site, with similar results reported in 1998. 

The effect of the effluent discharge on nitrogen forms in fall 1998 and 2002 was more 
inconsistent, with some downstream increases in TKN and ammonia. Levels of TKN 
exceeded the TN ASWQG at some upstream and downstream sites by 1-3 times during both 

                                                 
17 All downstream areas were within the effluent plume and complete effluent mixing was achieved in the far-field area.  
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years (Stantec and Golder 2000, Golder 2004c). Under low flow conditions in fall-winter 
1999/2000, ammonia concentrations in this river were elevated due to the periodic discharge 
of sewage effluent from the Town of Slave River, but still complied with the ASWQG 
(Noton 2000). Levels of TN also increased under these low flow conditions in winter 
1999/2000, mainly due to municipal and pulp mill effluent loading, and to a lesser extent 
tributary inputs (Noton and Seneka 2000). 

During November and December 1999, a DO sag occurred at the MTRN site upstream from 
the mouth, where DO levels dropped below the acute (5 mg/L) and chronic (6.5 mg/L) DO 
ASWQGs (Noton and Seneka 2000). Following this event, river flows were augmented from 
Lesser Slave Lake and mill effluent BOD loading was reduced. As a consequence, DO levels 
remained above 8 mg/L for the remainder of the winter, but were 1-5 mg/L lower than 
previously recorded winter DO levels. Noton and Seneka (2000) hypothesised that this DO 
sag cumulated from negligible river flow, municipal and tributary BOD inputs, higher than 
average pulp mill BOD inputs and/or SOD. Winter 1999/2000 synoptic surveys revealed a 
progressive longitudinal decrease in DO of 5-6 mg/L from the weir near Lesser Slave Lake 
to the mouth, but concentrations at the mouth still remained above 6.5 mg/L. 

Noton and Seneka (2000) evaluated trace metal data collected by AENV under low flow 
conditions during fall-winter 1999-2000. The majority of trace metals were present at total 
concentrations below available WQGs, with some exceptions (Al, Pb and Hg). 
Concentrations of some metals increased downstream from the pulp mill effluent discharge 
but remained within available WQGs (B, Cu, Mn, U and V). Golder (2004c) reported a 
considerable increase in total and dissolved Cd concentrations downstream of the mill, which 
decreased with distance downstream to levels below analytical detection limits (Cd was the 
only metal monitored). In Levels fall 1998 and 2002, there was either no increase or only a 
slight increase in TSS or conductivity downstream of the mill (Golder 2004c). Noton and 
Seneka (2000) reported that under low flow conditions in 1999/2000, TDS levels in the 
Lesser Slave River increased mainly due to the pulp mill effluent discharge. 

5.3.3.2 Sediment Quality 

The only recent sediment quality data available for the Lesser Slave River were those 
collected in fall 1998 and 2002 by Slave Lake Pulp to fulfill federal EEM and provincial 
licence monitoring requirements (Stantec and Golder 2000; Golder 2004c). Golder (2004c) 
noted that grain size varied between and within the sampling areas, with a higher proportion 
of clay sediment directly downstream of the effluent discharge. Nutrients and trace metals 
tend to accumulate to a greater degree in fine sediments, such as clay, due to greater 
adsorptive capacity. Thus, the higher proportion of fine sediments at downstream sites would 
have contributed to higher nutrient and metal levels downstream of the mill discharge in both 
years (Stantec and Golder 2000, Golder 2004c). Downstream nutrient enrichment was more 
prominent in 2002 compared to 1998 for TP, TKN, TOC and orthophosphate. 
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5.3.3.3 Non-Fish Biota 

Environmental effects monitoring in fall 2002 determined that benthic algal biomass directly 
downstream from the effluent discharge was significantly higher than that reported upstream, 
although biomass decreased with distance downstream. This was not the case in fall 1998, 
where no significant upstream-downstream difference in algal biomass was documented 
(Stantec and Golder 2000; Golder 2004c). Upstream mean biomass was similar in both 
years, but downstream near-field biomass was greater and far-field biomass lower in 2002 
compared to 1998. The localised downstream increase in algal biomass observed in 2002, 
was likely a direct response to elevated waterborne nutrient concentrations downstream from 
the mill.  

Macrophyte surveys conducted by Slave River Pulp have been largely qualitative in nature 
and have provided little information that is useful for identifying trends or assessing aquatic 
ecosystem health (Golder 2004c, Stantec and Golder 2000, EVS 1996). The most recent 
survey intended to map macrophyte distribution and assess their potential as nutrient 
enrichment indicators, but the study was hampered by a number of factors that limited its 
success. Golder (2004c) concluded that mapping entire distributions of macrophytes in the 
Lesser Slave River was impractical, and suggested an alternative semi-quantitative, fixed-
station method for future surveys.  

In fall 2002, community composition was significantly different some distance downstream 
from the mill compared to upstream, but community composition was not significant 
different directly downstream from the mill. Overall, Golder (2004c) concluded that the 2002 
monitoring program did not detect “clear effects of the mill discharge on the benthic 
community but rather suggested the existence of an environmental gradient along the river”. 
This was in reference to the shift from predominantly depositional habitat upstream of the 
Otauwau River, to predominantly erosional habitat downstream due to steeper gradients. 
There were no significant differences in benthic community composition between upstream 
and downstream areas in fall 1998, but the data indicated a mild nutrient enrichment impact 
downstream of the effluent discharge. 

5.3.4 Steepbank River 

5.3.4.1 Water Quality 

The largest water quality data set for this river was collected by RAMP for a downstream site 
close to the mouth in fall (1997-2005). Hatfield et al. (2005, 2006) recently concluded there 
was no evidence that water quality within the Steepbank River Watershed had been impacted 
by oilsands development. The authors also reported that TDP and TN concentrations 
measured close to the mouth in fall 2004 and 2005, were within the RAMP regional baseline 
range. The Steepbank River close to the mouth can be classified as mesotrophic according to 
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TP and oligotrophic/mesotrophic according to TN (based on fall 1997-2004 median 
concentrations). These 8-year median concentrations and recent fall 2005 concentrations, 
complied with available nutrient WQGs (TP, TN and nitrate; Hatfield et al. 2006). Although 
data are limited, nutrient levels appear to be relatively higher in the upper Steepbank River, 
and seasonal upper Steepbank River TP levels in 2004 exceeded the ASWQG (including 
fall). 

The Steepbank River is a predominantly erosional river with faster flows than AR tributaries, 
such as the Muskeg or Firebag rivers (Golder 2003a). As such, the water column is generally 
well oxygenated, with DO levels typically above the ASWQG, and TSS levels are typically 
below 25 mg/L, except for seasonal peaks in spring (Golder 1999). In fall 2004, TDS at the 
‘exposed’ site close to the mouth was higher than upstream values, but still remained within 
the RAMP regional baseline range established by Hatfield et al. (2005). No spatial 
differences in TDS were observed in fall 2005. Both TSS and TDS varied with seasonal 
discharge.  

Total and dissolved Fe levels at most or all sites have consistently exceeded the Fe CCME 
WQG since RAMP monitoring commenced in 1997 (Hatfield et al. 2005, 2006). There has 
also been frequent non-compliance with the total Al WQG along the length of the river. 
These metals tend to be naturally elevated in rivers, such as the Steepbank River, that drain 
muskeg. Otherwise, trace metals recently measured in the lower river have remained within 
the RAMP regional baseline. Naphthenic acids have generally been present at or below 
detection limits at all sites along the Steepbank River since the onset of RAMP monitoring in 
1997 (Hatfield et al. 2006). Conly and Headley (2004) reported that PAH concentrations in 
the Steepbank River from 1998-2000 were negligible, consistent with RAMP monitoring 
thus far. 

5.3.4.2 Sediment Quality 

The lower Steepbank River traverses the McMurray Formation and therefore naturally 
exposed bitumen, a proven source of PAHs. Thus, lower Steepbank River sediments 
contained significant levels of naturally derived hydrocarbons compared to AR tributaries 
that do not traverse the McMurray Formation (Conly and Headley 2004). Polycyclic 
Aromatic Hydrocarbons were mostly derived from petrogenic sources such as natural oil-
seeps or exposed bitumen, and both parent PAHs and their alkylated analogues were found 
in Steepbank River sediments. 

RAMP monitored sediment quality near the mouth of the Steepbank River and upstream of 
Suncor’s Project Millennium development area from 1997-2005 (excluding 2002-2004). All 
sites were dominated by sand and had low organic carbon content. Most recently in fall 
2005, trace metals, PAHs and some hydrocarbons were below available SQGs; except for 
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Fraction 2 and 3 hydrocarbons measured close to the mouth. Sediment PAH levels measured 
in 2005 were similar to historical concentrations measured at this site (Hatfield et al. 2006). 

5.3.4.3 Non-Fish Biota 

The Steepbank River is dominated by erosional habitat with pool/riffle and run/riffle 
sequences. River gradient decreases with distance from the headwaters, and flows are higher 
than other AR tributaries of similar channel width (e.g., Muskeg and Firebag rivers; Golder 
2003a). Erosional substrates cover an underlying bed of hard bituminous substrate (Golder 
1996). Benthic communities in the Steepbank River have been monitored by RAMP during 
five years (199818, 2000-2002 and 2004-2005). A downstream erosional reach close to the 
river mouth was monitored in fall 2000-2002, while an upper ‘reference’ reach was also 
added in fall 2004 (Hatfield et al. 2004). 

Significant upstream/downstream differences were identified during the two most recent 
years, with significantly lower downstream abundance, richness and %EPT in 2004, and 
significantly lower downstream abundance, richness and diversity in 2005 (Hatfield et al. 
2005, 2006). The authors speculated that the change in downstream community structure 
may have been due to oil sands development. Still, they noted that taxa considered to be 
pollution-sensitive were still present in the downstream reach, and this reach had 
comparatively lower algal biomass which would also affect community metrics. Moreover, 
metrics calculated for both reaches in fall 2004 and 2005 were within the regional baseline 
for erosional communities. Thus, while noting these differences in community composition, 
Hatfield et al. (2006) concluded that there was “little evidence in 2005 of negative impacts of 
oil sands development on the benthic communities of the Steepbank River”. Brua et al. 
(2004) also reported less diverse and abundant benthic communities close to the mouth 
compared to those sampled in the mid and upper reaches (fall 1999). The author suggested 
that exposure to PAHs from exposed, naturally occurring bitumen in the downstream reach, 
may have impacted benthic communities.  

Monitoring to date suggests that fall periphyton biomass in the lower Steepbank River is 
comparatively lower than biomass levels in the upper Steepbank River, and downstream 
reaches of other regional rivers, such as the MacKay River (Hatfield et al. 2005, 2006; 
Golder 2003b). Macrophyte cover has been either non-existent or low in both Steepbank 
River reaches sampled by RAMP. 

                                                 
18 In 1998, three individual erosional sites close to the mouth were monitored.  
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5.3.5 Muskeg River  

5.3.5.1 Water Quality 

Seasonal water quality in the Muskeg River was monitored by AENV from 1976-2002 
(McEachern and Noton 2002) and more recently by RAMP (1998-2005). Hatfield et al. 
(2005, 2006) recently concluded there was no evidence that water quality within the Muskeg 
River Watershed had been impacted by oilsands development. 

Nutrients  

Nutrient concentrations have typically been higher in the upper versus lower reaches of the 
Muskeg River (TP, TN and ammonia). As a result, TP and TN levels in the upper reaches 
have complied less with ASWQGs, than those measured in the lower reaches (Golder 2002, 
AXYS 2005, McEachern and Noton 2002). This was partly due to low flows, the influence 
of peatlands, and the prevalence of beaver ponds in the upper reaches. These factors are 
responsible for increased biotic assimilation, denitrification and sedimentation as the river 
flows downstream (McEachern and Noton 2002, Golder 2003a). Most of the flow into the 
Muskeg River originates from shallow groundwater and flows through peatlands before 
reaching the river. Consequently, peatlands tend to control both TP and TDP export by 
retaining particulate material and allowing the export of dissolved nutrients under high flow 
conditions. With respect to temporal trends, there was no long-term increase in lower 
Muskeg River TP and TN concentrations for the period of record (McEachern and Noton 
2002). 

Nutrient levels vary seasonally in the Muskeg River, with a gradual increase in TP levels 
during fall and winter, from a minimum in August (McEachern and Noton 2002). During 
winter, inflow is dominated by nutrient-rich groundwater from surrounding peatlands, while 
reduced sediments also release nutrients to the water column. Furthermore, biotic 
assimilation and photosynthesis, which is partly responsible for reducing summer nutrient 
levels, is minimal during the winter months. 

The lower Muskeg River can be classified as oligotrophic according to TP, and 
oligotrophic/mesotrophic according to TN (1997-2004 median fall concentrations; Hatfield 
et al. 2006). Likewise, the upper Muskeg River can be classified as oligotrophic according to 
TP, and mesotrophic according to TN. Dissolved phosphorus concentrations were related to 
discharge and McEachern and Noton (2002) estimated that, on average, TDP represented 
40% of the TP pool along the length of the river.  

Dissolved Oxygen  

Low DO and anoxia occur naturally in the Muskeg River under winter ice. In response to a 
lack of DO data, McEachern and Noton (2002) monitored DO at three sites in the lower 
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Muskeg River: the mouth, the WSC gauge site, and upstream of the Jackpine Creek (1998-
2000). In addition the WSC gauge site was monitored for an additional year. At the mouth, 
DO was generally compliant with ASWQGs, while upstream DO levels periodically fell 
below ASWQGs during summer (June-August) and winter (November-March). The winter 
DO sags were particularly severe, with DO levels dropping to 2-5 mg/L at all sites (January, 
February 1999/2000) and <1- 4 mg/L at the WSC gauge site (December 2000 to February 
2001; McEachern and Noton 2002). 

The authors attributed the occurrence of low DO levels to several factors, including: 

•  reduced flows and the prevention of re-aeration by ice cover; 

• respiration exceeding oxygen income (e.g. increased BOD and/or SOD); 

• anoxic water draining from peatlands, oxygen depletion in beaver ponds; and  

• denitrification of nitrate from decomposing organic matter and/or groundwater 
input. 

McEachern and Noton (2002) hypothesized that respiration in sediments (SOD) and the 
oxidation of suspended solids may be partly responsible for low winter DO events in the 
lower AR, particularly in average flow years such as 2000. In contrast to downstream DO 
patterns, DO levels in the upper Muskeg River were lower during summer but higher during 
winter. Higher summer DO levels may have been due to the drainage of anoxic water from 
peatlands to the upper Muskeg River, while these peatlands remain frozen during the winter 
(McEachern and Noton 2002). 

TSS and TDS and pH 

The Muskeg River has a lower gradient, less erodible bank/river bed material, more 
peatlands, and less overland flow than other AR tributaries. Thus, Muskeg River TSS levels 
are not related to discharge, and are relatively low compared to other AR tributaries (e.g., 
Ells River) and the AR (McEachern and Noton 2002). Between 1976 and 2001, TSS levels 
largely remained below 20 mg/L and did not increase over time, though naturally elevated 
TSS levels were observed during winter possibly due to beaver activity and/or ice dynamics. 
The Muskeg River represents a well buffered system not regarded as sensitive to 
acidification. Yet, McEachern and Noton (2002) reported that mean pH declined from 7.8 in 
1997 to 7.3 in 2001, potentially due enhanced reducing conditions due to recent low flows. 
WRS (2003b) suggested that the pronounced decline in conductivity and acid neutralizing 
capacity (ANC) in the Muskeg River during spring melt was potentially due to the dilution 
of base cation concentrations by spring melt waters, as shown for the Firebag and Steepbank 
rivers. Similarly, TDS was negatively correlated with discharge due to the dilution of cations 
and anions under elevated flow conditions. 
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Trace Metals and Organics 

Total metal concentrations in the Muskeg River tend to be lower, compared to other AR 
tributaries, and less influenced by TSS levels than the AR (Golder 2003a). Thus, trace metal 
concentrations tended to peak under winter low flow conditions. Water quality monitoring of 
the Muskeg River between 1976 and 2001, revealed that trace metal concentrations have 
largely remained below WQGs, with the main exception of Fe (McEachern and Noton 
2002). Similar to the Steepbank River, total and dissolved Fe concentrations were naturally 
elevated in the Muskeg River, and frequently exceeded the ASWQG. In accordance with 
peatland drainage being a dominant source of Fe to the Muskeg River, there was strong 
correlation between iron and DOC concentrations. This association was likely to reduce Fe 
bioavailability through complexation, thus reducing the risk to aquatic life (McEachern and 
Noton 2002). More recently, the key trace metal endpoints selected by RAMP (Al, B and 
Hg) remained below CCME WQGs in the lower and upper Muskeg River in fall 2004 and 
2005. 

Levels of PAHs, naphthenic acids and total recoverable hydrocarbons in the Muskeg River 
have largely remained below analytical detection limits and, where detected, have not 
exceeded available WQGs (McEachern and Noton 2002, Conly and Headley 2004, AXYS 
2005, Hatfield et al. 2005). 

5.3.5.2 Sediment Quality 

Sediment quality in the Muskeg River basin has been studied more intensively in the last 
nine years than any other AR tributary watershed. The large majority of sediment quality 
monitoring along the length of the Muskeg River has been conducted by RAMP (1997-
2005)19. Hatfield et al. (2006) recently concluded that current oil sands development in the 
watershed had not had a substantial influence on sediment quality. Still, the authors 
cautioned that high variability associated with many end-points and the relatively small 
dataset, reduced the ability to detect differences and trends. 

Muskeg River sediments are predominantly sand with varying levels of organic carbon. In 
fact sediments in the upper Muskeg River basin are characterized by some of the highest 
TOC levels in the oil sands region (>10%;Hatfield et al. 2004). A longitudinal sediment 
quality survey conducted by Hatfield et al. (2004) in fall 2003 revealed that sediment metal 
concentrations were higher in the river mid-section compared with the upper and lower 
reaches, and other AR tributaries sampled by RAMP in 2003. Nevertheless, trace metal 
levels in Muskeg River sediments have generally remained below available SQGs (Hatfield 
et al. 2004, 2005, 2006; AXYS 2005). Furthermore, they are typically lower than those 
measured in AR sediments (Golder 2003a, Hatfield et al. 2004) 

                                                 
19 From fall 1997-2002 - Muskeg River mouth; fall 2003 - seven sites along the river length; fall 2004-2005 - lower and mid and upper 
reaches of the Muskeg River (1 site per reach). 
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Levels of sediment PAHs tend to be naturally higher in AR tributaries such as the Muskeg 
River than the AR mainstem, primarily due to nearby exposed bitumen (Conley and Headley 
2004; Hatfield et al. 2004). Over the period of record hydrocarbons present in Muskeg River 
sediments have been dominated by higher molecular weight fractions, which exceeded 
CCME surface soil guidelines in fall 2004 and 2005 at some sites. The total PAH 
concentration in recent years has remained within the RAMP regional baseline, while there 
have been periodic exceedences of available CCME PAH SQGs (AXYS 2005, Hatfield et al. 
2005). The key measurement endpoints identified by Hatfield et al. (2005) were: total 
recoverable hydrocarbons, total PAH concentration and naphthalene. 

Low SOD rates reported by AXYS (2005) downstream of Jackpine Creek in March 2004, 
suggested that SOD was not a determining factor in the occurrence of low DO conditions (<4 
mg/L). Though, unusually high flows during the previous fall likely reduced organic carbon 
accumulation in sediments, as sediment organic carbon was relatively low compared to 
historical values. Nevertheless, SOD may be more of a contributing factor to water column 
DO depletion in the upper Muskeg River, where sediments are typically more enriched with 
organic carbon. 

5.3.5.3 Non-Fish Biota 

Benthic invertebrate communities in the Muskeg River have been sampled more intensively 
than any other AR tributary (Golder 2003b). The Muskeg River is dominated by low 
gradient depositional habitat, with the exception of an erosional reach close to the mouth 
with steeper gradients. This downstream erosional habitat is shallow with moderate currents 
and cobble/gravel substrates, while upstream depositional habitat is characterized by variable 
depths, low to moderate flows, and sand, silt, clay and/or organic detrital substrates (Golder 
2003b). 

The largest and most recent benthic invertebrate dataset has been compiled as part of the 
RAMP program (1998-2005). Hatfield et al. (2005) recently analysed fall data for upper 
(depositional), lower-mid (depositional) and lower (erosional) reaches in this river. For all 
three reaches, total abundance, richness, diversity, eveness and % EPT were largely within 
the established regional baseline for all years (Hatfield et al. 2005). Although, benthic 
community composition between 1998 and 2004 was within the expected RAMP regional 
baselines, Hatfield et al. (2005) did report subtle development related effects. Benthic 
communities in the mid-lower and the lower reaches had lower abundance, richness, 
diversity, eveness and/or number of EPT taxa, compared to those of the upper reach. 
Nevertheless, benthic communities were thought to be in good condition with high diversity 
and pollution sensitive taxa present. The observed longitudinal changes in community 
composition were thought to be natural due to longitudinal changes in river habitat Hatfield 
et al. (2005, 2006). Thus, Hatfield et al. (2006) specifically accounted for this natural 
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variation and concluded that there was no indication of impaired communities in the Muskeg 
River due to oilsands development. 

Similar to the Steepbank River, the lower reach of the Muskeg River has supported a low 
periphyton biomass (mean biomass <20 mg/m2) and very low macrophyte cover has been 
documented (<10%; Hatfield et al. 2005, 2006; Golder 2003b). Denser macrophyte cover 
was reported by RAMP at the upstream depositional sites that were deeper and had lower 
gradients, wider channels and slower flows. 

5.3.6 Agricultural Streams 

The average 1999-2002 AAWQI indicated that water quality in the Paddle River was ‘fair’ 
compared to ‘marginal’ in Wabash Creek (Table 5-19; Tables 5-20 and Table 5-21 in 
Appendix A). On average, Paddle River also scored higher in the nutrient and pesticide sub-
indices but not the bacteria sub-index. Nevertheless, variations in water quality in terms of 
these key agriculture parameters were consistent with dryland agricultural intensity, with 
lower values for the high intensity stream. 

Average 1999-2002 nutrient FWMCs were higher in Wabash Creek compared to Paddle 
River (Table 5-21 in Appendix A). This was consistent with the substantially greater 
fertilizer expenses incurred in Wabash versus Paddle Creek, and the greater manure 
production per acre (Depoe 2004). Furthermore, proportionally more phosphorus in Wabash 
Creek was in dissolved form compared to Paddle River. There was also a large disparity in 
% WQG compliance between Paddle River and Wabash Creek for TP, TN, and nitrite, but 
not ammonia and nitrate where both streams were compliant (Table 5-22 in Appendix A). 
Total phosphorus and nitrogen concentrations in Wabash Creek were either non-compliant 
with the ASWQGs or had a low compliance rates. In Paddle River, TP concentrations were 
frequently non-compliant but TN concentrations only periodically exceeded the ASWQGs. 
Both of these streams were classified as eutrophic in terms of average TP and TN 1999-2002 
FWMCs (Table 5-19).  

Calculated TSS FWMCs were consistently higher in the low agricultural intensity stream 
Paddle River (often >100 mg/L) compared to the high agricultural intensity stream Wabash 
Creek (on average <25 mg/L; Table 5-21 in Appendix A). This was related to higher 
discharge (annual mean unit run off) in Paddle Creek vs. Wabash Creek, both historically 
(pre-2002) and in 2002 (Depoe 2004). Both 2002 and recent and historical discharges in 
Paddle Creek were similar to Rose Creek (also in the Western Alberta Uplands region). As 
discussed in Section 4.3.5, Anderson et al. (1998) found that streams within low intensity 
agricultural watersheds with moderate or high runoff potentials had some of the highest TSS 
concentrations, and TSS was more related to runoff potential and stream discharge patterns. 
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Table 5-19 Summary of water quality index, trophic classification and 
pesticide information for two agricultural streams in the 
Athabasca River Basin 

Agricultural Streams Paddle River Wabash Creek 

River Basin Athabasca Athabasca 

Agricultural Intensity Low High 

Runoff Potential Moderate Moderate 

Water Quality Index 

AAWQI  66.3 (Fair) 54.3 (Marginal) 

AAWQI Nutrients  46.1 (Marginal) 25.6 (Poor) 

AAWQI Bacteria  59.8 (Fair) 78.2 (Good) 

AAWQI Pesticide  97.9 (Excellent) 58.8 (Fair) 

Stream/River Trophic Classification 1 Eutrophic (TP and TN) Eutrophic (TP and TN) 

Pesticides 

0.3 5.0 Average # of detections per sample 
Range of individual pesticides 
detected 

1-2 6-10 

# of samples with WQG 
exceedences 

Dicamba (10), MCPA (7), 
Triallate (1), Bromacil (1) 

Dicamba (1) 2

Notes:  As per Dodds at al. 1998 (benthic algal and/or phytoplankton biomass as Chlorophyll a, total nitrogen and total phosphorus); 
See Table 3-6.  All exceedences are for CCME WQGs for irrigation; CCME WQGs for Protection of Aquatic Life (PAL) were 
not exceeded.

1

2

The pesticide sub-index consistently rated water quality in Wabash Creek lower than that in 
Paddle Creek (Table 5-20 in Appendix A). This was due to a greater number of pesticide 
detections, a greater range of detected pesticides, and greater frequency of non-compliance 
(Table 5-19). This was consistent with the substantially greater chemical expenses incurred 
in Wabash versus Paddle Creek which formed the basis for selecting these watersheds 
(Depoe 2004). 

Sediment pesticide data were available for the Paddle River as part of the CAESA program 
Anderson et al. (1998). In 1995 and 1996, there were no pesticides detected in Paddle River 
sediments. There were no available data relating to NFB for these two streams. 

5.3.7 Streams in the Vicinity of Coal Mining Activity  

As previously discussed in Section 5.3.2., Se has been identified as the parameter of most 
concern in the McLeod River Basin. Casey (2005) recently evaluated the impacts of coal 
mining on water and sediment quality and NFB downstream of mining activity20 in Luscar 
Creek and the Gregg River. Subsequent effects on fish species as a result of Se 

                                                 
20 Related to the Gregg River and CRC coal mines 
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biomagnification through foodwebs in these streams were recently investigated by Holm et 
al. (2005). There was an elevated incidence of deformities (teratogenesis), in larvae reared 
from adult rainbow and brook trout exposed to elevated Se levels; with a dose-response 
relationship evident between Se in rainbow trout eggs and the incidence of larval 
teratogenesis. Although this effects-based information directly pertains to the health of fish 
populations, it also serves to further validate the concern associated with Se biomagnification 
and subsequent effects on aquatic health in these streams. 

5.3.7.1 Water and Sediment Quality 

21In recent years, Se levels in Luscar Creek and Gregg River  have exceeded the CCME Se 
WQG several-fold (downstream from mining operations). By comparison, Se levels at 
upstream reference sites have largely remained below the CCME WQG (Casey 2005). 
Though waterborne Se levels appear to be stable in both streams; the highest Se 
concentrations were recorded at the mouth of Luscar Creek, with relatively high levels in 
Gregg River. Waterborne Se mainly occurred in the dissolved form, and was positively 
correlated with levels of nitrate, sulphate and TDS in these streams (AENV 2005). The levels 
of Se in stream sediments downstream from mining operations were also higher than those 
measured at upstream reference sites, particularly in Luscar Creek (Casey 2005). 

5.3.7.2 Non-Fish Biota 

Benthic invertebrate communities were sampled along the length of the Gregg River by 
AENV in June and September 1985 (Anderson et al. 1997); while more recent sampling has 
been conducted by Luscar Ltd. at sites above and below mine operations22 (Luscar 2003). 
The findings of the most recent monitoring in fall 2002 were consistent with those from 
previous years (Luscar 2003). Gregg River communities were dominated by EPT taxa, with 
higher densities of mayflies, stoneflies and pollution tolerant Chironomidae at downstream 
compared to upstream sites. Increased downstream densities were likely indicative of mild 
nutrient enrichment, possibly due to elevated nitrate inputs from two Gregg River tributaries 
that drained the mine site. Some recovery was evident at the most downstream site. 

An earlier survey in June 1985 by Anderson et al. (1997), reported a stronger nutrient 
enrichment effect; where some EPT taxa (mayflies and stoneflies) occurred at lower 
densities downstream from the mine, while Oligochaeta densities increased. Downstream 
benthic communities were likely affected by elevated nitrogen and TSS levels downstream 
of the mine, as well as greater periphyton biomass. Although, it is likely that habitat 
differences between upstream and downstream sites also affected the upstream-downstream 
comparison. The upper Gregg River is a steep, high velocity, small discharge stream which 

                                                 
21,1998 to 2003; Luscar Creek (close to the mouth) and the Gregg River (downstream of Falls Creek) 
22 Every two years since 1990. 
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contrasts with the lower Gregg River that is a larger, deeper river with a far higher discharge 
(Anderson et al. 1997) 

AENV monitored periphyton algal biomass at various sites along the Gregg River during 
1984 and 1989. Although, at most sites periphyton biomass was relatively low (<13 mg/m3), 
biomass increased ~10-fold immediately below the Gregg River coal mine (Yonge 1988). 
Benthic algal Se concentrations were elevated at the mouth of Luscar Creek and at Gregg 
River sites downstream from the mine in fall 1999 and 2000. Benthic algae had accumulated 
the highest Se levels of all environmental components monitored in these streams, and levels 
progressively increased from July to September in 2001. Selenium also accumulated in 
benthic invertebrates to a greater degree at downstream sites on Luscar Creek and the Gregg 
River, compared to sites upstream of mining operations. However, although Se did bio-
concentrate from the surface water to lower trophic levels within the Luscar Creek food web, 
biomagnification between trophic levels was not pronounced (AENV 2005, Casey 2005). 

As described in Section 5.8.3. Wayland and Crosley (2006) conducted a similar study from 
2001-2003 in the McLeod and Gregg river basins. Sites on the Gregg River and Luscar 
Creek, as well as on several other small streams that bisected the mine leases were regarded 
as ‘mine-impacted sites’. Overall, Se, As and Zn were elevated at ‘mine-impacted sites’ 
relative to reference sites in one or more insect taxa. Nevertheless, only Se concentrations 
were considered to be elevated to a degree to be considered a potential concern for higher 
trophic levels. The mayfly family Heptageniidae (grazers) had the highest median body 
burdens (Cd, Pb, Se, Zn), whereas the stonefly family Perlodidae (predators) had the lowest 
metal body burdens. This was consistent with the general consensus that feeding habits of 
aquatic insects and trophic status tend to influence trace metal bioaccumulation. Metal 
waterborne concentrations appeared to be poor predictors of invertebrate body burdens, and 
therefore, ecological risk (Wayland and Crosley 2006). For some metals at least (i.e., Se, Cd) 
the dietary exposure route is dominant. Thus, in the case of primary consumers such as 
mayflies and caddisflies, benthic algal metal concentrations influence can influence 
invertebrate body burdens, more than waterborne concentrations (at least for some metals). 

5.3.8 Jackpine Creek (RAMP Stream) 

Jackpine Creek is a brown-water stream with elevated colour and organic carbon levels, due 
to a predominantly peatland watershed (McEachern and Noton 2002). Water quality has been 
monitored to varying extents since 1989 during some or all seasons (e.g., RL&L 1989; 
Golder 1996, 1998, 2002; McEachern and Noton 2002; AXYS 2005; RAMP 1998-2005). 
Water quality in the upper and lower reaches was considered to be similar, given the 
available data. 

Jackpine Creek has been characterized by low nutrient and chlorophyll a levels, typically 
below ASWQGs or CCME WQGs (AXYS 2005). The annual mean TDP in this stream only 
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represented 30% of the TP pool (1972-2002). Thus, on average, a lower proportion of TP 
was present in dissolved forms, compared to other Muskeg River tributaries (McEachern and 
Noton 2002). Though similar to other watersheds in the Muskeg River basin, Jackpine Creek 
did experience low DO events and periodic anoxia, particularly under winter ice conditions. 
Winter DO levels close to the mouth can decrease to 2-3 mg/L during late winter 
(McEachern and Noton 2002). During the open water period, DO levels are generally 
compliant with the ASWQG, except periodically during the summer (AXYS 2005). Levels 
of TSS are low in this low gradient stream, typical of Muskeg River basin watercourses. 
Similarly, total metals concentrations tend to peak during winter, and concentrations of some 
metals only occasionally exceed CCME WQGs; with the exception of Fe. Naphthenic and 
PAHs acids are typically at and/or below analytical DLs (Golder 2002, AXYS 2005). Major 
ion and TDS levels tend to be higher in the lower reaches versus the upper reaches due to a 
connection with an underlying Pleistocene Channel (Golder 2002). 

Sediment quality was monitored close to the mouth of Jackpine Creek by RAMP in fall 1997 
and 2004, and in winter 2003/04 by AXYS (2005). Sediments were predominantly sand with 
low carbon content, while total metals and PAHs were largely present at concentrations 
below available SQGs. Hydrocarbons mainly existed as higher molecular weight 
compounds. Key sediment quality indicators identified by Hatfield et al. (2005) were within 
the regional baseline (i.e., total recoverable hydrocarbons, total PAHs and naphthalene).  

Upper and lower reaches in Jackpine Creek monitored by RAMP were predominantly 
depositional and shallow, with no measurable flow and little macrophyte cover. Upper reach 
sediments though still predominantly sand contained more silt and clay than the lower reach. 
For the most part, fall benthic community composition in the upper (2004) and lower (2002-
2004) reaches was within the regional reference conditions, as determined by abundance, 
richness, diversity, evenness and %EPT. Communities in both reaches were dominated by 
chironomids, with fewer Nematoda, Hydracarina (mites), ostracods (seed shrimps), 
caddisflies (Trichoptera), and Empididae (dance flies) and Ephemeroptera (mayflies; 
Hatfield et al. 2006). 

5.3.9 Boreal Streams  

The effects of logging, forest management practices and fires in Boreal Mixedwood regions, 
on stream nutrient dynamics/export and ecology have been investigated by a number of 
studies (e.g., Cooke and Prepas 1998, Veliz 1999, TROLS 2002, Prepas et al. 2003, Burke et 
al. 2005). A multi-year study on Baptiste Lake tributaries demonstrated that streams in 
forested watersheds exported proportionally more phosphorus in particulate forms, compared 
to agricultural streams (Cooke and Prepas 1998). Particulate phosphorus was largely derived 
from stream bank erosion and soil erosion within the watershed. These boreal plain soils 
were characterized by Grey Luvisolic soils that tend to be rich in phosphorus, and so leached 
comparatively greater quantities of phosphorus. Cooke and Prepas (1998) found that 
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particulate phosphorus export was especially elevated during summer high flow periods, 
when overland runoff increased. This was of particular concern for downstream waterbodies 
because phytoplankton communities are susceptible to algal blooms in late summer. 

As part of the TROLS program, Veliz (1999) investigated nutrient limitation and trophic 
interactions in five Boreal Mixedwood streams23, subject to small scale forest harvesting 
(<3% of the basins were logged). The small-scale logging activities did not affect nutrient 
levels, periphyton/mayfly biomass, or response to N-enrichment, in these streams. Stream 
nutrient levels were similar to those reported by Cooke and Prepas (1998). Most of the 
streams were nitrogen limited at some time of the year, likely as a result of relatively high in-
stream phosphorus levels, due to soil type and underlying geology. This periodic N 
limitation partially explained the relatively low benthic algal biomass in these streams. Yet, 
the response to experimental nutrient enrichment varied across seasons and streams, 
suggesting that N-limitation may have been over-ridden by some other factors (e.g., light, 
discharge, grazing pressure).For instance, mayfly grazer densities (primarily Baetis) were 
elevated in one stream that did not respond to experimental N addition.  

The short- and long-term effects of a 1998 forest fire in the Sakwatamau River Basin on 
stream nutrient dynamics/export has been studied by Prepas et al. (2003) and Burke et al. 
(2005). Relative to reference streams, water and phosphorus export was elevated in burnt 
streams during high flow periods (1998-2000). Increased phosphorus levels were mainly 
restricted to particulate fractions. Furthermore, the disparity between reference and burnt 
stream increased over time within the two year period (Prepas et al. (2003). Four years later, 
burned watersheds, continued to export more water and particulate phosphorus relative to 
reference watersheds, and also pre-fire conditions. This was especially true under high flow 
conditions (Burke et al. 2005). As part of the FORWARD project, Putz et al. (2003) 
discussed modelling approaches with respect to the development of modelling tools to 
predict the impacts of forestry practices and wildfires, on the quality and quantity of stream 
runoff within the Boreal Plain. 

5.3.10 Synthesis and Initial Assessment of Aquatic Ecosystem Health 

• Based on water and sediment quality and non-fish biota (NFB) information, the 
following was concluded regarding the aquatic ecosystem health (AEH) of select 
rivers and streams within the Athabasca River Basin (ARB), and summarized in 
Tables 5-23 and 5-24. 

• Four major AR tributaries were included in the assessment: the Steepbank River was 
considered to have ‘good’ water quality, while the McLeod, Lesser Slave and 
Muskeg rivers were thought to have ‘fair’ water quality. The McLeod River has 
received selenium inputs from coal mining operations, while the Lesser Slave River 

                                                 
23 within the Christina River Basin 
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receives pulp mill effluent discharges and has recently endured low flows. The 
Steepbank and Muskeg rivers are located close to operating mines in the oilsands 
region. While both rivers don’t appear to have been substantially affected by mining 
activities to date, water quality in the Muskeg River can often be compromised by 
natural factors (e.g., low winter DO, elevated nutrient levels). Sediments in both the 
Muskeg and Steepbank rivers were characterized by naturally elevated 
concentrations of some hydrocarbons (e.g., PAHs) leading to ‘fair’ sediment quality 
ratings. 

• Benthic communities in the Muskeg and Steepbank rivers were not considered to be 
adversely affected by mining activity, but some upstream/downstream differences 
were reported. These were primarily due to longitudinal changes in substrate, flow, 
channel gradient and other physical characteristics; with a subsequent change from 
depositional to erosional communities. This was also the case in the Lesser Slave 
River. 

• Various studies in the upper McLeod River have shown elevated selenium 
concentrations in the surface waters of streams downstream of mountain coal mines. 
This lead to an AEH rating of ‘fair’. However, food web data although limited and 
additional fish toxicity studies which were not the focus of this assessment could 
lead to a downgraded AEH rating of ‘marginal’. 

• The agricultural streams, Paddle River and Wabash Creek, are both located in 
similar sized watersheds with moderate run-off potential. Paddle River is located in 
a low agricultural intensity watershed, while Wabash Creek is located in a high 
intensity watershed. Nutrients were present in higher concentrations and were more 
bioavailable in Wabash Creek, while overall water quality was lower (AAWQI). In 
contrast, Paddle River had higher TSS levels due to a comparatively higher 
discharge. Overall, water quality was ‘fair’ in Paddle River and ‘marginal’ in 
Wabash Creek. 

• Oilsands streams were represented by Jackpine Creek, located in the Muskeg River 
Watershed. This stream has undergone fairly substantial monitoring in recent years 
as part of the RAMP program and also by industry. Overall AEH was considered to 
be ‘good’ in this stream in terms of water and sediment quality and NFB.  

• Recent boreal stream studies, mostly conducted under the TROLS and FORWARD 
monitoring initiatives, have demonstrated that these streams primarily export 
particulate phosphorus as they tend to drain phosphorus rich soils. There was strong 
evidence for nitrogen limitation of periphyton biomass in some streams and 
preliminary evidence that grazers (e.g., the mayfly Baetis) control biomass. 
Following a major forest fire, export of both water and particulate phosphorus 
increased in nearby streams, and remained elevated four years later. 
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Table 5-23 Initial qualitative assessment of aquatic ecosystem health based 
on a synthesis of available data: tributaries and streams in the 
Athabasca River Basin 

Stream/River 
Water 

Quality 
Sediment 

Quality 
Non-fish 

Biota 

McLeod River F ID ID 

Lesser Slave River F G F 

Steepbank River G F F 

Muskeg River F F F 

Agricultural Stream: Paddle River F ID ID 

Agricultural Stream: Wabash Creek M ID ID 

Coal Mining Streams: Luscar Creek, Gregg River M ID ID 

Oil sands Stream: Jackpine Creek G G G 

Boreal Streams ID ID ID 
 Excellent  Good  Fair  Marginal  Poor  Insufficient data 

 
Table 5-24 Assessment of data quality/quantity for an initial aquatic 

ecosystem health assessment: tributaries and streams in the 
Athabasca River Basin 

Stream/River 
Water 

Quality 
Sediment 

Quality 
Non-fish 

biota 

McLeod River F P P 

Lesser Slave River F F F 

Steepbank River G F G 

Muskeg River G G G 

Agricultural Stream: Paddle River G P P 

Agricultural Stream: Wabash Creek G P P 

Coal Mining Streams: Luscar Creek, Gregg River F M M 

Oil sands Stream: Jackpine Creek G G G 

Boreal Streams P P M 

 Good  Fair  Marginal  Poor 
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5.4 LAKES AND WETLANDS  

5.4.1 Introduction 

Lakes located within the ARB span the entire range of trophic status, but tend to be relatively 
shallow and productive. A total of 23 lakes and two reservoirs underwent trophic status 
monitoring between 1980 and 2003, though sampling frequency often varied24 (Figure 5-1). 
A within-basin comparison of trophic status, as well as phosphorus, nitrogen and TDS levels, 
in consideration of natural region and land use, was conducted for this report. Three of these 
lakes were designated for a more detailed assessment of water quality, as well as sediment 
quality and NFB (i.e., Baptiste, Nakamun and Lesser Slave lakes). Nakamun and Baptiste 
lakes have undergone long-term water quality monitoring because they represent both 
shallow and deep, naturally productive lakes in Central Alberta (Mitchell and Prepas 1990). 
Further details regarding lake selection rationale, and relevant stressors and issues are given 
in Table 5-1. 

In addition, a large number of lakes currently monitored by RAMP and CEMA were 
assessed, in addition to Lake Athabasca and the Athabasca River Delta. In response to 
increased acidifying emissions from oil sands industries, the water quality and acid-
sensitivity of lower ARB lakes have recently been studied by the CEMA NOxSOx 
Management Working Group (NSMWG) and RAMP. Specifically, the chemical and 
physical characteristics of 449 lakes were summarized by WRS (2006). Recently, lake 
sensitivity was calculated for 450 regional lakes, where sensitivity was based on calculations 
of the critical load of acidity for each lake (see 3.2.1.1.3). With respect to the RAMP 
initiative, a group of 50 lakes in the Oil Sands region have been monitored for the effects of 
acidification since 1999. RAMP has also monitored sediment quality and NFB in a few lakes 
since 1997.  

The Peace and Athabasca rivers flow into the east end of Lake Athabasca, collectively 
forming the Peace-Athabasca Delta. The Slave River then flows north from Lake Athabasca 
to Great Slave Lake in the Northwest Territories. The Lower AR flows through several 
channels that form the AR Delta (a component of the Peace-Athabasca Delta) before 
reaching Lake Athabasca. The Peace-Athabasca Delta as a whole will be assessed in Section 
7 because the Peace River exerts the largest influence on the delta, particularly in terms of 
hydrology.  

Large expanses of peatlands cover a substantial portion of the Boreal natural region within 
the Athabasca and Peace River basins, mostly within the Central Mixedwood sub-region. 
The extensive ARB peatland and other wetland cover have been studied to various extents, 

                                                 
24 Lakes sampled at least once by AENV from 1980-2004 are spatially represented in Appendix B, though sampling effort has varied 
notably over the years. 
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and according to specific objectives. Studies have ranged from a broad geographical 
inventory of peatlands by subregion as part of a provincial study (Vitt et al. 1996); to studies 
investigating the influence of wetlands on lake water quality (e.g., Prepas et al. 2001b, 
Bayley and Prather 2003); to specific studies to assess baseline conditions (e.g., AXYS 
2002) and reclamation research (e.g., Leonhardt 2003, Cooper 2004) in the oil sands region. 
Other related studies include studies of peatland ecology (e.g., Wieder and Vitt 2006), water 
and peat chemistry (e.g., Vitt and Chee 1990; Vitt et al. 1994; Chee and Vitt 1989), 
permafrost limits, (e.g., Zoltai 1993), carbon storage (Vitt et al. 2000; Beilman et al. 
Submitted 2006), floristics and bryophyte peatland indicators (e.g., Vitt and Belland 1997; 
Vitt and Belland 1995; Belland and Vitt, 1995; Vitt and Chee 1990; Vitt et al. 1995; Chee 
and Vitt 1989), and atmospheric nutrient inputs (e.g., Vitt et al. 2003; Vitt et al. 2002). 
Although none of these studies are long-term monitoring studies, they characterize Alberta 
peatlands and can provide overall baseline information that should be explored, but is outside 
the scope of this report. 

Numerous small lakes or ponds of importance to waterfowl populations are often surrounded 
by wetland complexes, and tend to be naturally eutrophic or hypereutrophic (Bayley and 
Prather 2003). Wetlands are important features in the ARB that can heavily influence surface 
water quality in lakes/ponds and rivers (Prepas et al. 2001b). Recent studies have 
investigated the impact of wetlands on water quality and phytoplankton communities in 
small boreal lakes (Prepas 2001a); the impact of fire on surface waters in wetland dominated 
catchments (Prepas et al. 2000); and the influence of peatlands on the lake acidity (Halsey et 
al. 1997). Other studies such as True North (2001) have assessed the baseline characteristics 
of wetlands within an oilsands development lease prior to lease development. In terms of 
wetland reclamation within the ARB, there has been a significant level of information 
generated through Canadian Oil Sands Network for Research and Development (CONRAD) 
and the Oil Sands Environmental Research Network's. These research programs have 
produced information on water and sediment quality, and NFB residing within reclaimed and 
constructed wetlands (e.g., Leung et al. 2001, 2003; Leonhardt 2003; Cooper 2004; Squires 
2005). 

Potential water and sediment quality and lower trophic indicators, considered for AEH 
assessment in these lakes and wetlands are given in Tables 5-2 to5-4. The availability of 
recent data related to these indicators was assessed in Tables 5-25 to 5-27 in Appendix A 

5.4.2 Lakes 

5.4.2.1 Trophic Status and TDS by Natural Region 

The majority of ARB lakes monitored by AENV are mostly recreational lakes located in the 
Central and Dry Mixedwood natural sub-regions. These lakes tend to be hypereutrophic or 
eutrophic in contrast to the oligotrophic and mesotrophic lakes located in foothills and sub-

North/South Consultants Inc. 
Page 5-59 



AEH Information Synthesis and Initial Assessment  
Alberta Environment Section 5.0: Athabasca River Basin 

alpine regions of the ARB (chlorophyll a; Figure 5-1). Roughly half of the lakes monitored 
have watersheds in montane and forested areas, while the other half are located in 
agricultural areas.  

Proportionally, more lakes in the Central and Dry Mixedwood sub-regions are classified as 
hypereutrophic according to chlorophyll a, compared to TP (Figure 5-11). Hence, lakes tend 
to be biologically productive and are characterized by elevated algal biomass levels, 
particularly in late summer. Some lakes such as Gregoire Lake and Lesser Slave Lake (East 
Basin) are eutrophic in terms of chlorophyll a, but mesotrophic according to TP and TN 
(Figures 5-11 and 5-12). Thus, TN concentrations appear to influence algal growth to a large 
extent, at least in some lakes. It should be noted that these observations are somewhat 
preliminary, as sampling frequency and the number of years monitored have varied 
substantially both within and between lakes. For many lakes only a few samples were taken 
in any one year and many years were not monitored. Still, these data are useful in the 
identification of broad spatial patterns, according to natural region and land use. 

Southern lakes within the Mixedwood natural regions, are located in agricultural areas 
(rangeland or cropland), while lakes further north are located in forested areas (coniferous, 
mixed, deciduous trees; Figure 5-1). Lakes located in predominantly agricultural watersheds 
may have been naturally eutrophic, but would have received substantial anthropogenic inputs 
in the last few decades. Nutrient inputs have resulted from land clearance and agricultural 
expansion, as well as the intensification of agricultural practices over time. A large 
proportion of lakes in the forested areas are likely naturally productive, but some may have 
received additional nutrient inputs from logging and other land clearance activities (e.g., 
access roads, industrial sites, etc.). Furthermore, natural events such as forest fires have been 
shown to enhance lake nutrient status, and many forested areas contain substantial peatlands 
that can also influence lake nutrient status (McEachern et al. 2000, Prepas et al. 2001b). The 
land use categories applied to the ARB are fairly coarse and do not account for wetlands. A 
finer resolution land use categorization would provide more useful information in that 
regard. 

Lakes in the Upper Foothills and Alpine sub-regions are oligotrophic according to most 
trophic indicators. In contrast, Lower Foothills lakes are oligotrophic or mesotrophic, 
depending on the lake and the trophic classification used. Compared to other monitored 
lakes, watersheds for these lakes are either minimally or moderately impacted by human 
activities. Main impacts are likely related to coal mining activities, recreation and/or sewage 
inputs. All ARB lakes monitored by AENV are ‘freshwater’ lakes, with long-term average 
TDS levels below 300 mg/L (Figure 5-13). These lakes are lower in salinity compared to 
other lakes in the North and South Saskatchewan river basins. 
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Figure 5-11 Trophic status of select lakes in the Athabasca River basin based 

on average chlorophyll a and total phosphorus concentrations 
(1980-2003), by natural region 
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Figure 5-12 Trophic status of select lakes in the Athabasca River basin based 

on average total nitrogen concentrations and Secchi depth 
estimates (1980-2003), by natural region 
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Figure 5-13 Average total dissolved solid (TDS) levels of select lakes in the 
Athabasca River basin as an indicator of salinity, by natural 
region 

5.4.3 Nakamun and Baptiste Lakes  

5.4.3.1 Water and Sediment Quality 

Nakamun and Baptiste lakes were classified hypereutrophic in terms of chlorophyll a and 
eutrophic in terms of TP (1980-2003), similar to many lakes located within the Central and 
Dry Mixedwood sub-regions. Water quality in both lakes was monitored annually by AENV 
between 1982 and 1995, but annual monitoring did not resume again until 2003. Even 
though these lakes were considered naturally productive, they have become more productive 
due to external phosphorus loadings from watershed disturbance and land use changes 
(Mitchell and Prepas 1990, Table 5-28 in Appendix A). 

Information regarding Nakamun and Baptiste lake nutrient budgets was limited to 
comprehensive studies conducted in the (e.g., Trew et al. 1987). These studies showed that 
internal phosphorus loading occurred during periods of lake stratification and seasonal 
anoxia, in late summer or winter (Riley and Prepas 1984, Mitchell and Prepas 1990).Open 
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water TP concentrations in the Baptiste Lake north basin increased 3-fold from early June to 
late August, during seven years of annual monitoring (Mitchell and Prepas 1990). This was 
partly due to sediment phosphorus release during the open water period, but also the release 
of phosphorus to the overlying water due to anoxia in deeper parts of the lake. During 
intermittent stratification periods in Nakamun Lake, phosphorus was released from 
sediments to the anoxic hypolimnion waters. Released phosphorus (mainly in dissolved 
forms) was then transported to the overlying shallow water during period of mixing, and 
rapidly assimilated by algae in the euphotic zone (Riley and Prepas 1984, Mitchell and 
Prepas 1990). This rapid internal recycling of phosphorus from bottom sediments was 
characteristic of shallow, eutrophic lakes in Alberta, and has contributed to variable 
interannual nutrient and algal levels in these lakes. Internal loading in lakes such as Baptiste 
and Nakamun lakes, can contribute 50-99% of the total summer phosphorus inputs. Overall, 
internal P loadings tend to exceed 80% in these central and northern Alberta lakes, as 
demonstrated for Nakamun Lake (Mitchell and Prepas 1990; D. Trew pers.comm.). 

Sediment quality data were limited to a historical survey conducted by AENV in 1988, that 
indicated that sediment phosphorus and TOC levels in the Baptiste Lake north basin were 
lower than Nakamun Lake estimates (1,418 vs. 2,335µg/g TP and 12.4 vs. 20.4% TOC, 
respectively).  

5.4.3.2 Non-Fish Biota 

A 1988 survey of Baptiste Lake benthic communities found that depositional taxa dominated 
shallow areas of the Baptiste south basin25; while Chaoborinae (phantom midge larvae) 
dominated deeper offshore communities (Mitchell and Prepas 1990). More recent sampling 
by Yee et al. (2000) from 1991-1993 showed that benthic community metrics were highly 
variable in Baptiste Lake, both within and among years (e.g., Oligochaeta density). This 
variability in invertebrate densities is common in temperate hardwater lakes (Dinsmore and 
Prepas 1997). The depositional taxa, Chironomidae, Oligochaeta and Amphipoda were 
numerically dominant in all years. Otherwise, invertebrate community data for Baptiste and 
Nakamun were historical, dating back to the 1970s (summarized by Mitchell and Prepas 
1990).  

There has, however, been recent research regarding the occurrence of cyanobacterial toxins 
(specifically microcystin-LR) in Baptiste Lake, as part a larger study on central Alberta lakes 
(Zurawell et al. 1999). Previously, Kotak (1995) and Kotak et al. (1995, 1996) showed that 
microcystin-LR concentrations in water and phytoplankton were greatly elevated in 
hypereutrophic lakes, such as Baptiste Lake, compared to less eutrophic lakes. 
Cyanobacterial blooms and associated microcystin production tends to be commonplace in 
central and northern Alberta lakes, during mid-lake summer. With respect to benthic 

                                                 
25 (Chironomidae (midge larvae), Oligochaeta, Sphaeriidae (fingernail clams) and Amphipoda). 
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invertebrates, microcystin-LR only appeared to accumulate to any extent in gastropods in 
these lakes. Furthermore, Zurawell et al. (1999) demonstrated that microcystin-LR levels in 
pulmonate snails were related to phytoplankton in Baptiste Lake, not aqueous 
concentrations. Accordingly, trophic status and cyanobacteria abundance (i.e., Mycrocystis 
spp.) were important factors in determining accumulation by gastropods, which could 
possibly represent a direct source of these toxins to tertiary consumers (e.g., fish, birds). 

A total of 81 phytoplankton species were recorded in Lake Nakamun in 2003/04, with 
community composition dominated by Chlorophyceae, Cyanobacteria and Diatoms. 
Cryptophyceae, Chrysophyceae, and Dinophyceae were less abundant and diverse (Figure 5-
14). Diatom species26 largely dominated the algal community in spring and late fall, but 
cyanobacterial blooms occurred in summer (Aphanizomenon flos-aquae, Anabaena sp. and 
Microcystis aeruginosa). Phytoplankton biomass was highest during July-August due to 
these blooms. 

In 2003, there were 58 identified phytoplankton species in Baptiste Lake (12 Diatom, 13 
Cyanobacteria, 15 Chlorophyceae, 8 Chrysophyceae, 7 Cryptophyceae and 3 Dinophyceae 
species). Seasonal community composition patterns were relatively similar in both basins, 
although Cyanobacteria were more abundant in the south basin, in early fall. During spring 
and late fall, diatoms, naked chrysophytes and cryptophyte species dominated; while 
Cyanobacteria species (Aphanizomenon delicatissima, A. flos-aquae and Woronichinia 
naegeliana) dominated during mid-summer and early fall. These seasonal patterns were 
consistent with those identified for Baptiste Lake by Mitchell and Prepas (1990), Prepas et 
al. (2001a) and Zhang et al. (2001). Blue-green algal species became dominant mainly due to 
elevated TP levels, the internal release of P from the sediments under low DO conditions at 
depth, low N:P ratios, and other factors such as warm temperatures and high pH (Charette 
and Prepas 2003). Due to these blooms, phytoplankton biomass peaked in August and 
September, in the north and south basins, respectively; with higher maximum biomass in the 
south basin (Figure 5-15).  

Nakamun Lake was considered hypereutrophic, and supported robust communities of both 
phytoplankton and macrophytes (Mitchell and Prepas 1990). Macrophyte data was limited to 
historical surveys in 1979 and 1984, summarized in Mitchell and Prepas 1990. These surveys 
identified 22 species (11 emergent/floating and 11 submergent species) and noted a 
preponderance of macrophyte beds with a single dominant species. Phytoplankton blooms in 
nutrient enriched waters and poor water quality in general, can negatively affect macrophyte 
growth and diversity. A change in macrophyte composition was observed between 1979 and  

                                                 
26 Fragilaria tenera, Asterionella formosa and Stephanodiscus parvus 
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Figure 5-14  Relative abundances (%) of major phytoplankton groups in 

Nakamun Lake (A), North (B) and South (C) Baptiste Lake in 
2003-200427

                                                 
27 Data from AENV. 
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Figure 5-15 Biomass (mg/m3) of major phytoplankton groups in Nakamun 

Lake (A), North (B) and South (C) Baptiste Lake in 2003-200428

                                                 
28 Data from AENV. 
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291984, possible due to these factors (Stockerl and Kent 1984). Since no comparable surveys 
have been conducted since 1984, it was not clear whether these noted changes were due to 
inter-annual variability, or reflective of long-term community changes associated with 
changes in trophic status.  

The most comprehensive survey of aquatic macrophyte communities in Baptiste Lake was 
conducted by Stockerl and Kent (1984), who identified 22 species in total30. Although 
macrophytes were most prominent in the north basin, they ringed the entire lake to a depth of 
approximately 3 m. More recently, Baptiste Lake macrophyte communities were sampled as 
part of a multi-year experiment to evaluate the effectiveness and impact of Ca(OH)2 addition 
to eutrophic lakes as a phosphorus management strategy (reference lake; Reedyk et al. 
2001).The study focused on biomass of the dominant submergent taxa, Potamogeton spp. 
(no species distinguished) and Myriophyllum exalbescens. The available data suggested that 
biomass increased from 1991 to 1993, despite an observed reduction in euphotic depth.  

5.4.4 Lesser Slave Lake 

5.4.4.1 Water and Sediment Quality 

There were no sediment quality data available for Lesser Slave Lake and the most recent 
water quality monitoring occurred from 1991 through 1993. The main water quality concern 
identified by Noton (1998) was the relatively high nutrient and chlorophyll a levels of this 
highly productive lake, with the west basin more eutrophic than the east basin (Figure 5-1). 
Available data suggest that this lake was phosphorus limited, but it was likely nitrogen 
limited for at least part of the time, which would favour the development of nitrogen-fixing 
cyanobacteria blooms. Chlorophyll a and TP levels appeared to increase during the open 
water period and peaked in late summer (west basin) or early fall (east basin). These peaks 
corresponded with an earlier release of phosphorus from sediments in the shallower west 
(June) versus the deeper east basin (July).  

A preliminary nutrient budget by Noton (1998), estimated that internal P loading in this lake 
was approximately double the estimated external phosphorus loading, typical of many lakes 
in central Alberta. External P loadings were largely retained in the lake and mainly 
comprised of tributary inputs. Though, watershed land use practices did not appear to have 
caused widespread increase in phosphorus loading to the lake (Noton 1998). 

Lesser Slave Lake was well mixed by wind action and fairly well oxygenated year round, 
with only periodic weak thermal stratification. During the winter months and periods of 

                                                 
29 Firm white water-crowfoot (Ranunculus circinatus) was absent in 1984, while Richardson’s pondweed (Potamogeton richardsonii) 
and large-sheath pondweed (Potamogeton. vaginatus) were replace by northern watermilfoil (Myriophyllum exalbescens) as the 
dominant submergent species in many areas. Myriophyllum exalbescens were the most common submergent species. 
30 The common great bulrush (Scirpus validus), common cattail (Typha latifolia) and yellow water lily (Nuphar variegatum), were 
reported as the most common and widespread emergent species. Richardson pondweed (Potamogeton richardsonii), large-sheath 
pondweed (P. vaginatus) and northern water milfoil 
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thermal stratification in summer, DO levels close to the bottom in deeper areas did not 
comply with ASWQGs. At similar depths, DO levels were higher in the deeper east basin 
compared to the shallower west basin. Supersaturation of DO close to the lake surface 
sometimes occurred in the west basin during late summer, due to enhanced photosynthesis 
during algal bloom conditions (Noton 1998). Offshore TSS and turbidity levels in both 
basins were low and Noton (1998) suggested clarity was likely controlled more by the 
standing crop of phytoplankton than TSS tributary inputs.  

Lesser Slave Lake is a freshwater lake with relatively low TDS levels for central Alberta 
(Figure 5-13). Contaminant levels were either present at low concentrations or were non-
detectable, though data were limited (Noton 1998, AENV 2006). 

5.4.4.2 Non-Fish Biota 

Cyanobacteria (Microcystis sp., Aphanizomenon sp. and Anabaena sp) blooms have been 
previously reported on Lesser Slave Lake, particularly in the shallower west basin (Mitchell 
and Prepas 1990). One bloom occurred in mid and late-summer 1992 and 1993, where the 
cyanobacterium, Aphanizomenon flos-aqua, formed dense algal blooms, particularly in the 
west basin (Noton 1998). Quantitative phytoplankton samples taken during the 1991-1993 
water quality survey were archived and are currently being processed. Other NFB data were 
historical (1970s) and have been summarized by Mitchell and Prepas (1990). 

5.4.5 Lakes in the Lower Athabasca Region  

5.4.5.1 Water Quality  

In general, the lakes in this region are highly diverse and the various chemical parameters 
(e.g., area, pH, alkalinity) cover unusually large ranges of values (WRS 2006). The 
characteristics of the 450 lakes are described in the following points and the parameters 
themselves are summarized in Table 5-29 in Appendix A. Histograms showing the 
distribution of selected parameters from the database are presented in Figure 5-16.  

• Lake area varied from 0.011-431 km2, while lake catchment area ranged from 0.083-
2245 km2 (Figure 5-17). Lake area and lake catchment area distributions were 
skewed to the smaller values, such that mean values were greater than median values 
(1.61 vs. 7.81 km2 and 16.8 vs. 95.6 km2, respectively). Drainage ratios (catchment 
area: lake area) spanned three orders of magnitude from 1.219 -1177 (median value 
of 12.6).  

• The pH ranged from 4.2-9.59 (median = 7.69), an unusually large range for a single, 
limited region. In Canada, a similar range in pH was observed only in Ontario lakes 
in a survey of the entire province (Environment Canada 1997). Small, shallow lakes 
of low conductivity, low alkalinity and low base cation content, typically had the 
lowest pH. The high pH lakes were generally deeper and larger, with higher 
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conductivity, alkalinity and base cation content. The lake pH distribution (Figure 5-
16) hints at a bi-modality in the values with a small peak at pH 4.80 and a major 
peak at pH 7.5. This distribution of pH is reminiscent of the distribution of pH in 
poor fens and bogs in NE Alberta and results from the nature of the relationship 
between pH and bicarbonate alkalinity (Turchenick et al. 1998, Vitt 1994, Gorham 
et al. 1984).  
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Figure 5-16 Frequency distribution of pH, DOC, conductivity, total dissolved 

solids, total alkalinity and sum of base cations in the Oil Sands 
Lakes (from WRS 2006) 

North/South Consultants Inc. 
Page 5-70 



AEH Information Synthesis and Initial Assessment  
Alberta Environment Section 5.0: Athabasca River Basin 

Lake Area (km2)

0.0 20.0 40.0 60.0 80.0

N
um

be
r o

f L
ak

es

0

20

40

60

80

100

120

140

160

Catchment Area km2

0 500 1000 1500 2000 2500

N
um

be
r o

f L
ak

es

0

50

100

150

200

250

300

350

Drainage Ratio

0 50 100 150 200

N
um

be
r o

f L
ak

es

0

20

40

60

80

100

120

140

160

180

 
Figure 5-17 Frequency distribution of area, catchment area and drainage 

ratio in lakes in the Oil Sands Region (from WRS 2006) 

• These lakes covered a large range of types from softwater to extremely hard water 
lakes. Conductivity ranged from 11.0-481 μS/cm (median=118 μS/cm), while total 
alkalinity spanned three orders of magnitude (non-detectable to 4797 μeq/L). With a 
median alkalinity of 1000 μeq/L, most of these lakes are highly buffered 
(Environment Canada 1997). A close linear relationship exists between alkalinity 
and the sum of the base cations (calcium, magnesium, sodium and potassium), a fact 
suggesting that, in the majority of the lakes, the source of acid neutralizing capacity 
(ANC) consists largely of calcium and magnesium bicarbonates.  

• Dissolved organic carbon was typically high and ranged from 0.2 mg/L to 59.5 
mg/L. With a median DOC concentration of 19.4 mg/L, most of the Athabasca basin 
lakes can therefore be considered humic (i.e., >5 mg/L; Driscoll et al. 1991, Kahl et 
al. 1989, Kortelainen et al. 1989). In most lake populations, high DOC is associated 
with low ANC, low conductivity and low pH. The lakes are unusual in that many are 
high in DOC, but also high in ANC, pH, and conductivity. Concentrations of DOC 
in the Oil Sands lakes were significantly greater than those observed in Ontario 
lakes and even Finnish lakes where humic lakes represent the predominate type of 
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lake and some of the most humic lakes in Europe (WRS 2006; Henriksen et al. 
2001; Kortelainen 1993; Kortelainen and Mannio 1990).   

• Another notable feature in these lakes is their high nutrient contents (Figure 5-18). 
Total phosphorus ranged from 3 μg/L to 495 μg/L (median = 47.3 μg/L). Eighty-
four of the lakes (~19 %) can be considered ‘hyper-eutrophic’ (Total P >100 μeq/L). 
Nitrates, in general, were quite low with a median concentration of 0.002 mg/L, but 
some individual lakes had exceptionally high concentrations.  

Total Phosphorus (μg/L)

0 100 200 300 400 500

N
um

be
r o

f L
ak

es

0

20

40

60

80

100

120

Nitrates (μg/L)

0 50 100 150 200 250

N
um

be
r o

f L
ak

es

0

50

100

150

200

250

300

Ammonia (μg/L)

0 100 200 300 400 500 600 700

N
um

be
r o

f L
ak

es

0

50

100

150

200

250

300

TKN (μg/L)

0 1000 2000 3000 4000 5000 6000

N
um

be
r o

f L
ak

es

0

10

20

30

40

50

 
Figure 5-18  Frequency distribution of nutrients in lakes in the Oil Sands 

Region (from WRS 2006) 

5.4.5.2 Acid Sensitivity  

The critical loads of the 450 lakes were compared to rates of acidic deposition predicted for a 
variety of industrial deposition scenarios. Acid deposition was expressed as the potential acid 
input (PAI), defined as the total deposition of sulphur and nitrogen species in both wet and 
dry forms minus base cations. An exceedance of the critical load by the PAI implies that a 
lake is at risk of acidification although it does not mean that acidification is certain or 
imminent. Of the 450 lakes and ponds in the region; 17 waterbodies or 3.8% of the total, 
already exceeded critical loads, without any industrial input. Under a cumulative effects 
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scenario, that included all the oil sands industries currently operating and approved for 
development, PAI for 6% of lakes would exceed critical loads. Most of the exceedances 
occurred in the upland regions including the Caribou Mountains, the Birch Mountains, the 
Muskeg River Uplands and the Stony Mountains. Lakes at risk of acidification are usually 
soft-water lakes of low conductivity, low pH and low acid neutralizing capacity.  

In a second study, 450 lakes in the NSMWG database were studied for the effects of 
dissolved organic carbon (DOC) on the acid-base dynamics and acid-sensitivity of the lakes 
(WRS 2006). The Henriksen model was modified for both strong organic acids, that lower 
the acid neutralizing capacity (ANC) of each lake, and weak organic acids that increase the 
ANC and buffering of each lake. Critical loads were calculated and rates of exceedance were 
determined for same two deposition scenarios - background and cumulative effects. In 
general, the importance of organic buffering was found to be small, in an absolute sense, in 
low pH-low ANC lakes, although a large proportion of the buffering may be attributable to 
organic acids (>80%). In high pH-high ANC lakes, the contribution of organic buffering is 
proportionally small (compared to bicarbonate buffering), but surprisingly large in an 
absolute sense (>200 µeq/L). Using the modified Henriksen model, the number of lakes 
exceeded under the background PAI increased to 5.8% from 3.8% while under the 
cumulative effects scenario, the rate of exceedance increased from about 6-8%. In general, 
DOC with its associated organic acids decreased the critical load in low pH lakes and 
increased the critical load in high pH lakes. It was evident that organic buffering in low 
ANC-low pH lakes is not high enough to provide effective buffering against acidification 
and these remain the most sensitive regional water bodies.  

The Regional Aquatic Monitoring Program has been monitoring the water chemistry of ~50 
of these lakes for approximately seven years. Significant observations from the 2005 RAMP 
report include the following:  

• The lakes with the lowest levels of Gran alkalinity and hence the lowest degrees of 
buffering against acidification occurred in the Stony Mountains and in the Birch 
Mountains, while lakes with the highest degrees of buffering were found in a region 
northeast of Fort McMurray and include Kearl Lake.  

• Most trace metals were quite low in concentration in the RAMP lakes and less than 
detection limits. The lakes having the highest trace metal concentrations were found 
in the Birch Mountains. These high levels were considered to be natural and not the 
result of acidification. 

• Critical loads in the RAMP lakes ranged from -0.132 to 2.008 keq H+/ha/y. As 
found in the NSMWG acid sensitivity reports (WRS 2004, 2006), lakes with the 
lowest values of the critical load (and hence the greatest acid sensitivity) were found 
in the upland regions including the Birch Mountains, the Caribou Mountains, the 
Stony Mountains and in the Canadian Shield.  
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• The rate of critical load exceedances, based on the rates of acid deposition reported 
in the Kearl Lake EIA, was 35.4% (17 of 48 lakes). This rate was considerably 
higher than the 8% exceedance rate reported in the recent NSMWG report (WRS 
2006). The higher rate of exceedance in the RAMP lakes is the result of a bias in the 
RAMP program where the most poorly buffered lakes were preferentially selected 
for study.  

• Estimates of seasonal variability in the measurement endpoints (Gran alkalinity, 
base cations, sulphate, DOC and nitrates) showed very significant seasonal 
fluctuations in most parameters.  

• Formal trend analysis was applied to the key measurement endpoints to detect trends 
that might indicate incipient acidification of the RAMP lakes. There was no 
evidence to suggest that there have been any significant changes in lake chemistry 
over the duration of the RAMP program. The high degree of seasonal variability in 
chemical parameters renders the task of detecting minor year-to-year changes 
extremely difficult. 

5.4.5.3 Sediment Quality and Non-Fish Biota 

31Sediments from three lakes  monitored by RAMP had relatively high levels of trace metals 
and PAHs, and variable TOC levels. Reference lake benthic communities were dominated by 
depositional taxa, but dominance patterns varied likely due to differences in substrate and 
macrophyte cover. Benthic metrics in Shipyard Lake were more variable than those 
calculated for reference lakes, as well as some signs of degraded habitat quality (e.g., 
dominance by taxa tolerant of degraded conditions; Hatfield et al. 2006). Macrophyte 
communities in Isadore’s, Shipyard and Kearl lakes have been monitored by RAMP using a 
combination of field survey and air photo interpretation methods. To date studies have 
provided a good description of macrophyte communities in these lakes, and to some extent a 
range of natural variability. The RAMP reports, however, provide little information 
regarding changes or trends, possibly attributable to mining activity or other anthropogenic 
stressors. However, an historical air photograph review in 2003 assessed long term (1949-
2002) changes in the distribution of vegetation and extent of open water (Hatfield et al. 
2004). Although the analysis showed that the extent of open water varied, dramatically in the 
case of Shipyard and Isadore’s lakes, there was no statistically significant correlation 
between the extent of open water and precipitation. 

5.4.6 Boreal Lakes 

The effects of logging, forest management practices and fires in the Boreal Mixedwood 
region, on lake ecology and lake nutrient dynamics/export, have been investigated by: 
Dinsmore et al. (1999), Keller (2000), Devito et al. (2000), Langois (2000), Evans et al. 

                                                 
31 Shipyard Lake was designated by RAMP as an ‘exposed lake’, while Kearl and McClelland lakes were regarded as ‘reference 
lakes’. 
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(2000), Prepas et al. (2001c), TROLS (2002), Allen et al. (2003), Smith et al. (2003a), 
among others. These recent studies were generally conducted under the multidisciplinary 
TROLS or FORWARD research/monitoring programs.  

The findings of the TROLS project indicated that buffer strip width did not mitigate in-lake 
responses to forest harvesting practices. The strongest in-lake responses were observed in 
shallow, mixed or weakly stratified lakes. Levels of TP and chlorophyll a, as well as 
cyanobacteria abundance and resulting cyanotoxins, increased post-harvest. There were also 
changes in phytoplankton community composition (shift to less edible forms), which resulted 
in a decreased zooplankton biomass and individual size. The project findings suggested that 
watershed activities and individual lake characteristics32 were important considerations in the 
maintenance of AEH in lakes located within forested boreal regions (TROLS 2002). In terms 
of lake characteristics, positive relationships were identified between littoral surface area and 
whole-lake photosynthesis rates/algal biomass, as well as between lake TP levels and relative 
watershed size33. Increased surface runoff and connectivity between wetlands, lakes and 
streams, in addition to elevated downstream nutrient export, were also observed during high 
precipitation events.  

Research conducted by Allen et al. (2003) as part of the FORWARD project, demonstrated 
that the 1998 forest fire in the Sakwatamau River Basin caused alterations in the water 
quality of several Boreal Foothills lakes. Specifically, DOC levels were higher in lakes 
within burnt watersheds relative to reference lakes. An interesting comparison between 
reference lakes in the Boreal Foothills and Mixedwood sub-regions, revealed that TP, 
chlorophyll a, and some major ion concentrations were several fold higher in the Mixedwood 
lakes. Thus consideration of ecoregion was recommended for future evaluations of 
watershed disturbance in the Boreal Plain. 

5.4.7 Lake Athabasca / Athabasca River Delta  

5.4.7.1 Water Quality 

Fall water quality in the AR Delta was monitored between 1999 and 2005 by RAMP at Big 
Point Channel, just prior to the Lake Athabasca inflow. Suspended solids and total forms of 
nutrients and metals have periodically exceeded the RAMP regional baseline condition 
and/or available WQGs. This was particularly true under high flow conditions, such as fall 
2004. On the other hand, levels of PAHs, naphthenic acids and other hydrocarbons have 
mostly remained below detection limits (Hatfield et al. 2005).Lake Athabasca water quality 
data were limited to historical surveys conducted in 1987/88, and subsequently summarized 
by Mitchell and Prepas (1990). 

                                                 
32 Shallow lakes with large lake:watershed ratios, situated in flat landscapes were most at risk 
33 Drainage basin area/lake volume 
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5.4.7.2 Sediment Quality 

The AR Delta and Lake Athabasca represented depositional environments characterized by 
fine sediments and shifting sands, where the deposition and re-distribution of sediments 
follow complex patterns. Ultimately, fine sediment particles and associated contaminants 
were transported via the AR to the AR Delta. As a consequence, monitoring has been 
focused towards monitoring sediment quality in the AR delta and Lake Athabasca, certainly 
in terms of contaminant distribution and accumulation (Carey et al. 1997, NREI 2004, 
Hatfield 2006).  

RAMP has monitored fall sediment quality in the AR Delta within three channels since 
1999, but a more intensive study in fall 2005 identified large spatial variability throughout 
the delta (Hatfield et al. 2006). In general, sediments were low in organic carbon and 
dominated by fine clay and silt particles. Sand content decreased and organic carbon content 
increased with distance downstream into the delta. Total metals normalized to fine sediment 
content were higher close to the mouth of the Athabasca River compared to downstream sites 
in the AR delta. Some non-compliance with CCME SQGs was observed for total metal 
concentrations at most sites. Hydrocarbons were dominated by heavier fractions (i.e., CCME 
fractions 3 and 4) and concentrations were generally lower than those measured in some AR 
tributaries. There were no spatial patterns in total PAH concentrations. Overall, Hatfield et 
al. (2006) concluded that oil sands activities did not appear to have affected sediment quality 
in the AR delta. 

Carey et al. (1997) discussed Lake Athabasca sediment quality primarily based on the 
findings of Bourbonniere et al. (1996). Although dioxins and furans were detected in surface 
sediments in 1992, the types of compounds (congener groups) detected and their spatial 
distribution, were not indicative of a bleached kraft pulp mill source. Sediment core analysis 
revealed an increasing trend in the concentrations of several dioxins and furan congener 
groups since the mid-1970s that likely did not originate from pulp mill sources. On the other 
hand, elevated resin acid levels in surface sediments at western sites close to the AR Delta 
did indicated that some pulp mills contaminants had been transported via the AR to Lake 
Athabasca. The downstream transport of some pulp mills contaminants was further 
supported by the detection of chlorinated resin acids in these sediments (Carey et al. 1997).  

Higher molecular PAH compounds were present in surficial lake sediments but no spatial 
trends were evident, suggestive of an atmospheric source. Conversely, lower molecular 
weight PAHs 34 showed a west to east decreasing trend, indicative of a riverine source, 
possibly due to episodic forest or other fires (Carey et al. 1997). 

                                                 
34 Naphthalene and substituted naphthalenes 
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5.4.7.3 Non-Fish Biota 

Benthic invertebrate communities within three AR Delta channels were recently evaluated by 
RAMP in fall 2002-2005. Benthic communities were depositional in nature, and dominated 
by Chironomidae (midges) and tubificid worms. This was expected given the harsh shifting 
sand environment of the delta. Other typically depositional taxa were also numerous; e.g., 
bivalves (Sphaeriidae), gastropods (Probythinella) and ceratopogonids. Overall, benthic 
communities in these AR channels appeared to have relatively high diversity for a 
predominantly shifting sand environment Hatfield et al. (2006) concluded that fall 2005 
benthic metrics calculated were within the baseline condition established using data collected 
by RAMP since 2002, and no significant negative trends in community composition were 
identified.  

5.4.8 Wetlands 

5.4.8.1 Water Quality and Non-Fish Biota 

Within the scope of this assessment, the main findings of Prepas et al. (2000, 2001b) will be 
discussed. Although these studies did not sample wetlands per se, they demonstrated the 
strong connection between lake water quality and adjacent peatlands. Boreal lake watersheds 
with 57-100% wetlands were termed as ‘wetland dominated watersheds’, whereas lake 
watersheds with 0-44% wetland cover were termed upland-dominated’ watersheds (Prepas et 
al. (2001b). Although these lake drainage basins had variable proportions of bog, fen, swamp 
and marsh cover; bogs dominated ‘wetland-dominated watersheds’, while deciduous trees 
dominated ‘upland watersheds’. Bogs were found to release TP in these watersheds, while 
poor fens played a neutral role and rich fens sequestered TP. Lake nitrogen concentrations 
were also related to the type and extent of wetlands in the drainage basin. Thus, in ‘wetland 
dominated watersheds’, % wetland cover was positively correlated with TP, TN and DOC 
lake concentrations. Lake water quality in ‘wetland-dominated watersheds’ was only weakly 
related to drainage slope in contrast to lakes in upland-dominated watersheds.  

Phytoplankton communities in all these small boreal lakes were dominated by 
Cyanobacteria, followed by the dinoflagellate Peridineae in ‘wetland-dominated watersheds’ 
and the green alga Chlorophyta in ‘upland -dominated watersheds’. Though the collective 
biomass of Chlorophyta and Peridineae was higher in ‘wetland-dominated watersheds’, 
consistent with a greater availability of inorganic nitrogen primarily as ammonia (Prepas et 
al. 2001b). 

North/South Consultants Inc. 
Page 5-77 



AEH Information Synthesis and Initial Assessment  
Alberta Environment Section 5.0: Athabasca River Basin 

5.4.9 Synthesis and Initial Assessment of Aquatic Ecosystem Health 

For the reasons outlined in Section 4.4.7, this aquatic ecosystem health (AEH) 
assessment was problematic for the AENV monitoring lakes. Similarly, the natural 
variability and characteristics of boreal and lower Athabasca lakes are still being 
determined, so an AEH assessment at this time is premature (Tables 5-30 and 5-31). The 
same is true for boreal wetlands. Instead, key findings from recent studies have been 
discussed in sections 5.4.5 and 5.4.5, and are summarised here.  

AENV Monitoring Lakes 

• These mostly recreational lakes spanned the entire trophic status range, but tended to 
be relatively shallow and productive, with summer cyanobacteria dominance. 
Cyanobacteria tended to dominate phytoplankton communities in summer, due to 
elevated total phosphorus (TP) levels, internal sediment P release, low 
nitrogen:phosphorus ratios, and other factors (e.g., warm temperatures and high pH). 
Nakamun and Baptiste lakes were hypereutrophic, with a large proportion of the 
phosphorus loading internally released from the sediments, characteristic of shallow, 
eutrophic lakes in Alberta.  

• Both natural sub-region and land use influenced lake trophic status, with some lakes 
naturally eutrophic or hypereutrophic. The majority of lakes, were located in the 
Central and Dry Mixedwood natural sub-regions, and were hypereutrophic or 
eutrophic. Lakes located in foothills and sub-alpine regions were oligotrophic or 
mesotrophic.  

• Lakes located in predominantly agricultural watersheds may have been naturally 
eutrophic, but would have received substantial anthropogenic inputs. Most lakes in 
the forested areas were likely naturally productive, but some will have received 
additional nutrient inputs from land clearance activities and forest fires.  

Lower Athabasca Lakes 

• In general, these lakes were highly diverse and the various chemical parameters 
(e.g., pH, alkalinity) spanned an unusually large range of values. Drainage ratios 
(catchment area: lake area) were also highly variable. Small, shallow lakes of low 
conductivity, alkalinity and base cation content, typically had the lowest pH.Most 
lakes can be considered humic according to dissolved organic carbon (DOC) values, 
and were unusual in that many are high in DOC, but also high in acid neutralizing 
capacity, pH, and conductivity. Concentrations of DOC in these lakes were 
significantly greater than most humic lakes in Europe. Approximately 19 % of these 
lakes were classified as hypereutrophic, while the others were also high in nutrient 
levels. 

• In response to increased acidifying emissions from oil sands industries, the acid-
sensitivity of lower Athabasca lakes was characterized by CEMA (449 lakes). An 
estimated 3.8% already exceeded critical loads, without any industrial input. Under a 
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cumulative effects scenario (i.e., all oil sands industries) potential acidic input (PAI) 
for 6% of lakes would exceed critical loads. 

• Lakes at risk of acidification are usually soft-water lakes of low conductivity, low 
pH and low acid neutralizing capacity. Lakes with the lowest values of the critical 
load and greatest acid sensitivity were found in the upland regions including the 
Birch Mountains, Caribou Mountains, Stony Mountains and in the Canadian Shield.  

Boreal Lakes and Wetlands 

• Recent studies were generally conducted under the multidisciplinary TROLS or 
FORWARD research and monitoring programs.  

• Buffer strip width did not mitigate in-lake responses to forest harvesting practices. 
The strongest in-lake responses were observed in shallow, mixed or weakly 
stratified lakes. Increased surface runoff and connectivity between wetlands, lakes 
and streams, as well as elevated downstream nutrient export, was observed during 
high precipitation events. Overall, activities within the entire watershed and 
individual lake characteristics were important considerations in the maintenance of 
the AEH of lake located within forested boreal regions. 

• Levels of TP and chlorophyll a levels, as well as cyanobacteria abundance and 
resulting cyanotoxins, increased post-harvest. Phytoplankton community 
composition changed (shift to less edible forms) and resulted in a decrease in 
zooplankton biomass and individual size.  

• In “wetland dominated watersheds’, % wetland cover was positively correlated with 
TP, total nitrogen and DOC lake concentrations. Bogs were found to release TP in 
these watersheds, while poor fens played a neutral role and rich fens sequestered TP. 
Lake nitrogen concentrations were also related to the type and extent of wetlands in 
the drainage basin. Phytoplankton communities in all small boreal lakes within 
wetland and upland dominated watersheds, were dominated by Cyanobacteria. 

Lake Athabasca and the Athabasca River Delta 

• Although dioxins and furans were detected in Lake Athabasca surface sediments, 
they did not implicate a bleached kraft pulp mill source. Elevated levels of some 
organic compounds (e.g., resin acids) did implicate a riverine source (as a result of 
pulp mill discharges, forest fires), and also an atmospheric source. 

• Large spatial variability was observed throughout the delta, with decreased sand and 
increased organic carbon content with distance downstream into the delta. 
Generally, sediments were low in organic carbon and dominated by fine clay and silt 
particles. Total metals normalized to fine sediment content were higher close to the 
mouth of the Athabasca River compared to downstream sites in the Athabasca River 
(AR) delta, but there were no total PAH spatial patterns. 
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• Benthic communities in the AR delta channels appeared to have relatively high 
diversity for a predominantly shifting sand environment, with no significant 
negative trends in community composition. 

Table 5-30 Initial qualitative assessment of aquatic ecosystem health based 
on a synthesis of available data: lakes and wetlands in the 
Athabasca River Basin 

Reach 
Water 

Quality 
Sediment 

Quality 
Non-fish 

Biota 

Lakes previously monitored by AENV 1  Variable ID ID 

Select Recreational Lakes 1 Variable ID ID 

Lakes in the Lower Athabasca Region 2 Variable ID ID 

Boreal Lakes and Wetlands Variable ID ID 

 Excellent  Good  Fair  Marginal  Poor  Insufficient data 
Notes:  1 Monitored primarily to assess trophic status.  Monitored for general water quality and sensitivity to acidification 2

 

Table 5-31 Assessment of data quality/quantity for an initial aquatic 
ecosystem health assessment: lakes and wetlands in the 
Athabasca River Basin 

Reach 
Water 

Quality 
Sediment 

Quality 
Non-fish 

biota 

Lakes previously monitored by AENV 1  Variable P P 

Select Recreational Lakes 1 Variable P P 

Lakes in the Lower Athabasca Region 2 F P P 

Boreal Lakes and Wetlands P P P 

 Good  Fair  Marginal  Poor 
Notes:  1 Monitored primarily to assess trophic status. 2 Monitored for general water quality and sensitivity to acidification 
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6.0 HAY RIVER BASIN  

6.1 INTRODUCTION 

The Hay River Basin is located in the northwest part of Alberta. The Hay River originates in 
British Columbia’s Rocky Mountains and the river is part of the vast watershed draining to 
the Arctic Ocean. The largest river draining into the Hay River is the Chinchaga River. 
Several smaller rivers, including the Little Hay and Steen rivers, also drain into the Hay 
River. The largest lakes in the basin, Zama and Hay lakes, are included in Hay-Zama 
Wildland Provincial Park, which is an important wildlife area. The Hay River eventually 
flows into Great Slave Lake in the NWT. Peak flows typically occur in May in response to 
spring runoff  

Figure 6-1 illustrates land cover and distribution of natural regions within the Hay River 
basin, as well as location of the Hutch Lake water quality monitoring site discussed in 
Section 6.4.3. The basin is in the Boreal Forest Natural Region, with the south-central 
portion of the basin in the Central Mixedwood Subregion. The northern portion of the 
watershed is in the Northern Mixedwood Subregion (Figure 6-1), while the southern portion 
is in the Lower Boreal Highlands Subregion. Much of the basin is covered in till. Soils are 
mainly grey luvisols in upland areas, brunisols in sandy uplands and organic or gleysols in 
wet areas. Vegetation includes mixed wood forests of aspen and white spruce or lodgepole 
pine and spruce in upland areas, with black spruce and aspen in much of the central part of 
the basin (Gov. NWT and Env. Canada 1984). There is little agriculture in the watershed 
(Figure 6-1). Wetlands, especially peatlands, are a common feature within the Hay River 
basin. The Hay Zama Lakes Complex is a large area of shallow eutrophic lakes, rivers and 
wetlands, that is considered an environmentally sensitive area of international importance 
(Wetlands International website 2005).    

Much of the Hay River basin lies within the Wetland Mixedwood Subregion of the Boreal 
Forest Natural Region, an area dominated by peatland cover (Vitt et al. 1996). The region 
includes three Environmentally Sensitive Areas (ESAs); Hay River, Hay-Zama Lakes 
Complex and Zama Lake Ribbed Fen (Sweetgrass website 1997). The Hay-Zama Lakes 
Complex has received a lot of attention and was designated a Wildland Park (Hay-Zama 
Lakes Wildland Provincial Park) in 1999. It was also recognized as an internationally 
important wetland under the Ramsar Convention in 1982 (Wetlands International website 
2005). The complex is a large area of shallow eutrophic lakes, rivers and wetlands (Wetlands 
International website 2005). 

  North/South Consultants Inc. 
Page 6-1 



AEH Information Synthesis and Initial Assessment 
Alberta Environment  Section 6.0: Hay River Basin 

  North/South Consultants Inc. 
Page 6-2 

 

Figure 6-1 Land cover and natural regions of the Hay River Basin showing 
lakes and average chlorophyll a concentrations (1980-2003)1 

                                                 
1  The long-term monitoring lakes shown are discussed in Section 6.4. Map provided by AENV. 
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There are no major urban centers in the Hay River watershed, although there are several 
small communities. Several of these are located along the Mackenzie Highway, which 
parallels the Hay River. The CN railway also parallels the highway and river. Table 6-1 in 
Appendix A lists the municipalities, rivers and watercourses in the Hay River Basin area. 

6.2 HAY RIVER 

Because information on this basin is very limited, much of the following is based on data 
from the Environment Canada monitoring site at Hay River at the Alberta-NWT boundary. 
This site would reflect runoff from human activities in the entire basin. 

Total drainage basin area of the Hay River is 47,900 km2 at the Alberta-Northwest 
Territories (NWT) border. The annual average discharge at the water monitoring station on 
the border is 3,630,000 dam3 (AENV 2006 website). About 74% of the basin lies in Alberta, 
with the remainder in British Columbia and the Northwest Territories. 

The only long-term water quality monitoring site in the basin is on the Hay River at the 
Alberta-Northwest Territories boundary, which began in 1988 (Site NW070B0002). A few 
other chemical data have been collected in the basin in conjunction with fisheries studies. A 
study on the Hay River in 1984 lists water quality variables for a site on the Hay River near 
the town of Hay River in the NWT (Gov. NWT and Env. Canada 1984). 

Water samples for inorganic variables were collected monthly from 1988 to 1994, and 
bimonthly from 1995 to 2004. Trace organics samples were collected periodically, starting in 
1994. Suspended sediment samples were also collected during spring since 1995 and 
analyzed for a variety of organic and inorganic variables. No benthic nor sediment data are 
available. 

6.2.1 Key Sites, Issues and Indicators  

Little is known about possible impacts on water quality in the Alberta portion of the basin. 
There is little agriculture in the area, due to soil and climate limitations. Commercial forestry 
is likely occurring, although in much of the basin merchantable timber is limited. There are 
three major oil and gas fields located in the Hay-Zama lakes area of the basin. The Rainbow 
field is one of Canada’s largest producing oil and gas fields (Gov. NWT and Env. Canada 
1984). Potential areas of concern are pipeline breaches; soil erosion; oil and gas spills from 
roadways, well sites and exploration corridors; and contamination of groundwater from 
saltwater injection wells or disposal wells. Municipal sewage discharges would be of lesser 
importance. 

  North/South Consultants Inc. 
Page 6-3 



AEH Information Synthesis and Initial Assessment 
Alberta Environment  Section 6.0: Hay River Basin 

Key indicators for this basin are those that would measure impacts of the oil and gas industry 
on water quality. These include suspended sediments, certain metals, salts, pesticides and 
trace organics such as hydrocarbons (Table 6-2). Information relating to key water and 
sediment quality and lower trophic AEH indicators identified for the Hay River Basin are 
presented in Tables 6-3 to 6-5, and available information is summarized in Tables 6-6 to 6-8 
in Appendix A.  

Table 6-2 Summary of impact areas and associated stressors in the Hay 
River Basin  

Watercourse/ 
Waterbody 

Assessment Area/Site 
Rationale for 

Selection 
Stressors and Issues 

Qualitative 
Impact 
Rating 

Hay River Hay River at NWT border 
Reflects human impact 

in the whole basin. 

Point sources: some 
treated municipal 

effluents. Non-point 
sources: Oil and gas fields 

in the Hay-Zama lakes 
area, forestry, low 

intensity agriculture. 

Moderate 

Streams 
Chinchaga River, Melvin 
River, Steen River, Amber 
River 

A few historical studies 
available. 

Limited information 
available. 

No rating 
given 1

Lakes Rainbow Lake, Hutch Lake  
Historical water quality 

studies available. 

Limited information 
available. Some 

recreational activities. 

No rating 
given 1

Wetlands Hay-Zama Lakes Complex 
Environmentally 
sensitive area. 

Oil and gas development, 
lack of information. 

No rating 
given 1

Notes: 1 Sufficient information not available. 

6.2.2 Water Quality 

Table 6-9 in Appendix A presents statistical information for inorganic chemistry for the 
period 1995-2005 and Table 6-10 in Appendix A presents an assessment of water quality 
guideline compliance. Water quality indices have not been calculated for this site. 

Levels of dissolved oxygen (DO) were generally high on most sampling dates in summer 
(Figure 6-2). Frequently, however, winter and spring concentrations were very low. Half of 
the 32 samples collected between December and the end of June over the 10-year period 
were below ASWQG for the protection of aquatic life. On two occasions, one in winter and 
the other in early spring, levels declined to below 1 mg/L. These levels could put fish and 
invertebrate populations at risk. Average DOC levels were also high, suggesting that the 
cause of low DO was decomposition of organic matter. DO complied with the chronic 
ASWQG of 6.5 mg/L and the mayfly emergence guideline only 71% of the time (Table 6-10 
in Appendix A), and with the acute guideline of 5.0 mg/L only 88% of the time.  
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Table 6-3 Summary of potential water quality (WQ) indicators of aquatic 
ecosystem health (AEH) for select Hay River Basin rivers, 
streams, lakes and wetlands 

AEH WQ Indicator Hay River Streams Lakes Wetlands 

ARWQI 1  x x x 
CCME WQI  x   
AAWQI 2 x x x x 
AENV Lake Trophic Status3 x x   
Stream /River Trophic Classification 4   x x 
Nutrients and Chlorophyll a     
Dissolved Oxygen     
TSS and/or Turbidity     
TDS and/or Conductivity     
Trace Metals/Metalloids5    x 
Trace Organics   x x 
Pesticides  x x x 
√ = Relevant indicator, X = Indicator not relevant. See Appendix Table 6-6 for further details regarding the availability of data 
for the identified indicators.  

Notes: ARWQI and sub-indices (nutrient, bacteria, metals and pesticides). AAWQI and sub-indices (nutrient, bacteria and pesticide). 
Trophic status assessed by chlorophyll a, TP, TN and secchi depth criteria. As per Dodds at al. 1998 (benthic algal and/or 

phytoplankton biomass as Chlorophyll a, total nitrogen and total phosphorus); See Table 3-6. Emphasis was placed on total 
metals with CCME WQGs (i.e., Al, As, Cd, Cr, Cu, Fe, Pb, Mn, Hg, Mo, Ni, Se, Ag, Zn); where appropriate dissolved metals 
were considered, but only in particular cases. 

1 2

3 4

5

Table 6-4 Summary of potential sediment quality (SQ) indicators of aquatic 
ecosystem health (AEH) for select Hay River Basin rivers, 
streams, lakes and wetlands 

AEH SQ Indicator Hay River Streams Lakes Wetlands 

Trace Metals/ Metalloids  x x x 
Trace Organics  x  x 
Nutrients     
Sediment Oxygen Demand  x x x 

√ = Relevant indicator, X = Indicator not relevant. See Appendix Table 6-7 for further details regarding the availability of data 
for the identified indicators. 
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Table 6-5 Summary of potential non-fish biota (NFB) indicators of aquatic 
ecosystem health (AEH) for select Hay River Basin rivers and 
streams 

AEH NFB 
Indicator 

Indicator Metrics/ Measurements 
Hay 

River Streams Lakes Wetlands 

Community-based metrics 1     

Standing crop biomass  x  x 
Benthic 
Invertebrate 
Communities 

Invasive species     
Standing crop biomass (as Cha) 2 2   
Community composition 3 2 2   Phytoplankton 

Stream/Lake Trophic Classification 4 2 2   
Standing crop biomass x x   

Zooplankton 
Community composition 5 x x   
Standing crop biomass (as Cha)   x x 

Community composition 6   x x Periphyton 

Stream/River Trophic Classification 4   x x 

Standing crop biomass     
Community composition 7     Aquatic 

Macrophytes 
Invasive species     

√ = Relevant indicator, X = Indicator not relevant. See Appendix Table 6-8 for further details regarding the availability of data 
for the identified indicators. 

Notes: 1Total abundance (density), taxon richness, density and proportion, eveness, % EPT, Simpsons diversity index, Bray-Curtis 
index and/or the EPT index. 2 Applicability dependent on stream/reach. 3 Total abundance (density), taxon richness, % cell 
concentration composition of taxa, % biomass composition of taxa, Simpson’s diversity index. 4See Tables 3-5 and 3-6. 5 Total 
abundance (density), taxon richness, % composition of taxa, % biomass composition of taxa, Simpson’s diversity index. 6 Total 
abundance (density), taxon richness, % biomass composition of taxa, Simpson’s diversity index. 7Total abundance (density), 
taxon richness, % biomass composition of taxa, Simpson’s diversity index. 

 

Values for pH varied between 6.5–8.8 pH units, and were relatively stable through the 10 
years of data. All of the values were within CCME guidelines, and only one exceeded the 
ASWQ guideline. Specific conductance was highest in winter and early spring, and ranged 
from 100 to 820 μS/cm (median 316 μS/cm). 

TDS, TSS and Hardness  

Concentrations of total dissolved solids (TDS) ranged between 42 and 716 mg/L, median 
267 mg/L. The highest levels occurred during winter and early spring, likely due to low 
flows and groundwater inputs under ice. Levels of total suspended solids (TSS) ranged from 
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<3 to 240 mg/L, median 11 mg/L, with highest levels in May each year when flows were 
high (Figure 6-2). Lowest levels occurred in mid-summer or winter, presumably as a result 
of low runoff at that time. The water in the Hay River is relatively hard. Dominant ions are 
bicarbonate, sulphate and calcium. The river is well buffered against acidic inputs. 

 

Figure 6-2 Seasonal box and whisker plots for dissolved oxygen, total 
phosphorus, total suspended solids, and total aluminum for the 
Hay River at the Alberta-NWT Border in 1995-2005 
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Nutrients 

Total phosphorus (TP) values ranged from 0.010 mg/L to 0.557 mg/L (median 0.066 mg/L) 
(Table 6-9 in Appendix A). The highest concentrations occurred when TSS was elevated in 
the spring (Figure 6-2). The ASWQG for TP was exceeded regularly. Dissolved phosphorus 
values were much more stable, but were also occasionally elevated in spring. Levels of 
phosphorus suggest that this river is fairly productive. 

Concentrations of total nitrogen (TN) ranged from 0.250 mg/L to 3.73 mg/L (median 1.03 
mg/L for 1995-2000 data). The highest levels occurred under ice in late winter or early 
spring, and much of the TN was dissolved organic and inorganic N. This suggests that plant 
material was decomposing at this time. As with TP, TN ASWQG was exceeded regularly.  

Ammonia-N concentrations were relatively low, although they were somewhat elevated 
under ice in early spring when DO levels were low (data for 1995-2000). All dissolved 
ammonia concentrations complied with the CCME WQG. 

According to the classification of Dodds et al. (1998), the Hay River is eutrophic based on 
mean and median TP levels, but mesotrophic based on mean and median TN levels. Values 
for other indicators were not available. 

Metals 

In April 2002, there was a significant analytical method change for several of the metals 
listed in Table 6-9 in Appendix A. Therefore, only the recent data were included in the 
assessment as detection limits were much lower. 

Total iron (median 2010 μg/L, range 52 – 8710 μg/L) and aluminum (median 203 μg/L, 
range 11 – 2810 μg/L) had very high concentrations during 1995-2005. These were elevated 
because of high levels of suspended sediment in the river. Concentrations of a few other total 
metals were also relatively high on occasion, including cadmium, copper, chromium, 
manganese and lead, although only aluminum, iron, cadmium and copper did not always 
comply with ASWQG or CCME WQG (Table 6-9 in Appendix A). Elevated levels tended to 
be associated with high TSS concentrations. For example, total aluminum levels were very 
high in spring when the river was turbid (Figure 6-2). Sources for these metals are unknown, 
although it is likely they are natural. 

Organics 

Pesticide samples were collected twice per year (usually July and September) between 1998 
and 2002 (n=approx. 20). Of the 40 types of pesticides analyzed in these samples, all were 
below analytical detection limits, except for lindane (gamma-HCH), which ranged from 0.15 
ng/L to 1.57 ng/L (n=13). These values are well below the CCME guideline of 10 ng/L. 
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Lindane is an insecticide that has been used for seed treatment to prevent beetle infestations; 
the compound is not permitted anymore in Canada but may be transported from other areas. 
Pesticide levels in the Hay River are not a concern for this period of time, likely because 
river flows were large compared with that of runoff entering the river from areas where 
pesticides may have been applied.  

Only two other organic compounds had levels above the detection limit: total PCBs (two 
occasions in summer 1994, n=4) and the PAH phenanthrene (one occasion in September 
1997, n=18). There is no CCME guideline for total PCBs, and the level for phenanthrene 
(0.045 μg/L) was well below the CCME guideline level of 1.1 μg/L.  

6.2.3 Sediment Quality 

Hydrocarbons were analyzed in seven sets of suspended sediment samples collected from 
1995–2005. Concentrations of all PAH fractions analyzed were below analytical detection 
limits except for PAH-S perylene. This compound is produced from decomposing plant 
material, and therefore is likely natural in the Hay River.  

6.2.4 Non-Fish Biota 

No information was available for non-fish biota for the Hay River. 

6.2.5 Synthesis and Initial Assessment of Aquatic Ecosystem Health 

• The following was concluded regarding the Aquatic Ecosystem Health (AEH) status 
of the Hay River, based on the overview of water and sediment quality and Non-
Fish Biota (NFB) information. The initial AEH and data quality assessments are 
summarized in Tables 6-11 and 6-12. 

• The AEH status of the Hay River was assessed as ‘good’ with respect to water 
quality, but insufficient information was available to determine AEH based on 
sediment quality or non-fish biota.  

• The Hay River has likely not been particularly affected by human activities in the 
watershed. Available information suggests that DO (dissolved oxygen) levels are 
generally adequate in summer, but that winter and spring concentrations were 
frequently very low. Values for pH were stable for the period of record and 
generally within Alberta Surface Water Quality (ASWQ) guideline.  

• Trace organic concentrations were below analytical detection limits except for the 
pesticide lindane and the polycyclic aromatic hydrocarbon phenanthrene (one 
occasion).  

• Total iron, aluminum and total suspended solids levels get very high during spring 
runoff, but it is not clear whether this is natural or due to erosion from development. 
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• The ASWQG for total phosphorus (TP) was exceeded regularly, while dissolved 
phosphorus (DP) values were occasionally elevated in spring. Nutrient levels 
suggest that this river is fairly productive. 

• The Hay River is eutrophic and mesotrophic based on TP and total nitrogen (TN), 
respectively.  

• Limited sediment quality data detected low levels of PAHs, that are likely derived 
from natural sources.  

Table 6-11 Initial qualitative assessment of aquatic ecosystem health based 
on a synthesis of available data: Hay River Basin  

Site/Area 
Water 

Quality 
Sediment 
Quality 

Non-fish 
Biota 

Hay River G ID ID 

Other Rivers and Streams ID ID ID 

Lakes ID ID ID 

Wetlands ID ID ID 

 Excellent  Good  Fair  Marginal  Poor  Insufficient data 

Table 6-12 Assessment of data quality/quantity for an initial aquatic 
ecosystem health assessment: Hay River Basin 

Site/Area 
Water 

Quality 
Sediment 

Quality 
Non-fish 

Biota 

Hay River G P P 

Other Rivers and Streams P P P 

Lakes P P P 

Wetlands P P P 

 Good  Fair  Marginal  Poor 
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6.3 OTHER RIVERS AND STREAMS  

Very little information on the aquatic environment exists for tributaries of the Hay River. In 
mid-summer 1985, one set of water chemistry data was collected from the Chinchaga River, 
largest river draining into the Hay River, and several of its tributaries near the village of 
Paddle Prairie. As this was for a fisheries survey, only a few water quality variables were 
analyzed (Pisces 1985). 

Fisheries surveys were also conducted on several other streams in the Hay River watershed, 
including the Melvin River, Steen River, Amber River and six smaller streams by Griffiths 
and Ferster (1974). Water chemistry samples were collected in August and September 1973. 

6.3.1 Key Sites, Issues and Indicators  

Little is known about possible impacts on aquatic ecosystems of other rivers and streams in 
the Hay River basin. Issues and indicators are as discussed in Section 6.2.1. 

6.3.2 Water Quality 

In the Chinchaga River, concentrations for routine variables generally fell within the range 
of those for the Hay River (Pisces 1985). Nutrients were not measured. 

According to Griffiths and Ferster (1974), routine variables generally fell within the range of 
those from the Hay River in Melvin River, Steen River, Amber River and six smaller 
streams. Although phosphate, nitrate and ammonia were analyzed in these samples, the 
analytical methods at that time were different than those of today, and the data are not 
comparable.  

6.3.3 Sediment Quality 

No information was available for sediment quality in regional streams.  

6.3.4 Non-Fish Biota 

Only one survey of non-fish biota in streams was available for this area (Griffiths and Ferster 
1974). Benthic invertebrates were collected with a kick-net and the samples were picked in 
the field. Organisms were identified from 13 sites on a variety of streams in the watershed 
(Table 6-13 in Appendix A). Some of these streams have a good diversity of species, and 
several species are indicators of good water quality. Abundance and biomass were not 
measured. 

6.3.5 Synthesis and Initial Assessment of Aquatic Ecosystem Health 

The initial AEH and data quality assessments are summarized in Tables 6-11 and 6-12. 

  North/South Consultants Inc. 
Page 6-11 



AEH Information Synthesis and Initial Assessment 
Alberta Environment  Section 6.0: Hay River Basin 

6.4 LAKES 

Although there are several lakes in the watershed, only a few have been surveyed in any 
detail. Rainbow Lake has historical data available from the 1970s (Walty 1976) and Hutch 
Lake some AENV monitoring data from late 1980s and early 1990s. These two lakes are 
presented here in detail. Several lakes in the basin have been sampled once for water quality 
in relation to their sensitivity to acidification (Saffran and Trew 1996). In addition, three 
unnamed lakes in the eastern part of the basin, close to the Caribou Mountains, were 
included in a study investigating the impacts of forest fires on boreal lake chemistry 
(McEachern et al. 2000). Two of these lakes (C13 and C17) are situated in the headwaters of 
Little Rapids Creek and one (C45) in the headwaters of Dizzy Creek. Limnological 
characteristics of a total of 29 lakes with burnt and unburnt peatland-conifer catchments 
were monitored in summer 1997 in the Hay and Peace River Basins, after a massive wildfire 
in the Caribou Mountains in 1995. The forest fire resulted in a larger flux of nutrients to 
lakes within burnt watersheds, relative to unburnt watersheds. For a more detailed discussion 
on the results of this study, see Section 7.4.7 on Boreal lakes. 

6.4.1 Key Sites, Issues and Indicators  

Little is known about possible impacts on aquatic ecosystems of lakes in the Hay River 
basin. Issues and indicators are as discussed in Section 6.2.1. 

6.4.2 Rainbow Lake 

Rainbow Lake is located in the headwaters of the Hay River (Tp.107, Rg. 8, W6), and is an 
on-stream water body. The lake is 11.6 km long by 0.59 km wide. It has a maximum depth 
of 8.2 m, a mean depth of 4.0 m and an area of 396 ha. It is located in the Lower Boreal 
Highlands Subregion. Land use in the area is unknown and land cover is likely mixed forest. 
(Walty 1976). 

Two samples were collected for water quality on August 6, 1975. Very few water quality 
variables were analyzed in these samples (i.e., temperature, pH, DO, TDS, alkalinity, major 
ions, nutrients and iron), and analytical methods have changed since then. Concentrations of 
routine variables such as major ions, TDS and hardness were somewhat lower than those for 
the Hay River. No thermocline was observed on this sampling date, suggesting that the lake 
is well-mixed. DO levels were relatively low from the surface to the bottom (6 to 5 mg/L). 
The lake water was found to be soft with high colour and relatively low productivity. The 
data are inadequate to assess trophic status. 
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6.4.3 Hutch Lake 

6.4.3.1 Water Quality 

Hutch Lake (Figure 6-1) is located along Highway 35 near the Town of Hutch Lake and 
north of High Level. It is situated in the Central Mixedwood Subregion. Nothing is 
documented about land use around the lake, although it is likely in deciduous forest.  The 
lake was impounded in the late 1980s, to provide extra depth to support recreation and a 
stocked walleye fishery.  

Hutch Lake was sampled on one occasion in winter 1987, one occasion in summer 1991 and 
three occasions in summer 1992 (AENV online Water Quality database). Based on average 
1992 chlorophyll a levels (17.9 μg/L) and average Secchi depth (1.9 m), the lake is 
eutrophic, whereas average TP levels (421μg/L) put it into the hypereutrophic category. No 
nitrogen data are available, and nothing else is known about this lake. 

6.4.3.2 Sediment Quality 

There was no information on sediment quality available. 

6.4.3.3 Non-Fish Biota  

During the survey on Rainbow Lake in August 1975 (Walty 1976), two plankton samples 
were collected from the deepest part of the lake with a 70-μm mesh plankton net. The 
phytoplankton samples were dominated by Aphanizomenon flos-aquae (Table 6-14 in 
Appendix A), while daphnia and calanoid copepods were common zooplankters.  

Seventy benthic invertebrate samples from all depths were collected with an Ekman dredge. 
Table 6-15 in Appendix A lists abundance and wet and dry weights for the organisms in 
these samples. Amphipods were dominant in the shallowest areas, while sphaerids and 
chironomids were abundant at depths greater than 10 feet. Oligochaetes were numerous in 
the deepest part of the lake. Invertebrate numbers declined at depth, although numbers 
increased in the deepest zone. The standing crop in Rainbow Lake is very low compared 
with that of other lakes surveyed in the 1970s. 

6.4.4 Synthesis and Initial Assessment of Aquatic Ecosystem Health 

• The following was concluded regarding the Aquatic Ecosystem Health (AEH) status 
of lakes in the Hay River basin. The initial AEH and data quality assessments are 
summarized in Tables 6-11 and 6-12. 

• Although there are several lakes in the basin, no major studies have been done on 
any of them. Therefore, it was considered that information was insufficient for 
assessing AEH based on water quality, sediment quality or non-fish biota.   
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• Benthic invertebrate populations in several of the streams and in Rainbow Lake 
were diverse in the mid-1970s. Only net-plankton data are available from Rainbow 
Lake during a midsummer sampling program in 1976. 

6.5 WETLANDS 

Much of the Hay River basin lies within the Wetland Mixedwood Subregion of the Boreal 
Forest Natural Region, an area dominated by peatland cover (Vitt et al. 1996). The region 
includes three Alberta Environmentally Sensitive Areas (ESAs); Hay River, Hay-Zama 
Lakes Complex and Zama Lake Ribbed Fen (Sweetgrass website 1997). The Hay-Zama 
Lakes Complex has received a lot of attention and was designated a Wildland Park (Hay-
Zama Lakes Wildland Provincial Park) in 1999. It was also recognized as an internationally 
important wetland under the Ramsar Convention in 1982 (Wetlands International website 
2005). The complex is a large area of shallow eutrophic lakes, rivers and wetlands (Wetlands 
International website 2005).    

6.5.1 Key Sites, Issues and Indicators  

There are three major oil and gas fields located in the Hay-Zama Lakes area of the basin, and 
potential environment issues relate largely to exploration for and the extraction and 
transmission of these resources (see also Section 6.2.1). To protect the cultural and natural 
heritage of the Hay-Zama Lakes Complex, a memorandum of understanding (MOU) was 
struck in 1999 (amended in 2000) by the governments of Canada and Alberta, EUB, Dene 
Tha’ First Nation at Chateh, Ducks Unlimited, Alberta Wilderness Association and industry, 
to limit and eventually phase out oil and gas development in the most high risk areas (AWA 
website 2003).   

6.5.2 Synthesis and Initial Assessment of Aquatic Ecosystem Health 

• The following was concluded regarding the Aquatic Ecosystem Health (AEH) status 
of wetlands in the Hay River basin. The initial AEH and data quality assessments 
are summarized in Tables 6-11 and 6-12. 

• The Hay River basin has extensive areas of wetlands, including areas that are 
considered environmentally sensitive and of international importance. Although 
these wetland areas have therefore been the focus of considerable attention and 
research, it was considered that little of the available information was suited to 
assessing AEH on the basis of water quality, sediment quality or non-fish biota.  
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7.0 PEACE AND SLAVE RIVER BASINS 

7.1 INTRODUCTION 

The Peace River Basin (PRB) is a sub-basin of the larger Mackenzie River Basin, along with 
the Athabasca, Liard, Peel, Great Slave and Mackenzie Great Bear basins (MRBB 2004). 
The drainage area covers 323,000 km2 and traverses both BC and Alberta. In total, this river 
basin covers one third of the province of Alberta, with ~62% of the entire watershed located 
upstream of the Town of Peace River. Within Alberta, the Peace and Slave River basins 
stretch out across the Boreal Forest natural region spanning eleven natural sub-regions, from 
Alpine to Athabasca Plain sub-regions (Figure 7-1). The basin is forested for the most part, 
and coniferous and mixed forest along with deciduous trees, represent the dominant land 
uses. The main exceptions are large areas covered by agricultural crop land in the southern 
half of the basin, within Alberta (Figure 7-1). The Peace and Slave River basins within 
Alberta are sparsely populated. In 2001, the PRB had an estimated 195,000 residents; with 
Grande Prairie the largest population centre (37,000 residents; MRBB 2004). The main point 
source licensed dischargers within the Peace and Slave River basins are listed in Appendix 
B, along with a summary of the distribution of smaller licensed dischargers. 

A number of rivers, streams, lakes and wetlands within the Peace/Slave Basin (PSB) were 
considered and key reaches/areas selected, according to the rationale outlined in Table 7-1. 

7.2 PEACE AND SLAVE RIVERS  

7.2.1 Key Reaches, Issues and Indicators 

The Peace River (PR) originates in northeastern BC, and has flowed from the Williston 
Reservoir and the WAC Bennett dam since 1967, but was originally formed by the 
confluence of the Parsnip and Finlay rivers (Stantec 2004, BWP 2003). The PR flows in a 
northeast direction, 2,000 km from the headwaters in the Rocky Mountains in north-central 
BC to the Peace/Athabasca Delta in Wood Buffalo National Park. There it joins with Riviere 
des Rochers and Chenal des Quatre Fourches, to form the Slave River (SR), which flows 
north past Fort Smith to the Slave River Delta and Great Slave Lake in the NWT. At Peace 
Point (at the head of the delta) the PR has a mean annual discharge of 68,200,000 dam3 and a 
drainage area of 293,000 km2. At the BC/Alberta border, an estimated three quarters of the 
flow in the PR originates from the Williston Reservoir, while one quarter comes from the 
various tributaries within BC (BWP 2003). Major PR tributaries include: the Halfway, Pine 
and Beaton rivers in BC, and the Smoky and Wabasca rivers in Alberta. Other smaller major 
tributaries within Alberta include the Whitemud, Cadotte, Notikewin, and Mikkwa rivers 
(MRBB 2004). 
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Figure 7-1 Land cover and natural regions of the Peace River Basin 

showing lakes and average chlorophyll a concentrations (1980-
2003)1

                                                 
1 The long-term monitoring lakes shown are discussed in Section 7.4.2. Provided by AENV. 
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Table 7-1 Summary of impact areas and associated stressors in the Peace/Slave River Basin  

Watercourse/ 
Waterbody 

Assessment Area/Site Rationale for Selection Stressors and Issues 
Qualitative Impact 

Rating 

Upstream at BC/Alberta Border 
Provides an indication of U/S WQ as the river 

enters the province. 

U/S dams (Peace Canyon Dam, W.A.C. 
Bennett Dam), and point and non-point 

source discharges in BC. 
Low/Moderate 

Downstream at Fort Vermilion 
Provincial LTRN site located D/S of major point 

source discharges and tributary inputs. 

U/S inputs as a result of forestry and 
agricultural activity; inputs from the Smoky 
River; inputs from the Daishowa-Marubeni 

International Ltd. Pulp Mill; municipal inputs 
from the Town of Peace River. Flow 

regulation from the U/S dams. 

Low/Moderate 
Peace River 

Upstream of the Delta at Peace 
Point 

Federal long-term monitoring site located at the 
head of the delta. 

Cumulative point and non point and 
tributary inputs, as well as flow regulation. 

Low 

Slave River Slave River at Fitzgerald 
Federal long-term monitoring site located at the 

border with the NWT. 
Downstream from the Peace and 

Athabasca river basin. 
Low 

Smoky River 
Upstream and downstream of the 

Wapiti confluence, and closer to the 
mouth at Watino. 

A major tributary of the Peace River that 
receives point source, non-point source and 
tributary inputs. A LTRN station is located at 

close to the mouth. 

Nutrient inputs from the Weyerhaeuser 
Canada Ltd. Pulp Mill and the Grande 

Prairie WWTP via the Wapiti River. U/S 
coal mining activity. 

Moderate 

Wapiti River 
Upstream and downstream of point 

source effluent discharges at 
Grande Prairie. 

A tributary of the Smoky River that receives 
point source and non-point source inputs. Two 
LTRN stations are located U/S and D/S of the 

two largest point source inputs. 

Nutrient inputs from the Weyerhaeuser 
Canada Ltd. Pulp Mill and the Grande 
Prairie WWTP. Low flows that reduce 

dilution capacity. 

Moderate/High 

Coal Mining 
Streams 

Sheep and Beaverdam creeks  
Smoky River tributaries that traverse and drain 

an operating coal mine lease. 

Mobilization of selenium and other trace 
metals by mining activity. Nutrient 

enrichment due to mining activity and 
municipal effluent discharges. 

Moderate/High 

Hines Creek 
Low intensity agricultural stream monitored by 

AESA. 
Agricultural non-point source inputs Low 

Agricultural Streams 
Kleskun Drain, Grand Prairie Creek 

Moderate intensity agricultural stream monitored 
by AESA. 

Agricultural non-point source inputs Moderate 
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Table 7-1 Summary of impact areas and associated stressors in the Peace/Slave River Basin Cont’d 

Watercourse/ 
Waterbody 

Assessment Area/Site Rationale for Selection Stressors and Issues 
Qualitative Impact 

Rating 

Lakes previously monitored by 
AENV. 

Overview of lake trophic status and TDS, by 
ecoregion, based on collected data 

Non-point source nutrient inputs, 
evaporation, and issues related to 

hydrological flushing characteristics. 
Low/High 

Saskatoon Lake 

Productive medium-sized lake with a small 
watershed dominated by agricultural cropland. 
Trophic status has been monitored by AENV 

during most years. 

Issues related to the high productivity of the 
lake and further eutrophication. 

Moderate 

Sturgeon Lake 
Productive large recreational lake with a large 
forested watershed. Trophic status has been 

monitored by AENV during most years. 

Issues related to the high productivity of the 
lake and further eutrophication. 

Low/Moderate 

Moonshine Lake 

Very small productive recreational lake that has 
been monitored fairly frequently by AENV and 

other agencies, primarily due to dissolved 
oxygen issues. 

Issues related to the high productivity of the 
lake and further eutrophication. 

Low 

Utikuma Lake 
Very large isolated lake within a large forested 

watershed. 
Issues related to the high productivity of the 

lake and further eutrophication. 
Low 

Lakes 

Boreal Lakes 

Most lakes in the Peace and Slave river basins 
are small boreal lakes, in forested or peatland 
watersheds. They are considered important for 

waterfowl.  

Land clearance due to pipelines, seismic 
lines, conventional oil and gas, and other 

development. Non-point source inputs as a 
result of forestry activities. Climate change 

and acid deposition. 

Low 

Wetlands 
Boreal Peatlands; 

Peace/Athabasca Delta 

These extensive wetlands cover 26-100% of 
areas in the ARB and influence surface waters 

in the region in terms of hydrology, water quality 
and biota. 

Land clearance due to pipelines, seismic 
lines, conventional oil and gas, and other 

development. Non-point source inputs as a 
result of forestry activities. Climate change 

and acid deposition. 

Low/High 

– = Not applicable. U/S = Upstream. D/S = Downstream. 
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Within Alberta, effluent discharges from the Town of Peace River and the bleached kraft 
pulp mill operated by Daishowa-Marubeni International Ltd. (DMI), constitute the major 
point source inputs to the PR. Upstream within BC the PR receives effluent discharges from 
two pulp and paper mills located close to the WAC Bennett Dam2, the City of Fort St. John, 
the Fibreco Pulp Inc. pulp mill, and the McMahon gas processing plant (NRBS 1996, BWP 
2003).The entire length of the PR also receives non-point inputs associated with forestry and 
agricultural practices/land use, as well as tributary inputs. The PRB supports an expansive 
and active conventional oil and gas industry, both in BC and Alberta. The SR is located 
downstream of the Peace and Athabasca River but in itself does not have any major point 
source inputs and the Slave Basin is sparsely populated (MRBB 2004). 

Flow in the PR has been greatly influenced by two dams in BC: the Peace Canyon Dam, 
completed in 1980, and the W.A.C. Bennett Dam, completed in 1967 (MRBB 2004, Stantec 
2004). The Peace Canyon Dam is located 20 km downstream from the Bennett Dam. Like 
most northern rivers, flow in the PR was lowest in the winter and highest in early summer. 
Construction of the W.A.C. Bennett Dam has dampened these seasonal fluctuations; summer 
flows are not as high and winter flows are not as low compared to historical flows (MRBB 
2004). This effect has been most apparent immediately below the dam, but even in the lower 
PR (Peace Point) changes in river hydrology have been evident, with peak flows occurring in 
May or early June, dependent on snowmelt from the headwaters. The largest tributary, the 
Smoky River, represents a major source of spring and summer runoff to the PR. Spring flow 
in this tributary has been relatively low in recent decades (late 1970s-early 1990s) due to 
decreased precipitation and snow pack. Reduced peak flows decrease a river’s capacity to 
transport sediments, and may result in a gradual filling of the river with silt and sediment. In 
this case it may also ultimately affect lake and wetland water levels in the Peace-Athabasca 
delta (MRBB 2004). 

In recent decades climate has also influenced PR flows (MRBB 2004). In the latter half of 
the 20th Century, winter precipitation in the upper portion of the PRB decreased (1950–
1998). This decrease resulted in reduced spring tributary runoff and also reduced likelihood 
of ice jam-induced floods in the lower PR, near the Peace-Athabasca delta. Perched basins in 
the delta depend on these floods to replenish their water supply. Following the construction 
of the WAC Bennett dam, the delta endured a prolonged period of drying due to lack of 
flooding (1975 to 1996). The basins were replenished in 1996 and 1997 but they have been 
drying again since. Studies thus far indicate that riparian habitat and ecosystem function 
within the delta has been greatly affected by these dryer conditions (Hall et al. 2004, MRBB 
2004) 

For the purposes of an initial AEH assessment, information and data related to water and 
sediment quality, and NFB within two reaches within Alberta were reviewed; i.e., the PR 

                                                 
2 A third pulp and paper mill in this headwater area does not discharge to the Peace River. 
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upstream of the Smoky River confluence, and the PR: between the Smoky River confluence 
and the delta. These reaches encompassed the long-term federal and provincial monitoring 
sites located at Dunvegan3, Fort Vermilion and Peace Point (Figure 2-2). The relatively short 
section of the Slave River within Alberta was assessed, including the federal long-term 
monitoring site at Fitzgerald, close to the NWT border. Upper PR water quality conditions 
within BC were also discussed, where relevant.  

Potential water and sediment quality and lower trophic indicators, considered for AEH 
assessment in the Peace and Slave rivers are given in Tables 7-2 to 7-4. The availability of 
recent data related to these indicators is assessed in Tables 7-5 to 7-7 in Appendix A. 

Table 7-2 Summary of potential water quality (WQ) indicators of aquatic 
ecosystem health for select rivers and streams in the Peace and 
Slave River basins  

AEH WQ Indicator 
Peace 
River 

Slave 
River 

Smoky-
Wapiti 

System 

Agricultural 
Streams 

Coal 
Mining 

Streams 
Lakes Wetlands 

ARWQI 3    x x x x 
CCME WQI    x x x x 
AAWQI 4 x x x  x x x 
AENV Lake Trophic Status 5 x x x x x   
Stream/River Trophic 
Classification 6      x x 
Nutrients and Chlorophyll a        
Dissolved Oxygen        
TSS and /or Turbidity        
TDS and /or Conductivity        
Trace Metals/Metalloids 7    x   x 
Trace Organics     x  x x 
Pesticides  x   x  5  

√ = Relevant indicator, X = Indicator not relevant. See Tables 7-5 and 7-25 in Appendix A for further details regarding the 
availability of data for the identified indicators.  

Notes: McLeod and Lesser Slave rivers. Steepbank and Muskeg rivers. ARWQI and sub-indices (nutrient, bacteria, metals and 
pesticides). AAWQI and sub-indices (nutrient, bacteria and pesticide). Trophic status assessed by chlorophyll a, TP, TN and 
secchi depth criteria. As per Dodds et al. 1998 (benthic algal and/or phytoplankton biomass as Chlorophyll a, total nitrogen and 
total phosphorus); See Table 3-6. Emphasis was placed on total metals with CCME WQGs (i.e., Al, As, Cd, Cr, Cu, Fe, Pb, 
Mn, Hg, Mo, Ni, Se, Ag, Zn); where appropriate dissolved metals were considered but only in particular cases.  

1 2 3

4 5

6

7

                                                 
3 This station has been inactive since 1997, thus recent data available from 1994-1997 were evaluated. 
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Table 7-3 Summary of potential sediment quality (SQ) indicators of aquatic 
ecosystem health for select rivers and streams in the Peace and 
Slave River basins 

AEH SQ Indicator 
Peace 
River 

Slave 
River 

Smoky-
Wapiti 

System 

Agricul-
tural 

Streams 

Coal 
Mining 

Streams 
Lakes Wetlands

Trace Metals/Metalloids    x  x x 
Trace Organics    x  x x 
Nutrients  x   x   
Sediment Oxygen Demand x x  x x x x 

√ = Relevant indicator, X = Indicator not relevant. See Tables 7-6 and 7-26 in Appendix A for further details regarding the 
availability of data for the identified indicators. 

7.2.2 Water Quality 

7.2.2.1 Peace River: Provincial Border to Upstream of the Smoky River 
Confluence  

Water quality conditions in the PR upstream of Smoky River are largely dictated by PR 
water quality as it crosses the provincial border from BC, in addition to tributary and non-
point source inputs within Alberta (Shaw et al. 1990). Water quality close to the provincial 
border on the BC side has been monitored weekly at a long-term federal site on the PR above 
the Alces River since 1984. While this station remains active, the corresponding long-term 
monitoring site on the Alberta side, at the Town of Dunvegan was monitored monthly from 
1978 to 1997, when it was deactivated. To characterize water quality in this upstream reach 
within Alberta, water quality at the BC and Alberta long-term monitoring stations is 
discussed based on studies by Shaw et al. (1990), BC MOE (1996) and BWP (2003); in 
addition to a summary of water quality data at Dunvegan from 1994-1996, inclusive (Table 
7-8 in Appendix A). 

Based on data collected between 1984 and 2002 at the federal site in BC, PR water quality 
was closely aligned with flow patterns, such that elevated TSS levels occurred during the 
high flow spring freshet period (BC MOE 1996, BWP 2003). Elevated TSS loads were 
transported to the mainstem by tributaries that drained agricultural and forested land, with 
highly erodible soils. During these high spring flows total forms of several trace metals were 
frequently non-compliant with BC WQGs4. However, these metals most likely occurred in 
particulate forms that for the most part were considered non-bioavailable to biota. During the 
rest of the year, particularly under low flow conditions, TSS levels and associated trace 
metals were generally present at low concentrations. This was primarily because a large 

                                                 
4 i.e., Al, Cr, Co, Cu, Fe, Mn, Pb, Zn 
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proportion of the river flow came from Williston Reservoir via release from the WAC 
Bennett Dam. 

Table 7-4 Summary of potential non-fish biota (NFB) indicators of aquatic 
ecosystem health (AEH) for select Peace and Slave River basins 
rivers, streams, lakes and wetlands 

AEH NFB 
Indicator 

Measurement 

Pe
ac

e 
R

iv
er

 

Sl
av

e 
R
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er

 

Sm
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W
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em

 

A
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l 
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W
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Community-based metrics 1        
Standing crop biomass    x x  x Benthic 

Invertebrates 
Invasive species        
Standing crop biomass (as Cha) 2 2 x  x   
Community composition 3 2 2 x x x   Phytoplankton 

Stream/Lake Trophic Classification 4 2 2 x  x   
Standing crop biomass x x x x x   

Zooplankton 
Community composition 5 x x x x x   
Standing crop biomass (as Cha)      x x 
Community composition 6      x x Periphyton 

Stream/River Trophic Classification4      x x 
Standing crop biomass     x   
Community composition 7     x   Aquatic 

Macrophytes 
Invasive species     x   

√ = Relevant indicator, X = Indicator not relevant. See Tables 7-7 and 7-27 in Appendix A for further details regarding the 
availability of data for the identified indicators. 

Notes: Total abundance (density), taxon richness, density and proportion, eveness, % EPT, Simpsons diversity index, Bray-Curtis 
index and/or the EPT index.  Applicability dependent on the stream/reach. Total abundance (density), taxon richness, % cell 
concentration composition of taxa, % biomass compositionof taxa, Simpson’s diversity index. See Tables 3-5 and 3-6.  Total 
abundance (density), taxon richness, % composition of taxa, % biomass composition of taxa, Simpson’s diversity index.  Total 
abundance (density), taxon richness, % biomass composition of taxa, Simpson’s diversity index.  Total abundance (density), 
taxon richness, % biomass composition of taxa, Simpson’s diversity index.  

1

2 3

 4 5

6

7

Water quality conditions observed close to the provincial border in BC largely translated to 
the upper Alberta reach, upstream of the Smoky River confluence (Shaw et al. 1990). For 
most of the year the mainstem was characterized by low levels of many water quality 
parameters (e.g., TDS, nutrients, trace metals, TSS). As described at the upstream BC site, 
historical PR TSS levels in Alberta were elevated during high flows, as were some total 
metals. With regard to dissolved constituents, the mainstem PR exhibited comparatively low 
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seasonal and spatial variability that Shaw et al (1990) attributed to the Cordilleran origin5 of 
the river (i.e., water from hundreds of mountain streams), the disproportionately large size of 
the river compared to its tributaries and point sources, and the release of fairly homogenous 
water from the WAC Bennett dam. Dissolved oxygen levels in this stretch of the river are 
typically high and compliant with the ASWQG during all seasons (Shaw et al. 1990, Table 7-
8 in Appendix A). 

The PR upstream of the Smoky River confluence was classified as oligotrophic according to 
TP and TN, but mesotrophic according to available periphyton historical data (Table 7-9). 
Although TP and TN concentrations were generally low at this site, they peaked at higher 
levels during the May-June high flow period, reducing overall WQG compliance rates to 
62% (TP) and 85% (TN; Table 7-8 in Appendix A). Levels of TDS were highest from April 
to August and lower during the winter months, reflective of the higher winter flows in this 
river due to flow regulation.  

7.2.2.2 Peace River: Downstream of the Smoky River Confluence to Fort Vermilion 

Concentrations of most PR water quality parameters generally increase from the Smoky 
River to Fort Vermilion, as part of a progressive longitudinal increase along the length of the 
river (Shaw et al. 1990). Thus, water quality in this middle reach tends to be intermediate, 
relative to that of the PR upper and lower reaches. Middle reach water quality is affected by 
several factors, that include: upstream mainstem loads and water quality, tributary and 
diffuse non-point source inputs, point source inputs (WWTP and the DMI pulp mill), and 
groundwater inflow. Cumulative tributary inputs were thought by Shaw et al. (1990) to exert 
the largest influence on the overall PR mainstem water quality input. The Smoky River 
represents the largest tributary input, mainly based on its large discharge volume. Other 
tributaries tend to have higher levels of many WQ constituents, but relative to the PR 
mainstem, their discharge volume and therefore individual loading to the PR is small. 

According to the ARWQI, water quality at the LTRN site at Fort Vermilion has been ‘good’ 
since the index was first applied in 1996 (Figure 7-2). On average, water quality in terms of 
metals, pesticides and bacteria has been ‘excellent’ or ‘good’, whereas nutrient water quality 
has been ‘fair’ (Table 7-9).The lower nutrient sub-index ratings have largely been due to 
frequent non-compliance with the TP ASWG. Although total and dissolved nitrogen forms 
have been low and generally compliant with relevant WQGs, periodic high TP levels have 
been recorded in recent years, likely during spring high flow events (Table 7-10 in Appendix 
A). Consequently, the PR at Fort Vermilion was classified as oligotrophic according to TP 
and TN concentrations, as well as planktonic and benthic algal biomass (Table 7-9). Similar 
to the upper AR, DO levels in recent years at Fort Vermilion have been compliant with the 
ASWQG. Recently, in fall 2002 EEM by DMI found no clear difference in nutrient and DO 

                                                 
5 Cordillera- A system or group of parallel mountain ranges together with intervening plateaux. 
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levels between sites upstream of the mill effluent discharge and sites downstream (Stantec 
2004).Recent median TSS levels at Fort Vermilion extended across a wider range of 
variability compared to upstream, while recent TDS levels were slightly higher (Table 7-10 
in Appendix A). 
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Figure 7-2 Annual Alberta River Water Quality Index (ARWQI) values and 

sub-index values from 1996-2004, for Peace River and Smoky 
River LTRN sites
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Table 7-9 Summary of water quality index (WQI) and trophic classification 
information for the Peace and Slave Rivers 

Water Quality Indicators 
Border to U/S of 
the Smoky River 

Confluence 

D/S of the Smoky 
River Confluence 
to Fort Vermilion 

Fort Vermillion to 
the Delta 

Slave River  

CCME WQI (1983-2002) – – – – 

ARWQI (1998-2004) – Good (90.8) – – 

ARWQI nutrient  – Fair (79.4) – – 

ARWQI bacteria  – Excellent (98.2) – – 

ARWQI metals  – Good (89.4) – – 

ARWQI pesticides  – Excellent (96.1) – – 

Nutrients 
Oligotrophic (TP, 
TN; 1994-1997) 

Oligotrophic (TP, 
TN; 1999-2003) 

Mesotrophic (TP), 
Oligotrophic (TN; 

1999-2003) 

Eutrophic (TP), 
Oligotrophic (TN; 

1999-2003) 
Phytoplankton 
Biomass 

– 
Oligotrophic (1999-

2003) 
– – 

Stream/River 
Trophic 
Classification 1

Periphyton 
Biomass 

Mesotrophic 
(1988/89) 

Oligotrophic 
(1988/89) 

– – 

– = Not applicable/ Data not available. 
Notes: As per Dodds et al. 1998 (benthic algal and/or phytoplankton biomass as chlorophyll a, total nitrogen and total phosphorus); 

See Table 3-6.  

1

In a recent review, Anderson (2005) reported no significant changes from 1996–2004 at Fort 
Vermilion, in individual pesticide concentration, total pesticide concentration per sample, or 
number of pesticides per sample. The majority of pesticides analysed at this site during this 
time period were below detection, except for 1999-2000, when five pesticides were detected 
(2,4-D, bromoxynil, MCPA, MCPP and piclocram), but these were below available CCME 
WQGs. 

7.2.2.3 Peace River: Fort Vermilion to the Delta 

Similar to other major rivers in the province, levels of TSS, TDS and total and dissolved 
constituents in the PR progressively increase downstream. Still, the relative increase in 
dissolved constituents along the PR tends to be relatively small due to its large dilutive 
capacity. In contrast, the PR is characterized by a greater longitudinal increase in 
concentrations of TSS and associated parameters, compared to other rivers (Shaw et al. 
1990). Ultimately, many water quality parameters occur at higher concentrations in the lower 
PR, compared to upstream (Shaw et al. 1990). A summary of data collected at the long-term 
federal monitoring station at Peace Point indicated that median levels exceeded 25 mg/L, 
while peak levels reached several thousands of mg/L (Donald et al. 2004). As a result, this 
reach is characterized by higher levels of total nutrient and metals, as well as turbidity and 
BOD. This is particularly true under high flow events when downstream particulate transport 
is highest (Shaw et al. 1990, Donald et al. 2004). Similar to the Athabasca River, planktonic 
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and benthic biomass (as chlorophyll a) tends to be lower in the lower PR, primarily due to 
elevated turbidity levels (Shaw et al. 1990). 

The overriding influence on PR water quality has been natural changes in channel 
geomorphology with distance downstream. Specifically, natural scouring processes along the 
river length and within this lower reach the change in channel and river bank substrate from 
gravel to sand/silt (Shaw et al. 1990). In addition, PR tributaries and effluent inputs tend to 
have a cumulative influence on mainstem water quality, rather than an individual influence. 
This is primarily because of the sheer size of the PR relative to these inputs. For this river it 
is the cumulative effects of upstream tributary inputs that exert the largest influence on water 
quality in the lower reach. Based on median nutrient levels at Peace point from 1989-2002, 
the PR was classified as mesotrophic based on TP levels, but still remained oligotrophic 
based on TN.  

7.2.2.4 Slave River 

Similar to the lower reach of its tributary, the PR, the Slave River (SR) within Alberta is 
characterized by high TSS loads (Table 7-11 in Appendix A). Recent median TSS levels at 
the Fitzgerald federal monitoring site close to the NWT border were above 25 mg/L, while 
maximum levels ranged up to several thousand mg/L. These levels are attributable to the 
sheer size of the river, the depositional environment, and upstream inputs from the PR. 
Based on recent median nutrient levels, the SR at this site can be classified as eutrophic 
based on TP and oligotrophic based on TN (Table 7-9). The disparity between these trophic 
classifications is due to the high levels of particulate phosphorus present in this river, 
particularly during high flow events. This was reflected by a greater degree of non-
compliance with ASWQGs for TP compared to TN between 1999 and 2003 (Table 7-11 in 
Appendix A). Similar to the PR, DO levels in the SR typically remained above the ASWQG.  

Monitoring of SR water and suspended quality downstream of the NWT/Alberta border at 
Fort Smith by McCarthy et al. (1997a) from 1990-1994, concluded that impacts from 
upstream sources were negligible (at that time), and SR water quality was pristine. Total 
metals concentrations were relatively high and frequently exceeded relevant WQGs, though 
not by substantial amounts. These metals were largely in particulate forms and were 
associated with elevated TSS loads. Similar to the PR, these elevated metals likely originated 
from natural sources and processes, and not upstream industrial sources. Furthermore, 
McCarthy et al. (1997a) speculated that aquatic biota resident in the SR had likely adapted to 
these levels. Trace metals in suspended sediments were variable and there was no overall 
increase or decrease over the 5-year monitoring period. Trace organics such as PAHs and 
dioxins and furans were detected in suspended sediment but at levels considered a threat the 
ecosystem.  

North/South Consultants Inc. 
Page 7-12 



AEH Information Synthesis and Initial Assessment 
Alberta Environment Section 7.0: Peace and Slave River Basins 

McCarthy et al. (1997a) did not detect any pesticides at in the SR at Fort Smith between 
1990 and 1994. While in Alberta, only two pesticides were detected at low concentrations in 
July 2001 (2,4-D and MCPA), but this was based on very limited monitoring at this site 
(AENV 2006). 

7.2.3 Sediment Quality 

Recent monitoring revealed that PCB concentrations upstream of the Smoky River 
confluence in 1997 were low or close to detections limits (Hazewinkel and Noton 2004). 
This was in direct contrast to previously reported high levels at this site in 1994/1995 by 
Carey et al. (1997). In consideration of the comprehensive nature of the 1997 survey, 
Hazewinkel and Noton (2004) concluded that the elevated 1994/95 levels may have been 
anomalous. Overall, PCB levels in the upper PR appeared to be similar to background levels 
in the upper Wapiti and Smoky rivers. Sediment quality monitoring conducted by Stantec 
(2004) to meet the provincial monitoring requirements of the Daishowa-Marubeni 
International (DMI) pulp mill (1994-1999), reported that levels of dioxin, furans, and 
chlorinated phenolic compounds, were either low or undetectable, in sediments upstream and 
downstream from the mill. Daishowa-Marubeni International Ltd. eliminated the use of 
elemental chlorine as a bleaching agent at the mill in 1998, in favour of chlorine dioxide 
(DMI 1999). The following year there were no dioxin or furan congeners detected in 
sediments upstream or downstream of the effluent discharge. 

There were no sediment quality data or information available for the SR within Alberta. 
Within the NWT, sediment quality has been recently assessed in two channels of the Slave 
River Delta by Milburn and Prowse (2004).  

7.2.4 Non-Fish Biota 

7.2.4.1 Peace River 

Benthic Invertebrates 

Within Alberta, PR benthic invertebrate communities were recently sampled (fall 1998, 
2002) within the vicinity of the DMI pulp mill, downstream from the Smoky River 
Confluence. Historically, PR benthic communities were sampled at various sites by AENV 
in 1983 (spring, fall) and in 1988 (summer, fall; Noton et al. 1989, Shaw et al. 1990). Shaw 
et al. (1990) described longitudinal trends in PR benthic communities based on the historical 
fall 1988 synoptic survey. Benthic communities in the PR tend to reflect channel 
geomorphology, hydrological and water quality conditions, and substrate characteristics, 
along the length of the river. Bottom substrates changed along the river, from predominantly 
erosional substrates (cobble/pebble) above Smoky River; to a transition between erosional 
and sandy substrates downstream of the Smoky River to Fort Vermilion; and finally to 
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predominantly sand/silt habitat downstream of Fort Vermilion. Flow also decreased with 
distance downstream.  

Dominant taxa at all sites were Oligochaeta (bristle worms), Chironomidae (midge larvae) 
and Nematoda (round worms), comprising of a minimum of half the taxa at most sites. The 
proportion of Nematoda and Chironomidae of total abundance tended to increase with 
distance downstream. In general, EPT taxa were most prevalent in the upper reach close to 
the border but in fall 1988, Plecoptera (stoneflies) were most abundant within erosional 
habitat between Smoky River and Fort Vermilion. Benthic communities were most abundant 
upstream of the Smoky River but were most diverse within the middle section of the river. In 
contrast, the lower reach of the PR supported communities low in abundance and diversity 
due to lower flow and sand/silt substrates. 

More recently in fall 2002, benthic communities upstream and within 20 km downstream of 
the DMI pulp mill6, were dominated by Chironomidae, Oligochaeta and EPT taxa (>70% of 
community composition at all sites; Stantec 2004). Results of both the fall 1998 and 2002 
surveys indicated that the pulp mill discharge had not significantly affected the majority of 
primary benthic invertebrate community metrics (Table 7-12 in Appendix A).  

Primary Producers 

Shaw et al. (1990) reported that in 1988/89 benthic algal biomass between the border and 
Fort Vermilion was highly variable (1-99 mg/m2).Only historical algal biomass, (as 
chlorophyll a) data were available for PR benthic algal communities, from 1988, 1989 and 
1991. These data were summarized by Carr and Chambers (1999) who calculated an average 
low algal biomass of 16.5 ± 3.5 mg/m2 chlorophyll a in the PR. Indeed benthic algal biomass 
in the PR was considerably lower than reported for other major rivers in the province, with 
the exception of the Milk River. Within the PR, benthic algal biomass was most prevalent 
upstream of the Smoky River confluence and tended to decrease with distance downstream 
(Shaw et al. 1990). As previously discussed, PR channel substrates changed with distance 
downstream from erosional to depositional, erosional substrates being more suitable for 
periphyton colonization. Furthermore, TSS/turbidity levels increased with distance 
downstream, leading to more scouring and lower light penetration. Flow velocity also 
decreased along the length of the river. In fact, periphyton biomass was not measured 
downstream of Fort Vermilion during these AENV synoptic surveys for those reasons.  

7.2.4.2 Slave River 

There were no benthic invertebrate data available for the SR within Alberta, but SR baseline 
data were available downstream from Fort Smith, NWT, as part of the Slave River 

                                                 
6 Located downstream from the Town of Peace River (downstream from the Smoky River confluence). 
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Environmental Quality Monitoring Program (fall 1990,1991; McCarthy et al. 1997b). 
Although these data were not specifically collected within Alberta, they provide a broad 
characterization of SR benthic invertebrate communities. Specifically, benthic invertebrates 
were collected at 51 sites located downstream of the Rapids of the Drowned at Fort Smith. 
Overall, total abundance was very low, and chironomids or small oligochaetes accounted for 
90% of the community composition in both years. These relatively low densities were likely 
due to natural factors, such as the oligotrophic nature of the river, rather than contaminant 
related factors (McCarthy et al. 1997b). This conclusion was supported by results from a 
parallel water and suspended sediment survey by McCarthy et al. (1997a).There were no data 
or information related to algal or aquatic macrophyte communities available for the SR.  

7.2.5 Synthesis and Initial Assessment of Aquatic Ecosystem Health 

• Based on the overview of water and sediment quality and non-fish biota (NFB) 
information for the Peace and Slave rivers, the following was concluded regarding 
the aquatic ecosystem health (AEH) status of these rivers, and summarized in Tables 
7-13 and 7-14.  

• The Peace River Basin covers one third of the province of Alberta, with the Peace 
River and Slave Rivers the largest rivers in the province. AEH in the Peace River is 
largely dependent on river flows that have been regulated since the late 1960’s by 
the WAC Bennett Dam. Relative to the sheer size of this river, point source inputs 
have had a low or negligible impact on overall water quality. Rather, it has been 
natural changes in channel geomorphology and downstream flow, as well as 
cumulative tributary inputs that have largely influenced AEH. The influence of non-
point source inputs from forestry and agricultural activities is not well understood. 

• Due to the presence of several federal and provincial long-term monitoring sites 
along the Peace River, the available water quality data were of high quality. This 
was in contrast to the limited data available for sediment quality and NFB in this 
river. There were no data available for the Slave River within Alberta and the 
assessment relied on territorial data. 

• As the Peace River flows into Alberta, water quality is still heavily influenced by 
water released from Williston Reservoir. Thus water quality can be rated as ‘good’ 
with only periodic seasonal total suspended solids (TSS) peaks. Water quality can be 
considered as ‘good’ until the lower Peace River, where natural scouring processes 
and a change to sand/silt channel substrates, result in elevated TSS levels up to 
several thousand mg/L during high flows. As a consequence, many water quality 
parameters associated with suspended material (e.g., total metals and nutrients) 
occur at higher concentrations in this reach, often above water quality guidelines. 
Thus, water quality was considered ‘fair’ with the caveat that particulate nutrients 
and metals tend to be less bioavailable. 
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• Overall, total dissolved solids and dissolved constituents in the Peace River exhibit a 
lower downstream increase in concentration, relative to other provincial rivers, due 
to a large dilutive capacity. This is also true for TSS and other parameters, but 
downstream suspended material transport is relatively higher in the Peace and Slave 
rivers. Elevated suspended material levels, combined with lower flows and the 
change from predominately erosional to fine depositional substrates, has greatly 
influenced lower trophic communities in the lower Peace River, and the Slave River. 

• The WAC Bennett Dam has had a strong influence on AEH in the Peace River 
primarily due to lower fluctuations in seasonal flows and increased winter discharge. 
The capacity of the Peace River to transport sediments has been lessened, with a 
gradual filling of the river with silt and sediment. This has been exacerbated by 
lower discharges from tributaries such as the Smoky River in recent decades, as a 
result of reduced inputs from precipitation and snow pack melt waters. 

Table 7-13 Initial qualitative assessment of aquatic ecosystem health based 
on a synthesis of available data: Peace and Slave rivers 

Reach 
Water 

Quality 
Sediment 

Quality 
Non-fish 

Biota 

Peace River: Border to U/S of the Smoky River 
Confluence 1

G G ID 

Peace River: D/S of the Smoky River Confluence 
to Fort Vermilion G G BI 

G 
PP 
ID 

Peace River: Fort Vermilion to the Delta F ID ID 

Slave River 2 F ID G 

 Excellent  Good  Fair  Marginal  Poor  Insufficient data 
 BI = Benthic Invertebrates. PP = Periphyton. 

1Notes:   The assessment was also based on data collected at a long-term BC Trans-border monitoring site 2 The assessment was based 
on data collected in the NWT close to the Alberta/NWT border 
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Table 7-14 Assessment of data quality/quantity for an initial aquatic 
ecosystem health assessment: Peace and Slave rivers  

Reach 
Water 

Quality 
Sediment 

Quality 
Non-fish 

biota 
Peace River: Border to U/S of the Smoky River 
Confluence 1 G M P 

Peace River: D/S of the Smoky River Confluence 
to Fort Vermilion G F 

BI 
F 

PP 
P 

Peace River: Fort Vermilion to the Delta F P P 

Slave River 2 M P P 

 Good  Fair  Marginal  Poor 
 BI = Benthic Invertebrates. PP = Primary Producers. 
Notes:  1 The assessment was also based on data collected at a long-term BC Trans-border monitoring site. 2 The assessment was based 

on data collected in the NWT close to the Alberta/NWT border 
 

7.3 OTHER RIVERS AND STREAMS 

7.3.1 Key Areas/Sites, Issues and Indicators 

The Smoky River together with its largest tributary, the Wapiti River, forms the Smoky-
Wapiti river system. In addition to these rivers, the following streams were selected for the 
initial assessment: streams in the vicinity of coal mining activity (Sheep and Beaverdam 
creeks), and streams with agricultural watersheds (Kleskun Drain, and Hines and Grand 
Prairie creeks). The rationale for area selection and a summary of relevant stressors/issues 
for these watercourses are summarized in Table 7-1. 

The Smoky River is an unregulated river that originates in the Rocky Mountains northwest 
of the Town of Jasper. Together with its tributaries, this river drains an estimated 20% of the 
PRB, and flows into the upper PR (at the Town of Peace River). This is the largest of the PR 
tributaries within Alberta. Discharge in the Smoky River typically peaks in June, while 
minimum low flows tend to occur in February. The upper Smoky River receives inputs from 
two major tributaries; the Wapiti River and Sheep Creek. The Wapiti River receives pulp 
mill and municipal effluents, while the Sheep Creek flows through an active coal mining 
area. Grande Cache Coal is currently operating an active mine (formally the Smoky River 
Mine) within upper Smoky River Basin, and has recently started open pit mining (Casey 
2005).Sheep Creek joins the upper Smoky River upstream of the Wapiti River confluence, 
whereas Beaverdam Creek is a small stream that traverses the Grand Cache Coal mine site. 
Selenium was identified as the parameter of most concern with relation to coal mining 
activities in the upper Smoky River Basin. 
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The Wapiti River is also unregulated with peak flows in June and seasonal low flows in late 
winter (February). The average Wapiti River discharge at Grande Prairie is 89 m3/s (1985-
1999) and it has seven major tributaries, including the Bear River that flows through Grande 
Prairie (Chambers and Guy 2004, Golder 2004). The NRBS program conducted in the mid-
1990s identified the Wapiti River (and the Athabasca River), as most at risk of 
environmental deterioration from anthropogenic nutrient inputs (NRBS 1996). 

The lower Wapiti River receives point source discharges from the Grande Prairie sewage 
treatment plant (STP), and the Weyerhaeuser Canada Ltd pulp and paper mill (located 10 km 
downstream of the WWTP). Over the years, this mill has progressively upgraded effluent 
quality, including the substitution of elemental chlorine with chlorine dioxide to reduce 
levels of chlorinated organic compound concentrations (Golder 2004). Likewise, the Grande 
Prairie STP also underwent an upgrade to tertiary treatment in 2000, to improve effluent 
quality and reduce nutrient loading to the Wapiti River (MRBB 2003). The sewage and pulp 
mill effluents constitute ~ 1 and 3% of the river flow. Meanwhile, the pulp mill effluent 
discharge constitutes 5.7% of minimum monthly flows in the Wapiti River (Chambers et al. 
2006, Chambers and Guy 2004). 

Sheep and Beaverdam creeks receive drainage and inputs from the Grande Cache Coal mine, 
and as such have been the subject of regional or provincial monitoring, Se related research 
and compliance monitoring by industry. The AESA program has monitored water quality in 
Kleskun Drain, and Hines and Grand Prairie creeks, on a flow-weighted basis since 1999. 
All three creeks were located in watershed with high run-off potential but Hines Creek was 
located in a low intensity dryland agricultural watershed, while Kleskun Drain and Grand 
Prairie Creek were located in watersheds of moderate dryland agricultural intensity. Hines 
Creek had the largest watershed and was located in the Clear Hills Upland sub-region (north 
of Dunvegan) while Kleskun Drain and Grand Prairie Creek were located in the Peace 
Lowland sub-region, near the town of Grande Prairie (Depoe 2004).  

Potential water and sediment quality and lower trophic indicators, considered for AEH 
assessment in these watercourses are given in Tables 7-2 to 7-4. The availability of recent 
data related to these indicators is subsequently assessed in Tables 7-5 to 7-7 in Appendix A. 

7.3.2 Smoky River  

7.3.2.1 Water and Sediment Quality 

The ARWQI has consistently rated water quality in the Smoky River at Watino as ‘good’ 
(1996-2004, Figure 7-2). While average water quality was rated as ‘excellent’ by pesticide, 
and bacteria sub-indices; metal and nutrient sub-indices gave ‘good’ or ‘fair’ ratings, 
respectively (Table 7-15). Lower nutrient and metal sub-index values were likely due to non-
compliance of total nutrient and metal forms with relevant WQGs during high flow periods, 
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due to elevated TSS loads. This was particularly true for TP which complied with ASWQG 
guidelines only 73% of the time between 1999 and 2004, through this is typical of mountain 
\rivers within northern Alberta (Table 7-16 in Appendix A). The Smoky River at Watino was 
classified as oligotrophic according to TP and TN, as well as planktonic and benthic algal 
biomass, though benthic algal data were limited (Table 7-15).Levels of TSS in the Smoky 
River were lower than the PR, but still relatively high compared to other rivers in the 
province. The lowest CCME WQG compliance rates for total metals at this site between 
1999 and 2003 were observed for Ag, Al, Cd, Cu and Fe (≤50% compliance)7. Inputs from 
the Sheep River8 may be partly responsible for elevated concentrations of some metals at 
Watino, in addition to natural non-point source inputs. 

Dissolved oxygen levels were similar to the PR, and complied with ASWQGs, but median 
TDS concentrations were higher in the Smoky River (Table 7-17 in Appendix A). With 
regard to pesticides, Anderson (2005) did not detect any significant changes in 2,4-D 
concentration, total pesticide concentration per sample, or number of pesticide per sample, 
between 1995 and 2002. Three pesticides, 2,4-D, MCPA and triclopyr, were detected within 
this time period, which were present in low concentrations below available CCME WQGs. 

Table 7-15 Summary of water quality index and trophic classification 
information for the Wapiti and Smoky Rivers 

Water Quality Indicators Wapiti River at the mouth Smoky River at Watino 

CCME-WQI (1983-2002) – – 

ASWQI (1998-2004) Good (91.1) Good (91.7) 

ASWQI nutrient  Fair (79.1) Fair (79.7) 

ASWQI bacteria  Excellent (96.8) Excellent (98.9) 

ASWQI metals  Good (91.7) Good (90.4) 

ASWQI pesticides  Excellent (96.8) Excellent (97.8) 

Nutrients (1999-2003) 
Mesotrophic (TP), 
Oligotrophic (TN) 

Oligotrophic (TP, TN) 

Phytoplankton Biomass 
(1999-2003) 

Oligotrophic Oligotrophic 
Stream/River 
Trophic 
Classification 1

Periphyton Biomass Mesotrophic (1989-2000) Oligotrophic (fall 1989) 2

– = Not applicable/ Data not available. 
Notes: As per Dodds et al. 1998 (benthic algal and/or phytoplankton biomass as Chlorophyll a, total nitrogen and total phosphorus); 

See Table 3-6. 

1

 2 Periphyton biomass downstream from the Wapiti confluence in fall 1998 also supported an oligotrophic trophic rating. 

                                                 
7 Though non-compliance with Ag and Cd WQGs may have been an artefact of a high number of non-detectable values in the dataset. 
8 The Sheep River flows into the Smoky River upstream of Watino and flows through and receives inputs from an active coal mining 
area. 
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Recent monitoring of PCB levels in Smoky River sediments between 1988 and 2000 
revealed that low PCB levels (close to detection limits) that likely originated from an 
atmospheric source (Hazewinkel and Noton 2004). These low levels were similar to Wapiti 
and upper PR background PCB levels.  

7.3.2.2 Non-Fish Biota 

Benthic invertebrate communities and periphyton biomass in the Smoky River were 
monitored by Weyerhaeuser Canada Ltd. (Weyerhaeuser) in fall 1998, to fulfill Cycle 2 
EEM requirements for the Grande Prairie Pulp Mill (Golder 2000). Total invertebrate, EPT 
and chironomid abundances were significantly greater downstream of the Wapiti confluence 
relative to upstream, while there was no significant change in taxon richness (Table 7-17 in 
Appendix A). Furthermore, periphyton biomass was also significantly elevated downstream 
of the Wapiti River confluence. These impacts were consistent with the typical nutrient 
enrichment response pattern. Thus, Golder (2000) concluded that nutrient enrichment 
impacts, as a result of municipal and/or pulp mill discharges to the Wapiti River, extended 
downstream to the Smoky River. 

7.3.3 Wapiti River  

7.3.3.1 Water Quality 

According to the ARWQI, water quality has been ‘good’ in the lower Wapiti River since 
1999, although higher index values within this category, have been scored at HWY 40 
(upstream of the Grand Prairie STP and the Weyerhaeuser Pulp Mill; Figure 7-3). Water 
quality at both sites has been most affected by nutrient levels, but more so close to the Wapiti 
River mouth, where nutrient quality has mostly been rated as ‘fair’ (Table 7-15. Water 
quality at these sites has been mostly rated as either ‘excellent’ or ‘good’ by the other three 
sub-indices.  

The lower Wapiti River, downstream of effluent discharges, was classified as either 
mesotrophic (TP, periphyton biomass) or oligotrophic (TN, phytoplankton biomass; Table 7-
15). Nutrient water quality, specifically P levels, has been of most concern in the Wapiti 
River, particularly with lower flows observed in recent years. Both the Wapiti and Smoky 
rivers are inherently nutrient poor which also makes them more vulnerable to impacts of 
anthropogenic nutrient enrichment. Between 1999 and 2003, TP concentrations at the mouth 
of the Wapiti River were non-compliant with the ASWQG approximately 50% of the time 
(Table 7-18 in Appendix A). A relatively small proportion of the TP measured at this site 
was likely bioavailable to biota because dissolved concentrations were typically far lower 
than total concentrations. In contrast, nitrate and ammonia concentrations remained below 
respective CCME WQGs, but the TN ASWQG was exceeded some of the time. Recently, 
Chambers et al. (2006) proposed revised WQGs for inherently oligotrophic rivers such as the  
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Wapiti River at Hwy 40 Bridge South of Grand Prairie
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Wapiti River above Confluence of Smoky River
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Figure 7-3 Annual Alberta River Water Quality Index (ARWQI) values and 

sub-index values from 1996-2004, for two Wapiti River LTRN sites  
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Wapiti and Athabasca rivers (Table 3-7). Mean and median concentrations of TP, TDP and 
TN calculated for the river mouth exceeded these revised nutrient guidelines (Table 7-18 in 
Appendix A). In fact, all mean nutrient concentrations exceeded these revised WQGs. The 
revised ecoregion-specific WQGs, therefore appear to be more protective than generic 
nutrient WQGs, for this river. Furthermore, bioavailable nutrient forms in this river are 
present at levels of consequence for AEH in this river.  

Recent seasonal monitoring of Wapiti River water quality by Golder (2004) in 2002, 
confirmed that the main water quality impact due to the Grand Prairie STP was nutrient 
enrichment. This impact was then further amplified by the downstream pulp mill effluent 
discharge, resulting in a further downstream increase in nutrient levels. Total phosphorus and 
nitrogen concentrations downstream of all point source discharges exceeded those measured 
in a reference reach upstream of Grande Prairie by 9.6 and 2.6 times, respectively (Figure 7-
4; Chambers et al. 2006). Experimental in situ and mesocosm studies indicate that algal 
growth downstream from the pulp mill discharge was not nutrient limited but growth was 
limited upstream of Grande Prairie by both nitrogen and phosphorus. Thus, municipal and 
pulp mill inputs have changed the nutrient status of this river. 

Dissolved oxygen levels in this river typically remain above 9.5 mg/L, and even though they 
tend to decline under ice-cover during the winter months, levels have not exceeded the 
chronic ASWQG (Chambers et al. 2006; Table 7-18 in Appendix A). Levels of TSS spanned 
a wide range in the Wapiti River with high values during high spring/summer flows, 
although not to the same extent as the Peace and Smoky rivers. A slight increase in some 
trace metal concentrations (i.e., Al, Fe, Mn, Sr, Zn) was observed by Golder (2004) under 
low flow conditions in winter 2002, downstream of the STP that further increased 
downstream from the pulp mill. However, all trace metal concentrations complied with 
CCME WQGs with the exception of Al downstream from the mill. The only organic 
compounds reported above detection levels in the lower Wapiti River by Golder (2004), 
were trace levels of fatty acids. With respect to pesticide levels, Anderson (2005) did not 
identify any significant changes in detected 2,4-D concentrations, total pesticide 
concentration per sample, or number of pesticides per sample from 1995-2002. 

7.3.3.2 Sediment and Porewater Quality 

Lower Wapiti River sediment quality was recently monitored in fall 1998 and 2002 by 
Golder (2000, 2004) for Weyerhaeuser, to fulfill EEM and provincial monitoring 
requirements. Sediments upstream and downstream of the STP (mill reference areas) were 
monitored, along with sediments further downstream (below the pulp mill discharge). 
Sediments at all sites were dominated by sand with various proportions of silt and clay. In 
2003, sediments downstream of the STP were enriched with nutrients and most trace metals 
relative to upstream (Golder 2004). Similarly, sediments directly downstream from the pulp  
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Figure 7-4 Nutrient and chlorophyll a concentrations measured upstream 

and downstream of municipal and pulp mill discharges on the 
Wapiti River, in relation to distance downstream of the 
headwaters (1988-2000), from Chambers and Guy (2004)9

mill were enriched with nutrients, but only some metals (e.g., Al, As, Fe, Se). Notably, 
sediment phosphorus was elevated downstream from the mill but not downstream from the 
STP, whereas nitrogen and TOC were elevated in sediments downstream of both discharges. 
For the most part, sediment metals levels were compliant with available SQGs. There was no 
observed increase in trace organic compounds (i.e., chlorinated phenolics; dioxins and 
furans; resin and fatty acids) downstream of either discharge. 

                                                 
9 Letters indicate discharge from a pulp mill (P) or sewage treatment plant (S). 
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Hazewinkel and Noton (2004) recently conducted a comprehensive 1997 survey of sediment 
PCB levels in the Wapiti River and its tributary, the Bear River that flows through Grande 
Prairie. The survey was commissioned to identify potential PCB sources within the Wapiti 
system that might explain the occurrence of PCBs in fish populations. Although, PCB levels 
were low throughout the Wapiti River, levels notably increased downstream of the Bear 
River confluence (Figure 7-4). A subsequent study in 1998, revealed that sediment PCB 
levels were elevated downstream of Grande Prairie, but still remained below CCME SQGs. 
The authors discuss possible sources of PCBs, including the pulp mill (specifically a historic 
spill), and historic and/or persistent sources within Grande Prairie. 

Trace organic contaminants have also recently been detected at elevated levels within the 
Bear River downstream of Grande Prairie. In a 1998-2000 survey, Alaee et al. (2004) 
detected levels of dioxins and furans in suspended sediments at various sites in the lower 
Wapiti River, with the highest levels measured in the Bear River below the CNR bridge. The 
main dioxins and furans present were indicative of a pesticide source (a wood preservative), 
and a pulp mill source (historical use of elemental chlorine at the Weyerhaeuser mill), 
respectively. Nevertheless, levels of trace organic compounds in suspended sediments from 
the lower Wapiti River were substantially lower than those measured in a historical 1992 
survey. Suspended sediment mercury levels were low and similar to other pristine rivers. 

Porewater DO was another facet of sediment quality investigated recently in the Wapiti 
River as part of the NREI program. Water column WQGs are intended by CCME to protect 
porewater DO, based on the assumption that the difference between porewater and water 
column DO ≤3 mg/L. Recent technological developments allowed Culp et al. (2004) to 
actually investigate whether that assumption held true for the Wapiti River. At sites on the 
Wapiti River above and below the STP and pulp mill (1999-2001), winter water column DO 
was relatively stable, with more variability in porewater DO. Porewater DO was at least 3 
mg/L lower than respective water column measurements and was significantly lower 
downstream of the pulp mil l(Figure 7-5).Water column DO was a poor predictor of 
porewater DO and of benthic habitat in general. Porewater DO upstream of effluent 
discharges was below 6.5 mg/L ~37% of the time, compared with 50% below the discharges. 
Thus, while current water column WQGs were not necessarily protective of benthic biota; 
the ecological relevance of low porewater DO levels remains to be established (Culp et al. 
2004, Chambers et al. 2006). 
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Figure 7-5 Average water column and porewater dissolved oxygen 

concentrations at three sites in the Wapiti River during winter 
(1999-2001), from Culp et al. 200410

7.3.3.3 Non-Fish Biota 

Benthic Invertebrates and Primary Producers 

The potential impact of the effluent discharges from the Grande Prairie STP and the 
Weyerhaeuser Pulp Mill was most recently investigated in fall 1998 by Golder (2000), to 
fulfill EEM Cycle 2 requirements. This study concluded that the STP exerted a nutrient 
enrichment impact on downstream benthic communities that was sustained by the pulp mill, 
but not greatly exacerbated (Table 7-17 in Appendix A). Total abundance increased 
downstream from the STP and the mill, compared to upstream of the STP, though the 
relative increase downstream from the STP was greater. EPT abundance only increased 
downstream from the mill, while chironomid abundance greatly increased downstream from 
the STP. The Bray-Curtis dissimilarity index confirmed that benthic community structure 
was significantly different downstream of the STP relative to upstream. Further downstream, 
below the mill, community structure changed further but to a lesser degree. Taxon richness 
did not significantly change downstream of these discharges, consistent with the typical 
moderate nutrient enrichment response pattern.  

                                                 
10 Dashed line indicates the average water column dissolved oxygen level minus 3 mg/L. 
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Upstream of point source discharges, benthic algal biomass is inherently low in the Wapiti 
River (<30 mg/m2 chlorophyll a; Chambers and Guy 2004). Benthic algal biomass tends to 
be substantially greater close to the mouth (downstream of point source discharges), 
compared to the upstream LTRN site at HWY 40 (Chambers and Guy 2004, Evans and Muir 
2004). Golder (2000) showed that algal biomass was significantly greater downstream of the 
STP, but did not increase further downstream from the pulp mill, consistent with benthic 
invertebrate monitoring results. (Table 7-17 in Appendix A).  

Subsequent monitoring by Golder (2004), also reported that the benthic algal biomass 
increased downstream of the STP discharge and also downstream from the pulp mill 
discharge, followed by a progressive increase downstream to the mouth. Algal biomass in 
fall 2002 was higher than previous years, possibly due to relatively low flows (reduced 
dilution) and/or increased effluent quality with a reduced colour content (i.e., increased 
clarity allowing more light to penetrate through to the benthos). Algal cell density and 
biovolume also increased downstream from the STP, and then again downstream from the 
pulp mill. Algal communities were diverse at all sites, and were dominated by diatoms. Algal 
species characteristic of nutrient enriched environments were more prevalent in areas 
exposed to pulp mill effluent, as were cyanobacteria. 

One flaw in the 1998 field study was that it did not allow the conclusive separation of effects 
due to the STP and the pulp mill. So a riverside mesocosm study was conducted in fall 2002 
to demonstrate cause and effect, in relation to the effects of these effluents on NFB (see 
Golder 2004 for details). Briefly, benthic invertebrate and algal communities from the Wapiti 
River were exposed to five treatments (control; 1% sewage effluent; 3% pulp mill effluent; 
1% sewage + 3% pulp; 3% pulp; and 10% pulp). Algal biomass, benthic community metrics 
and insect emergence were evaluated in all treatments. A nutrient enrichment impact was 
evident in all treatments. The study showed that while both effluents were significant 
nutrient sources; the STP was a significant source of nitrogen, while the mill was a 
significant source of phosphorus and carbon. Algal biomass increased proportionally with 
effluent concentration and was more strongly related to nitrogen levels, rather than 
phosphorus or carbon. Thus, the Wapiti River was considered to be nitrogen limited 
downstream of the city of Grande Prairie (Chambers et al. 2006, NREI 2004, Culp et al. 
2004)  

7.3.4 Agricultural Streams 

7.3.4.1 Water Quality 

The average 1999-2002 AAWQI ratings indicated that Hines Creek had ‘good’ water quality, 
compared to ‘marginal’ water quality in Kleskun Drain and Grand Prairie Creek, consistent 
with the watershed agricultural intensity (Table 7-19, Table 7-20 in Appendix A). Nutrients 
had the largest influence on the AAWQI ratings, with an average of ‘fair’ water quality in 
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Hines Creek, compared to ‘poor’ water quality in the other two streams. Hines Creek also 
had higher scores according to the pesticide and bacteria sub-indices, than the other two 
streams. Kleskun Drain had by far the smallest watershed (32 km2) but this stream was the 
most impacted according to the AARWQI. Water quality in Kleskun Drain was reasonably 
comparable to that in Grand Prairie Creek, except that since 2000 pesticides had a greater 
impact on water quality. This stream had the highest average number of detections per 
sample during 1999-2002. Periodically in recent years, picloram levels have been 
anomalously high in the Kleskun Drain, but the levels have not exceeded guidelines. 
However, levels of triallate and lindane have exceeded CCME WQGs for the protection of 
aquatic life ((Table 7-19). These high pesticide concentrations and relatively high detection 
frequencies have been attributed to weed control efforts along a highway construction zone 
in the watershed (Depoe and Westbrook 2003). 

Table 7-19 Summary of water quality index, trophic classification and 
pesticide information for three agricultural streams in the 
Peace/Slave River Basin 

Agricultural Streams Hines Creek Kleskun Drain Grand Prairie Creek 
River Basin Peace/Slave Peace/Slave Peace/Slave 

Agricultural Intensity Low Moderate Moderate 

Water Quality Index    
AAWQI Average (1999-2002) Good (73.9) Marginal (45) Marginal (49.1) 

AAWQI Nutrients  Fair (44.5) Poor (23.8) Poor (26.8) 

AAWQI Bacteria  Good (79.7) Marginal (47.7) Marginal (44) 

AAWQI Pesticide  Excellent (97.1) Fair (62.3) Good (76.4) 
Stream/River Trophic Classification 1 Eutrophic (TP and TN) Eutrophic (TP and TN) Eutrophic (TP and TN) 
Pesticides (1999-2002) 
Average # of detections per sample 0.3 3.2 2.4 

Range of individual pesticides detected 0-2 6-10 7-9 

# of samples with WQG exceedences 2 0 

4 (Dicamba IRR),  
3 (Lindane PAL) 
4 (MCPA IRR),  

1 (Triallate PAL) 

6 (Dicamba IRR), 
4 (MCPA IRR), 

1 (Triallate PAL) 

Notes:  As per Dodds et al. 1998 (benthic algal and/or phytoplankton biomass as chlorophyll a, total nitrogen and total phosphorus); 
See Table 3-6.  Exceedences are for CCME WQGs for irrigation (IRR) and CCME WQGs for Protection of Aquatic Life 
(PAL). 

1

2

Kleskun Drain also had the highest average FWMCs for total and dissolved forms of 
phosphorus and nitrogen of the three streams, whereas Hines Creek had the lowest (Table 7-
21 in Appendix A). Nevertheless, with respect to nutrient WQG compliance, all three 
streams were consistently non-compliant with TP and TN ASWQGs, but compliant with the 
ammonia and nitrate CCME WQGs (Table 7-22 in Appendix A). Kleskun Drain had the 
lowest compliance rates with the CCME nitrite WQGs for the protection of aquatic life due 
to a low compliance in 2001, while the other two streams were mostly compliant. In 2001, 
the Kleskun Drain had flow-weighted nutrient concentrations comparable to those observed 
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in high intensity streams (Depoe and Westbrook 2003). All three streams were classified as 
eutrophic based on 1999-2002 average total nutrient FWMCs. 

Despite being highly variable, TSS FWMCs between 1999 and 2002 were fairly similar 
between these three streams and were not related to agricultural intensity (Table 7-21 in 
Appendix A). Although these streams were located in high run-off watersheds, TSS levels 
were relatively low compared to streams with high or moderate run-off watersheds located in 
other river basins, such as the NSRB. 

7.3.4.2 Sediment Quality and Non-Fish Biota 

Sediment quality or NFB data were not available for these agricultural streams. 

7.3.5 Streams in the Vicinity of Coal Mining Activity 

Water quality in Beaverdam and Sheep creeks was sampled periodically by AENV from 
1999-2003, where trace metals, TSS and other conventional parameters were measured. In 
fall 1999 Se levels in Beaverdam Creek, were 15 times the CCME WQG downstream from 
mining activity. Further downstream in this creek, Se levels decreased several-fold but 
remained above the WQG. In contrast, Se levels in Sheep Creek only slightly increased 
downstream of mining activity and approximated the WQG. Beaverdam Creek is 
comparatively smaller than Sheep Creek, and has been directly influenced by mine activities 
(i.e., it is downstream of relatively recent mine pits, a rock drain and a settling pond). In 
contrast Sheep Creek has been impacted by mine disturbances that were smaller in scale, and 
in some cases older. Sediment Se levels were also elevated in both creeks downstream of 
mining activity, to various extents. There were no NFB data available for these streams. 

7.3.6 Synthesis and Initial Assessment of Aquatic Ecosystem Health 

• Based on the overview of water and sediment quality and non-fish biota (NFB) 
information, the following was concluded regarding the aquatic ecosystem, health 
(AEH) status of these rivers and streams (summarized in Tables 7-23 and 7-24).  

• The Smoky River together with its largest tributary, the Wapiti River, forms the 
Smoky-Wapiti river system that drains ~20% of the Peace River Basin. These rivers 
are affected by pulp mill, municipal, and industrial point source discharges, in 
addition to coal mining, agricultural and forestry activities. As a result, they have 
both undergone substantial water quality monitoring, but a greater degree of 
sediment quality and NFB monitoring has been conducted in the Wapiti River. The 
impact of anthropogenic nutrient inputs to the Wapiti River and subsequent effects 
on the Smoky River is of most concern. 

• Due to the impact of nutrient inputs on the lower Wapiti River, water quality was 
considered to be ‘fair’, compared to a ‘good’ rating given to the Smoky River. 
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Sediment quality was also considered ‘fair’ in the Wapiti River primarily due to 
recent PCB levels downstream of Grande Prairie and low dissolved oxygen (DO) 
levels in sediment pore waters (<6.5 mg/L). Water column DO was a poor predictor 
of pore water DO, which was more correlated with water flow and depth, substrate 
type and dissolved organic carbon. The health of NFB in these rivers was considered 
‘fair’ for the Smoky River, and ‘marginal’ for the Wapiti River due to the 
cumulative nutrient enrichment impacts from municipal and pulp mill discharges. 

• Experimental in situ and mesocosm studies indicated that algal growth in the lower 
Wapiti River was not nutrient limited but growth was limited upstream of Grande 
Prairie by both nitrogen and phosphorus. Thus, municipal and pulp mill inputs have 
changed the nutrient status of this river. The Grande Prairie Sewage Treatment Plant 
appeared to be a significant source of nitrogen, while the mill was a significant 
source of phosphorus and carbon. Algal biomass increased proportionally with 
effluent concentration and was more strongly related to nitrogen levels, rather than 
phosphorus or carbon. 

• The agricultural streams, Kleskun Drain, and Hines and Grand Prairie creeks, are 
located in watersheds with high run-off potential. Nutrients were more bioavailable 
and present at higher concentrations in Kleskun Drain and Grand Prairie Creek 
(moderate agricultural intensity watersheds), compared to Hines Creek (low 
intensity watershed). Conversely total suspended solid levels were not related to 
agricultural intensity and were similar among streams. Pesticides were more 
prevalent in Kleskun Drain, likely due to recent weed control efforts, otherwise 
pesticide levels were related to agricultural intensity. 

• Selenium levels were elevated in water and sediments in both Beaverdam and Sheep 
creeks downstream from coal mining activities, with higher levels recorded in 
Beaverdam Creek.  
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Table 7-23 Initial qualitative assessment of aquatic ecosystem health based 
on a synthesis of available data: tributaries and streams in the 
Peace River Basin 

Reach 
Water 

Quality 
Sediment 

Quality 
Non-fish 

Biota 

Smoky River G ID F 

Wapiti River F F M 

Agricultural Stream: Hines Creek G ID ID 

Agricultural Streams: Kleskun Drain and Grand 
Prairie Creek M ID ID 

Coal Mining Streams: Beaverdam and Sheep 
creeks M M ID 

 Excellent  Good  Fair  Marginal  Poor  Insufficient data 

Table 7-24 Assessment of data quality/quantity for an initial aquatic 
ecosystem health assessment: tributaries and streams in the 
Peace River Basin 

Reach 
Water 

Quality 
Sediment 

Quality 
Non-fish 

biota 

Smoky River G M M 

Wapiti River G G G 

Agricultural Stream: Hines Creek G P P 

Agricultural Streams: Kleskun Drain and Grand 
Prairie Creek G P P 

Coal Mining Streams: Beaverdam and Sheep 
creeks F M P 

 Good  Fair  Marginal  Poor 
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7.4 LAKES AND WETLANDS 

7.4.1 Key Issues and Indicators 

The numerous lakes located within the PRB, span a wide range of sizes, characteristics, and 
natural regions. The majority of PRB lakes are located within the Boreal Forest natural 
region (Boreal Plain). In this region, the amount and type of watershed wetland cover can 
have a profound influence on lake water quality (Prepas et al. 2001). The watershed 
hydrology of these lakes is not well understood and is the subject of ongoing research (e.g., 
the Hydrology Ecology and Disturbance [HEAD project] in the Utikuma Lake watershed). 
Often complex regional groundwater systems play an important role in the water balance and 
hydrology of these lakes (McEachern and Charette 2003). This is mainly because lake 
evaporation typically exceeds inputs due to precipitation, but the contribution of groundwater 
discharge to lake water budgets is lake dependent. Lakes and wetlands within this region are 
therefore sensitive to climatic influences (e.g., droughts and floods), in addition to other 
phenomena such as forest fires. The southern boreal forest in particular is being rapidly 
developed or modified for forestry, mining, oil and gas extraction/exploration and 
recreational purposes (Wray and Bayley 2006, McEachern and Charette 2003). 

The majority of lakes in the southern PRB are relatively shallow and productive in nature. 
Lake monitoring by AENV has focussed on monitoring recreational lakes for trophic status 
(Figure 7-1). Since 1980, monitoring frequency had substantially varied between lakes and 
also over time. To address the main stressors on these lakes (i.e., nutrient enrichment and 
climate changes), a within-basin comparison of trophic status and levels of P, N and TDS, 
was conducted. Four lakes were also designated for a more detailed assessment of water 
quality (i.e., Saskatoon, Sturgeon, Moonshine and Utikuma lakes).Overall, sediment quality 
and NFB data were limited for PRB lakes and were historical in nature, often dating back 20-
40 years. The majority of sediment quality and NFB information has already been 
summarized in Mitchell and Prepas (1990).  

Peatlands (bogs, rich fens, poor fens) dominate PRB wetlands, and are mostly located within 
the Central Mixedwood sub-region, but other wetlands classes are also present to a lesser 
extent (i.e., swamps and marshes). Numerous small wetland lakes or ponds are often 
surrounded by wetland complexes, and are of importance to waterfowl populations. These 
wetlands are often naturally eutrophic or hypereutrophic (Bayley and Prather 2003). The 
Peace-Athabasca Delta is one of the largest freshwater deltas in the world and it straddles the 
Peace, Slave and Athabasca River basins. It is formed by the Peace, Athabasca and Birch 
rivers at the western end of Lake Athabasca, and it is steadily expanding into Lake 
Athabasca (Donald et al. 2004, MRBB 2004). The delta has four major permanent lakes 
(Mamawi, Claire, Baril and Richardson), countless smaller wetlands and an extensive 
network of channels. Freeze-up occurs in late October and ice cover lasts for a minimum of 
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six months. During the ice cover, all delta lakes become anoxic and devoid of fish (Donald et 
al. 2004). Eighty percent of the delta lies within Wood Buffalo National Park, 10% forms the 
Chipewyan Indian Reserve 201 and the remaining 10% is Alberta Crown Land. The delta is 
an important regional source of fish, and supports a productive commercial, domestic and 
sports fishery. 

Short- and long-term water level fluctuations dictate the structure of this dynamic and highly 
productive delta ecosystem (MRBB 2004). Wet and dry cycles in the delta favour aquatic 
species and marsh-dwelling species, respectively. The cycles are driven by changes in flows 
and ice conditions in the Peace and Athabasca rivers, with the highest water levels occurring 
during ice jams in the spring. Flooding is especially important for the delta’s large number of 
isolated perched basins. For a review of historical water levels in the PR, see Section 7.2.1. 
Overall, the flood history suggests the delta has been subjected to extensive periods of drying 
and flooding in the past. In spring 1996, a major ice dam formed on the PR and much of the 
central portion of the delta was flooded (MRBB 2004). High runoff occurred again in 1997, 
producing further flooding of the delta, but the delta has been drying since then. The Peace 
River Delta is much less active, as the water supply only recharges perched basins and 
connected lakes during high water and spring flood events. According to Donald et al. 
(2004), significant stresses to the Peace-Athabasca Delta in the future will likely be: 
municipal and industrial contaminants within the Peace and Athabasca river basins, 
persistent contaminants originating from atmospheric deposition, overexploitation of natural 
renewable resources, and climate change. 

A summary of relevant stressors and issues facing wetlands and lakes in the Peace and Slave 
River basins are summarized in Table 7-1. Potential water and sediment quality and lower 
trophic indicators, considered for AEH assessment in these lakes and wetlands are given in 
Tables 7-2 to 7-4. The availability of recent data related to these indicators is subsequently 
assessed in Tables 7-25 to 7-27 in Appendix A. 

7.4.2 Lakes 

AENV has monitored thirteen, mostly recreational lakes in the PRB between 1980 and 2003, 
located in seven natural sub-regions. Roughly half of those lakes are located in the 
agricultural area in the southwest portion of the basin, while the others are located in forested 
areas, mostly in the southern portion of the basin. 
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7.4.2.1 Trophic Status and TDS by Natural Region 

Almost half of the lakes monitored are located in the Dry Mixedwood and Central 
Mixedwood sub-regions (Figures 7-1 and 7-1 to 7-8). Of those lakes, the majority are 
hypereutrophic in terms of average chlorophyll a, TP and TN concentrations (1980-2003), 
the remainder being eutrophic. Lakes in the other sub-regions are mostly hypereutrophic or 
eutrophic according to these trophic criteria. For the most part, hypereutrophic lakes (defined 
by chlorophyll a, TP) are located in watersheds dominated by agricultural cropland. There 
are, however, hypereutrophic and eutrophic lakes in the PRB with forested watersheds. It is 
likely that natural sub-region and land use both influence lake trophic status within the PRB, 
with some lakes naturally eutrophic or hypereutrophic. All lakes assessed are freshwater 
lakes, except for Saskatoon Lake which is slightly saline. 

7.4.3 Saskatoon Lake  

Saskatoon Lake water quality in terms of nutrient and other conventional parameters has 
been monitored by AENV since 1986 during most years. Based on these data this lake is 
classified as hypereutrophic according to average chlorophyll a, TP and Secchi depth 
estimates (Figures 7-6 and 7-7). There were insufficient data to determine trophic status 
based on TN. Levels of TP in this lake were on average the highest of all lakes monitored 
within the PRB (Figure 7-7, Table 7-28 in Appendix A). The other lake in the Peace River 
Parkland sub-region, Cutbank Lake, had the next highest average TP levels (Figure 7-7). 
Both of these lakes have watersheds dominated by agricultural cropland. The watershed 
surrounding Saskatoon Lake is only four times bigger than the lake itself but has been 
heavily developed, mainly for agriculture (Figure 7-1, Table 7-29 in Appendix A). While 
annual average TP values remained fairly consistent from 1994-2003, corresponding 
chlorophyll a values were more variable (Table 7-28 in Appendix A). This is not unexpected 
given the inherent spatial and temporal variability associated with algal biomass estimates, 
and the large standard error estimates associated with many annual mean values (means were 
based on 3-4 samples per year). 

Unlike other monitored lakes in the basin, Saskatoon Lake can be classified as slightly 
saline, with sodium and bicarbonate the dominant major ions (Figure 7-8). Annual mean 
TDS values appear to have remained fairly stable between 1994 and 2003 and ranged 
between 597 and 757 mg/L, with no obvious increasing trend. This lake is very shallow with 
a well mixed water column and high DO levels during the open water period (Mitchell and 
Prepas 1990). There have been occasions of winter anoxia, but although DO levels have been 
measured, they have not been evaluated over time or in recent years. In 1997, the pesticides 
2,4-D, dicamba and MCPA were detected in Saskatoon Lake by Anderson (1998), at levels 
below available CCME WQGs. 
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Figure 7-6 Trophic status of select lakes in the Peace River basin based on 

average chlorophyll a and total phosphorus concentrations 
(1980-2003), by natural region 
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Figure 7-7 Trophic status of select lakes in the Peace River basin based on 

average total nitrogen concentrations and Secchi depth 
estimates (1980-2003), by natural region 
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Freshwater lakes: <500 mg/L TDS 
Slightly saline lakes: 500-1000 mg/L TDS 
Moderately saline lakes: 1000-5000 mg/L TDS 
Saline lakes: 5000 mg/L TDS 
(from Mitchell and Prepas 1990). 

Figure 7-8 Average total dissolved solid (TDS) levels of select lakes in the 
Peace River basin as an indicator of salinity, by natural region 

Daily net internal P loading from Saskatoon Lake sediments was one of the highest estimated 
from a sub-set of northern and central Alberta Lakes sampled in 1988 (Figure 4-13).  

Furthermore, the change in lake TP levels over the summer in 1988, was one of the largest 
observed in the sub-set of Alberta lakes sampled (D. Trew, pers. comm.).There were no 
sediment quality data available for Saskatoon Lake, and historical NFB data were 
summarized by Mitchell and Prepas (1990)11.  

7.4.4 Sturgeon Lake  

Sturgeon Lake is a large, productive, shallow lake comprised of a larger main basin and a 
smaller shallower west arm. Water quality in the main basin and west arm of Sturgeon Lake 
related to nutrient and other conventional parameters has been monitored by AENV since 
1983, during most years. The main basin and the west arm of Sturgeon Lake were 
consistently classified as hypereutrophic according to chlorophyll a, TP and TN12 (Figures 7-
6 and 7-7). Unlike Saskatoon Lake, this lake has a relatively large watershed approximately 

                                                 
11 Data from a 1985 phytoplankton survey and from 1980s macrophyte surveys.  
12 Based on limited TN data collected during 1984 and 1985 open water periods, as well as a single measurement in summer 1995).  
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eleven times the size of the lake (Table 7-29 in Appendix A). The watershed is dominated by 
deciduous trees with some agricultural development but was far less disturbed than 
Saskatoon Lake. Mitchell and Prepas (1990) noted that water quality in the two basins 
appeared to be similar and both were well-mixed during the summer months. In spite of this, 
a gradual decline in DO levels over the summer months and winter anoxia have been 
observed. Although DO levels have been measured by AENV, they have not been evaluated 
in recent years. Sturgeon Lake is a freshwater lake with low TDS levels relative to some 
other lakes in the PRB (Figure 7-8).  

Chlorophyll a levels in Alberta lakes undergo large inter-annual variation, partly due to 
variability in weather conditions and the timing of sampling. During the open water period, 
algal biomass levels tend to be the lowest in May and June, increasing rapidly in July and 
August, followed by a decrease in September. Mitchell and Prepas (1990) observed that this 
seasonal pattern was more pronounced for Sturgeon Lake relative to other Alberta lakes. 
Algal biomass tended to peak earlier in the shallower west arm, likely due to earlier warmer 
temperatures. Annual average algal biomass in Sturgeon Lake appeared to be fairly stable for 
most years between 1994 and 2003 (where data were available), except for a low average 
value in 1999 and an exceptionally large annual biomass value in 2003. In 2003 algal 
biomass in the main basin was elevated in late summer and fall, as were TP concentrations 
likely resulting in an algal bloom. Similar to Saskatoon Lake, Sturgeon Lake appears to 
receive substantial internal P loading from it’s sediments during the open water period, 
resulting in a large change in TP levels over the summer (Figure 4-13; D. Trew, pers. 
comm.). This would likely be more pronounced in some years, resulting in elevated TP 
levels in late summer/fall, resulting in optimum conditions to support algal blooms. 

Sediment quality data for Sturgeon Lake were limited to a historical 1988 survey, where 
sediment phosphorus level was among the highest of all the lakes assessed, while TOC 
estimate was comparable to other lakes (AENV unpubl. data). There were only limited 
historical NFB data available for Sturgeon Lake, which have been summarized by Mitchell 
and Prepas (1990)13. Phytoplankton communities appear to have a seasonal pattern typical of 
productive lakes in central-northern Alberta. In spring, the communities in both basins were 
dominated by diatoms (Bacillariophyta), but by June were replaced by cyanobacteria 
(Cyanophyta).Various cyanobacteria dominated the community during the summer before 
decreasing in numbers by the fall (Mitchell and Prepas 1990).  

7.4.5 Moonshine Lake  

Moonshine Lake is a very small, shallow, recreational lake located in a relatively small, 
forested watershed within the Dry Mixedwood sub-region (Table 7-29 in Appendix A). In 
contrast to Saskatoon and Sturgeon lakes, the Moonshine Lake watershed is relatively 

                                                 
13 Benthic invertebrate and zooplankton communities were studies in 1971, phytoplankton data were available from the mid-1980s, 
and qualitative macrophyte information was given in a 1975 study. 
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undisturbed. The lake is naturally eutrophic and hypereutrophic according to chlorophyll a, 
and TP, respectively (Figures 7-7 and 7-8). It is a freshwater lake, but the average TDS level 
was relatively high compared to some other lakes in the basin (Figure 7-8). Dissolved 
oxygen levels have historically fallen to critical levels leading to summer and winter fish 
kills, even though the lake does not stratify due to its shallow depth. Increased SOD from the 
sediment surface was primarily responsible for the observed low DO levels, and this was 
mitigated by the installation of an aerator in October 1983 (Mitchell and Prepas 1990). 
Limited pesticide monitoring by Anderson (1998) in 1997, revealed that all analysed 
pesticides were below analytical detection limits. 

Phosphorus and chlorophyll a levels tend to be lowest in May/June and peak in July/August, 
similar to Saskatoon and Sturgeon lakes. The increase in TP over the summer was not as 
great in this lake compared to Saskatoon and Sturgeon lakes, and ranked in the middle of the 
northern and central Alberta lakes sampled in 1988 (D. Trew, pers. comm.). Total sediment 
P was considerably lower than that measured in Sturgeon Lake In 1988, while TOC 
measurements for the two lakes were comparable (AENV unpubl. data).There were no NFB 
data available for Moonshine Lake except for a 1985 aquatic macrophyte survey, 
summarized by Mitchell and Prepas (1990).  

7.4.6 Utikuma Lake  

This shallow lake, one of Alberta’s largest, is located in a large, mostly forested watershed 
with multiple rivers and small lakes (Table 7-29 in Appendix A). Water quality data are 
limited to a survey conducted by AENV from June to September 1996, and based on these 
data the lake appears to be naturally hypereutrophic according to chlorophyll a and TN, and 
eutrophic according to TP and Secchi depth. The levels of chlorophyll a and nutrients 
measured in Utikuma Lake in 1996 were consistent with other Central Mixedwood lakes. 
There were no sediment quality data available for Utikuma Lake, and limited historical NFB 
data from the 1960s and 1970s were summarized by Mitchell and Prepas (1990). 

7.4.7 Boreal Lakes  

A study of 35 small-moderate sized lakes within Wood Buffalo National Park in the Peace 
and Slave River basins by Moser et al. (1998) demonstrated the variability in limnological 
characteristics between these boreal lakes. Drainage characteristics and underlying geology 
mainly accounted for the observed variation. Muskeg lakes had higher levels of some 
nitrogen forms, DOC and chlorophyll a, while shield lakes were lower in pH, conductivity, 
and major ions, but some metals were present in higher concentrations.  

Forest fire has a significant influence on limnology of lakes in the largely forested PRB, and 
a number of studies have studies the effects of recent and/or historical wildfires within the 
PRB (e.g., McEachern et al. 2000, 2001; Scrimgeour et al. 2001; Charette and Prepas 2003, 
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among others). A recent paleolimnological study by Charette and Prepas (2003) 
demonstrated that phytoplankton biomass, and cyanobacteria (blue-green) and chlorophyte 
(green) algal abundance, had increased following a historical fire in the PRB. Overall, 
shallow, headwater boreal lakes appeared to be the most predisposed to increased 
cyanobacterial biomass following a forest fire perturbation. McEachern et al. (2000, 2001) 
investigated the influence of a relatively severe fire on boreal subarctic lakes in the Caribou 
Mountains, above the Peace River Valley. Approximately one third of this sub-arctic plateau 
was burnt in 1995 forest fire. In summer 1997, the limnology of headwater lakes in burnt and 
unburnt peatland-conifer watersheds was monitored. This forest fire resulted in a larger flux 
of nutrients to lakes within burnt watersheds, relative to unburnt watersheds.  

Total and dissolved phosphorus (including SRP), nitrogen and carbon forms were 
significantly elevated 1-2 times in fire-affected lakes. The difference in lake phosphorus 
concentrations between burnt and unburnt watersheds was greater than lake nitrogen 
concentrations, indicative of greater P export from burnt watersheds. This was not 
unexpected, as peatland watersheds tend to export phosphorus and retain nitrogen. Where TP 
concentrations appeared to be strongly related to chlorophyll a levels in reference lakes, 
these parameters were unrelated in fire-affected lakes, which had light-limited phytoplankton 
communities. Furthermore, although phytoplankton communities were dominated by 
Cyanophytes in most lakes, algal species richness was significantly lower in fire-affected 
lakes (36% lower; McEachern et al. 2001). Based on the study of an additional five lakes 
affected by historical fires McEachern et al. (2000) reported a slow recovery from this 
nutrient influx that spanned decades, with time since disturbance and percent disturbance 
important determinants of TP in affected lakes. Thus, the impacts of forest fire on lake water 
quality may be greater in peatland-dominated catchments compared to other catchment 
types, due to elevated phosphorus export and a longer recovery period. 

With respect to littoral benthic communities, Scrimgeour et al. (2001) investigated the effects 
of recent and historical forest fires, on water quality and lower trophic communities in 
several Caribou Mountains lakes. These lakes were situated in recent (1995) and historically 
burned (between 1961 and 1985), watersheds, as well as watersheds that had not burned 
since at least 1957 (reference lakes). Although, lake benthic algal biomass14 was limited by 
both N+P within recent and historically burned watersheds; biomass levels were relatively 
higher following recent fires. Recent burning also resulted in greater benthic invertebrate 
abundance in affected lakes relative to reference lakes, particularly with respect to 
chironomids. These findings prompted Scrimgeour et al. (2001) to recommend management 
practices that would allow low level burning within these watersheds to increase benthic 
productivity. 

 

                                                 
14 as chlorophyll a 
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7.4.8 Wetlands 

7.4.8.1 Boreal Wetlands 

In a recent review of indicators of wetland health and function within Alberta, Wray and 
Bayley (2006) excluded the majority of boreal wetlands (including the expansive northern 
peatlands). Only boreal wetlands located in the more southerly transitional Boreal Dry 
Mixedwood sub-region were included, but these were still lacking in baseline data on  
general ecology and wetland characteristics. This sub-region within the PRB is characterized 
by the largest expanse of agricultural land in the basin, which has resulted in wetland 
disturbance and modification. Many of these wetlands are naturally rich in phosphorus, but 
water quality appears to be highly variable. Studies have shown that shallow water wetlands 
(< 2 m deep) in the Boreal Dry and Central Mixedwood sub-regions are characterized by 
either naturally high or low chlorophyll a levels (i.e., turbid or clear). Moreover, some 
wetlands have been shown to alternate between these states between years or within a season 
(Bayley and Prather 2003, Wray and Bayley 2006). This observed natural spatial and 
temporal variation in water quality indicators, limits the ability to distinguish between 
naturally eutrophic wetlands and those wetlands that have become eutrophied due to 
anthropogenic inputs. 

A recent study also examined the interactions between submerged macrophyte and 
zooplankton communities, and chlorophyll a states in shallow water wetlands located in the 
same area, near Utikuma Lake (Norlin et al. 2005). Fishless wetlands tended to be low in 
algal biomass when macrophyte biomass and associated large cladoceran abundance were 
high. Low algal biomass was also observed in wetlands with fish and high macrophyte 
biomass, due to the suppression of large cladoceran predator populations that allowed 
smaller zooplankton populations to increase (Norlin et al. 2005). The author suggested that 
bottom up processes (i.e., nutrient limitation) may not be key factors in controlling wetland 
algal biomass, except where hypereutrophic TP levels may override the control of low 
chlorophyll a by macrophyte biomass. 

These recent studies on shallow wetlands within the PRB were conducted in a large wetland 
area in the Utikuma Lake watershed, as part of the Hydrology Ecology and Disturbance 
(HEAD) project. The hydrology and water balances of wetlands and lakes in this area are not 
well understood and complex regional groundwater systems play an important role. This 
ongoing research initiative aims to gain an understanding of surface/groundwater hydrology 
and wetland ecology in this area, as well as the complex interactions between the two. Both 
aquatic and terrestrial aspects of wetland ecology are being studied (e.g., Norlin et al. 2005, 
Whitehouse and Bayley 2005). The necessary integration of wetland hydrology and ecology 
in research and monitoring initiatives has substantially progressed in recent years (Price et al. 
2005). 
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7.4.8.2 Peace-Athabasca Delta 

The Peace, Athabasca and Birch rivers are the principal sources of water for the Peace-
Athabasca Delta. Water quality data from 1989–2001 for the Peace and Athabasca rivers 
indicate that these rivers have distinct water quality characteristics (Donald et al. 2004). The 
two main delta lakes, Lake Claire and Mamawi Lake, had chemical characteristics 
attributable to their source rivers: the historic water quality data from Lake Claire were 
closest to the characteristics of the Birch River, and water quality in Mamawi Lake was most 
comparable to the Athabasca and Peace rivers. Conversely, water quality data from other 
sites in the delta was not similar to any of the three rivers, in terms of major ion 
characteristics. Concentrations of TN, TP and DOC also had an uneven spatial pattern within 
the delta. Donald et al. (2004) concluded that the three main river inputs did influence 
surface water quality characteristics within the delta, but smaller perched basins and 
connected basins also influenced spatial water quality patterns.  

There are remarkable long-term and annual changes in Lake Claire water levels that 
influence the distribution and abundance of submergent and emergent aquatic plants. These 
water level changes have also affected the abundance of some invertebrate species, such as 
the cladoceran Daphnia magna. Benthic fauna of lakes within the Peace-Athabasca Delta is 
typically dominated by Chironomidae, Pelecypoda and Amphipoda, in densities ranging 
from a few to several thousand per square metre (Donald et al. 2004). The population density 
of the Mamawi Lake Clam shrimp (Caenestheriella belfragei) was proposed by Donald et al. 
(2004) as a potential indicator of benthic community health in the delta. However, this 
invertebrate was largely absent from the lake in 1999, 2000 and 2002, which limits its 
applicability as an AEH indicator.  

7.4.9 Synthesis and Initial Assessment of Aquatic Ecosystem Health 

• Based on the overview of water and sediment quality and non-fish biota (NFB) 
information, the following was concluded regarding aquatic ecosystem health 
(AEH) status for lakes and wetlands within the Peace River Basin, and summarized 
in Tables 7-30 and 7-31.  

• It is likely that natural sub-region and land use both influence the lake trophic status 
in the Peace River Basin, with some lakes naturally eutrophic or hypereutrophic. 
Roughly half of the mainly recreational lakes monitored by AENV (1980-2003) 
were located in the Boreal Dry Mixedwood and Central Mixedwood sub-regions. Of 
those, the majority were shallow hypereutrophic lakes, while lakes in other regions 
were also productive. For the most part, hypereutrophic lakes were located in 
watersheds dominated by agricultural cropland but productive lakes were also 
located in forested watersheds.  
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• For the reasons outlined in Section 4.4.7, the assessment of AEH based on available 
information is problematic for these mainly recreational lakes, and a more integrated 
monitoring approach will facilitate future assessment. Similarly, boreal lakes and 
wetlands have not undergone sufficient study to allow the assessment of AEH. 
Rather key findings from recent studies have been discussed in sections 7.47 and 
7.48. These related to forest fire impacts on lake nutrient status and phytoplankton 
communities, and the factors that influence algal biomass in shallow lake-wetland 
complexes. The Peace-Athabasca Delta has recently undergone substantial study but 
at this time it is not possible to assess AEH in this large, complicated system.  

Table 7-30 Initial qualitative assessment of aquatic ecosystem health based 
on a synthesis of available data: lakes and wetlands in the Peace 
and Slave river basins 

Reach 
Water 

Quality 
Sediment 

Quality 
Non-fish 

Biota 

Lakes previously monitored by AENV 1  Variable ID ID 

Select Recreational Lakes Variable ID ID 

Boreal Lakes ID ID ID 

Boreal Wetlands ID ID ID 

Peace-Athabasca Delta ID ID ID 

 Excellent  Good  Fair  Marginal  Poor  Insufficient data 
Notes:  1 Monitored primarily to assess trophic status. 

Table 7-31 Assessment of data quality/quantity for an initial aquatic 
ecosystem health assessment: lakes and wetlands in the Peace 
and Slave river basins 

Reach 
Water 

Quality 
Sediment 

Quality 
Non-fish 

biota 

Lakes previously monitored by AENV   1 Variable P P 

Select Recreational Lakes 1 Variable P P 

Boreal Lakes P P P 

Boreal Wetlands P P P 

Peace-Athabasca Delta P P P 

 Good  Fair  Marginal  Poor 
Notes:  1 Monitored primarily to assess trophic status. 
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8.0 BEAVER RIVER BASIN  

8.1 INTRODUCTION 

The Beaver River Basin (BRB) is located along the eastern edge of Alberta and extends 
across both Alberta and Saskatchewan, eventually draining into the Churchill River and 
Hudson Bay in Manitoba. It is one of the smallest basins in Alberta, occupying about two 
percent of the province with a catchment area of 15,500 km2 (AENV 2006a). The Beaver 
River (BR) originates at Beaver Lake (elevation approximately 557 m asl), near the town of 
Lac La Biche. The river flows in a southeastern direction through several communities, 
including Bonnyville, Cold Lake, and Grand Centre. Amisk and Sand rivers and Manotokan, 
Jackfish, and Marie creeks all flow into the Beaver River from the north, while Moose Lake 
River and Muriel and Reita creeks drain from the south.  

Similar to the Peace-Athabasca-Slave River Basins, the BRB lies within the Boreal Forest 
Natural Region, with undulating to moderately rolling hills (Figure 8-1). This region 
generally experiences more precipitation and cooler temperatures than the Parkland Natural 
Region (AENV 2000). Overall, the basin has experienced a warming trend with increased 
temperatures and decreased flows over the last 20 years (AENV 2006a; Komex 2003).  

At the Alberta-Saskatchewan border, the mean annual discharge leaving Alberta is 
approximately 1 billion m3, which includes 650 million m3 via the Beaver River and 350 
million m3 from Cold Lake, via the Cold and Waterhen  Rivers (AENV 2006a). The portion 
of the drainage area in Alberta accounts for about 25% of the total drainage area of the BRB. 
The flow in the BR is unregulated and flows are considered to be largely natural (Cash 
1999).  

The BRB is known for its abundance of surface water resources. There are over 2000 lakes 
in the basin (AENV 2006a), with many supporting a range of land uses from recreation and 
tourism to agriculture and industry (Figure 8-1). A maximum of 44 million m3 of surface 
water and groundwater are allocated in the basin, which represents approximately 4% of the 
flow leaving the basin each year (AENV 2006a). Of the allocated water, surface water 
represents approximately 62% and groundwater approximately 38%. The proportion of 
groundwater allocation is notably high, compared to less than 3% at the provincial level. 

Similar to other Alberta watersheds, the BRB provides water for domestic, agricultural and 
municipal use. In addition, industry consumes large quantities of surface water and 
groundwater within this watershed for numerous oil sands projects. The issue of increasing 
water demand and decreasing water supply has been anticipated and discussed among 
regulators and users since 1985, when a water pipeline was proposed to supply the Cold 
Lake Region industrial users with water from the North Saskatchewan River (CLRWMTF  
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Figure 8-1 Land cover and natural regions of the Beaver River Basin 
showing lakes and average chlorophyll a concentrations (1980-
2003)1

                                                 
1 The AENV monitoring lakes shown are discussed in Section 8.4.2. Provided by AENV. 
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1994). This was proposed again in 1994, along with secondary recommendations for a 
system of weirs on Cold or Primrose lakes and Wolf Lake to provide water to industrial users 
(CLRWMTF 1994). Neither recommendation has been implemented. In an AENV (2006b) 
report, it was concluded that the water allocations have been significantly smaller than 
predicted in 1985 because of increased recycling of produced water and the use of brackish 
water by industry. However, some stakeholders continue to view the pipeline as the preferred 
option for securing a long-term water supply for industrial use.  

As of 2005, nine of the 10 largest projects in the northeast Alberta marketplace, an area 
including 25 municipalities, and extending west to east from Vegreville to Lloydminster 
along the Yellowhead highway (HWY 16) and south to north from the Yellowhead highway 
to Cold Lake and Bonnyville, fall within the BRB (AlbertaFirst.com 2005). Of these nine 
projects, four are proposed, while five are under construction, indicating the future need for 
increased water usage. The nine projects include: Foster Creek Commercial Thermal 
Recovery Project Phase 3 (EnCana Corporation); Heavy Oil Plant Expansion Phases 14 to 16 
‘Nabiye’ (Imperial Oil Resources); ‘Primrose East’ Cyclic Steam Simulation Project 
(Canadian Natural Resources Ltd.); ‘Tucker Lake’ SAGD Project (Husky Energy Inc.); 
Foster Creek Commercial Thermal Recovery Project Phase 2 (EnCana Corporation); 
Extension of Phases 9 and 10 ‘Mahihkan North’ (Imperial Oil Ltd.); ‘Orion’ Heavy Oil 
SAGD Facility Phases 1 and 2 (BlackRock Ventures Inc.); ‘Primrose North’ Cyclic Steam 
Stimulation Project (Canadian Natural Resources Ltd.); and In Situ Bitumen Plant 
(ExxonMobil Canada Ltd.).  

In 2005, Komex International Ltd. (Komex) prepared a report for the Lakeland Industry and 
Community Association (LICA) which focused on the land cover and hydrology of the BRB. 
This study was initiated as a result of concerns related to: land use changes, deforestation and 
development of rural areas; changing climatic conditions; diminishing water levels in lakes 
and streams; decreasing groundwater surface elevations; potential impacts to water resources 
resulting from industrial activities; and, sustainability of water resources (Komex 2005).  

The forested land in the BRB has been reduced by 257,000 ha, or 16% from 1976 to 2002 
(Komex 2005). In addition to a loss in forested areas, water surface area had also decreased 
by 20% from 1976 to 2002. Results of the study indicated that the hydrology of the 
watershed is changing, predominantly a result of climate change, or climate cycling, and not 
as a result of anthropogenic water usage (Komex 2005).  

A number of key areas and sites within the BRB were selected for an initial aquatic 
ecosystem health assessment (Table 8-1). The rationale for selection is provided below, as is 
a description of key potential and/or known stressors and issues, and appropriate water 
quality, sediment quality and non-fish biota indicators. Key water and sediment quality and 
non-fish biota AEH indicators are identified in Tables 8-2 to 8-4, and availability of 
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information/data relating to these indicators is summarized in Tables 8-5 to 8-7 in Appendix 
A. 

Table 8-1 Summary of impact areas and associated stressors in the Beaver 
River Basin

Watercourse/ 
Waterbody 

Assessment Area/Site Rationale for Selection 
Stressors and 

Issues 
Qualitative 

Impact Rating 

Upstream of Moose 
Lake River   

Recent AENV water quality 
monitoring site (2003 and 
2004), historical data from 

1983/84 

Non-point sources, 
agriculture 

Low/Moderate 

Beaver River 

At Beaver Crossing 
Long-term PPWB 

transboundary monitoring 
site for water quality 

Domestic 
wastewater 

discharges from 
CFB-WWTP 

High/Moderate 

Sand River at the 
confluence with the 
Beaver River 

Recent AENV water quality 
monitoring site (2003 and 
2004), historical data from 

1983/84 

Accounts for 50% 
of the flow in 
Beaver River, 

relatively 
unaffected 

Low/Moderate 

Beaver River 
Tributaries 

Marie Creek at 
Concrete Culvert near 
confluence with the 
Beaver River 

Recent AENV water quality 
monitoring site (2003 and 
2004), historical data from 

1983/84 

Domestic 
wastewater 

discharges from 
CFB-WWTP 

High/Moderate 

LakeWatch lakes See Table 8-15 in Appendix A Low 

Amisk Lake 
Oxygenation project and 

studies related to the 
project 

Internal 
phosphorus 

loading, relatively 
little development 

in the basin 

Low 

Beaver Lake 
Headwaters for the Beaver 

River 

Recreational use, 
changes in land 

cover, 
eutrophication 

Low 

Ethel Lake 
Recent phytoplankton data 

available 

Recreational use, 
changes in land 

cover 
Low 

Lakes 

Muriel Lake 
Recent water quality 
information available 

Increased salinity 
due to decreased 

water levels 
Low 

Wetlands 
Central Mixedwood 
Subregion 

Extensive Land Class 
type/ecological importance 

Groundwater 
drawdown 

Low/Moderate 

CFB-WW = Canadian Force Base (4 Wing Cold Lake) Wastewater Treatment Plant. 
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Table 8-2 Summary of potential water quality (WQ) indicators of aquatic 
ecosystem health (AEH) for select Beaver River Basin rivers, 
streams, lakes and wetlands 

AEH WQ Indicator 
Beaver 
River 

Sand River
Marie 
Creek 

Lakes Wetlands 

ARWQI 1    x x 
CCME WQI  x x x x 
AAWQI 2 x x x x x 
AENV Lake Trophic Status 3 x x x   
Stream/River Trophic Classification 4    x x 
Nutrients and Chlorophyll a      
Dissolved Oxygen      
TSS and /or Turbidity      
TDS and /or Conductivity      
Trace Metals/Metalloids 5     6 x 
Trace Organics     6 x 
Pesticides  x x   

√ = Relevant indicator, X = Indicator not relevant. See Table 8-5 in Appendix A for further details regarding the availability of 
data for the identified indicators.  

Notes: ARWQI and sub-indices (nutrient, bacteria, metals and pesticides). AAWQI and sub-indices (nutrient, bacteria and pesticide). 
Trophic status assessed by chlorophyll a, TP, TN and Secchi depth criteria. As per Dodds at al. 1998 (benthic algal and/or 

phytoplankton biomass as chlorophyll a, total nitrogen and total phosphorus); See Table 3-6. Emphasis was placed on total 
metals with CCME WQGs (i.e., Al, As, Cd, Cr, Cu, Fe, Pb, Mn, Hg, Mo, Ni, Se, Ag, Zn); where appropriate dissolved metals 
were considered but only in particular cases. 

1 2

3 4

5

6 Lake dependent.

Table 8-3 Summary of potential sediment quality (SQ) indicators of aquatic 
ecosystem health (AEH) for select Beaver River Basin rivers, 
streams, lakes and wetlands 

AEH SQ Indicator 
Beaver 
River 

Beaver R. 
Tributaries 

Lakes Wetlands 

Trace Metals/ Metalloids    x 
Trace Organics  x  x 
Nutrients     
Sediment Oxygen Demand  x x x 

√ = Relevant indicator, X = Indicator not relevant. See Table 8-6 in Appendix A for further details regarding the availability of 
data for the identified indicators.  
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Table 8-4 Summary of potential non-fish biota (NFB) indicators of aquatic 
ecosystem health (AEH) for select Beaver River Basin rivers, 
streams, lakes and wetlands 

AEH NFB Indicator Measurement 
Beaver 
River 

Sand 
River 

Marie 
Creek 

Lakes Wetlands

Community-based metrics 1      
Standing crop biomass  x x  x Benthic Invertebrates 

Invasive species      
Standing crop biomass (as Chl a)   2  2  2   
Community composition 3  2  2  2   Phytoplankton 

Stream/Lake Trophic Classification 4  2  2  2   
Standing crop biomass x x x  x 

Zooplankton 
Community composition 5 x x x  x 
Standing crop biomass (as Chl a)    x x 
Community composition 6    x x Periphyton 

Stream /River Trophic Classification 4    x x 
Standing crop biomass      
Community composition 7      Aquatic Macrophytes 

Invasive species      
√ = Relevant indicator, X = Indicator not relevant. See Table 8-7 in Appendix A for further details regarding the availability of 
data for the identified indicators. 

Notes: Total abundance (density), taxon richness, density and proportion, eveness, % EPT, Simpson’s diversity index, Bray-Curtis 
index and/or the EPT index.  Applicability dependent on the stream/reach. Total abundance (density), taxon richness, % cell 
concentration composition of taxa, % biomass compositionof taxa, Simpson’s diversity index.  See Tables 3-5 and  3-6.  Total 
abundance (density), taxon richness, % composition of taxa, % biomass composition of taxa, Simpson’s diversity index.  Total 
abundance (density), taxon richness, % biomass composition of taxa, Simpson’s diversity index.  Total abundance (density), 
taxon richness, % biomass composition of taxa, Simpson’s diversity index.  

1

2 3

 4 5

6

7

8.2 BEAVER RIVER 

8.2.1 Key Sites, Issues and Indicators 

The BR receives non-point source inputs from land use related activities, such as agriculture 
and oil sands developments. Treated municipal effluents are discharged to the river via Marie 
Creek from Canadian Force Base (4 Wing Cold Lake) treatment plant. In addition, the Cold 
Lake/Grand Central Regional Sewage System discharges treated effluents from adjacent 
towns to Beaver River, approximately 3 km downstream of Beaver Crossing monitoring site 
(Anderson 1994). Currently, none of the existing monitoring sites describe the effects of the 
regional sewage effluent discharges. 
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Recent water quality data for one provincial site and one federal (PPWB) site exists, and 
these data are summarized in the following sections. AENV has monitored water quality in 
the Beaver River at a site upstream of the Moose Lake River confluence (AB06AA0091) in 
2003 from July to December (AENV 2006a, preliminary data). The site is located 
downstream of the Amisk River confluence but upstream of the confluence of other main 
tributaries; this portion of the Beaver River accounts for roughly half of the length of the 
river within the province and 27% of the total flow in the Beaver River. Only water quality 
data for conventional parameters were available for this site.  PPWB data were available for 
the Beaver River at Beaver Crossing from 1998 to 2003. The PPWB federal monitoring 
station on the Beaver River is located approximately 24 kilometres upstream of the Alberta-
Saskatchewan Boundary. The station has been monitored since the start of the PPWB water 
quality monitoring program in the late 1960s. Currently, this sampling occurs on a monthly 
basis. Water quality at this site provides an assessment of the scope of impact on the Beaver 
River in the Alberta portion of the drainage area. 

In addition to these data, the AENV (2006a) report on the water quality in the Beaver River 
provided recent information on the historical water quality conditions (1983/1984) compared 
to the more recent conditions (2003). 

8.2.2 Water Quality 

Key historical reports on the water quality in the Beaver River include Trew et al. (1984), 
Shaw (1990) and Anderson (1994). In 1983, extensive water quality sampling was performed 
at 8 tributaries and 7 mainstem sites in the BRB. It was concluded that TN, TP, Fe, Mn and 
phenol concentrations exceeded ASWQGs on a regular basis at most sites, but that this 
reflects the natural character of the Beaver River (Trew et al. 1984). Shaw (1990) evaluated 
long-term trends in water quality of the Beaver River at Beaver Crossing from 1969 to 1989. 
Some of the flow-independent variables (DO, nitrate+nitrite-N, sulphate, potassium, total 
coliforms and α-BHC) decreased slightly during the period. Of flow-dependent variables, 
conductivity, alkalinity, sodium and chloride increased while true colour and Chl-a 
decreased. Anderson (1994) described the effects of spring and fall discharges from the Cold 
Lake/Grand Central Regional Sewage System to Beaver River downstream of Beaver 
Crossing and continuous wastewater discharge from 4 Wing Cold Lake to Marie Creek. 

8.2.2.1 Upstream of Moose Lake River 

Nutrient levels were within specified guidelines during 2003 at the site upstream of Moose 
Lake River (Table 8-8 in Appendix A). The maximum concentration for TP and TDP (0.727 
and 0.671 mg/L, respectively) was measured in August and for TN (2.023 mg/L) in 
December. Comparison between historical data from 1983/1984 and the recent data from 
2003 has shown that the nutrient concentrations have increased at this site; the TP 
concentrations increased 3.5-fold and the TDP concentrations increased 4-fold (AENV 
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2006a). This indicates anthropogenic effects may be increasing, through an increase in land 
use, in the Beaver River upstream of Moose Lake River confluence (AENV 2006a). The 
trophic status at the site upstream of Moose Lake River was eutrophic based on TP and 
mesotrophic based on TN (Table 8-9). No data were available for chlorophyll a levels. 

Table 8-9 Summary of water quality index and trophic classification 
information for the Beaver River, Sand River and Marie Creek

Parameter 
Beaver River U/S 

of Moose Lake 
River 

Beaver River at 
Beaver Crossing 

Sand River at the 
Confluence with 

the Beaver R. 

Marie Creek 
near 

Confluence 
with Beaver R. 

CCME-WQI (1998-2002) – – – – 
ARWQI (1998-2004) – – – – 

Nutrients 
Eutrophic (TP), 

Mesotrophic (TN); 
2003 

Eutrophic (TP), 
Mesotrophic (TN); 

1998-2003 

Mesotrophic (TP), 
Oligotrophic (TN); 

2003 
Eutrophic (TP, 

TN); 2003 
Phytoplankton 
Biomass – – – – 

Stream/River 
Trophic 
Classification 1

Periphyton 
Biomass – – – – 

– = Not applicable/ Data not available. 
Notes: As per Dodds at al. 1998 (benthic algal and/or phytoplankton biomass as chlorophyll a, total nitrogen and total phosphorus); 

See Table 3-6.  

1

DO levels were below guideline levels in August and again from October to December in 
2003, with a minimum of 0.34 mg/L (Table 8-8 in Appendix A). The decreased DO levels 
were due to low flow and ice-cover during winter months. A study on the winter DO levels 
in the BR and Sand River by Babin and Trew (1985) showed that dissolved oxygen levels 
drop quickly after the formation of ice cover. According to the authors, the rapid decrease 
can be partly due to oxygen-poor groundwater inputs and the co-occurring decreased surface 
water inputs (due to ice cover). Another possible explanation was the varying oxidation rated 
of organic substrates.  

Of trace metals, only total Fe concentrations were measured in 2003. The levels exceeded 
guidelines frequently during this time period, especially during the winter months. However, 
high concentrations of certain metals, such as iron and manganese, can occur naturally in the 
Beaver River (Trew et al. 1984). Dissolved fractions of iron were not analyzed, and it is not 
clear how bioavailable the iron is. TDS and TSS concentrations were lowest during summer 
months and highest during winter months. There were no pesticide data available for the 
Beaver River. Overall, water quality was deemed ‘fair’ within this reach of the BR. 
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8.2.2.2 Beaver River at Beaver Crossing 

TP and TN concentrations frequently exceeded guidelines during 1998–2003 (Table 8-10 in 
Appendix A). The exceedences occurred during low flow periods. AENV has compared the 
data sets from 1983/1984 to 2003 at a site close to the Beaver Crossing, and reported a 
moderate decrease in TDP and nitrate+nitrite concentrations (AENV 2006a). This decrease 
could be a result of improvements to the Canadian Force Base’s (4 Wing Cold Lake) WWTP 
system, reducing nutrient concentrations released to the BR via Marie Creek (AENV 2006a). 
The trophic status at the site at Beaver Crossing was eutrophic based on TP and mesotrophic 
based on TN (Table 8-9). No data were available for chlorophyll a levels. 

Between 1998 and 2003, DO concentrations were compliant with guidelines in 66% of the 
samples. As at the upstream site, the samples that fell below DO guidelines at Beaver 
Crossing occurred mainly during the winter and coincided with low flow and ice-cover in the 
river (PPWB data). Babin and Trew (1985) have previously reported a fast decline in DO 
levels under ice-cover in the Beaver River.  

TSS and TDS concentrations ranged between 2–96 and 141–688 mg/L, respectively. Unlike 
in most rivers in Alberta, TDS levels do not increase in the Beaver River as the river flows 
downstream. Water entering the BR from the Sand River has lower TDS levels than water in 
the BR, and this input keeps the TDS levels similar throughout the length of the BR in 
Alberta.   

Of the trace metals, Al, Cr, Cu and Fe exceeded guidelines between 1998 and 2003 (Table 8-
10 in Appendix A). Cu and Cr exceedences at Beaver Crossing have been attributed to 
municipal effluent discharges mainly from Canadian Force Base (4 Wing Cold Lake) 
WWTP during low flow (Anderson 1994). According to AENV (2006a), Cu and Cr 
concentrations have decreased at Beaver Crossing between 1983/1984 and 2003. It is 
possible that improved waste water treatment has decreased Cu and Cr levels but there were 
no metal data from Marie Creek to support this argument (AENV 2006a). 

Only low levels of pesticides have been detected and no PPWB WQG exceedences occurred 
at the AENV site near Beaver Crossing in 2003 (AENV 2006a). 

There were only historical data available on the CCME WQI values at the Beaver Crossing 
site. The index has constantly had a ‘good’ rating at the site during the period of 1980 to 
1996 (CCME 2001). Index values have not been calculated from the more recent water 
quality data. Based on the data from 1998 to 2003, the water quality of the site was ‘fair’. 

8.2.3 Sediment Quality 

There were no sediment quality data available for the Beaver River. 
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8.2.4 Non-Fish Biota 

The most recent sampling of zoobenthos in the Beaver River occurred in the spring and fall 
from 1983 to 1987 at Beaver Crossing (Anderson 1991). Overall, the density and diversity of 
benthic invertebrates were low, which was attributed to the shifting nature of sandy substrate 
at the site. Chironomidae, Oligochaeta, Nematoda and Copepoda were the most common 
taxa, with higher densities observed in the fall compared to the spring. The number of taxa 
remained more constant during seasons. The community was dominated by Chironomidae in 
the fall and by Chironomidae, Copepoda and Ephemeroptera in the spring, although there 
was more variability in the community structure during spring months. There were 
significant inter-annual changes in benthic invertebrate numbers and community 
composition during the sampling period. The changes were probably due to natural variation 
and were not linked to effects of wastewater discharges, and they were smaller than in any 
other Alberta river sampled during 1983 to 1987 (Anderson 1991). 

Available information for non-fish biota in the Beaver River was considered dated and 
inadequate for an initial assessment of aquatic ecosystem health. 

8.2.5 Synthesis and Initial Assessment of Aquatic Ecosystem Health 

• A synthesis of available information and an initial assessment of aquatic ecosystem 
health for the Beaver River are summarized below and in Tables 8-11. The quality 
of the information and data used for this initial assessment is indicated in Table 8-
12. 

• Land use and climate changes, accelerating oil sands development, and increased 
demands on water resources in the Beaver River Basin have prompted concern 
regarding the health and sustainability of aquatic ecosystems. A fair amount of water 
quality information has been collected recently to support an aquatic ecosystem 
health (AEH) assessment for the Beaver River, but sediment quality and non-fish 
biota data were scarce. The AEH for Beaver River was rated as ‘fair’ for water 
quality 

• Nutrient concentrations increased between the 1980s and 2003 in the Beaver River 
upstream of the Moose Lake River, and decreased moderately at Beaver Crossing.  

• Low winter DO levels during low flow and ice-cover are typical for the Beaver 
River. The release of treated municipal effluents from the regional sewage treatment 
plant is restricted during winter months to avoid oxygen depletion in the river.  

• Scarce trace metal data indicate that Fe levels are naturally high in the Beaver River 
upstream of the Moose Lake River. 
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• Aluminum, chromium and copper concentrations exceeded guidelines in the Beaver 
River at Beaver Crossing during 1998-2003, although copper and chromium 
concentrations have decreased since the 1980s. 

• According to Anderson (1991) benthic invertebrate diversity is low in the Beaver 
River due to shifting sandy substrate. 

 

Table 8-11 Initial qualitative assessment of aquatic ecosystem health based 
on a synthesis of available data: Beaver River Basin 

Site/Area 
Water 

Quality 
Sediment 

Quality 
Non-fish 

Biota 

Beaver River F ID ID 

Beaver River Tributaries F ID ID 

Lakes Variable Variable ID 

Wetlands ID ID ID 

 Excellent  Good  Fair  Marginal  Poor  Insufficient data 

Table 8-12 Assessment of data quality/quantity for an initial aquatic 
ecosystem health assessment: Beaver River Basin 

Site/Area 
Water 

Quality 
Sediment 

Quality 
Non-fish 

Biota 

Beaver River F P P 

Beaver River Tributaries F P P 

Lakes Variable Variable P 

Wetlands P P P 

 Good  Fair  Marginal  Poor 
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8.3 BEAVER RIVER TRIBUTARIES 

8.3.1 Key Areas, Issues and Indicators 

Key areas considered in this section included the Sand River and Marie Creek. The Sand 
River, one of the main tributaries to the Beaver River, originates in the northeast corner of 
the basin. The river contributes approximately 50% of the Beaver River flow, and therefore, 
the water quality of the Sand River is an important factor affecting the water quality of the 
Beaver River (AENV 2006a). The Sand River watershed is in relatively pristine condition 
(AENV 2006a) with only one significant development in the basin, the EnCana Foster Creek 
in situ SAGD project. 

Marie Creek originates from Burnt Lake and flows through May, Marie and Ethel lakes 
before it joins the Beaver River near the City of Cold Lake. The flow from Marie Creek 
accounts for 3.4% of the total flow in the Beaver River within the province. A number of oil 
sands developments (i.e., CNRL Primrose East and South; Imperial Mahihkan North, Nabiye 
and Cold Lake; Husky Tucker Lake; and Blackrock Orion) lie partially within the Marie 
Creek watershed. Also, the 4 Wing Cold Lake Canadian Forces Base releases treated 
effluents to Marie Creek.  

Only water quality data were available for Beaver River tributaries. 

8.3.2 Water Quality 

8.3.2.1 Sand River  

Water quality has been monitored recently by AENV at the confluence with Beaver River 
(AB06AC0011) in 2003 (AENV 2006, preliminary data). Only conventional parameters 
were included in this monitoring. 

Nutrient levels were compliant with the guidelines with the exception of TP (Table 8-13 in 
Appendix A). This reflects the relatively undisturbed state of the Sand River sub-basin 
(AENV 2006a). The trophic status at the mouth of Sand River was mesotrophic based on TP 
and oligotrophic based on TN (Table 8-9). No data were available for chlorophyll a levels. 

DO levels were below the WQG frequently during winter months in the Sand River during 
2003. Low winter DO values have also been reported previously by Babin and Trew (1985), 
and they have been attributed to sediment oxygen demand. TDS levels ranged between 1 00 
and 206 mg/L in the Sand River, and TSS values ranged between 1 and 40 mg/L (Table 8-13 
in Appendix A). TDS concentrations were considerably lower than those seen in the Beaver 
River mainstem.  
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Only Fe levels were measured in 2003, and all of the measured concentrations exceeded 
guidelines during this period (Table 8-13 in Appendix A). AENV (2006a) states that Fe 
occurs in naturally high concentrations in the Beaver River and there is no apparent temporal 
trend in the observed levels, which may also apply to the Sand River. 

There were no pesticide data available for the Sand River. 

8.3.2.2 Marie Creek 

TP and TN concentrations exceeded guidelines in every sample from Marie Creek in 2003 
(Table 8-14 in Appendix A). The exceedences were most likely due to discharges of treated 
municipal effluents to Marie Creek. However, nutrient levels, except for ammonia, have 
decreased significantly since 1983/1984 (AENV 2006a). The trophic status of Marie Creek 
was eutrophic based on TP and TN (Table 8-9). No data were available for chlorophyll a 
levels for assessment of algal growth. 

DO levels were compliant with guidelines throughout the sampling period in 2003. TDS 
levels were 329 mg/L on average, which was higher than in the Sand River and at Beaver 
Crossing, but lower than upstream of the Moose Lake River (Table 8-14 in Appendix A).  

Only Fe concentrations were measured, and all of the samples were in compliance with 
guidelines. The average Fe concentration was 0.198 mg/L, which was considerably lower 
than in other stations in the BRB (Table 8-14 in Appendix A). 

There were no pesticide data available for Marie Creek. 

8.3.3 Sediment Quality 

There were no sediment quality data available for Beaver River tributaries. 

8.3.4 Non-Fish Biota 

There were no non-fish biota data available for Beaver River tributaries. 

8.3.5 Synthesis and Initial Assessment of Aquatic Ecosystem Health 

• As with the Beaver River mainstem, a significant amount of recent water quality 
information was available for assessing aquatic ecosystem health for the major 
tributaries, but sediment quality and non-fish biota information was scarce. A 
synthesis of available information and an initial assessment of aquatic ecosystem 
health for the Beaver River tributaries are summarized below and in Tables 8-11. 
The quality of the information and data used for this initial assessment is indicated 
in Table 8-12. 
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• The Sand River has relatively low nutrient concentrations, and is considered 
relatively undisturbed (AENV 2006b). 

• Marie Creek has high nutrient concentrations due to discharges of treated domestic 
sewage from the Canadian Force Base, although concentrations of most nutrients 
have decreased since 1980s. 

• DO levels were below WQG level during winter months in the Sand River. Low 
winter DO levels have been reported previously by Babin and Trew (1985), and they 
are a result of natural oxygen consuming processes. DO levels were fully compliant 
with the guidelines in Marie Creek in 2003. 

• Very limited trace metal data exist for Beaver River tributaries. High Fe 
concentrations occur naturally in the Sand River, and all measurements exceeded 
guidelines in 2003. In Marie Creek, Fe levels were below guidelines. 

• Based on water quality information, Sand River aquatic ecosystem health was rated 
‘good’, while Marie Creek was rated ‘fair’.  

8.4 LAKES AND WETLANDS 

8.4.1 Introduction 

There are over 2000 lakes in the BRB, and many of these are popular recreational 
destinations (AENV 2006b). Lakes in the BRB can be divided into three groups: shallow 
prairie lakes with gradually descending lake-bottoms, deep lakes with steep sides, and 
surface water impoundments of glacial melt water channels (AENV 2006b).  

AENV monitors trophic status of 29 lakes in the BRB (Figure 8-1). A summary of 
LakeWatch water quality monitoring information of 12 lakes is included in the water quality 
section (Section 8.4.4). In addition, the following lakes were chosen for a detailed 
assessment based mainly on the availability of recent data: Amisk, Beaver, Ethel and Muriel 
lakes. Amisk Lake was studied intensively in the early 1990s as part of an oxygenation 
project (e.g., Prepas et al. 1997). Beaver Lake was chosen mainly because of its location in 
the headwaters of the Beaver River. Ethel Lake is part of the AENV lake monitoring 
program and an extensive water quality data set exists for the lake, from 1980 to 1999 and 
2003 (Chow-Fraser and Trew 1990; AENV 2006a), and recent phytoplankton data were also 
available (AENV unpublished data). A recent report exists on water quality in Muriel Lake, 
where declining water levels have caused an increase in ion concentrations (Anderson 2000).  
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8.4.2 Overview of Trophic Status and TDS 

8.4.2.1 Assessment by Natural Region  

According to AENV monitoring data from 1980 to 2003, most of the hypereutrophic lakes in 
the BRB are situated in the Dry Mixedwood natural sub-region (Figures 8-2 and 8-3). 
Classification based on chlorophyll a levels results in 6 hypereutrophic, 12 eutrophic, and 15 
mesotrophic lakes2 (Figure 8-2). TP levels indicate a similar pattern (Figure 8-2). TN levels 
are high in the lakes of the BRB; 65% of the lakes are classified as hypereutrophic, including 
all of the monitored lakes in the Dry Mixedwood natural sub-region (Figure 8-3). Most BRB 
lakes are mesotrophic when classified by Secchi depth. The highest TDS concentrations are 
recorded in the Dry Mixedgrass sub-region (Figure 8-4). 

8.4.2.2 Relationship between Lake Trophic Status and Land Use  

The majority of the hypereutrophic lakes are situated close to agricultural croplands (Figure 
8-1). Trophic status can largely be attributed to the amount of disturbance in the lakes’ 
watershed, with more eutrophied and less clear lakes located in more disturbed watersheds 
(AENV 2006a). Most lakes in the BRB are as or less fertile than the average productivity of 
lakes in Alberta (AENV 2006a). Two exceptions are Moose and Kehewin lakes, which 
appear to be more productive compared to the average productivity. Paleolimnological 
investigations have shown that Moose and Kehewin lakes are naturally productive. Ongoing 
research will provide more insight to whether land use, climate change, or a combination of 
both have recently enhanced the naturally eutrophic state of these lakes (Köster pers. 
comm.). 

8.4.2.3 TDS 

Water balance of lakes is an important factor in determining ion concentrations (AENV 
2006a). Decreased water levels in the BRB during the past two decades have caused increase 
in ions, salinity and associated parameters (pH, hardness, conductivity and alkalinity). Some 
lakes (e.g. Ethel, Marie and Cold lakes) in the basin have had stable water levels during this 
time, and have continued to have stable ion, salinity and pH (AENV 2006a).  According to 
the LakeWatch data,  ions in all 12 monitored lakes remained either stable or increased with 
the most dominant ions, including bicarbonate, sodium, and magnesium (LakeWatch 
reports).  

                                                 
2 Some lakes, namely Moose, Garnier, Mann and Skeleton, were given two trophic ratings for different basins of the lake.  
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Figure 8-2 Trophic status of select lakes in the Beaver River Basin based on 
average chlorophyll a and total phosphorus concentrations 
(1980-2003), by natural region 
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Figure 8-3 Trophic status of select lakes in the Beaver River Basin based on 
average total nitrogen concentrations and Secchi depth 
estimates (1980-2003), by natural region 
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(from Mitchell and Prepas 1990). 

Figure 8-4 Average total dissolved solid (TDS) levels of select lakes in the 
Beaver River Basin as an indicator of salinity, by natural region 

8.4.2.4 Pesticides 

Pesticide concentrations have been measured in eight lakes in the BRB: Muriel, Moore, 
Hilda, Ethel, Marie, Jackfish Creek, Tucker and North Buck lakes. There were no guideline 
exceedences in 1995 to 2002 and the overall detection frequency was low in the BRB 
(Anderson 2005).  

8.4.3 LakeWatch Water Quality Monitoring 

Alberta Lake Management Society’s LakeWatch Program monitors 12 lakes in the region, 
including: Angling, Beaver, Chickenhill, Garnier, Kehewin, Long, Marie, Moose, Muriel, 
Skeleton, Touchwood, and Wolf lakes (Table 8-15 in Appendix A). Individual reports for 
these lakes have been summarized in this section, and they are collectively referred to as 
LakeWatch reports (see Table 8-15 in Appendix A for references). AENV also monitors the 
majority of these 12 lakes for trophic status (AENV 2006a). The water quality parameters 
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monitored by the LakeWatch program include DO, ion concentration, heavy metals, trophic 
status indicators, and alkalinity and pH. Lake level data are supplied by AENV. 

The lakes varied in average and mean depths and were generally productive (LakeWatch 
reports). Overall, these lakes were either eutrophic or mesotrophic due to high nutrient 
concentrations and relatively high algal biomass. This trophic status is typical of Alberta 
lakes, which have fertile shorelines and lakebeds, as well as naturally high nutrient 
concentrations. However, this may make these lakes more susceptible to human impacts. In 
2003, TP and TN guidelines were exceeded in the most fertile lakes, including Angling, 
Long, Kehewin, Moose and Muriel lakes (AENV 2006a). It is common in Alberta that TP 
levels exceed guideline values due to naturally productive surface waters, although 
phosphorus concentrations can be enhanced by human activities as well (AENV 2006a). 
According to AENV (2006a), there has not been an overall change in nutrient concentrations 
in monitored lakes between 1980s and the 2000s. 

Lakes were typically well buffered against acidic deposition, with all pH values within the 
basic range (LakeWatch reports). Guidelines for pH values were exceeded in most of the 
lakes sampled by AENV in 2003, including Angling, Beaver, Garnier, Kehewin, Moose, 
Muriel and Touchwood lakes (AENV 2006a). The susceptibility of lakes to exceed pH 
guidelines is likely due to the dry climate experienced during the past two decades (AENV 
2006a). With the exception of two lakes (Long and Marie lakes), long term water levels were 
either stable or decreasing; many lakes, however, experienced high water levels in 1997 due 
to an excessively wet year (LakeWatch reports).  

Eleven of the 12 lakes were stratified at some time, to some degree, during the open water 
season. Dissolved oxygen levels were within the guidelines above the thermocline of the 
stratified lakes. They were also within guidelines Muriel Lake, the one unstratified lake. 

With the exception of two lakes, Muriel and Angling lakes, heavy metal concentrations were 
low to average and complied with CCME WQG for the protection of aquatic life 
(LakeWatch reports). Muriel and Angling lakes had small exceedences of arsenic; this could 
be the result of high arsenic levels in the groundwater that feeds into the lakes 

8.4.4 Sediment Quality 

A survey of metals and trace organic compounds in sediments was conducted in five lakes in 
the BRB in 1993 to 1994 and 2002 (Anderson 2003). The sampled lakes were Amisk (in 
2002), Long, Moose, Muriel and Tucker lakes (in 1993-1994). In Amisk Lake, total As 
concentrations were, on average, 11.1 µg/g (dry weight), which exceeds the CCME ISQG 
value of 5.9 µg/L. In the survey, which included nine lakes in Alberta, it was common that 
the total As levels exceeded guidelines. For the other lakes (data from 1993-1994), the only 
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exceedence was in Long Lake, where the maximum concentration for total Cr was 40.1 µg/g 
(CCME ISQG for Cr is 37.3 µg/g). All other measured metal levels were below guidelines.  

Trace organic compound concentrations in the sediment were measured in Amisk Lake in 
2002 (Anderson 2003). Nine of 22 measured PAH compounds were detected in the samples 
but the concentrations were low, well below CCME ISQGs (Anderson 2003). Sources of 
PAH compounds include coal mining and burning, fossil fuel burning by motor boats, 
highway traffic and rail traffic. In addition to PAHs, low concentrations of phenol were 
detected in Amisk Lake (Anderson 2003). 

8.4.5 Amisk Lake  

Amisk is a long and narrow lake with two basins: a larger south basin with a maximum depth 
of 60 m and shallower 34 m deep north basin (Prepas et al. 1997; Mitchell and Prepas 1990). 
The lake is situated in the western edge of the BRB, and drains to Amisk River which joins 
the Beaver River. The drainage basin has relatively little development (Prepas et al. 1997). 

Deep and eutrophic lakes of the parkland and boreal forest regions of Alberta are subject to 
complete or partial hypolimnetic anoxia during thermal stratification (Mitchell and Prepas 
1990). Prior to 1988, fish kills and phytoplankton blooms occurred in Amisk Lake, caused 
by phosphorus release from anoxic sediments (Prepas et al. 1997). In 1988, an experimental 
oxygenation project was begun in the north basin to improve the water quality and sport fish 
habitat in the lake. 

8.4.5.1 Water Quality 

Prior to the oxygenation project  in the 1980s, phosphorus was released in high rates from 
the anoxic sediments, 6–8 mg/m2 per day TP, and average hypolimnetic and under-ice TP 
concentrations reached frequently 150 µg/L (Mitchell and Prepas 1990). Chl-a 
concentrations followed changes in the phosphorus concentrations, and ranged from 9 to 25 
µg/L during summer. The oxygenation project (1988–1993) decreased hypolimnion TP 
concentrations by 50% compared to pretreatment concentrations, and this decrease translated 
into 13% and 55% reduction in whole-lake epilimnetic TP and Chl-a concentrations, 
respectively (Prepas et al. 1997). Amisk Lake shifted from eutrophic to mesotrophic status as 
a result of the reductions (Prepas et al. 1997). 

Prior to the oxygenation treatment, mixing was incomplete in both north and south basins 
(Mitchell and Prepas 1990). DO levels were always below saturation point in the deeper 
waters and DO consumption rates were very high in the hypolimnia in both summer and 
under ice in winter. Approximately 47% and 70% of the total water volumes were anoxic 
during stratification in the north and south basins, respectively (Mitchell and Prepas 1990). 
During the treatment, hypolimnetic DO concentrations of both basins increased in the open-
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water season (Prepas and Burke 1997). The effect was also pronounced in the north basin 
during the ice-covered period, but there was no apparent increase in DO concentrations in the 
south basin. Sharp DO declines and a general return to pre-treatment conditions were 
observed following the completion of the project in 1993 (Prepas and Burke 1997). 

8.4.5.2 Non-fish Biota 

Cyanophyceae were the dominant phytoplankton group prior to 1988, with Aphanizomenon 
flos-aquae and Anabaena spp. being the most abundant (Webb et al. 1997). With the start of 
the hypolimnetic oxygenation program, diatoms became more abundant compared to pre-
treatment. Removal of nutrients from the euphotic zone via settling diatoms contributed to a 
50% reduction in the amplitude of peak Cyanophyceae volume (Webb et al. 1997). 

Prior to 1988 and the oxygenation project, profundal benthic invertebrate communities were 
dominated in both north and south basins by Chironomus spp. and Oligochaeta at 15 and 20 
m depth, and by Chironomus spp. at 25 m (Dinsmore and Prepas 1997a). At 30 m, all 
benthic invertebrates were uncommon. Chironomus spp. abundance increased at all sampling 
depths and Oligochaeta increased at 15 and 20 m in both basins during the project (Dinsmore 
and Prepas 1997a). Dominance of the major groups did not change during the project, and no 
new taxa colonized the profundal region. Within Chironomus spp., dominance shifted from 
C. decorus to C. anthracinus (Dinsmore and Prepas 1997b). 

8.4.6 Beaver Lake  

Beaver Lake is the headwaters for the Beaver River. It is a large (33 km2) and relatively 
shallow lake (mean depth 7 m), with two distinct basins connected by a shallow, narrow 
channel (Mitchell and Prepas 1990). The lake receives inflow to the southeast basin from 
Elinor Lake, and to the northwest basin from Lac la Croix and four small streams. Roseland 
and Normandeau lakes also flow into Beaver Lake during high water levels. Beaver Lake 
drains an area of 290 km2 and flows into Outlet Lake from the northwest basin, which flows 
into the Beaver River (Mitchell and Prepas 1990). 

Beaver Lake is a eutrophic lake (LakeWatch 2003a) located in the Dry Mixedwood 
Subregion of the Boreal Mixedwood Ecoregion, near the town of Lac La Biche (Mitchell and 
Prepas 1990). Most of the Beaver Lake watershed is forested and only a small portion is 
allocated to agricultural development. Several farms, focusing on livestock, pasture and 
forage crops, are operated by members of the Beaver Lake Band on reserve land. There are 
also two subdivision developments along the northwest side of the lake (Mitchell and Prepas 
1990). 
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8.4.6.1 Water Quality 

In 2003, TP and TN concentrations increased in Beaver Lake during summer months and, 
consequently, algal biomass increased 10-fold from June to September in 2003 (LakeWatch 
2003a). The increase in nutrients during summer months was attributed to nutrient loading 
from the lake sediment. Nutrient concentrations and algae biomass were observed to increase 
slightly in Beaver Lake in 2003 compared to previous years, but this may have been the 
result of inter-annual variation and does not necessarily indicate long-term trends 
(LakeWatch 2003a). Based on monitoring data form 1980 to 2003 (Figures 8-3 and 8-4), 
Beaver Lake is hypereutrophic (TN) or eutrophic (Chl-a, TP). 

In the summer of 2003, DO levels were low in Beaver Lake during the period of thermal 
stratification. Stratification developed in June and late July, and the water column was fully 
mixed again in mid-July and August (LakeWatch 2003a). Historical data indicate that mid-
winter oxygen concentrations at greater depths may decline to less than 2.0 mg/L (Mitchell 
and Prepas 1990). 

Metal concentrations were low in Beaver Lake in 2003 (LakeWatch 2003a). There were no 
guideline exceedences among measured metal concentrations. 

8.4.6.2 Non-Fish Biota 

There ware no non-fish biota data available for Beaver Lake. 

8.4.7 Ethel Lake 

Ethel Lake is a deep, well-stratified lake located north from the community of Cold Lake, 
and it is drained by Marie Creek (Chow-Fraser and Trew 1990). The lake consists of four 
bays with an average depth of 6.6 m; the southwest bay being the deepest with depth of 30 m 
(Mitchell and Prepas 1990). The lake is partially meromictic, and does not exhibit a complete 
spring turnover every year (Chow-Fraser and Trew 1990). The drainage basin is 545 km2 and 
most of the land is classified as marginal for agriculture. From 1986 to 1998 only 2.1% of 
the area changed to disturbed lands in the Marie Creek sub-basin, where Ethel Lake is 
located (AENV 2006). 

Water quality monitoring data for Ethel Lake exist from 1980 to 2003. Data collected prior 
to 1989 were analysed by Chow-Fraser and Trew (1990), and AENV (2006a) tested data 
from the 1980s and 2000s for overall changes in water quality.  

8.4.7.1 Water Quality 

TP and TDP concentrations peak in spring and fall, resulting from redistribution of 
hypolimnetic phosphorus to the water column during mixing (Yonge and Trew 1989). 
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During 1980–1989, TP and TDP concentrations ranged between 19–25 and 6–10 µg/L, 
respectively (Chow-Fraser and Trew 1990). Chl-a and phytoplankton concentrations 
generally followed the pattern of total phosphorus concentrations, and ranged between 6.4–
10.7 µg/L and 1.48–3.40 mg/L, respectively. TDP and phytoplankton concentrations 
declined during the period and depth of euphotic zone increased, which indicates that Ethel 
Lake became less eutrophied during the 1980s. This effect was attributed to annual 
differences in rate of thermal stratification (Chow-Fraser and Trew 1990). AENV (2006a) 
did not detect a change in nutrient and chl-a concentrations between the 1980s and 2000s. 
Based on monitoring data from 1980 to 2003, Ethel Lake is classified as mesotrophic 
according to Chl-a, TP, and Secchi depth, and eutrophic according to TN concentrations 
(Figures 8-5 and 8-6).  
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Figure 8-5 Relative abundance of major phytoplankton groups in Ethel Lake 
in 2003-043

8.4.7.2 Non-fish biota 

The composition of the phytoplankton community in Ethel Lake was determined in 2003 and 
2004 by AENV. Sampling occurred seven times each year, from May to late October. 
Phytoplankton species were identified and phytoplankton density (cells/L) and biomass 
(mg/m3) were calculated. A total of 104 phytoplankton species were recorded in Ethel Lake, 
representing six major groups; 18 Diatom, 26 Cyanobacteria, 32 Chlorophyceae, 12 
Chrysophyceae, 8 Cryptophyceae and 6 Dinophyceae species were identified (Figure 8-5).  

                                                 
3 Data from AENV. 
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The phytoplankton community was dominated by diatoms in the early summer, especially by 
Fragilaria tenera, Asterionella formosa and Cyclotella bodamica. During mid-summer, the 
cyanobacteria species Aphanocapsa delicatissima and Pseudoanabaena sp. became more 
abundant. Chrysophyceae and Cryptophyceae species were present in moderate numbers 
throughout the sampling periods, Dinobryon divergens, naked Chrysophytes, Cryptomonas 
reflexa and Rhodomonas minuta being the most common species. Chlorophyceae and 
Dinophyceae species constituted on average <10% of the total cell density.  

Phytoplankton biomass peaked in early July in 2003 and late August in 2004 (Figure 8-6). 
Cyanophyceae species constituted 64% and 94% of the total biomass during these peak 
periods, respectively. Although the proportion of cell counts for Dinophyceae species was 
only moderate, they constituted a great part of the total biomass in July and August due to 
their larger cell size. 
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Figure 8-6 Biomass of major phytoplankton groups in Ethel Lake in 2003-
20044

8.4.8 Muriel Lake  

Muriel is a large and shallow lake with moderate production rates (Mitchell and Prepas 
1990). The drainage basin contains some agricultural activity, mainly grazing, and most of 
the lake shoreline is privately owned (Mitchell and Prepas 1990). According to AENV 
(2006a), 5.5% of the Muriel Lake basin area changed due to land disturbance between 1986 
and 1998. Muriel Lake drains into Muriel Creek, which flows into Landry Lake and 
eventually to the Beaver River. 

                                                 
4 Data from AENV. 
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8.4.8.1 Water Quality 

Water quality in Muriel Lake was sampled by Alberta Environment in 1978 (August), 1988 
(monthly from May to October), 1989 (March), 1990 (March), 1993 (July), 1994 
(September) and 1997 (monthly from May to October; Anderson 2000). Water level 
monitoring conducted by AENV since 1967 showed a continuous decline from 1974 to 2000, 
resulting in a total drop of nearly 3 m in lake level (Anderson 2000).  

Concentrations of major ions, conductivity and TDS have gradually increased from 1978 to 
1997 (Anderson 2000). Concentrations of sodium, sulphate and bicarbonate have increased 
by 80, 50 and 30% compared to 1978, and the change can mostly be explained by the 
reduction of lake volume. In 1997, average TDS concentration was 918 mg/L and 
conductivity 1335 µS/cm (Anderson 2000). Previously, Muriel Lake was described as 
slightly saline (Mitchell and Prepas 1990), and the same category is still valid even though 
the salinity has increased markedly (Anderson 2000; Figure 8-4). 

TP, TDP and Chl-a concentrations were slightly higher and Secchi depth lower in 1997 
compared to 1988. In 1997, mean TP concentration was 0.042 mg/L and Chl-a concentration 
6.75 mg/m3 (Anderson 2000). Based on monitoring data from 1980 to 2003, Muriel Lake is 
classified mesotrophic according to Secchi depth and Chl-a, eutrophic according to TP and 
hypereutrophic according to TN (Figures 8-3 and 8-4). Anderson (2000) and Mitchell and 
Prepas (1990) classified the lake mesotrophic. 

Under ice DO levels declined in Muriel Lake between 1988 and 1997 (Anderson 2000). In 
2000, a rapid decline in DO concentration below 3 m depth was recorded.   

8.4.8.2 Non-Fish Biota 

There were no non-fish biota data available for Muriel Lake. 

8.4.9 Wetlands 

The northern portion of the BRB lies within the Boreal Forest Natural Region: Central 
Mixedwood Subregion (Vitt et al.  1996), and is characterized by extensive areas of wetland 
complexes, primarily wooded fens with bog islands (Komex 2005; Vitt et al. 1996).  For the 
BRB as a whole, Komex (2005) reported that the Wet Forest/Bog forested land use class 
comprised roughly 40% of the total watershed area.  

Thermal oil sands developments in the northern half of the BRB represent the greatest 
potential stressor for wetlands, particularly the potential for water table lowering due to 
groundwater extraction. Most groundwater used for oil extraction is pumped from deep 
aquifers and increasingly efficient use of water by industry (e.g., of increased recycling of 
produced water and the use of brackish water) has resulted in lower than predicted water use 

    North/South Consultants Inc. 
Page 8-25 



AEH Information Synthesis and Initial Assessment 
Alberta Environment Section 8.0: Beaver River Basin 

rates (Griffiths et al. 2006). Nevertheless, the potential effects of groundwater pumping on 
the hydrology of surface waters and wetlands remains an issue, particularly in light of the 
compounding effects of recent droughts.  

Industry EIAs conducted to date have generally predicted only negligible or no impacts to 
regional wetlands (e.g., BlackRock 2001; CNRL 2000; Husky 2003). With respect to 
determining baseline conditions for water quality, sediment quality and non-fish biota, 
environment impact assessments conducted for oil sands development applications have 
generally focussed on regional rivers, streams and lakes. Although wetlands were surveyed 
extensively, assessment was essentially limited to classifying and quantifying wetland types. 
A general lack of water and sediment quality and non-fish biota information precluded an 
assessment of aquatic ecosystem health for wetlands. 

8.4.10 Synthesis and Initial Assessment of Aquatic Ecosystem Health 

• Lakes in the Beaver River Basin (BRB) have been influenced in recent decades by 
climate and land use changes, as well as accelerating industrial development. 
Despite these stresses, the overall health and integrity of aquatic ecosystems does 
not appear to have substantially degraded.  Regional wetland studies have tended to 
focus on classification and quantification of wetland types, and have provided little 
information regarding water quality, sediment quality or non-fish biota.  A synthesis 
of available information and an initial assessment of aquatic ecosystem health for 
lakes and wetlands in the BRB are summarized below and in Tables 8-11. The 
quality of the information and data used for this initial assessment is indicated in 
Table 8-12. 

• Lakes in the BRB occupy a variety of natural sub-regions and are influenced by a 
variety of land use practices. Natural influences such as cyclical droughts have also 
been affecting regional lakes. Assessing aquatic ecosystem health (AEH) was 
problematic due to the range of trophic states reported and the lack of understanding 
regarding the effects of natural versus anthropogenic stressors on the condition of 
the lakes. 

• Lakes within the basin are as or less productive compared to the average 
productivity of lakes in Alberta (AENV 2006a). The productivity of the lakes in the 
basin is largely related to the amount of disturbance in the watershed.  

• Internal loading of phosphorus from anoxic sediments occurs in some lakes in the 
BRB. Phosphorus loading from sediments has been studied in detail in Amisk Lake, 
and has been suggested to explain high nutrient concentrations in Beaver Lake. 

• Declining lake water levels have caused increases in ions, salinity and associated 
parameters during the past two decades. For example, salinity has increased 
markedly in Muriel Lake from 1978 to 1997 (Anderson 2000). 
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• Metal concentrations seem to be low in BRB lakes. The LakeWatch monitoring 
program has reported guideline exceedences only for arsenic in Muriel and Angling 
lakes.  

• According to Anderson (2003) metal levels in lake sediments were generally below 
guideline values. The only exceptions were arsenic levels which exceeded the ISQG 
value in Amisk Lake, and chromium levels which exceeded the ISQG value in Long 
Lake.    

• The only lake in the BRB where organic compound levels have been recently 
measured is Amisk Lake. Trace organic compound levels were found to be low in 
the lake sediments (Anderson 2003). 

• For the lakes assessed, non-fish biota information was available only for Amisk 
Lake (phytoplankton and benthic invertebrates) and Ethel Lake (phytoplankton). 
The general lack of recent information limited assessment of aquatic ecosystem 
health on the basis of non-fish biota.    

• No water quality, sediment quality or non-fish biota information was available for 
wetlands in the BRB.  
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9.0 SOUTH SASKATCHEWAN RIVER BASIN  

9.1 INTRODUCTION 

This discussion of the South Saskatchewan River Basin (SSRB) differs from that of most 
other major river basins in this report in that, instead of a mainstem with major tributaries, 
the SSRB within Alberta has been divided into several major sub-basins: the Red Deer River 
Sub-basin (Red Deer RSB); the Bow River Sub-basin (Bow RSB); the Oldman River Sub-
basin (Oldman RSB); and the South Saskatchewan River Sub-basin (SSRSB). The South 
Saskatchewan River (SSR) begins at the confluence of the Bow and Oldman rivers, while the 
Red Deer River merges with the South Saskatchewan Rivers just east of the Alberta-
Saskatchewan provincial boundary (Appendix B). Because of this configuration, the AEH of 
the SSRB has been described for each of the four major sub-basins, in contrast to the 
mainstem/tributary approach that was taken for other basins within Alberta.  

The origins of the SSRB are found in the headwaters of the Red Deer, Bow and Oldman 
Rivers within the Rocky Mountains. The Red Deer River originates from approximately 30 
km within the eastern boundary of Banff National Park. It first flows north-east through 
foothills and parkland toward the City of Red Deer, after which it flows southeast through 
grassland and Dinosaur Provincial Park to the Alberta-Saskatchewan border. The Bow River 
begins at the outflow from Bow Lake, with flows originating from the Bow Glacier, 3,400 m 
above sea level (asl) in the Rocky Mountains. It flows in a south-easterly direction, passing 
through the City of Calgary, toward its confluence with the Oldman River. The Oldman 
River originates from a small unnamed alpine lake near Mt. Lyall in the Rocky Mountains 
and flows generally east, through the City of Lethbridge (Guelph WMG website 2006). A 
small portion of the headwaters of the Oldman RSB (less than 10%) extends south into 
Montana within the United States. From the confluence of the Bow and Oldman rivers at 740 
m asl, the SSR flows north-east, past the City of Medicine Hat. The Red Deer River flows 
into the SSR just east (approximately 18 km) of the Alberta-Saskatchewan boundary. 
Ultimately, the SSR joins with the North Saskatchewan River near Prince Albert in 
Saskatchewan, to form the Saskatchewan River, which flows generally eastward to Lake 
Winnipeg in Manitoba. Lake Winnipeg is drained by the Nelson River, which finally 
discharges to Hudson Bay.  

The entire SSRB encompasses an area of 121,095 km2 (AENV 2006 website). The mean 
annual discharge for the SSRB from Alberta into Saskatchewan (i.e., the Bow and Oldman 
RSBs combined) is over 5 million dam3. The Red Deer RSB discharges almost 2 million 
dam3 at the Alberta-Saskatchewan boundary (Alberta Environmental Protection 1998). The 
Red Deer River is the largest sub-basin within the SSRB, comprising 49,650 km2 and an 
approximate length of 708 km (Golder 2003). The Bow River is approximately 645 km long 
with a sub-basin area of 25,430 km2. The Oldman River is approximately 440 km long, and 

North/South Consultants Inc. 
Page 9-1 



AEH Information Synthesis and Initial Assessment 
Alberta Environment Section 9.0: South Saskatchewan River Basin 

has a basin area of 26,640 km2 (Koning et al. 2006). The SSRSB is the smallest basin within 
the SSRB, with an approximate length of 300 km and a total area of 19,375 km2. The Ghost 
and Elbow rivers and Nose Creek represent the major tributaries of the Bow River, while the 
Belly, St. Mary and Little Bow rivers are major Oldman River tributaries. Unlike these two 
rivers, the Red Deer River lacks ‘large tributaries’(Rood et al. 2002), although the river has 
several smaller tributaries, including the Little Red Deer, Medicine, Blindman, and Rosebud 
rivers and Threehills Creek. Two of the tributaries, the Blindman River and Threehills Creek, 
were included in the assessment within the agricultural streams section. Similar to the Red 
Deer River, the SSR within Alberta also lacks major tributaries. 

The SSRB includes five of Alberta’s six natural regions (Rocky Mountain, Foothills, Boreal 
Forest, Parkland and Grassland natural regions). Within these are a number of sub-regions, 
which share general characteristics such as geology, climate, soils, vegetation and wildlife 
(Figure 9-1). Human use of the land varies throughout the basin, from relatively pristine 
areas, to managed lands that retain some natural structure and function, to lands that have 
been significantly altered. Land cover ranges from ice, snow and barren land in the 
mountainous headwaters, to mixed and coniferous forest and ranching activities in the 
foothills, to agricultural rangeland and cropland along the prairies (Figure 9-1). The extent of 
human activities and impacts, as they may relate to the aquatic environment, is similar across 
the SSRB sub-basins. Water quality, sediment quality and non-fish biota are relatively 
unimpacted at the headwaters, but are modified along the length of the basin, as land use, 
point sources, and water use increase.  

A number of key stressors and issues, ranging from land use to urban development to 
industry, were identified for the SSRB. The largest urban centre in the SSRB is the City of 
Calgary, but other major centres include the cities of Red Deer, Lethbridge and Medicine 
Hat. Urban wastewater and stormwater effluents are among the major point sources of 
pollutants within the basin. Agriculture, ranching, forestry, mining and oil gas activities are 
the predominant land use practices in the basin. Agriculture is particularly intensive in the 
mid and lower reaches of the SSRB (including the Red Deer, Bow, Oldman and South 
Saskatchewan rivers), while forestry, mining and ranching activities predominate within the 
headwaters. Oil and gas activities occur throughout the basin, and while industrial 
development (e.g., forestry, coal mining, oil and gas activities) also occurs throughout the 
major basin, the City of Calgary is a focus of that development. Rivers, streams, lakes and 
wetlands in the SSRB are also affected by non-point source inputs associated with forestry, 
agriculture and urban land use, as well as tributary inputs. 

Major dams in the SSRB include: Ghost, Bearspaw, Glenmore and Bassano dams on the 
Bow River; Oldman River, Waterton River and St. Mary River dams in the Oldman River 
SB; and the Dickson Dam on the Red Deer River. Most of these dams have multiple 
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Figure 9-1 Land cover and natural regions of the South Saskatchewan River 
Basin showing lakes and average chlorophyll a concentrations 
(1980-2003)1

                                                 
1 The AENV monitoring lakes shown are discussed in Section 9.7. Map provided by AENV. 
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purposes, including irrigation, hydroelectric production, flood control, recreation and 
consumptive use (AENV 2005). No dams are located on the SSR itself within Alberta. There 
are 13 irrigation districts (IDs) within the SSRB. The largest are the Western ID (Red Deer 
and Bow RSBs), the Eastern ID (Red Deer and Bow RSBs), the Bow River ID (Bow and 
Oldman RSBs), the Lethbridge Northern ID (Oldman River) and the St. Mary River ID 
(Oldman River). 

For the purposes of an initial assessment of AEH in the SSRB, the mainstem of the Bow, 
Red Deer, Oldman, and South Saskatchewan rivers, major tributaries, ten AESA agricultural 
streams, a selection of lakes, and wetlands were selected. The rationale for selection was 
based on criteria established in Section 2.2.2 and is summarised in Table 9-1, along with a 
description of key stressors and issues (potential and known). Key water and sediment 
quality and NFB AEH indicators are identified in Tables 9-2 to 9-4, and availability of 
information/data relating to these indicators is summarized in Tables 9-5 to 9-13 in 
Appendix A.  

9.2 RED DEER RIVER SUB-BASIN 

The Red Deer RSB is the largest of the four SSRB sub-basins, comprising approximately 
42% of the SSRB in Alberta (AENV 2006 website). The Red Deer RSB flows through 10 
natural sub-regions, beginning in the Alpine and Foothills Fescue natural regions and ending 
in the Dry Mixedgrass natural sub-region (Figure 9-1). 

The Red Deer RSB has the fewest large impoundments and smallest fraction of water 
extraction of all the major sub-basins of the SSRB (Golder 2003). The only major 
impoundment is Glennifer Lake, which was created by the Dickson Dam and is located at the 
upstream end of the river (Clipperton et al 2003). The dam was constructed in 1983 to 
increase winter flows and provide flood control in the Red Deer River (Shaw and Anderson 
1994; Clipperton et al. 2003).  

Agriculture is prominent throughout the basin, with the exception of the upper reach in the 
mountain and foothills regions (Figure 9-1). Point source dischargers in the sub-basin 
include municipal effluents and industrial discharges (Appendix B). Nutrients are of 
particular concern, as they are in most agricultural regions. The largest point sources of 
nutrients in the sub-basin are the municipal WWTPs at Red Deer and Drumheller, with 
significant contributions from petrochemical plants at Prentiss and Joffre, although the plants 
contribute a low percentage of the total point source load (McDonald pers. comm.). 
However, non-point sources of nutrients are significant in this sub-basin, particularly in wet 
years; the majority of the loading originates from the Little Red Deer, Medicine, and 
Blindman rivers (McDonald pers. comm.). Nutrients are also of concern with respect to lake 
eutrophication, most notably for Pine Lake. 
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Table 9-1 Summary of impact areas and associated stressors in the South Saskatchewan River Basin 

Watercourse/ 
Waterbody Assessment Area/Site Rationale for Selection Stressors and Issues Qualitative 

Impact Rating

Reach 1: Headwaters to 
Glennifer Lake 

Headwaters upstream of major point sources and 
relatively undeveloped.  

Headwaters relatively undisturbed. No major industries, 
diversions or effluent outfalls. There is ’light agriculture’ and 
forestry in the lower end. 

Negligible to 
Minor 

Reach 2: Glennifer Lake 
to Red Deer 

Receives inflows from tributary streams, includes 
the single large impoundment on the river, and is 
upstream of the largest urban centre (i.e., City of 
Red Deer)  

Non-point source inputs and some relatively small municipal 
inputs. Dickson Dam causes downstream scouring and 
erosion and alters hydrology and the thermal regime. 
Extensive livestock operations and agriculture, water 
diversion, hydrocarbon exploration and production, soil 
erosion and reduction of wetlands. 

Moderate 

Reach 3: Red Deer to 
Drumheller  

Receives inflows from tributary streams, point 
source discharges (City of Red Deer WWTP, 
Oil/petrochemical processing), urban runoff, 
agriculture and livestock operations.  

Nutrient enrichment from Red Deer Municipal WWTP and 
non-point sources (i.e., livestock and agriculture). Point 
sources include Municipal WWTPS, the NOVA Chemicals 
Corporation and the Union Carbide Canada Inc. chemical 
processing facilities. Extensive livestock operations, 
hydrological alterations from Dickson Dam 

Moderate to 
High 

Red Deer River 

Reach 4: Drumheller to 
Alberta-Saskatchewan 
Border 

Receives irrigation return flows, point sources 
(Drumheller WWTP), agriculture livestock 
operations. Prairie ecoregion. 

Point Sources: largely municipal WWTPs. Irrigation return 
flows from the Bow River, water diversions, hydrological 
alterations from Dickson Dam, extensive livestock operations, 
oil and gas operations and pipeline crossings, and local 
geology affects WQ. 

Moderate 

Blindman River Moderate agricultural intensity. Boreal transition 
ecoregion. Moderate Red Deer RSB 

Agricultural 
Streams Haynes, Ray, Renwick, 

Threehills creeks 
High agricultural intensity. Aspen Parkland 
ecoregion. 

Agricultural and non-point source inputs 
High 

Lakes previously 
monitored by AENV 

Regional overview of lake trophic status and TDS 
based on collected data. 

Non-point source nutrient inputs, urban developments, 
evaporation and issues related to hydrological flushing 
characteristics. 

Low/High 

Pine Lake 
Lake subject to significant level of study and lake 
restoration initiatives; important recreational lake; 
significant water quality concerns. 

Sewage/septic leachate, recreational usage (i.e., boating), 
non-point sources, and urban developments. 

High (but 
undergoing 
restoration) 

Sylvan Lake Lake subject to significant level of study; important 
recreational lake. 

Non-point source inputs: sewage from residences, 
hydrocarbons from boat/road traffic, agricultural and urban 
runoff.  

Low 
/Moderate 

Red Deer RSB 
Lakes 

Gull Lake Lake subject to significant level of study; important 
recreational lake. 

Non-point source inputs: sewage from residences, 
hydrocarbons from boat/road traffic, agricultural and urban 
runoff.  

Low/ 
Moderate 
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Table 9-1 Summary of impact areas and associated stressors in the South Saskatchewan River Basin Cont’d 

Watercourse/ 
Waterbody Assessment Area/Site Rationale for Selection Stressors and Issues Qualitative 

Impact Rating

Red Deer RSB 
Wetlands 

Semi Permanent 
Wetlands in the Aspen 
Parkland 

Recent monitoring information. Agricultural impacts - moderate to high pesticide 
concentrations/use 

Low/ 
Moderate 

Above Lake Louise Control headwaters site for downstream impacted 
sites. EC LTRN monitoring station. 

No major stressors or issues. Increased glacial melt, reducing 
summer/fall flows. Release of stored persistent organic 
pollutants from snow/ice. 

Negligible 

At Cochrane 
Assesses impacts between the headwaters site 
and initiation of major impacts at Calgary. AENV 
LTRN monitoring station. 

Effluents from Lake Louise, Banff and Canmore WWTPs, 
affecting WQ and periphyton. Alterations to flow from 
upstream hydroelectric dams, affecting WQ and aquatic 
habitat. 

Moderate/ 
High 

Below Carseland Dam Assesses impacts of Calgary. AENV LTRN 
monitoring station. 

WWTP effluents and stormwater discharge from Calgary, 
affecting WQ, macrophytes and periphyton. Alterations to 
flow from upstream hydroelectric dams and irrigation 
withdrawals, affecting WQ and aquatic habitat. 

High 

Bow River 

At Ronalane 
Assesses cumulative impacts from the rest of the 
basin at this downstream site. ANEV LTRN 
monitoring station. 

Alterations to flow due to irrigation withdrawals, affecting WQ. 
Cumulative impacts from upstream, affecting WQ and NFB. High 

Ghost River 
Assesses status of this major tributary to the Bow 
River. Some water quality data available from 
AENV monitoring program. 

Recreational and industrial activities within watershed 
affecting erosion and water quality. 

Low/ 
Moderate 

Nose Creek 
Assesses status of this major tributary to the Bow 
River. Good water quality data available from local 
monitoring program. 

High level of urbanization and agricultural activity within 
watershed, affecting water quality. High Bow RSB Streams 

Elbow River Assesses status of this major tributary to the Bow 
River. EC LTRN monitoring station. 

Non-point source discharges from within the urbanized and 
agricultural watershed, affecting WQ. Stormwater discharges 
from Calgary, affecting WQ. Alterations to flow from upstream 
Glenmore Dam, affecting WQ and aquatic habitat. 

Moderate 

Bow RSB 
Agricultural 
Streams 

Crowfoot Creek 

Assesses status of this agricultural stream and 
major tributary to the Bow River. Good water 
quality data available as one of the AESA streams 
and other monitoring programs. 

Agricultural activities within the watershed, affecting WQ. 
Alterations to flow due to irrigation return flows, affecting WQ. High 
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Table 9-1 Summary of impact areas and associated stressors in the South Saskatchewan River Basin Cont’d 

Watercourse/ 
Waterbody Assessment Area/Site Rationale for Selection Stressors and Issues Qualitative 

Impact Rating

Glenmore Reservoir 
Assesses status of this major drinking water and 
recreational reservoir. Some water quality and NFB 
data available from local monitoring program. 

Non-point source discharges from within the urbanized and 
agricultural watershed, affecting WQ. Stormwater discharges 
from Calgary, affecting WQ. 

Moderate 

Bow RSB Lakes 

Chestermere Lake  
Assesses status of this irrigation and recreational 
reservoir. Some WQ and NFB data available from 
local monitoring program. 

Non-point source discharges from within the urbanized and 
agricultural watershed, affecting water quality and NFB. 
Stormwater discharges from Calgary, affecting WQ. 
Excessive macrophyte growth and sedimentation within lake. 

High 

Near Brocket Assesses impacts of the Oldman River Dam. 
AENV LTRN monitoring station. 

No major stressors or issues. Non-point source discharges 
from agricultural practices and small communities, affecting 
WQ. Alterations to flow from Oldman River Dam, affecting 
WQ and aquatic habitat. 

Low 

Above Lethbridge (Hwy 3) Assesses agricultural impacts from within the 
watershed. AENV LTRN monitoring station. 

Non-point source discharges from agricultural practices and 
small communities, affecting WQ. Alterations to flow from 
Oldman River Dam and irrigation withdrawals, affecting WQ 
and aquatic habitat. 

Moderate 
Oldman River 

At Hwy 36 (below 
Lethbridge) 

Assesses impacts from the City of Lethbridge as 
well as agricultural impacts. Assesses cumulative 
impacts from the rest of the basin at this 
downstream site. AENV LTRN monitoring station. 

WWTP effluents and stormwater discharge from Lethbridge, 
affecting WQ, macrophytes and periphyton. Non-point source 
discharges and irrigation return flows from agricultural activity, 
affecting WQ and NFB. Alterations to flow from Oldman River 
Dam and irrigation withdrawals, affecting WQ and aquatic 
habitat. 

High 

Belly River Assesses status of this major tributary to the 
Oldman River. Some AENV WQ data available. 

Alterations to flow from upstream irrigation withdrawals, 
affecting WQ and aquatic habitat. High 

St. Mary River Assesses status of this major tributary to the 
Oldman River. Some AENV WQ data available. 

Alterations to flow from upstream irrigation withdrawals, 
affecting WQ and aquatic habitat. High Oldman RSB 

Streams 

Little Bow River 
Assesses status of this major tributary to the 
Oldman River. Some AENV WQ and NFB data 
available. 

WWTP effluents and stormwater discharge from the Town of 
High River, affecting WQ. Alterations to flow from upstream 
irrigation reservoirs and withdrawals, affecting WQ and 
aquatic habitat. 

High 

Prairie Blood Coulee, 
Trout Creek Agricultural activities within the watershed, affecting WQ. Moderate, 

High Oldman RSB 
Agricultural 
Streams 

Battersea Drain 

Assesses status of this agricultural stream and 
major tributary to the Bow River. AESA monitoring 
stream. Agricultural activities within the watershed, affecting WQ. 

Alterations to flow due to irrigation return flows, affecting WQ. High 
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Table 9-1 Summary of impact areas and associated stressors in the South Saskatchewan River Basin Cont’d 

Watercourse/ 
Waterbody Assessment Area/Site Rationale for Selection Stressors and Issues Qualitative 

Impact Rating

Oldman RB Lakes Oldman Reservoir Assesses status of this major storage reservoir. 
AESA monitoring stream. 

No major stressors or issues. Non-point source discharges 
from agricultural practices and small communities, affecting 
WQ. 

Low 

Oldman RB 
Wetlands Frank Lake  

Assesses status of this major restored wetland. 
Some WQ and NFB data available from local 
monitoring program. 

Wastewater effluent from Town of High River and 
agroindustrial facility, affecting water flows, WQ and NFB. Moderate 

South Sask. River Above Medicine Hat 
Assesses cumulative impacts from the rest of the 
basin, including the Bow and Oldman rivers at this 
D/S site. AENV LTRN monitoring station. 

Alterations to flow due to irrigation withdrawals, affecting WQ 
and aquatic habitat. Cumulative impacts from upstream, 
affecting WQ and NFB. 

High 

SSRSB AESA 
Streams Drain S-6 Assesses status of this agricultural stream. AESA 

monitoring stream. 
Agricultural activities within the watershed, affecting WQ. 
Alterations to flow due to irrigation return flows, affecting WQ. High 

WQ = Water Quality. NFB = Non-fish biota. EC = Environment Canada. AENV = Alberta Environment. LTRN = Long-Term River Network. AESA = Alberta Environmentally Sustainable 
Agriculture. RSB = River Sub-Basin. 
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Table 9-2 Summary of potential water quality (WQ) indicators of aquatic 
ecosystem health (AEH) for select South Saskatchewan River 
Basin rivers, lakes and wetlands 

AEH WQ Indicator 
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ARWQI1     x x x 
CCME WQI     x   
AAWQI 2 x x x x  x x 
AENV Lake Trophic Status 3 x x x x x   
Stream /River Trophic Classification 4      x x 
Nutrients and Chlorophyll a        
Dissolved Oxygen        
TSS and /or Turbidity        
TDS and /or Conductivity        
Trace Metals/Metalloids 5     x 6 x 
Trace Organics      x 6 x 
Pesticides        

√ = Relevant indicator, X = Indicator not relevant. See Tables 9-5, 9-8 and 9-11in Appendix A for further details regarding the 
availability of data for the identified indicators.  

Notes: ARWQI and sub-indices (nutrient, bacteria, metals and pesticides). AAWQI and sub-indices (nutrient, bacteria and pesticide). 
Trophic status assessed by chlorophyll a, TP, TN and secchi depth criteria. As per Dodds at al. 1998 (benthic algal and/or 

phytoplankton biomass as chlorophyll a, total nitrogen and total phosphorus); See Table 3-6. Emphasis was placed on total 
metals with CCME WQGs (i.e., Al, As, Cd, Cr, Cu, Fe, Pb, Mn, Hg, Mo, Ni, Se, Ag, Zn); where appropriate dissolved metals 
were considered but only in particular cases.  Lake dependent. 

1 2

3 4

5

6

Table 9-3 Summary of potential sediment quality (SQ) indicators of aquatic 
ecosystem health (AEH) for select South Saskatchewan River 
Basin rivers, lakes and wetlands 

AEH SQ Indicator 
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Trace Metals/ Metalloids     x  x 
Trace Organics     x  x 
Nutrients        
Sediment Oxygen Demand     x x x 

√ = Relevant indicator, X = Indicator not relevant. See Tables 9-6, 9-9 and 9-12 in Appendix A for further details regarding the 
availability of data for the identified indicators.  
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Table 9-4 Summary of potential non-fish biota (NFB) indicators of aquatic 
ecosystem health (AEH) for select South Saskatchewan River 
Basin rivers, lakes and wetlands 

AEH NFB 
Indicator Indicator Metrics/ Measurements 
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Community-based metrics 1        
Standing crop biomass     x  x 

Benthic 
Invertebrate 
Communities 

Invasive species        
Standing crop biomass (as Cha) 2 2 2 2 2   
Community composition 3 2 2 2 2 x   Phytoplankton 

Stream/Lake Trophic Classification 
4 2 2 2 2 2   
Standing crop biomass x x x x x  x 

Zooplankton 
Community composition 5 x x x x x  x 
Standing crop biomass (as Cha) 2 2 2 2 2 x x 
Community composition 6      x x Periphyton 

Stream/River Trophic Classification 
4      x x 
Standing crop biomass        
Community composition 7        Aquatic 

Macrophytes 

Invasive species        
√ = Relevant indicator, X = Indicator not relevant See Tables 9-7, 9-10 and 9-13 in Appendix A for further details regarding the 
availability of data for the identified indicators. 

Notes: 1Total abundance (density), taxon richness, density and proportion, evenness, % EPT, Simpson’s diversity index, Bray-Curtis 
index and/or the EPT index. 2 Applicability dependent on the stream/reach. 3Total abundance (density), taxon richness, % cell 
concentration composition of taxa, % biomass composition of taxa, Simpson’s diversity index. 4 See Tables 3-5 and 3-6. 5 Total 
abundance (density), taxon richness, % composition of taxa, % biomass composition of taxa, Simpson’s diversity index. 6 Total 
abundance (density), taxon richness, % biomass composition of taxa, Simpson’s diversity index. 7 Total abundance (density), 
taxon richness, % biomass composition of taxa, Simpson’s diversity index. 

 

9.2.1 Red Deer River Mainstem 

The Red Deer River has been divided into a varying number of reaches in previous studies, 
but for this assessment four reaches in longitudinal sequence were selected (Table 9-1): 
Headwaters to Glennifer Lake; Glennifer Lake to the City of Red Deer; City of Red Deer to 
Drumheller; and Drumheller to the Alberta-Saskatchewan border. These reaches were 
selected to provide information on AEH along the length of the river, beginning in the 
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headwaters and extending past major cities/towns, impoundments, and ecoregions. The 
furthest upstream reach was considered to be the least impacted, due to the lack of 
development, the natural flow regime, and minimal disturbance to the watershed (Golder 
2003). Others have considered the ecological condition of the intermediate reaches of the 
Red Deer River (i.e., downstream of Red Deer and upstream of Nevis) to be the worst 
(Golder 2003). 

As the Red Deer River lacks ‘large’ tributaries (Rood et al. 2002), consideration of tributary 
streams is limited to discussion within the Red Deer River mainstem assessment and the 
agricultural streams assessment, including Blindman River and Threehills Creek. Major 
point sources (>200,000 m3/year) in the Red Deer RSB include a number of municipal 
WWTPs, gas/petrochemical processing plants, cooling water discharge, and irrigation return 
flows (Appendix B). Several of the lakes in the Red Deer RSB are of particular recreational 
importance and experience varying levels of pressures from cottage developments and 
summer villages, as well as boat traffic. 

9.2.1.1 Water Quality 

Published assessments of water quality of the Red Deer River are generally limited by the 
age of the reports, the limited number of variables assessed, and/or studies are limited 
spatially. Various datasets have been analyzed in the past two decades, for example: Cross 
(1991) conducted an extensive evaluation of WQ along the Red Deer River in 1983-1984; 
Shaw and Anderson (1994) reported on the effects of the Dickson Dam on WQ and NFB 
after a 5-year monitoring study; Saffran and Anderson (1997) analyzed temperature and DO 
conditions in the Red Deer River; and Anderson (1998) reported on WQ changes between 
Dickson Dam and the City of Red Deer. More recent studies have generally been limited to 
localized areas (e.g., Golder 2001a, 2001b). Therefore, the following description of water 
quality was based on a combination of published literature and analysis of recent (1999-
2003) water quality data provided by AENV and PPWB. Results of historical studies were 
incorporated, however, to expand upon knowledge of overall spatial patterns of water quality 
along the river and, to a more limited extent, to provide information on potential temporal 
changes.  

Historically, low DO levels in the lower reaches of the Red Deer River, especially in winter 
under ice, have been identified as the major problem with water quality (e.g., Cross 1991; 
Shaw and Anderson 1994 and citations therein). The construction of the Dickson Dam in 
1983 and the resulting increased winter flows have had an effect on longitudinally declining 
DO levels in the Red Deer River, and especially on low winter DO levels (Shaw and 
Anderson 1994). Minimum DO levels have increased in the entire length of the Red Deer 
River since the early 1980s (Shaw and Anderson 1994). 
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Water quality data were analysed for five monitoring sites, located within the four river 
reaches, on the Red Deer River as follows: 

• Reach 1(Headwaters to Glennifer Lake): AENV water quality monitoring station 
AB05CA0050 at Sundre (‘Sundre’); 

• Reach 2 (Glennifer Lake to the City of Red Deer): AENV water quality monitoring 
station AB05CC0010 at Hwy 2 above Red Deer (‘Hwy 2’); 

• Reach 3 (City of Red Deer to Drumheller): AENV water quality monitoring station 
AB05CD0250 at the Nevis Bridge (‘Nevis’) and AB05CE0010 at the Morrin Bridge 
‘Morrin’); these sites are located above Drumheller; and 

• Reach 4 (Drumheller to the Provincial Border): PPWB water quality monitoring 
station 00AL05CK0001 near Bindloss at the Alberta/Saskatchewan border 
(‘Bindloss’). 

Stations Hwy 2, Nevis, and Morrin are provincial LTRN sites. The period evaluated was 
1999-2003, except for Sundre where only data for 1997 were available. For Bindloss, data 
provided by PPWB for the same 5-year period were analyzed. The following provides a 
discussion of water quality within each of these reaches.   

Reach 1: Headwaters to Glennifer Lake 

This reach of the Red Deer River has been described as “a fast-flowing, clear and cold 
mountain stream” (Golder 2003), and the water quality is generally ‘good’. Water quality 
data collected at Sundre indicated the Red Deer River at this site was well-oxygenated, 
slightly alkaline, and low in nutrients (Table 9-14 in Appendix A). Concentrations of both 
TN and TP were indicative of oligotrophic conditions; however, no planktonic or epilithic 
chlorophyll a data were available to assess productivity within this reach (Table 9-15). The 
only conventional water quality parameter that did not consistently meet either ASWQGs or 
CCME WQGs was TP; 25% of measurements exceeded guidelines. No data for 
metals/metalloids were available for the Sundre location. Smith (2003) analysed extractable 
metals at several sites in this reach in fall 2002 and spring 2003; however, the data were not 
presented or discussed. 

Reach 2: Glennifer Lake to the City of Red Deer 

The ARWQI for the Hwy 2 site, upstream of the City of Red Deer, indicated that metals, 
nutrients, pesticides, and bacteria were reflective of ‘good’ to ‘excellent’ conditions for the 
period of 1999-2003 (Table 9-15); overall, water quality was ranked as ‘good’. However, 
there was considerable interannual variability for some sub-indices, notably nutrients and 
pesticides (Figure 9-2). 
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Water quality data collected at the Hwy 2 site indicated that DO remained high and there was 
no increase in TDS, relative to upstream (Table 9-15; Table 9-16 in Appendix A). Saffran 
and Anderson (1997) reported that DO remained above the guideline of 5 mg/L at Hwy 2 for 
the period of 1977-1995. However, 1% of measurements collected daily in the open-water 
season of 1992 were below the guideline, indicating that DO may be depleted to low levels 
on rare occasions. TSS/turbidity and particulate-related variables (i.e., nutrients and metals) 
reportedly decrease below the Dickson Dam, likely a reflection of settling in Glennifer Lake 
(Cross 1991). However, during relatively sudden release events from the reservoir, scouring 
increased particulate-related variables downstream. 

Mean TP and TN were notably higher than at the Sundre site, reflecting point and non-point 
source inputs. TP concentrations were indicative of mesotrophic conditions while 
concentrations of TN and phytoplankton chlorophyll a were lower and indicated oligotrophic 
conditions (Table 9-15). Conversely, epilithic chlorophyll a levels were indicative of 
eutrophic conditions and rich periphyton growth2. Of the conventional variables, pH, TP, and 
TN exhibited 93, 78, and 92% rates of compliance with ASWQGs, respectively.  

Table 9-15 Summary of water quality index (WQI) and trophic classification 
information for the Red Deer River  

Water Quality Indicator 
R1: Red Deer 

River at 
Sundre 

R2: Red Deer 
River at Hwy 

2 
R3: Red Deer 
River at Nevis 

R3: Red Deer 
River at 
Morrin 

R4: Red Deer 
River at 

Bindloss 
CCME WQI (1983-2002) ─ ─ ─ ─ ─ 

ARWQI (1998-2004) ─ Good (90) Good (88) Good (86) ─ 

ARWQI nutrient ─ Good (81) Good (81) Fair (77) ─ 

ARWQI bacteria ─ Excellent (97) Good (95) Good (95) ─ 

ARWQI trace metals ─ Good (94) Good (95) Good (91) ─ 

ARWQI pesticides ─ Good (88) Good (88) Fair (86) ─ 

Nutrients Oligotrophic 
(TP and TN) 

Mesotrophic 
(TP); 

Oligotrophic 
(TN) 

Mesotrophic 
(TP); 

Oligotrophic 
(TN) 

Mesotrophic 
(TP); 

Oligotrophic 
(TN) 

Eutrophic (TP); 
Mesotrophic 

(TN) 

Phyto-
plankton 
Biomass 

─ Oligotrophic Oligotrophic Oligotrophic ─ 

Stream/River 
Trophic 
Classification1 
(1999-2003) 

Periphyton 
Biomass2 ─ Eutrophic Eutrophic Eutrophic ─ 

– = Not applicable/ Data not available. R = River Reach 
Notes: As per Dodds at al. 1998 (benthic algal and/or phytoplankton biomass as chlorophyll a, total nitrogen and total phosphorus); 

See Table 3-6. Based on mean periphyton chlorophyll a (mg/m ) for the open-water season (spring, summer, and fall sampling) 
1999-2003. 

1

2 2

                                                 
2 See also Section 9.2.1.3. 
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A spring survey conducted in 1997 indicated that inputs of nutrients from tributary streams 
during the freshet significantly affect water quality in the Red Deer River (Anderson 1998). 
The frequency of WQG non-compliance and the overall nutrient concentrations, increased 
between the Dickson Dam and Innisfail. Although concentrations of water quality 
parameters were similar between Innisfail and Red Deer, the lowest guideline compliance 
rate for TP was observed at Red Deer (0% compliance). A number of metals/metalloids 
exceeded CCME WQGs on occasion (i.e., Al, Cu, Fe, Pb and Zn); others exceeded 
guidelines consistently (i.e., Cd, Cr, and Ag) (Table 9-16 in Appendix A).  

Reach 3: City of Red Deer to Drumheller 

The ARWQI for the Nevis Bridge site, downstream of Red Deer, indicated that metals, 
nutrients, pesticides, and bacteria were reflective of ‘good’ conditions for the period of 1999-
2003 (Table 9-15). However, there was considerable interannual variability for some sub-
indices, notably nutrients and pesticides (Figure 9-2). ARWQI values for the Morrin Bridge 
site were similar to the other upstream LTRN monitoring sites. Although the nutrient and 
pesticide sub-indices rated as ‘fair’ for the period of 1999-2003, the absolute index values 
were similar to upstream sites (Table 9-15). Like the other LTRN sites, sub-indices for 
nutrients and pesticides were quite variable between years (Figure 9-2). 

The Red Deer River remained well-oxygenated at the Nevis Bridge site with all 
measurements collected between 1999 and 2003 in compliance with guidelines (Table 9-17 
in Appendix A). Conversely, there was some oxygen depletion evident at Morrin for this 
time period, although 98% of measurements were in compliance with the chronic ASWQG 
(6.5 mg/L) (Table 9-18 in Appendix A). Saffran and Anderson (1997) reported a lower rate 
of compliance with the acute DO ASWQG at Morrin (95% compliance) for the period of 
1977-1995; all of the non-compliance events occurred during winter months and all before 
1990. Historically, low DO levels have occurred at the lower reaches of the Red Deer River 
(e.g., Cross 1991), but the conditions have improved since the early 1980s, when the 
Dickson Dam was constructed. Depletion of DO under ice-cover is not uncommon due to the 
lack of reaeration, and depletion in lower reaches of streams is a reflection of oxygen 
consumption due to organic matter decay in the absence of reaeration. ‘Natural’ inputs of 
organic matter were identified as significant with respect to winter oxygen depletion in the 
Red Deer River (Baker et al. 1982 in Cross 1991). Cross (1991) also reported that diurnal 
fluctuations of DO downstream of Red Deer were strong, however, values consistently 
remained above 5 mg/L in July and September 1983. 

Other parameters indicated cumulative effects of non-point and point sources. Most notable 
was the increase in TP and TN, relative to Hwy 2 upstream of Red Deer, likely reflecting 
agricultural and municipal nutrient inputs. TN increased somewhat more by Morrin although  
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Red Deer River at Highway 2
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Figure 9-2 Annual Alberta River Water Quality Index (ARWQI) Values and 
sub-index values from 1996-2004, for three Red Deer River LTRN 
sites 
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Red Deer River at Morrin Bridge
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Figure 9-2 Annual Alberta River Water Quality Index (ARWQI) Values and 
sub-index values from 1996-2004, for three Red Deer River LTRN 
sites Cont’d 

there was no indication that TP increased between Nevis and Morrin (Table 9-19 in 
Appendix A). Total nitrogen and phosphorus, as well as pH occasionally, exceeded the 
ASWQG, further reflecting that water quality declined downstream of Red Deer. Within 
Reach 3, the river remained mesotrophic on the basis of TP, oligotrophic on the basis of TN 
and planktonic chlorophyll a, but eutrophic on the basis of epilithic chlorophyll a (Table-9-
15)3. Epilithic chlorophyll a, acting as a measure of periphyton biomass, indicated a lack of 
increase from Reach 2 to 3 (Hwy 2 to Nevis). Previously, Carr and Chambers (1998) have 
reported that both epilithic and planktonic chlorophyll a increased immediately downstream 
of Red Deer over the period of 1983-1987 based on Alberta Environment monitoring data. 
However, this study was conducted before significant upgrades conducted in the late 1990s 
at the sewage treatment plant of the City of Red Deer.  

Data collected over the period of 1999-2003 indicated that a number of metals occasionally 
or frequently4 exceeded CCME WQGs at Nevis and Morrin (Tables 9-17 and 9-18 in 
Appendix A). Additionally, As, Ni, and Zn occasionally exceeded guidelines at Morrin. A 
qualitative spatial comparison indicated that mean concentrations of Al, Fe, Mn, Cr and Ni 
notably increased at Morrin, relative to the two upstream sites (Table 9-19 in Appendix A). 
There were limited recent (i.e., within the last 10 years) published data describing 

                                                 
3 See also Section 9.2.1.3. 
4 e.g., Al, Cd, Cr, Cu, Fe, Pb, Hg, and Ag 

North/South Consultants Inc. 
Page 9-16 



AEH Information Synthesis and Initial Assessment 
Alberta Environment Section 9.0: South Saskatchewan River Basin 

concentrations of metals in the Red Deer River from the City of Red Deer to Drumheller. 
Cross (1991) presented data collected in 1983-84 but the data have not been compared to 
current WQGs. Conversely to the results from 1999-2003, Golder (2001b) reported that no 
metals exceeded CCME WQGs at several sites monitored downstream of Red Deer in 
September 2000 (near the NOVA chemical processing facility effluent outfall). However, a 
study conducted approximately 2 weeks later in relation to the Union Carbide chemical 
processing facility just upstream of the NOVA study area indicated that Al and Zn 
consistently exceeded CCME guidelines at all sites evaluated (Golder 2001a). The reason for 
the difference between the two studies is unknown, but it could be related to changes in river 
discharge.  

Reach 4: Drumheller to the Provincial Border 

Concentrations of TN and TP were higher at Bindloss, near the provincial border, than at 
upstream reaches (Table 9-19 and 9-20 in Appendix A), causing a shift from mesotrophic to 
eutrophic on the basis of TP and from oligotrophic to mesotrophic on the basis of TN (Table 
9-15). However, there were no data available describing primary production and it is not 
known how these increases in nutrients affected productivity. Lower rates of compliance for 
TN (82%) and TP (53%) were also observed at this site relative to upstream. This appeared 
to reflect elevations in particulates at Bindloss, as TSS was high and the dissolved fractions 
of P and N were actually lower than the means observed at Morrin (Table 9-19 in Appendix 
A). 

Dissolved oxygen levels were relatively high at Bindloss but occasional low winter levels 
occurred between 1999 and 2003, with 12% of the measurements below the chronic 
ASWQG (6.5 mg/L) (Table 9-20 in Appendix A) and 5% below the acute ASWQG (5.0 
mg/L). Based on historical data (1978-1995), Saffran and Anderson (1997) reported similar 
compliance levels: 6% of samples collected between 1978 and 1995did not comply with the 
acute ASWQG (5 mg/L) at Bindloss, and the low levels occurred during winter. However, 
all non-compliant samples were collected prior to 1990. A similar situation was observed at 
Morrin Bridge over the same period of record. Cross (1991) reported that diurnal fluctuations 
in DO downstream of Drumheller in 1983-1984 were strong, however, values consistently 
remained above 5 mg/L in February, April, June, August, and September. Oxygen demand 
also increased with increasing distance downstream in the Red Deer River in 1983-84, with 
peak BOD and COD occurring in Reach 4 (Cross 1991). Increased winter flow due to the 
construction of the Dickson Dam has improved DO levels in the Red Deer River, although 
some low levels were still detected even after the increased flow (Shaw and Anderson 1994). 
Increased flow can augment the DO levels only to a degree, and if the point source loading 
continues to increase in the Red Deer River, low DO concentrations may become more 
frequent (Clipperton et al. 2003).  
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Several parameters appeared to change notably in Reach 4 relative to upstream of 
Drumheller. For example, Cross (1991) reported that TSS, turbidity, and TDS increased in 
this reach in 1983-84 compared to the lower reaches (Table 9-21 in Appendix A). This 
spatial trend was also reflected in tributary streams, with higher TDS and TSS observed in 
streams located in the lower portion of the sub-basin. Similarly, comparison of means for the 
period of 1999-2003 indicated that TSS, TP, TDS, and TN were notably higher at Bindloss 
than in the lower reaches (Table 9-20 in Appendix A). The Reach 4 of the Red Deer River 
flows through highly erodable grassland region, which may contribute to the TSS load from 
other sources.  

Several metals (Fe, Mn, and Al) were also substantially higher at Bindloss, relative to the 
three upstream stations, and Al and Fe frequently exceed the CCME WQGs at this site 
(Table 9-18 in Appendix A). Other metals that occasionally did not meet CCME guidelines 
included Cd, Cr, Cu, Pb, Ag, and Zn. Some metals also exceeded the PPWB objectives5 for 
the Bindloss site including Cd, Cr, Cu, Pb, Ni, and Zn6. Historically, several parameters have 
exceeded PPWB objectives at Bindloss (Anderson 1996). 

Spatial Trends 

A number of parameters exhibited spatial trends, based on the results of intensive historical 
and longitudinal studies (e.g., Cross 1991) and the analysis of recent data (1999-2003). TSS 
and turbidity decreased below the Dickson Dam, likely a reflection of settling in Glennifer 
Lake, and increased with increasing distance downstream (Table 9-21 in Appendix A; Cross 
1991). Mean TSS was highest at Bindloss for the 1999-2003 period. TDS/conductivity also 
increased downstream, most notably downstream of Drumheller (Cross 1991; Table 9-21 in 
Appendix A). Median DO levels were similar throughout the length of the river in 1999-
2003, although Bindloss had lower WQG compliance than the upstream sites. Several metals 
(Fe, Mn, and Al) were also substantively higher at Bindloss, relative to the three upstream 
stations (Table 9-19 in Appendix A). Increases in metals and other parameters at the 
Bindloss site are believed to reflect the combined effects of local geology and sediment 
resuspension in the reach between Drumheller and the border (Anderson 1996). Metals were 
correlated to stream flow and TSS and much of the trace element presence in the lower reach 
of the Red Deer River originated from passage through the Bearspaw formation and the 
highly erodible ‘badlands’.  

Evaluation of data summarized for the 1999-2003 period indicated that the frequency of 
compliance of total metal concentrations with CCME guidelines decreased with increasing 
distance downstream in the Red Deer River. However, there were no recent data for metals 
in the headwaters reach. Detection frequencies were greatest at Bindloss, relative to the three 

                                                 
5 Prairie Provinces Water Board (PPWB) Site-Specific Water Quality Objectives for Blindloss are available at 
www.mb.ec.gc.ca/water/fa01/fa01d03/fa01s07.en.html. 
6 Only those metals for which PPWB objectives are expressed as the ‘total’ form were assessed for compliance with these objectives. 
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upstream sites evaluated. Cross (1991) theorized that exceedences of some of the metal 
guidelines in the Red Deer River may be natural (i.e., a reflection of local geology), most 
notably Fe and Mn, which would originate from weathering of rocks and soils. 

Temporal Trends 

There was limited qualitative information regarding potential temporal trends in water 
quality conditions of the Red Deer River. Table 9-21 (in Appendix A) summarizes historical 
(from Cross 1991) and current (1999-2003) median values for some conventional water 
quality parameters. On a purely qualitative level, it appears that a number of variables had 
improved over time in the reach above Red Deer and the reach from Red Deer to 
Drumheller, notably TSS, TP, TN, TDS. Conversely, only TN and ammonia appeared to 
have declined notably at Bindloss (Table 9-21 in Appendix A). Cross (1991) also reported 
that metals had generally declined in each of the reaches between the 1973-1982 and 1983-
84 time frames. 

Pesticides in the Red Deer River Sub-Basin  

Pesticides were monitored at 49 sites from 1995 to 2002 in the Red Deer RSB (Anderson 
2005). Only three pesticides (2,5-D, MCPA and lindane) exceeded CCME WQGs for the 
protection of aquatic life in the whole Red Deer RSB including data from all sampled 
waterbodies. Two LTRN sites along the Red Deer River were included in the analysis: Hwy 
2 (Reach 2) and Morrin (Reach 3). The only variable that increased downstream of the City 
of Red Deer was number of pesticides per sample. The increase is indicative of urban 
influence, and possibly also non-urban pesticide use, since Morrin is located 150 km 
downstream of the city. Compared to other urban areas in Alberta, the upstream versus 
downstream difference was small. This could be due to the smaller size of Red Deer 
compared to larger urban centres, such as Edmonton and Calgary, or the more intensive use 
of pesticides in the upstream reaches. There were significant interannual differences in 
median total pesticide concentrations and the number of pesticide detections at Morrin over 
the period evaluated, with widest concentration ranges in 1998 and 1999. These differences 
may reflect changes in climatological conditions (Anderson 2005). Approximately 1% of 
samples exceeded the guideline for lindane and less than 1% of samples exceeded guidelines 
for 2,4-D and MCPA. Detection frequency for pesticides in the Red Deer RSB was 
approximately 72%, which was greater than the Hay, Slave, Athabasca, Beaver, Peace, North 
Saskatchewan, Milk, and Bow River basins, but slightly less than the Oldman, Sounding, 
Battle, and South Saskatchewan River basins.  

In addition to the Anderson (2005) study, information on pesticide concentrations in the Red 
Deer River upstream of Haynes Creek was summarized by Anderson et al. (1998). The study 
reported that of the 18 pesticides analysed in surface water from the Red Deer River 
upstream of Haynes Creek in 1995-1996, only three were detected (2,4-D, 
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imazamethabenzmethyl, and fenoxaprop-p-ethyl). Overall, pesticides were detected very 
infrequently: 2,4-D imazamethabenzmethyl and fenoxaprop-p-ethyl were detected in one of 
10 samples collected.  

9.2.1.2 Sediment Quality 

Total phosphorus was measured at eight sampling sites along the Red Deer River in August 
1997. Concentrations, which ranged from 660 to 820 μg/g (Table 9-22 in Appendix A), 
exceeded the Ontario LEL7 of 600 μg/g (Persaud et al. 1993) at every site. 

Although the information is older, sediment quality was also described for a number of sites 
along the length of the Red Deer River in 1983-84 (Cross 1991). Cross (1991) did not 
compare data to sediment quality guidelines, which were not available at the time. Such 
comparison was carried out for the purpose of this report, and it reveals several exceedences 
of sediment quality guidelines. Ni exceeded the Ontario LEL (Persaud et al. 1993) at all sites 
and was notably high at Empress, near the border. Arsenic (As) also increased at the 
downstream sites and exceeded the CCME ISQG below Drumheller and Empress. Pb, Cu, 
Cd, and Hg were all within guidelines. Chlorinated pesticides and PCBs were not detected in 
sediments at any sites, but branched hydrocarbons were notably higher near the provincial 
border than at other locations. 

9.2.1.3 Non-Fish Biota 

Primary Producers 

Cross (1991) examined phytoplankton chlorophyll a in an intensive survey of the Red Deer 
River in 1983-84. Mean planktonic chlorophyll a concentrations increased in a downstream 
direction, beginning from a site upstream of the Dickson Dam and ending at the provincial 
border. However, concentrations remained relatively low at all sites (i.e., < 6 μg/L), 
indicating oligotrophic conditions. The 1999-2003 results were similar, although the 
concentrations did not increase in a downstream direction. Mean planktonic chlorophyll a 
concentrations were 2.5, 3.0 and 2.6 µg/L at Hwy 2, Nevis and Morrin, respectively (Table 
9-19 in Appendix A). According to Cross (1991) planktonic chlorophyll a was notably 
higher in spring in the Red Deer River, declining thereafter. Spring peak in the planktonic 
chlorophyll a levels may be caused by seasonal flow patterns and the resulting scouring 
effect, which would increase the amount of chlorophyll a in the water column from epilithic 
sources. Most of the chlorophyll a measured in the water column in the SSRB can originate 
from scouring of periphyton rather than from true phytoplankton (Charlton et al. 1986). 
Consequently, periphyton functions as a better indicator for trophic status in rivers, which do 
not support a significant phytoplankton community. 

                                                 
7 LEL = Lowest Effect Level. See Table 3-9 in Appendix A for more information on the Ontario Sediment Quality Guidelines for the 
protection of the aquatic environment (Persaud et al. 1993).  
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Periphyton (epilithic algae) are monitored at Hwy 2, Nevis, and Morrin by AENV. Mean 
epilithic chlorophyll a levels, which provide a measure of periphyton biomass, were 
relatively similar among sites for the period of 1999-2003. The highest biomass occurred at 
Hwy 2, upstream of Red Deer (Figure 9-3). Using the classification scheme of Dodds et al. 
(1998), all three sites were considered eutrophic based on median epilithic chlorophyll a 
levels. However, on the basis of maximum epilithic chlorophyll a concentrations, each site 
would be classified as mesotrophic (Table 9-15).  
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Figure 9-3 Mean (+/- SD) of periphyton chlorophyll a densities measured at 
three sites on the Red Deer River in 1999-20038

Cross (1991) reported that benthic algal biomass increased sharply downstream of the City 
of Red Deer (at Joffre) and then progressively declined to the border, possibly due to 
increased turbidity. Similar results were reported by Yonge (1988). As there were no long-
term data for the site at Joffre, it is not known if this spatial pattern is currently maintained, 
after significant upgrades in the sewage treatment process during the 1990s. Golder (2001a, 
2001b) presented information on the epilithic chlorophyll a at several sites in the Red Deer 
River downstream of Red Deer, in relation to monitoring for effects of the NOVA (‘NOVA 
effluent’) and Union Carbide (‘UC effluent’) chemical processing facility effluents. 
‘Moderate algal growth’ was observed in the study area, which was interpreted to indicate 

                                                 
8 Data from AENV. Spring (Apr-May), summer (Jun-Aug) and fall (Sept-Oct) average values are presented. 
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‘moderately enriched’ conditions with respect to nutrients. It was further indicated that the 
cause of this enrichment was the City of Red Deer Municipal WWTP effluent. Epilithic 
chlorophyll a levels reported in the UC study area were notably higher than those observed 
at AENV monitoring sites upstream of Red Deer, and at Nevis and Morrin, which are much 
further downstream than sites sampled by Golder (Table 9-23 in Appendix A). Lastly, Carr 
and Chambers (1998) evaluated relationships between nutrients and epilithic chlorophyll a, 
as well as spatial trends for periphyton, in the Red Deer River using AENV data collected in 
1983-1991. Epilithic chlorophyll a increased immediately downstream of Red Deer in 
spring, summer, and fall (1983-1987) but the effect was only evident for approximately 100 
km.  

Benthic Invertebrates 

Smith (2003) evaluated the relationship between land use and benthic invertebrate 
communities in Reach 1 of the Red Deer River in 2002-2003. Smith (2003) indicated the 
EPT taxa were higher in the headwaters of the Red Deer River than the Bow River, that the 
sampled sites in the Red Deer River were quite homogenous within the studied reach, and 
that the communities were "at most sites and times of sampling…representative of good 
water quality." Benthic invertebrate community metrics were not significantly correlated 
with calculated indices of cumulative activity within Reach 1 in the Red Deer RSB. 

Historically, The Red Deer River has had uniform benthic community composition and 
diversity through the whole length of the river, with only a minimal impact of discharges 
from the City of Red Deer (Reynoldson 1973). Since the 1970s, Red Deer has had an 
increasing impact on the benthic communities; an increase in abundance downstream of Red 
Deer, indicating nutrient enrichment caused by municipal wastewater discharges, has been 
evident in later studies (Shaw and Anderson 1994; Cross 1991). According to these studies, 
the benthic invertebrate abundance was generally low upstream of Red Deer, and after the 
peak at Joffre, declined again downstream. Benthic invertebrate communities were altered by 
the Dickson Dam, based on data collected from 1983-1987 (Shaw and Anderson 1994; 
Anderson 1991; Cross 1991). Prior to water flow regulation, invertebrate communities were 
similar upstream and downstream of the dam site. Following regulation, the downstream 
community shifted to resemble the peak values recorded at a site downstream of Red Deer.  

According to Anderson (1991), the benthic invertebrate community near the provincial 
border (at Empress) was notably different than all other sites; overall densities were lower 
due to the unstable nature of the sandy substrate at this location. Overall, the invertebrate 
community of the Red Deer River was more diverse and abundant than in other rivers in the 
SSRB (Reynoldson 1973; Anderson 1991) and North Saskatchewan, Athabasca, and Beaver 
rivers (Anderson 1991). 
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Cross (1991) also examined the benthic invertebrate community along the length of the Red 
Deer River in 1983-1984. Wet weight, diversity, and number of taxa increased at the City of 
Red Deer site and, to a lesser extent, above Drumheller. Relative abundance of 
Chironomidae was highest at most sites in fall. However, the relative abundance of 
Ephemeroptera increased in the downstream reach of the Red Deer River. The Shannon-
Weiner Diversity Index was highest at sites upstream of Red Deer and Drumheller and near 
the provincial border in fall, indicating a potential effect related to development. Overall, 
Cross (1991) indicated that the longitudinal zonation of benthic invertebrate communities in 
spring was "typical for a river that crosses different ecoregions”. The observed increase 
above Drumheller was believed to reflect the influence of local tributaries, while the 
observed decrease downstream of Drumheller was suggested to be a reflection of historical 
coal mining activities.  

Golder (2001a, 2001b) examined benthic invertebrate communities in the Red Deer River in 
Reach 3, as part of monitoring programs for the UC and NOVA chemical processing 
facilities effluent which discharge to the river. Overall, the studies indicated that the common 
invertebrates were "typical of large rivers in southern Alberta and constitute a moderately 
diverse and productive fauna." Furthermore the community was indicative of "moderate 
degree of nutrient enrichment" on the basis of the dominance of taxa that are tolerant of mild 
enrichment and the very low abundance of more sensitive taxa such as Plecoptera. Golder 
(2001a) concluded that there was a small localized effect of the UC effluent on the benthic 
invertebrate community of the Red Deer River.  

Effects of the NOVA effluent on benthic invertebrates was reportedly more notable; 
increasing abundance of Oligochaeta, reductions in pollution-sensitive taxa, and a small 
reduction in taxonomic richness of the community were observed to approximately 600 m 
downstream of the outfall (Golder 2001b). These effects were attributed to organic 
enrichment. The EPT orders accounted for approximately 50% of the mean number of taxa.  

9.2.1.4 Synthesis and Initial Assessment of Aquatic Ecosystem Health 

• Overall, water quality was rated ‘good’ in the first three reaches, deteriorating 
slightly to a rank of ‘fair’ in the most downstream reach of the Red Deer River Table 
9-24). The quality of the information and data used for this initial assessment is 
indicated in Table 9-25. The following is a summary of key findings with respect to 
water quality in the Red Deer River: 

• The Red Deer River is oligotrophic, based on nutrient concentrations, near its 
headwaters but becomes more nutrient-rich as the river moves downstream. Total 
phosphorus and nitrogen levels increase notably with increasing distance 
downstream, although recent data (1999-2003) indicate that total phosphorus 
remains fairly constant within the middle reaches but increases significantly closer 
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to the provincial border. Similar spatial trends were observed using a greater number 
of sampling sites in 1983-1984 (Cross 1991).  

• Although earlier studies, carried out before the construction of the Dickson Dam, 
had identified DO depletion in winter to be of concern in the Red Deer River, recent 
data and reports indicate that levels rarely decrease below the 1-day minimum 
guideline of 5 mg/L. In addition to increased winter flows due to the dam, 
substantial upgrading of the sewage treatment process at Red Deer River municipal 
wastewater treatment plant has also helped reduce oxygen depletion. In general, the 
Red Deer River is well-oxygenated; occasional events of low DO occur at sites 
located between the City of Red Deer and the border but the events are restricted to 
winter.  

• The river is also somewhat alkaline and occasional excursions beyond the Alberta 
Environment water quality guideline for pH for the protection of aquatic life 
occurred at all long-term river monitoring sites; the lowest compliance rate occurred 
at Bindloss (61%). 

• Some water quality parameters increase notably near the border at Blindloss, 
including total suspended and dissolved solids, aluminum, iron, manganese, and 
total phosphorus and nitrogen. This is believed to reflect geology and sediment 
resuspension. 

• There was insufficient information to assess the current aquatic ecosystem health 
(AEH) of the Red Deer River on the basis of sediment quality (Tables 9-24 and 9-
25). 

• In general, there were insufficient data on benthic invertebrates to assess AEH for 
the Red Deer River. Available information suggested that communities may be 
affected by point sources in some areas and that spatial differences along the length 
of the river may also reflect varying ‘natural’ conditions (i.e., different ecoregions). 
The invertebrate community of the Red Deer River has been called the most diverse 
and abundant when compared to the Bow, Oldman, South Saskatchewan, North 
Saskatchewan, Athabasca, and Beaver rivers. 

• Data were more numerous, however, for primary producers, most notably 
periphyton. Available information on primary producers indicated that the condition 
of the Red Deer River is ‘fair’. Periphyton chlorophyll a levels indicate eutrophic 
conditions in the Red Deer River.  
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Table 9-24 Initial qualitative assessment of aquatic ecosystem health based 
on a synthesis of available data: Red Deer River 

Reach Water 
Quality 

Sediment 
Quality 

Non-fish 
Biota 

Reach 1: Headwaters to Glennifer Lake G ID ID 

Reach 2: Glennifer Lake to the City of Red Deer G ID BI 
ID 

PP 
F 

Reach 3: City of Red Deer to Drumheller G ID BI 
ID 

PP 
F 

Reach 4: Drumheller to Provincial border F ID BI 
ID 

PP 
F 

 Excellent  Good  Fair  Marginal  Poor  Insufficient data 
BI = Benthic Invertebrates. PP = Primary Producers. 

 

Table 9-25 Assessment of data quality/quantity for an initial aquatic 
ecosystem health assessment: Red Deer River 

Reach Water 
Quality 

Sediment 
Quality 

Non-fish 
Biota 

Reach 1: Headwaters to Glennifer Lake M P P 

Reach 2: Glennifer Lake to the City of Red Deer M P BI 
P 

PP 
M 

Reach 3: City of Red Deer to Drumheller F P BI 
P 

PP 
M 

Reach 4: Drumheller to Provincial border F P BI 
P 

PP 
M 

 Good  Fair  Marginal  Poor 

 

9.3 BOW RIVER SUB-BASIN 

The Bow RSB located in southern Alberta, extends east from the slopes of the Rocky 
Mountains, through the foothills and onto the prairies. The Bow RSB supports a population 
of over 1.12 million; the majority of which are resident in the City of Calgary which 
accounts for over 80% of the total basin population. In addition to landscape alterations, 
Calgary discharges treated wastewater effluent and stormwater effluent to the Bow River 
(BRBC 2005). The Bow River represents the most regulated river in Alberta, with eleven 
hydroelectric facilities within its watershed, which dam, store and release water (Clipperton 
et al. 2003). Water use is allocated between industry, municipal and recreational users, but 
by far the greatest water user is irrigation. Several weirs, irrigation canals and withdrawals 
for agriculture are located along the river and within the basin. The hydroelectric facilities, 
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withdrawals, diversions, irrigation canals and wastewater discharges all contribute to alter 
the natural flows of the Bow River. Despite that much of the water withdrawn from the river 
for municipal or industrial use is used, treated and returned, summer flows in the lower 
reaches are much lower than natural seasonal flows (BRBC 2005). Conversely, winter flows 
have increased in the lower reaches, while flows in the upper reaches are largely natural 
during all seasons (BRBC 2005). 

9.3.1 Bow River Mainstem 

Key sites along the Bow River selected for inclusion varied among water quality, sediment 
quality and NFB components, depending on the data available. However, these sites were 
located within three common longitudinal reaches:  

• The headwaters from Lake Louise to upstream of the City of Calgary are located 
upstream of major point and non-point source inputs;  

• The Middle Reach from the City of Calgary to Carseland Dam reflects conditions 
upstream and downstream of the City of Calgary; and 

• The Lower Reach from Carseland Dam to the mouth reflects the cumulative impact 
of stressors acting upon the entire river length. 

These sites were selected to represent longitudinal changes in the Bow River, on the basis of 
recent data availability (mid 1990s to mid 2000s, where possible). Efforts were made to 
select sites that represented all three AEH components, in order to generate a comprehensive 
understanding of AEH and maintain consistency among sampling locations (see Table 9-1 
for site selection rationale).  

9.3.1.1 Water Quality 

The selected sites within the three reaches have undergone long-term water quality 
monitoring, either as part of federal or provincial river monitoring networks, i.e.,  

• Headwaters: EC water quality monitoring station AL04BA0011 above Lake Louise 
and AENV water quality monitoring station AB05BH0010 at Cochrane; 

• Middle Reach from Calgary to Carseland Dam: AENV water quality monitoring 
station AB05BM0010 downstream of Carseland Dam (’Carseland’); and  

• Lower Reach from Carseland Dam to mouth: AENV water quality monitoring 
station AB05BN0010 at Ronalane Bridge (‘Ronalane’). 

In addition to recent data, a number of historical studies on the water quality of the Bow 
River also exist. For example, Cross et al. (1986) described the water quality in the Bow 
River between 1979 and 1982, Charlton (1986) analyzed data from 1980-1985, and Sosiak 
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(1990) reported on the results of water quality monitoring in 1986-1988. According to these 
studies, nutrient levels changed little during 1970s and early 1980s in the Bow River. An 
exception was phosphorus, which increased in the Bow River downstream of Calgary after 
1974 and decreased after 1983 substantially due to improvements in sewage treatment. 
Conversely, small increases in phosphorus levels upstream of Calgary were reported in 
1979-1988. Bioavailable phosphorus was quickly utilized by primary producers in the river. 
Discharge declined in the Bow River the early 1980s, which resulted in an increase in 
nutrient and ion concentrations. In addition, diurnal DO fluctuations were recorded, due to 
the respiration and photosynthesis by primary producers.  

The AEH review in the following sections was primarily based on water quality 
summaries/evaluations for these sites, in addition to a Bow River synoptic survey, which 
included data from 1994-1997, by WRS (2004).  

Water Quality Indices 

Results from the CCME and ARWQI indices indicated both spatial and temporal changes 
along the Bow River (Figure 9-4) The average WQI for the Bow River at the four monitoring 
sites ranged from ‘good’ to ‘excellent’ (Table 9-26). The Bow River above Lake Louise and 
at Cochrane averaged a water quality rating of ‘excellent’ for 1983-2002 (CCME WQI) and 
1998-2004 (ARWQI), respectively. On average water quality was rated as ‘good’ at the two 
downstream sites below Carseland and at Ronalane, according to the ARWQI. Thus, water 
quality appeared to have deteriorated along the length of the Bow River (1998-2004). This 
was not surprising, considering that the downstream sites on the Bow River have greater 
influences from agriculture, industry and urbanization, compared to upstream sites (BRBC 
2005). 

Water quality in the Bow River below Carseland has consistently improved over time, from 
a ‘fair’ rating in 1996/97 to ‘good’ throughout the rest of the sampling period; whereas water 
quality at Ronalane was rated ‘good’ in most years. Nutrients appeared to have the largest 
influence on water quality at these two downstream sites; with ‘fair’ nutrient water quality 
average ratings, compared to ‘excellent’ ratings at the upstream site at Cochrane (Table 9-
26). In contrast the ARWQI bacteria sub-index averaged ‘excellent’ for all three sites (1998-
2004). Influences in the bacterial ratings from point and non-point sources are shown in 
earlier data collection years (Figure 9-4), with ratings improving as wastewater treatment 
facilities were upgraded throughout the basin. Similarly, the average ARWQI for trace 
metals rated all three downstream sites as ‘excellent’. The average pesticide sub-index was 
rated ‘excellent’ at the Cochrane site, but ‘good’ below Carseland and only ‘marginal’ at 
Ronalane (1998-2004). 
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Bow River at Cochrane
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Figure 9-4 Annual Alberta River Water Quality Index (ARWQI) Values and 
sub-index values from 1996-2004, for three Bow River LTRN sites 
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Bow River at Ronalane
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Figure 9-4 Annual Alberta River Water Quality Index (ARWQI) Values and 
sub-index values from 1996-2004, for three Bow River LTRN sites 
Cont’d 

Table 9-26 Summary of water quality index (WQI) and trophic classification 
information for the Bow and Elbow Rivers 

Headwaters Middle Reach Lower Reach 
Water Quality Indicator 

Lake Louise Cochrane Carseland  Ronalane 
Elbow River 
at 9th Avenue 

CCME WQI (1983-2002) Excellent ─ ─ ─ ─ 

ARWQI (1998-2004) ─ Excellent (98) Good (87) Good (83) Good (80) 

ARWQI nutrient  ─ Excellent (96) Fair (72) Fair (76) Excellent (91) 

ARWQI bacteria  ─ Excellent (100) Excellent( 96) Excellent (98) Marginal (61) 

ARWQI trace metals  ─ Excellent (98) Excellent (96) Excellent (98) Excellent (93) 

ARWQI pesticides ─ Excellent (99) Good (84) Marginal (62) Fair (78) 

Nutrients Oligotrophic 
(TP, TN) 

Oligotrophic 
(TP, TN) 

Mesotrophic 
(TP, TN) 

Oligotrophic 
(TP), 

Mesotrophic 
(TN) 

Oligotrophic 
(TN, TP) 

Phytoplankton 
Biomass ─ Oligotrophic Oligotrophic Oligotrophic Oligotrophic 

Stream/River 
Trophic 
Classification 1 

(1999-2003) 
Periphyton 
Biomass 2 ─ Mesotrophic Eutrophic Mesotrophic Eutrophic 

– = Not applicable/ Data not available. 
Notes: As per Dodds at al. 1998 (benthic algal and/or phytoplankton biomass as chlorophyll a, total nitrogen and total phosphorus); 

See Table 3-6. 

1

2Based on mean periphyton chlorophyll a (mg/m ) for the open-water season (spring, summer, and fall sampling) 1999-2003. 2
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Nutrients and Chlorophyll a 

The Bow River above Lake Louise was considered oligotrophic, due to very low nutrient 
concentrations that were often below DLs (Table 9-27 in Appendix A). Concentrations of TP 
naturally increased during spring runoff, where phosphorus was primarily in particulate 
forms, not readily available to biota (Bowman 2001; Glozier et al. 2004). Nitrogen forms 
were also present at very low or undetectable levels at this headwater site.  

The Bow River is oligotrophic based on nutrient concentrations in the headwaters, whereas 
the elevated concentrations of TP and TN below Carseland, and TN at Ronalane Bridge, 
gave the lower reaches a mesotrophic rating. According to median planktonic chlorophyll a 
levels, the Bow River is considered oligotrophic within all three reaches (Table 9-26). 
However, planktonic chlorophyll a does not function as a good trophic level indicator in the 
Bow River (see discussion in Section 9.3.1.3). Epilithic chlorophyll a levels indicate a 
mesotrophic status at Cochrane and Ronalane, and eutrophic status downstream of Calgary, 
below Carseland (Table 9-26).  

The nutrients sub-index at Cochrane has varied between ‘good’ and ‘excellent’ throughout 
the period of record (Figure 9-4). On average, nutrient water quality was ‘excellent’ 
upstream of Calgary, at Cochrane, but decreased to ‘fair’ in the lower reaches downstream of 
Calgary (Table 9-26). In general, nutrient concentrations increased substantially below 
Carseland, downstream of Calgary, then decreased at Ronalane, likely due to dilution and/or 
biological uptake (BRBC 2005). In addition, a secondary peak in nutrient concentrations has 
been recorded at the Bassano Dam site, downstream of Calgary (Sosiak pers. comm.). Water 
quality in terms of nutrients has generally improved over time (Figure 9-4). Nutrient inputs 
from point sources have influenced Bow River water quality over many decades. All sites 
are influenced by point source nutrient inputs, with the exception of the most upstream site 
above Lake Louise. Still, in the last 10-20 years, nutrient loadings to the Bow River have 
decreased due to the installation of nutrient removal technologies during the upgrading of 
wastewater treatment plants (WWTPs) along the river (BRBC 2005). Despite these 
improvements, Calgary’s two WWTPs remain the most significant point sources in the Bow 
RSB (WRS 2004). 

Bow River TP concentrations were very low above Lake Louise, but increased with distance 
downstream, mainly due to WWTPs along the river length (Table 9-26; Tables 9-27 to 9-30 
in Appendix A; Bowman 2002; WRS 2004,). For example, elevated median TP levels at 
Cochrane were due in part to municipal effluent discharges from the Lake Louise, Banff and 
Canmore WWTPs. Whereas, relatively higher TP levels below Carseland, were due in part to 
municipal discharges from the Calgary’s Bonnybrook and Fish Creek WWTPs. Although 
surface runoff and stormwater also represented an important source of phosphorus to the 
Bow River, approximately 86% of Calgary’s phosphorus loading was estimated to originate 
from wastewater treatment plant effluents (City of Calgary 2004). Between Carseland and 
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Ronalane, TP inputs to the Bow River may be the result of channel erosion or sediment 
suspension, but not likely agricultural runoff (WRS 2004). 

Compliance was high for TP concentrations upstream of Lake Louise and upstream of 
Calgary at Cochrane between 1999 and 2003 (Table 9-28 in Appendix A). Levels of 
compliance almost halved downstream of Calgary (below Carseland) but then increased 
again further downstream at the Ronalane site to 90% (Tables 9-29 and 9-30 in Appendix A). 
Exceedances of the TP ASWQG typically occurred during the spring and summer, which 
would be associated with particulate material released during snowmelt and surface runoff 
(BRBC 2005). Spatial trends in TDP concentrations mirrored those observed for TP along 
the Bow River, with a substantial increase in TDP concentrations below Carseland, and then 
a decrease again at Ronalane (Tables 9-27 to 9-30 in Appendix A; WRS 2004). 

Water quality in the Bow River below Carseland was also strongly influenced by nitrogen 
inputs. Recent median TN and ammonia concentrations increased several-fold downstream 
of Calgary compared to relatively low levels upstream at Cochrane. Although median TN 
and ammonia levels decreased at Ronalane, they remained elevated compared to upstream of 
Calgary. Correspondingly, compliance with the TN ASWQG was high upstream of Calgary, 
with only partial compliance downstream of Calgary (Tables 9-28 to 9-30 in Appendix A). 
The Bonnybrook WWTP within Calgary was estimated by WRS (2004) to contribute the 
highest relative loading of nitrogen to the Bow River. The TN ASWQG was mostly 
exceeded at the two LTRN sites downstream of Calgary during winter, under low flow 
conditions. Thus uptake by aquatic plants may play role in the reduction of TN 
concentrations during the summer months (BRBC 2005) and seasonal differences in flow 
conditions can affect the nutrient levels. With respect to ammonia, concentrations never 
exceeded the CCME WQG at any of the Bow River sites. WRS (2004) suggested that most 
of the ammonia loadings to the Bow River were lost to the system from processes such as 
nitrification, degassing or uptake by aquatic organisms or plants. 

Dissolved Oxygen, TSS and TDS 

There have been no long-term changes in DO concentrations upstream of Lake Louise, with 
well-oxygenated water reported for most of the year (Glozier et al. 2004; BRBC 2005). DO 
levels have remained relatively high and were fully compliant with the ASWQG at 
Cochrane, Carseland and Ronalane monitoring sites in 1999-2003 (Tables 9-27 to 9-30 in 
Appendix A). In addition to these three sites, AENV continuously monitors DO levels in the 
Bow River downstream of Calgary. Since 2003, continuous datacenter monitoring has 
repeatedly measured DO below the 5.0 mg/L acute ASWQG at this site. In summer 2006, 
DO level as low as 4.1 mg/L were recorded in the Bow River just upstream from the 
Highwood River confluence (Sosiak pers. comm.). The records from the continuous 
monitoring also document relatively high temperatures in the lower Bow River. 
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Although levels of TSS increased longitudinally along the Bow River, from low levels in the 
headwaters and at Cochrane, to higher levels downstream of Calgary and at Ronalane 
Bridge, recent 5-year median values remained below 10 mg/L (Tables 9-27 to 9-30 in 
Appendix A). Regardless, concerns regarding the level of sedimentation and increased bank 
erosion in the basin have led to recent studies such as Andrews (2006). The City of Calgary 
releases significant sediment loads to the Bow River via stormwater outfalls. The total TSS 
loading from these outfalls surpassed the corresponding WWTP TSS loading within Calgary, 
nine-fold (City of Calgary 2004). Thus, to minimize sediment loading, stormwater 
management and erosion/sediment control guidelines are currently being implemented. The 
use of constructed wetlands and wet and dry stormwater ponds are also being promoted to 
help reduce sediment loading from stormwater (BRBC 2005). 

Levels of TDS in the Bow River headwaters above Lake Louise have increased over time, 
possibly as a result of increased seepage from septic tanks or road salting on Hwy 93 (Table 
9-27 in Appendix A; BRBC 2005). As for most rivers, TDS concentrations also exhibited a 
downstream longitudinal decrease along the Bow River. The largest downstream increase in 
median TDS values occurred between Lake Louise and Cochrane (Tables 9-27 to 9-30 in 
Appendix A).  

Trace Metals 

Only dissolved metals were measured at the site above Lake Louise, since this form is 
typically the most bioavailable. The measured concentrations were very low or below DLs 
(Glozier et al. 2004). Both total and dissolved forms were measured by AENV at the three 
downstream LTRN sites between 1999 and 2003, with total forms summarized in Tables 9-
28 to 9-30, in Appendix A. Chromium (Cr) consistently had the lowest WQG compliance 
among the sites, typically below 20%. Low levels of compliance were also reported for Ag, 
Al, Cd, Fe, Se at one or more sites, while the remaining trace metals did not exceed CCME 
WQGs to any extent. It should be noted, however, that the Ag, Cd and Se data sets contained 
a high percentage of non-detectable values. Thus, the reported percent compliance rates may 
have been artificially influenced by instances where the detection limits for these metals 
were above the current WQG. Although variable among metals, median values generally 
increased in a downstream direction along the Bow River. The wastewater effluent from 
Calgary was the largest point source in the basin for metals, and its impact was evident even 
at the furthest downstream site (WRS 2004). 

Pesticides  

Agricultural pesticides such as organochlorines and DDT have been found in the Bow River 
headwaters (in Bow Lake), due to long-range transport and deposition processes (Blais et al. 
2001). Little other pesticide data are available for the upper Bow River because pesticides 
have not been routinely monitored in headwaters by EC due to the lack of agricultural 
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practices in the area (Glozier et al. 2004). Pesticides detected upstream of Calgary at 
Cochrane did not exceed available CCME WQGs, although the samples included measurable 
levels of 2,4-D and cyanazine that are commonly used for agriculture (Anderson 2005). 
There were also no significant changes or trends over time in pesticide detections or 
concentrations.  

Average ARWQI pesticide sub-index ratings decreased downstream: from ‘excellent’ at 
Cochrane, to ‘good’ below Carseland, and finally to ‘marginal’ at Ronalane (Table 9-26). 
While pesticide water quality has generally remained ‘excellent’ upstream of Calgary, there 
were interannual fluctuations in the sub-index scores at the two downstream LTRN sites 
(Figure 9-4). The downstream decline in pesticide water quality in the Bow River can be 
attributed to increased urbanization and agricultural use in the lower Bow RSB. Urban 
centres such as Calgary can be significant sources of pesticides, particularly with respect to 
individual residential use (AENV 2001). Detected levels of some pesticides below Carseland 
and Ronalane exceeded CCME WQGs for the protection of aquatic life (1995-2002; 
Anderson 2005).  

A significant temporal trend was reported for dilation below Carseland; while at Ronalane, a 
significant trend was found for 2,4-D, dicloroprop, diazinon, MCPA, MCPP, total pesticide 
concentration per sample, and the total number of pesticides per sample (Anderson 2005). 
The majority of these pesticides were found to increase in concentration over time9. A 
significant downstream increase in the concentrations of several pesticides (e.g., 2,4-D, 
MCPP and diazinon), and total herbicide, insecticide and pesticide concentrations, was 
observed by Anderson (2005) from upstream to downstream of Calgary (Cochrane to below 
Carseland). The concentrations and locations of diazinon in particular, suggest an urban 
rather than agricultural source (Anderson 2005). 

Influences of Flow 

Bow River flows are dominated by snowmelt, and supplemented by glacial melt in the late 
summer and early fall. Groundwater flows tend to contribute a small, but relatively 
continuous, proportion of the total flow throughout the year. Streamflows have been shown 
to greatly influence water quality throughout the Bow RSB. Reduced summer flows along 
the lower reaches of the Bow River, attributable to withdrawals and diversions, have resulted 
in increased temperatures and reduced dilution capacity. Consequently, eutrophication and 
seasonally low DO are of concern, with the potential to stress aquatic organisms (Clipperton 
et al. 2003). Climate change predictions suggest that reduced snowpacks (Bruce et al. 2003) 
and glacial retreat (Young 1996) could have substantial impacts on streamflows during 
drought years (Schindler 2001), with subsequent impacts on water quality. Increased glacial 

                                                 
9 Though changes in the sampling regime over time may have affected the observed trend below Carseland. 
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melt may also result in continued release of stored organic pollutants into the Bow River 
headwaters (Blais et al. 2001). 

Dam construction and reservoir formation have also been major influences on Bow River 
water quality. The numerous mainstem and tributary dams along the Bow River serve to 
retain sediment and associated nutrients, metals and other pollutants. The general impact of 
these impoundments on downstream water quality has been to lower concentrations of TSS 
and associated particulate forms of other parameters (e.g., nutrient, metals), but this has 
depended on reservoir outlet and release locations (BRBC 2005). 

9.3.1.2 Sediment Quality 

Bow River sediment quality data were extremely limited so all recent data (1996) collected 
by AENV were evaluated, including one sample at each of the monitoring sites within the 
following three reaches: 

• Headwaters: Bow River u/s of Exshaw Creek (AB05BE0190) is upstream of most 
urban development, but may be impacted by the relatively small communities of 
Lake Louise, Banff and Canmore. Bow River u/s of 85 St. Bridge (AB05BH0140) is 
located on the western edge of the City of Calgary, downstream of Cochrane. 

• Middle Reach: Bow River at Stier’s Ranch (AB05BM0150) is located downstream 
of most of the City of Calgary, including the Bonnybrook and Fish Creek WWTPs. 

• Lower Reach: Bow River near Ronalane Bridge (AB05BN0010) is substantially 
downstream of these urban centres, and is also influenced by agriculture and 
irrigation. 

The majority of sediment trace metals at most of the four sampling sites met CCME SQGs10, 
but varied between sites (Table 9-31 in Appendix A).With the exception of Cd, there was an 
overall downstream increase in sediment trace metal concentrations in 1996, from Exshaw 
Creek, to 85 St. Bridge, to Stier’s Ranch. Increased sediment trace metal concentrations 
along this section of the Bow River in 1996 may have been due to trace metal loadings from 
wastewater and stormwater effluents, tributary inputs, streambank erosion and/or surface 
runoff. Dilution of upstream urban effluents may have resulted in lower sediment trace 
metals concentrations at Ronalane Bridge compared to downstream of Calgary (Stier’s 
Ranch). Exceptions to this pattern were As, Cr, Fe and Ni, which were all higher at the 
downstream Ronalane site, compared to upstream. Pesticides were not detected in any of the 
sediments sampled at these Bow River sites in 1996.  

Due to the limited and dated nature of the available data, it remained unclear whether these 
values accurately represent current sediment quality at these sites. Most of the locations 

                                                 
10 Except for Cd and Ni at some sites, including Bow River upstream of Exshaw Creek (Cd), and the Ronalane Bridge site (Ni). 
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sampled in 1996 were sampled by AENV previously from 1985 to 1993 by using the same 
methods (Sosiak, pers.comm.), but the data were not available. Additional sampling would 
be required to assess whether parameters consistently exceeded SQGs, whether exceedences 
were anthropogenic or natural in origin, and so whether sediment quality may pose a risk to 
aquatic life. 

9.3.1.3 Non-Fish Biota 

Data for periphyton and macrophytes were more complete, and these variables were assessed 
for several sites along the Bow River. Epilithic chlorophyll a was considered representative 
of periphyton biomass, and data from 1999 to 2003 were assessed for the following sites: 

• Headwaters: Bow River at Cochrane (AB05BH0010); 

• Middle Reach: Bow River below Carseland Dam (‘Carseland’, AB05BM0010); and 

• Lower Reach: Bow River near Ronalane Bridge (‘Ronalane’, AB05BN0010). 

Aquatic macrophyte biomass was assessed at 12 sites (left and right banks) in 1996, and 
again in 2001, on the Bow River within and downstream of Calgary. This sampling program 
was specifically established to assess the impact of Calgary’s wastewater effluent on the 
growth of rooted aquatic plants along a 50 km stretch of the Bow River. Older AENV data 
(reported in Sosiak 2002a) were also used to supplement the periphyton and macrophyte 
data.  

In addition to the summary of the findings of previous benthic invertebrate monitoring in the 
Bow River (Reynolds 1973; Anderson 1991; Government of Canada et al. 1993; Bowman 
and Steman unpubl.; Bowman 2001), recent AENV data were also analyzed. There were few 
available sites to select for the benthic invertebrate assessment, and three sites were chosen: 
Cochrane, Carseland and Ronalane. The most recent data, not previously analyzed, were 
from 1993. Even though the relevance of 1993 data may be questionable, it was included as 
more recent information was lacking. The sites selected for the benthic invertebrate 
assessment were representative of the three reaches defined in Section 9.3.1.1, and included: 

• Headwaters: Bow River at Cochrane (AB05BH0010); 

• Middle Reach: Bow River at Carseland (AB05BM0480); and 

• Lower Reach: Bow River at Ronalane (AB05BN2270). 
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Primary Producers 

Periphyton 

Periphyton growth in the Bow River is controlled strongly by phosphorus (Charlton et al. 
1986). The Bow River does not support a significant phytoplankton community and most of 
the chlorophyll a in the water column originates from the scouring of periphyton (Charlton et 
al. 1986). Consequently, epilithic chlorophyll a levels provide a more reliable trophic status 
indicator for the Bow River than planktonic chlorophyll a. Productivity of the upper Bow 
River within the headwaters is limited by cold temperatures, high spring scour and low 
nutrient concentrations. Nutrient loading from the Lake Louise, Banff, Canmore and Calgary 
WWTPs, however, have increased periphyton growth downstream of these communities 
(Charlton et al. 1986; Sosiak 1991; Schindler and Pacas 1996; WRS 2004; Clipperton et al. 
2003). Reductions in periphyton biomass may be expected with decreased nutrient loading 
from the upgraded WWTPs and as nutrient-laden sediments are depleted. 

A study of changes in periphyton biomass (1979 to 1996) in the Bow River downstream of 
Calgary following upgrades and nutrient removal at the city’s WWTPs found that periphyton 
only decreased at sites where TDP was <0.01 mg/L (Sosiak 2002a). Where TDP remained 
elevated (0.01 to 0.033 mg/L), no changes in periphyton biomass were found, despite 
significant drops in nutrient loading. From these data, nuisance levels of periphyton (>150 
mg/m2) were predicted to occur when TDP concentrations exceeded 0.0064 mg/L (Sosiak 
2002a).  

Periphyton samples were collected from three sites along the Bow River (at Cochrane, 
Carseland and Ronalane) between 1999 and 2003. Periphyton biomass was found to increase 
below Carseland in comparison to the Cochrane site (Figure 9-5). This pattern would be 
expected due to the nutrient enrichment of the river from the City of Calgary WWTP 
discharges between these two sites. Average open-water season periphyton biomass (1999-
2003) at Cochrane, Carseland, and Ronalane, are indicative of mesotrophic, eutrophic, and 
mesotrophic conditions, respectively. These results indicate that periphyton biomass at 
Carseland remains excessive and at nuisance levels despite significant improvements in 
WWTP effluent quality throughout the Bow RSB. Periphyton biomass was found to decrease 
at Ronalane compared to Carseland (Figure 9-5). 

 

North/South Consultants Inc. 
Page 9-36 



AEH Information Synthesis and Initial Assessment 
Alberta Environment Section 9.0: South Saskatchewan River Basin 

0

50

100

150

200

250

At Cochrane Below Carseland Dam Near Ronalane Bridge Elbow River at 9th Av. Bridge

Site

Pe
rip

hy
to

n 
ch

lo
ro

ph
yl

l a
 (m

g/
m

2 )

300

Spring Summer Fall Open-water Season

 

Figure 9-5 Periphyton biomass measured as epilithic chlorophyll a (mg/m2) 
at three Bow River stations and one Elbow River station in 1999–
200311

Macrophytes 

The presence of aquatic macrophytes in the Bow River is also dependent on nutrient 
concentrations, but is apparently controlled more by nitrogen than phosphorus (Sosiak 
2002a). Unlike periphyton biomass, the biomass of macrophytes has greatly decreased 
during the 1990s and recent years after improvements in nutrient removal at the Calgary 
WWTPs (Sosiak 2002a). However, discharge has an even stronger impact on macrophyte 
biomass than nutrients in the Bow River.  

Dense beds of aquatic plants are often found downstream of WWTPs. Dominant species 
downstream of the Calgary WWTPs include a variety of pondweeds such as sheathed 
(Stuckenia vaginata [formerlyPotamogeton vaginatus]), sago (S. pectinata [formerly P. 
pectinatus]) and curly (P. crispus) pondweed. Higher winter flows, resulting from upstream 
hydroelectric facilities, have been implicated in reducing the scour required to remove 
excessive aquatic plant growth downstream of Calgary (City of Calgary 2004). Since the 
installation of enhanced nutrient removal at Calgary’s WWTPs throughout the 1980s and 
1990s, aquatic macrophyte biomass decreased significantly within and downstream of 

                                                 
11 Data from AENV. Spring (Apr-May), summer (Jun-Aug) and fall (Sept-Oct) average values are presented. 
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Calgary (at 12 sites in 1990-1996), although it was still higher than at the upstream reaches. 
While reductions in phosphorus loading decreased macrophyte growth during this period, the 
greatest changes occurred following reductions in WWTP nitrogen loading (Sosiak 2002a).  

Macrophyte data were subsequently collected along the Bow River in 2001, with a focus on 
the same 12 sites within and downstream of the City of Calgary (Figure 9-6). Site M1 is 
located upstream of the city’s WWTPs, while sites M2 to M5 are downstream of the 
Bonnybrook WWTP. Sites M6 to M12 are downstream of the Fish Creek WWTP. 
Macrophyte biomass at the control site (M1) ranged between 39 and 322 g/m2 dry weight in 
2001 (method as described in Sosiak 2002a). A clear increase in macrophyte biomass was 
found at sites M2 to M5, which ranged from 0 to 1,047 g/m2 in 2001. This was likely the 
result of stimulation from nutrients released from the Bonnybrook WWTP. Downstream of 
the Fish Creek WWTP, macrophyte biomass spiked again at sites M6 to M12. These last 7 
sampling sites remained relatively constant in terms of macrophyte biomass, and ranged 
from 545 to 799 g/m2 (Figure 9-6) in 2001. Despite improvements in the city’s WWTP 
effluent, nutrient releases continue to stimulate macrophyte growth in the Bow River. 
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Figure 9-6 Macrophyte biomass (g/m2 dry weight) at twelve sites in the Bow 
River, downstream of the City of Calgary, in 200112

 

                                                 
12 Data from AENV. 
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Benthic Invertebrates 

Benthic invertebrate distribution in the Bow River is influenced by the increased abundance 
of aquatic vegetation in nutrient enriched reaches, and also by natural regions (Culp et al. 
1992). In general, benthic invertebrate communities of the upper Bow River are limited by 
the cold, low-nutrient and scouring waters. However, even small changes in nutrient 
availability can influence their productivity and composition. Benthic communities of the 
prairie reaches were impacted as early as the 1970s (Reynoldson 1973), demonstrated as 
lower richness and diversity. However, sensitive taxa (Ephemeroptera, Plecoptera) were 
present at that time downstream of Calgary, which indicated some organic enrichment, but 
not a heavily polluted state.  

A 1999 benthic invertebrate study on the effects of the Lake Louise and Banff WWTP 
discharges found that the proportion of sensitive benthic invertebrate taxa (Ephemeroptera, 
Trichoptera, and Plecoptera) was higher upstream of the towns than downstream (Bowman 
and Steman unpubl.). The abundance of tolerant organisms such as Chironomidae and 
Cladocera were found to increase downstream of the townsites. The degree of change in 
benthic invertebrate communities was correlated to the degree of wastewater treatment prior 
to discharge to the river (Bowman and Steman unpubl.). These results were supported by 
Bowman (2001). However, recent upgrades and the addition of nutrient removal to the 
WWTPs may reverse or reduce some of the impacts to the benthic invertebrate community in 
the Bow River headwaters. 

Anderson (1991) reported on the results of AENV long-term benthic invertebrate monitoring 
in 1983-1987. Samples from Cochrane, Carseland and Ronalane were included in the 
analysis. Cochrane had fewer pollution sensitive taxa (EPT) than would be expected for this 
site, located upstream of major point source inputs. The paucity of these taxa was attributed 
to the operation of Ghost Dam, upstream of the site, and the resulting diurnal fluctuations in 
water levels. In addition, dense periphyton mats were occasionally present at the site in fall, 
which had a negative impact on most benthic taxa. The benthic community at Carseland was 
indicative of nutrient enrichment, with higher total abundance and altered community 
structure. The changes were less marked between Carseland and Ronalane, and were mainly 
attributed to the shift from erosional to depositional habitats in the lower reach.  

In the early 1990s, an organically contaminated site (i.e., Canada Creosote site; contaminants 
were man-made wood preservatives, creosote and PCP, and their degradation products) 
adjacent to the Bow River within Calgary was found to have significantly reduced the 
abundance of sensitive benthic invertebrates (Trichoptera and Plecoptera), which were 
replaced by more tolerant species (Gastropoda and Tipulidae; Government of Canada et al. 
1993). Subsequent remediation efforts have successfully contained the contamination 
(Sosiak 1999a) and the aquatic community may recover.  

North/South Consultants Inc. 
Page 9-39 



AEH Information Synthesis and Initial Assessment 
Alberta Environment Section 9.0: South Saskatchewan River Basin 

Results of benthic invertebrates sampled by AENV at the Bow River at Cochrane, Carseland 
and Ronalane in 1993 are presented in Table 9-32 (in Appendix A). Overall, mean benthic 
invertebrate densities were high at these three sites, ranging from 35,012 to 69,128 
individuals/m2. The lowest mean benthic invertebrate densities were found at the upstream 
station (Cochrane), while the highest were found at the middle station (Carseland).Ronalane 
had density values between the levels of Cochrane and Carseland. The observed longitudinal 
pattern was similar to that identified from the 1983-1987 long-term monitoring data by 
Anderson (1991). Mean richness (the number of distinct taxa) was slightly higher at the two 
downstream sites. Lower richness at the Cochrane site could be due to water fluctuations 
caused by the Ghost Dam, or occasional extensive periphyton growth (Anderson 1991). The 
dam may also have impacted the proportion of EPT taxa, which was higher at the two 
downstream sites. Overall, the proportion of EPT taxa in the samples was highly variable, 
both within samples at the same site and between sites. EPT taxa are considered sensitive, 
while other taxa, such as Chironomidae, are generally more tolerant of pollution. The EPT 
ratio generally increases with increasing water quality. Skewed populations having a 
disproportionate number of Chironomidae taxa relative to the more sensitive EPT taxa may 
indicate environmental stress or pollution. The EPT/Chironomidae ratio was low at Cochrane 
and Carseland and increased downstream to the Ronalane site.  

Simpson’s Diversity Index and Evenness Index were calculated from this benthic 
invertebrate data. Both indices ranged from 0 to 1, with 1 indicating high diversity and even 
distribution of organisms. The Simpson’s Diversity Index was relatively high for all samples, 
indicating that the benthic invertebrate communities within the Bow River were diverse and 
the habitat complex. The Diversity Index ranged from 0.80 at the below Carseland Dam site 
to 0.87 at the Cochrane site. There were no longitudinal patterns for diversity along the Bow 
River. The Simpson’s Evenness Index was very low throughout the Bow River, indicating 
that the spatial distribution of benthic organisms was patchy at all sites. The lowest evenness 
was 0.10 at the below Carseland site, which was dominated by tolerant Oligochaeta 
(Tubificidae) and Chironomidae (Orthocladiinae and Chironomini) taxa. The highest 
evenness value of 0.18 was found at the Cochrane site, which was dominated by tolerant 
Oligochaeta (Naididae), Chironomidae (Tanytarsini, Orthocladiinae) and Acari (water mite) 
taxa. The Ronalane site had an evenness of 0.15 and was dominated by tolerant Oligochaeta 
(Naididae, Enchytraeidae and Tubificidae) and Chironomidae (Orthocladiinae) taxa. A 
moderately tolerant mayfly (Baetidae) was also common at the Ronalane site, and is the 
reason for the relatively high EPT% at this site. 
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9.3.1.4 Synthesis and Initial Assessment of Aquatic Ecosystem Health 

• Overall, water quality was considered ‘excellent’ in the two upstream sites of the 
Bow River, deteriorating slightly to a rating of ‘good’ at the two lower water quality 
monitoring stations (Table 9-33). The quality of the information and data used for 
this initial assessment is indicated in Table 9-34.The following is a summary of key 
findings with respect to water quality in the Bow River: 

• Nutrient concentrations indicated that upstream oligotrophic conditions at the 
headwaters (Cochrane) changed to mesotrophic conditions at the two lower stations 
downstream of the City of Calgary. Along its length, the Bow River becomes more 
nutrient-rich, with concentrations of TP and TN increasing at the Carseland site. 
Calgary’s two WWTPs are the most significant point source influences on nutrient 
concentrations throughout the Bow RSB, even at the most downstream reach. 

• The long-term monitoring data indicated that DO concentrations never decreased 
below the water quality guideline, suggesting that the Bow River is well-oxygenated 
throughout its length. However, during continuous datasonde monitoring 
downstream of Calgary, low DO levels have occasionally been recorded (Sosiak 
pers. comm.). 

• Pesticides were found to increase in the number of detections and in guideline 
exceedances along the length of the Bow River. Both agricultural and urban inputs 
likely influence pesticide concentrations within the river. 

• There was insufficient information to assess the current AEH of the Bow River on 
the basis of sediment quality (Table 9-33). This was also true for benthic 
invertebrates, due to the lack of adequately recent data.  

• Periphyton and macrophyte data, however, are more complete. Results indicated that 
the condition of the Bow River becomes more productive downstream of Calgary, 
and that the productivity decreases again at Ronalane. The wastewater effluent 
discharged from Calgary has great impacts on periphyton and macrophyte growth. 
Despite improvements in nutrient removal over the past few decades, this effluent 
continues to stimulate primary production downstream of the city. 
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Table 9-33 Initial qualitative assessment of aquatic ecosystem health based 
on a synthesis of available data: Bow River 

Reach Water 
Quality 

Sediment 
Quality 

Non-fish 
Biota 

Headwaters to U/S of Calgary 1 E ID BI 
ID 

PP 
G 

Calgary to downstream of Carseland Dam 2 G ID BI 
ID 

PP 
M 

Downstream of Carseland Dam to the mouth  G ID BI 
ID 

PP 
F 

 Excellent  Good  Fair  Marginal  Poor  Insufficient data 
 BI = Benthic Invertebrates. PP = Primary Producers. 
Notes: 1 Sites include: At Lake Louise, U/S of Exshaw Creek and At Cochrane. 2 Sites include: U/S of 85 St. Bridge, Near Stier’s 

Ranch and Downstream of Carseland Dam. 3 At Ronalane Bridge.  

Table 9-34 Assessment of data quality/quantity for an initial aquatic 
ecosystem health assessment: Bow River 

Reach Water 
Quality 

Sediment 
Quality 

Non-fish 
biota 

Headwaters to U/S of Calgary 1 F P BI 
P 

PP 
M 

Calgary to downstream of Carseland Dam 2 F P BI 
P 

PP 
M 

Downstream of Carseland Dam to the mouth  F P BI 
P 

PP 
M 

 Good  Fair  Marginal  Poor 
 BI = Benthic Invertebrates. PP = Primary Producers. 
Notes: 1 Sites include: At Lake Louise, U/S of Exshaw Creek and At Cochrane. 2 Sites include: U/S of 85 St. Bridge, Near Stier’s 

Ranch and Downstream of Carseland Dam. 3 At Ronalane Bridge.  
 

9.3.2 Bow River Tributaries  

9.3.2.1 Ghost River 

The Ghost River has a drainage basin that encompasses approximately 953 km2 of the Rocky 
Mountain and Foothill regions; the majority being situated in the Foothill region13 (BRBC 
2005). The Ghost River drainage basin is heavily used for ranching, grazing, recreation14, 
logging, and oil and gas exploration and production (Table 9-1). Potential effects of these 
activities on the Ghost River water quality were assessed by Andrews (2006). 

The Ghost River originates north of Lake Minnewanka on the east side of the Palliser Range 
within the Ghost River Wilderness Area (at 2,200 m asl). It then flows east, while gradually 

                                                 
13 Gently and ridged sloping hills between valleys that have open grasslands meadows. 
14 Random camping and off highway vehicles. 
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heading south to the Bow River at the Ghost Reservoir, upstream of Cochrane15 (BRBC 
2005). Ghost River flows are influenced at two points: first, at the diversion at the North 
Ghost River to Lake Minnewanka in Banff National Park; and second, at the Ghost 
Reservoir above the Ghost Dam, near the Bow River confluence. Changes in flows resulting 
from impoundment have altered stream chemistry, particularly within the reservoir, where 
sediments settle rather than discharging to the Bow River. Ghost River water quality was 
recently assessed by Andrews (2006) as part of AENV’s 2004 monthly and continuous 
monitoring program. 

Water Quality 

Ghost River flows were influenced by spring snowmelt, resulting in clear seasonal trends for 
water quality parameters correlated with stream discharge. Levels of TSS in particular, were 
strongly positively correlated with flow, but concentrations of nutrients and metal were also 
variable with flows (Andrews 2006). Although TP concentrations were generally low, they 
peaked during summer high flow periods, when TSS loads peaked as well. Even so, TP 
levels typically remained below the ASWQG, even under high flow conditions. The low 
levels of dissolved relative to total phosphorus indicated that the majority of phosphorus in 
the Ghost River was bound to suspended particles (Andrews 2006). Nitrate and nitrite 
concentrations were also low, with nitrate the dominant ion. Neither nitrate nor nitrite 
concentrations exceeded the CCME WQGs, at any tome. Similarly, TN and ammonia 
concentrations did not exceed the ASWQG and CCME WQG, respectively. Ammonia 
concentrations were low, with an increasing seasonal trend during the summer (Andrews 
2006). 

Ghost River was well oxygenated and fully compliant with the chronic ASWQG, although 
DO was seasonally lower during summer due to decreased solubility at higher temperatures. 
Levels of TSS were highly episodic, with significant peaks during spring and summer 
precipitation events. In addition, increased levels of TSS were also correlated with erosion 
caused by off-highway vehicle use in the watershed. Even so, the overall median TSS value 
was very low (0.6 mg/L). Trace metals concentrations were typically below DLs, and when 
detected, remained below CCME WQGs (Andrews 2006).  

9.3.2.2 Elbow River 

The Elbow River flows for 120 km and has a drainage basin covering 1,235 km2. The river 
originates in the Rocky Mountains at Elbow Lake, before flowing north east to the Bow 
River confluence within the City of Calgary. En route, this river flows through many 
different regions, including: the Alpine, Sub-Alpine, Montane, Foothills Parkland and 
Calgary’s urban centre. The Elbow River also has several tributaries, including Bragg, 
Canyon, Lott and Quirk creeks (BRBC 2005). A major dam located 11 km upstream of the 

                                                 
15 Experiencing an elevation change of 1,000 m. 
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mouth has created the Glenmore Reservoir, which provides approximately half of Calgary’s 
drinking water. Thus, the Elbow River is impacted by urban, agricultural and industrial 
development, particularly along its lower reaches (Table 9-1). Recreational use is prominent 
in the upper reaches within the Kananaskis region (BRBC 2005).  

Water Quality and Non-fish Biota 

Water quality was measured at one site on the Elbow River at the 9th Ave. Bridge, as part of 
AENV’s LTRN monitoring program (AB05BJ0450). This site is located within the City of 
Calgary, downstream of the Glenmore Reservoir and Dam. Flows below the reservoir are 
regulated but are comparable to the flow regime of the Elbow River above Bragg Creek 
(Beers and Sosiak 1993). The dam influences downstream water quality of the river, by 
retaining sediment, nutrients and metals and other pollutants bound to particulate materials.  

On average, water quality was rated at ‘good’ at this LTRN site between 1998 and 2004, 
according to the ARWQI (Table 9-26). The four sub-indices indicated that pesticides and 
bacteria had the largest impact on overall water quality, with average ratings of ‘fair’ and 
‘marginal’, respectively. The pesticide sub-index annual ratings have fluctuated greatly 
between ‘marginal’ and ‘good’ between 1998 and 2004, while the bacteria sub-index annual 
ratings fluctuated between ‘poor’ and ‘fair’. Annual ratings for the nutrient and trace metal 
sub-indices also varied substantially over the 5-year period of record, from ‘fair’ to 
‘excellent’ for both sub-indices. The lower section of the Elbow River was classified as 
oligotrophic, with low levels of TP, TN and planktonic chlorophyll a. (Table 9-26; Table 9-
35 in Appendix A). Periphyton data were collected from one site along the Elbow River at 
the 9th Ave. Bridge between 1999 and 2003. Mean periphyton biomass was relatively high 
and indicative of eutrophic conditions (Figure 9-5). 

Additional water quality studies have been conducted throughout the basin, including a study 
upstream of the Glenmore Dam and Reservoir that looked at longitudinal and temporal 
patterns in water quality between 1999 and 2002 (Sosiak and Dixon 2004). Results from this 
report, as well as an earlier report on the same general area (Sosiak 1999b), indicated that 
water quality in the Elbow River upstream of the Glenmore Reservoir has deteriorated in 
recent years. 

Nutrient levels were typically low in the Elbow River upstream of the dam but have 
increased in recent years (1999-2002; Sosiak and Dixon 2004; Sosiak 1999b). There was 
also a longitudinal increase in TP with distance downstream to the dam. Nonetheless, TP 
levels in the upper Elbow River generally complied with the ASWQG, with only a few 
exceedences during high runoff periods (e.g., 2002; Sosiak and Dixon 2004). Downstream of 
the dam TP levels were also generally low at the 9th Ave Bridge, with only occasional 
exceedances of the ASWQG (Table 9-35 in Appendix A). The Glenmore Reservoir may act 
as a sink that retains particulate phosphorus, reducing downstream concentrations. Total 
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dissolved phosphorus concentrations did not show any longitudinal trends in the Elbow 
River upstream of the Glenmore Reservoir, however, seasonal patterns were evident. Levels 
of TDP increased during spring runoff and decreased during low flow periods (July to 
September). Downstream of Bragg Creek, non-point sources (possibly urban runoff, 
agriculture, groundwater etc.) were major contributors of phosphorus to the Elbow River 
(Sosiak and Dixon 2004). 

Total nitrogen concentrations in the upper Elbow River also did not show any longitudinal 
trends with distance downstream to the dam from 1999 to 2002, with only occasional 
exceedances of the ASWQG (Sosiak and Dixon 2004). Although TN levels were generally 
higher downstream of the dam, they were still mostly compliant with the ASWQG at the 9th 
Ave. Bridge site (Table 9-35 in Appendix A). Dissolved nitrogen forms in the upper Elbow 
River, either significantly decreased in concentration with distance downstream to the dam 
(nitrate, nitrite), or increased (ammonia). However, nitrate was elevated at some downstream 
sites, such as at Bragg Creek and Twin Bridges, possibly due to inputs from non-point 
sources16. In addition to several-fold increases in concentration at downstream sites, 
ammonia was also higher in more recent years (Sosiak and Dixon 2004). Recent ammonia 
and nitrate values at the 9th Ave. Bridge LTRN site in the lower Elbow River were low and 
complied with the relevant WQGs for the protection of aquatic life (Table 9-35 in Appendix 
A). 

In general, the upper Elbow River above the Glenmore Reservoir was well oxygenated 
throughout the year, with only two instances from 1999 to 2002, where DO concentrations 
fell below the chronic ASWQG (6.5 mg/L). The cases where DO failed to meet the relatively 
high spawning and incubation guideline (CCME 9.5 mg/L) occurred mainly in July and 
August, when any eggs or larvae would have already emerged (Sosiak and Dixon 2004). 
Similarly, DO levels below the reservoir, at the 9th Ave. Bridge were mostly compliant with 
the chronic ASWQG (6.5 mg/L) between 1999 and 2003 (Table 9-35 in Appendix A). 

Levels of TSS in the upper Elbow River from 1999 to 2002, increased with distance 
downstream to the dam17, with the highest TSS concentrations at the most downstream site 
(Weaselhead Bridge; Sosiak and Dixon 2004). There were, however, occasional peaks near 
or within the City of Calgary limits. Suspended solids loads along the upper reaches also 
exhibited seasonal variation, with higher values during runoff periods (July and June) and 
lower values during lower flows (May and September). Furthermore, there was a slight 
temporal increase in TSS concentrations in the upper river from 1999 to 2002. Non-point 
sources18 likely provided the majority of TSS loadings during periods of low to moderate 
flows. Elevated flows in 2002 resulted in peak TSS concentrations at Bragg Creek (Sosiak 
and Dixon 2004). Similar to TSS concentrations upstream of the Glenmore Reservoir, TSS 

                                                 
16 Such as urban runoff, atmospheric deposition, agriculture, groundwater etc. 
17 Median values ranged from 0.2 to 41 mg/L. 
18 Such as re-suspension of bed material, bank erosion, non-point agricultural runoff, and City of Calgary storm sewers. 
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levels at the downstream LTRN site were generally low (<25 mg/L) with seasonal peaks (up 
to 133 mg/L; Table 9-35 in Appendix A).The median TDS concentration at this downstream 
site was 249.5 mg/L. 

Similar to the Bow River, Al, Cd, Cr and Hg had the lowest compliance rates of all the trace 
metals evaluated, although in the case of Cd and Hg, compliance may have been artificially 
influenced by the large number of non-detectable values. The other metals were mostly 
compliant with the CCME WQGs (Table 9-35 in Appendix A). Trace metals were not 
evaluated in the recent upper Elbow River water quality study (Sosiak and Dixon 2004).  

According to Anderson (2005), a total of five pesticide samples were collected from the 
Elbow River at the 9th Avenue Bridge between 1995 and 2002. The data show, that some 
pesticides were detected frequently (2,4-D, MCPP19) and some only once (atrazine, 
bromoxynil, dicamba and terbufos). Guidelines for the protection of aquatic health were not 
exceeded. 

Non-fish Biota 

Only historical benthic invertebrate information was located for the Elbow River. Dillon 
(1999) summarized the findings of two historical studies (Tripp et al. 1979 and McDonald 
1972) by stating that the benthic invertebrate community was characterized by several 
sensitive species (EPT taxa) and that the community structure was adjusted to the fast 
flowing water of the Elbow River. Alessio and Van Dyl (1973) reported on a benthic 
invertebrate sampling conducted in 1973 at three sites along the Elbow River: upstream of 
Bragg Creek, at Twin Bridges and at the 9  Avenue Bridge. Generally, the abundance of 
sensitive taxa (EPT) decreased in a downstream direction, while Chironomidae became more 
abundant.  

th

9.3.2.3 Nose Creek 

Nose Creek is a prairie creek that flows south from Crossfield, through Airdrie and northern 
Calgary, before joining the Bow River just upstream of the Western Irrigation District (WID) 
weir. Nose Creek is 75 km in length and drains an area of 989 km2 (Palliser 2005). The creek 
flows through parkland and grassland; however, much of the native vegetation has been 
replaced with cropland, pasture and urban developments. Likewise, the largest tributary, 
West Nose Creek, flows through agricultural areas and urban development (BRBC 2005). 
Flows and the water quality of Nose Creek have been greatly influenced by channelization 
(particularly within the City of Calgary), and adjacent agricultural and urban land use 
practices (Nose Creek Watershed Partnership 2005). Although the water quality of Nose 

                                                 
19 2-(2-Methyl-4-chlorophenoxy) propionic acid.
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Creek is poor, it only has a localised impact on Bow River water quality due to rapid 
dilution. Still, the WID headworks are located just downstream of the Nose Creek 
confluence with the Bow River, and so Nose Creek water quality can influence the quality 
within the irrigation canal (BRBC 2005). 

Water Quality  

Water quality data from 1999 to 2002 were assessed using the AAWQI developed for 
agricultural streams by CAESA/AESA. Overall, Nose Creek water quality was considered 
‘poor’, with ‘poor’ (nutrients, bacteria) or ‘marginal’ (pesticides) sub-index ratings (Nose 
Creek Watershed Partnership 2005). Madawaska (2002) assessed Nose Creek water quality 
at several sites monitored between 1999 and 2001(i.e., above and below the City of Airdrie, 
above the City of Calgary and at the mouth). 

Although TP levels were high and generally non-compliant20 with the TP ASWQG at all 
sites, they appeared to decrease with distance downstream. Seasonal patterns indicated that 
the highest concentrations occurred during the snowmelt and spring runoff, from March to 
July (Madawaska 2002). Similar to TP, TN concentrations regularly exceeded the ASWQG, 
but showed no discernible longitudinal pattern. Guideline exceedances for ammonia were 
found at all sites, ranging from 83 to 97% compliance at the upstream of Calgary and mouth 
sites, respectively (Madawaska 2002). There was a general longitudinal increase in dissolved 
nitrogen forms (i.e., nitrate+nitrite and ammonia) with distance downstream. Thus, nutrient 
enrichment represented a significant issue in this watercourse, primarily due to agricultural 
and urban21 runoff. This has resulted in plankton chlorophyll a concentrations that were 
generally higher below Airdrie than above Airdrie (Madawaska 2002). 

Along Nose Creek, DO concentrations tended to decrease downstream of urban areas (i.e., 
Airdrie and Calgary). Levels were occasionally non-compliant with the acute ASWQG (5 
mg/L) during both winter and summer, with an overall compliance rate of 87%. These low 
DO levels were most common downstream of Airdrie and least common upstream of 
Calgary (Madawaska 2002). Concentrations of TSS increased longitudinally with distance 
downstream, and became elevated during precipitation events (Madawaska 2002).Urban and 
agricultural runoff both contributed to Nose Creek TSS loadings, with very fine silt typically 
entering the creek (Westhoff 2005).  

The concentrations of several metals increased along the length of Nose Creek, from 
upstream to downstream22, while some other metals showed no spatial patterns23. A number 
of metals were observed to increase downstream from above Airdrie to above Calgary, and 

                                                 
20 There was 0% compliance above and below Airdrie and upstream of Calgary; and 6% compliance at the mouth. 
21 The town of Crossfield discharges treated wastewaters to Nose Creek, but Airdrie’s wastewater is now treated at Calgary and so 
does not influence nutrient loading to Nose Creek. 
22 Al, Cr, Fe, Pb, Mn, Hg, Sn, Ti and V 
23 Ba, Co, Ni, Sr, U and Zn. 
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then decrease at the mouth24. In general, total metals were higher during the winter months 
of November to January, as well as during precipitation events (Madawaska 2002). Several 
metals exceeded relevant WQGs25, with Al and Fe the most non-compliant26. Other analysed 
metals either only occasionally exceeded WQGs or were fully compliant.  

Of the 40 pesticides measured in Nose Creek between 1999 and 2002, 13 herbicides and one 
insecticide were detected. The most frequently detected compounds were: 2,4-D, mecoprop, 
MCPA and dicamba (>50% of the samples), followed by picloram and atrazine (>25% of the 
samples). The three most commonly detected pesticides all had agricultural, domestic and 
industrial uses (Madawaska 2002). Pesticide detections generally increased along the length 
of Nose Creek, and were linked to urban areas. The highest number of detections was 
reported ‘at the mouth’, then ‘below Airdrie’, followed by ‘above Calgary’. In particular, 
concentrations of 2,4-D, mecoprop and dicamba all increased downstream of urban areas. 
The 2,4-D CCME WQG was exceeded upstream (92% compliance) and downstream of 
Airdrie (93% compliance); as well as at the mouth (93% compliance). The CCME WQG for 
bis(2-ethylhexyl) phthalate (BEHP) was also exceeded downstream of Airdrie (33% 
compliance; Madawaska 2002).  

9.3.2.4 Synthesis and Initial Assessment of Aquatic Ecosystem Health 

• The initial qualitative assessment of aquatic ecosystem health (AEH) for Bow River 
tributaries is summarized in Table 9-36, and the quality of the information and data 
used for this initial assessment is indicated in Table 9-37. The following is a 
summary of key findings with respect to water quality in the Bow River tributaries: 

• Although data are somewhat limited and an index rating has not been applied, the 
water quality of the Ghost River can be considered ‘excellent’. There are short-term 
occurrences of elevated suspended sediment concentrations within the river, which 
have been linked to land use practices within the watershed, including off-highway 
vehicle activity.  

• The water quality of the Elbow River is considered ‘good’ near its confluence with 
the Bow River. In general, upstream water quality is better, although deteriorating 
water quality over time is indicated. Nutrient levels are low, but increase along the 
length of the watershed. Pesticide concentrations are elevated in the downstream 
section, with highly variable ratings over the years. 

• In contrast, Nose Creek is considered to have ‘poor’ water quality. Nutrient 
enrichment, in terms of both phosphorus and nitrogen, is a significant issue in Nose 
Creek. Bacteria and pesticide concentrations are also elevated, due to extensive rural 
and urban development throughout the watershed. 

                                                 
24 B, Cu and Mo 
25 Including Al, Ag, Cd, Cr, Fe, Pb, Hg, Ni, Se, and Zn. 
26 Al: 88% above Airdrie to 0% compliance above Calgary; Fe: 75% above Airdrie to 3% compliance above Calgary 
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• Information was not sufficient for an assessment of sediment quality and non-fish 
biota. 

Table 9-36 Initial qualitative assessment of aquatic ecosystem health based 
on a synthesis of available data: tributaries and agricultural 
streams in the Bow River Sub-Basin 

Reach Water 
Quality 

Sediment 
Quality 

Non-fish 
Biota 

Ghost River E ID ID 

Elbow River G ID ID 

Nose Creek P ID ID 

 Excellent  Good  Fair  Marginal  Poor  Insufficient data 

 

Table 9-37 Assessment of data quality/quantity for an initial aquatic 
ecosystem health assessment: tributaries and agricultural 
streams in the Bow River Sub-Basin 

Reach Water 
Quality 

Sediment 
Quality 

Non-fish 
biota 

Ghost River F P P 

Elbow River G P P 

Nose Creek G P P 

 Good  Fair  Marginal  Poor 
Notes: 1 Limited water quality data were available for Stretton Creek due to insufficient flows during recent drought years. 
 

9.4 OLDMAN RIVER SUB-BASIN  

The Oldman RSB is located in southern Alberta and extends east from the forested slopes of 
the Rocky Mountains, through the rangelands of the foothills and the dryland and irrigation 
plains, to the prairie grasslands (Oldman Watershed Council 2005). The area is considered 
semi-arid, and water supply and use have long been a concern within the basin because of the 
potential for drought conditions and resultant water shortages. Water use within the basin 
includes municipal, agricultural, industrial and recreational, and other activities in the basin 
include forestry, mining and oil and gas extraction. An extensive network of storage 
reservoirs, canals and pipelines are part of the irrigation infrastructure that supports a wide 
range of crops in addition to communities, industry, recreation and wildlife habitat (Oldman 
Watershed Council 2005).  
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Most of the industry, agriculture and human population are concentrated along the mainstem 
of the river or one of its major tributaries. The population of the basin is greater than 
160,000; approximately half of whom live in Lethbridge, the basin’s largest municipality 
(Oldman Watershed Council 2005). Covering almost 60% of the land base, agriculture is the 
primary land use within the basin, with irrigation the major water consumer. Approximately 
266,000 ha of the basin comprise of irrigated crops, but agricultural activities also include 
intensive livestock operations and processing industries. The relatively high intensity of land 
and water use within this semi-arid basin places considerable pressure on its water quality 
and aquatic resources (Oldman Watershed Council 2005).  

9.4.1 Oldman River Mainstem 

Key sites along the Oldman River selected for inclusion varied among water quality, 
sediment quality and non-fish biota components, depending on data availability (mid 1990s 
to mid 2000s, where possible). Efforts were made to select sites that represented all three 
aquatic health components, in order to generate a comprehensive understanding of AEH. The 
sites represent longitudinal changes along the Oldman River within three reaches: from 
headwaters to Brocket; from Brocket to Lethbridge; and from Lethbridge to the mouth. Table 
9-1 summarizes the rationale behind site selection. 

9.4.1.1 Water Quality 

The Oldman River has been regulated by a number of structures for decades; some of which 
were constructed in the early 1900s. The major structure on the river is the Oldman River 
Dam, which was constructed in 1992 at the confluence of the Oldman, Crowsnest and Castle 
rivers. The alterations to streamflow patterns and volumes, and the quality of water released 
from the dam have influenced downstream water quality. Key historical studies were carried 
out before the Oldman River Dam was built, including an extensive study by Davies et al. 
(1977) in 1975-1977, which included water quality, phytoplankton, periphyton and benthic 
invertebrate components; and Cross et al. (1986), who reported on water quality monitoring 
results from 1979-1982. Other, more recent, studies include Hazewinkel and Saffran 
(unpubl.), which summarized temperature and DO data from 1991 to 2001, following the 
construction of the Oldman River Dam.  

According to Clipperton et al. (2003), there are eight wastewater treatment plants that 
discharge effluent to the Oldman River. Prior to upgrades in 1999, the wastewater treatment 
facility for the City of Lethbridge was the largest point source affecting water quality in the 
river (Oldman Watershed Council 2005). After the upgrades, the impact of the effluent from 
Lethbridge has decreased to the levels of other agricultural and urban sources.  

Oldman River Basin Water Quality Initiative, which was initiated in 1998, has conducted 
water quality monitoring in the basin in the recent years. Saffran (2005) summarized water 
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quality data from the first years of monitoring, 1998-2003. The Oldman River WQI, a water 
quality index designed specifically for the Oldman River, was considered as a potential tool 
for assessing water quality in the Oldman RSB (Oldman Watershed Council 2005). 
However, this index differs substantially from the more widely used ARWQI and the criteria 
used to develop it were not readily available. Therefore, and in the interest of maintaining 
consistency in this report, the decision was made to rely solely on the ARWQI (as for the 
other river basins assessed). 

The sites chosen for the water quality assessment were those included in the provincial 
LTRN and are monitored monthly by AENV. Water quality data for these sites were 
analyzed by Saffran (2005), and all of the sites are influenced by the operation of the Oldman 
River Dam. Information is summarized for the following three sites representative of three 
reaches of the Oldman River: 

• Headwaters to Brocket: Oldman River near Brocket (AB05AB0070); 

• Middle Reach from Brocket to upstream of Lethbridge: Oldman River above 
Lethbridge at Hwy 3 (AB05AD0010); and 

• Lower Reach from Lethbridge to the mouth: Oldman River at Hwy 36 
(AB05AG0010). 

Alberta River Water Quality Index (ARWQI) 

The average 1998-2004 ARWQI ratings for these LTRN sites indicated that water quality 
was generally ‘good’ from Brocket to downstream of Lethbridge (Table 9-38). However, 
when annual ARWQI ratings were compared among these three sites, as well as over time, 
water quality appeared to degrade in a downstream pattern along the length of the river 
(Figure 9-7). Contributing factors include climate and runoff, which greatly affect water 
quality in the Oldman RSB. For example, lowered water quality in 2002 has been attributed 
to drought conditions between 2000 and 2002, and very high subsequent precipitation in 
2002 resulted in high concentrations of nutrients (Saffran 2005). In general, higher annual 
ARWQI ratings were reported in the upper Oldman River near Brocket, compared to lower 
ratings typically reported in the lower river at Hwy 36. In addition to this general 
downstream decrease in water quality, temporal interannual changes in water quality were 
also observed (Figure 9-7). Since 1996, Oldman River water quality has mostly improved, 
with the exception of a general decrease in water quality in 2002 due to a large precipitation 
event in June. By 2003/04, water quality had improved from this dip; the upstream site on 
the Oldman River was rated ‘excellent’, while the two downstream sites were rated ‘good’.  
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Oldman River Near Brocket
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Oldman River Upstream of Lethbridge (Hwy 3)
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Figure 9-7 Annual Alberta River Water Quality Index (ARWQI) values and 
sub-index values from 1996-2004, for three Oldman River LTRN 
sites 
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Oldman River Downstream of Lethbridge (Hwy 36)
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Figure 9-7 Annual Alberta River Water Quality Index (ARWQI) values and 
sub-index values from 1996-2004, for three Oldman River LTRN sites 

Cont’d 

Table 9-38 Summary of water quality index (WQI) and trophic classification 
information for the Oldman and South Saskatchewan Rivers 

Oldman River 

Water Quality Indicators 
Near Brocket At Hwy 3 (U/S 

Lethbridge) 
At Hwy 36 (D/S 

Lethbridge) 

South Sask. River 
upst. of Medicine 

Hat 

CCME-WQI (1983-2002) ─ ─ ─ ─ 

ARWQI (1998-2004) Good (95) 1 Good (91) Good (86) Good (86) 

ARWQI nutrient  Excellent (98) 1 Good (91) Good (87) Good (81) 

ARWQI bacteria  Good (92) 1 Good (92) Good (87) Excellent (99) 

ARWQI trace metals  Good (94) 1 Good (95) Good (94) Good (93) 

ARWQI pesticides  Excellent (96) 1 Good (85) Fair (76) Fair (73) 

Nutrients Oligotrophic (TN, 
TP)  

Oligotrophic (TN, 
TP) 

Oligotrophic (TN, 
TP) 

Oligotrophic (TP), 
Mesotrphoc (TN) 

Phytoplankton 
Biomass ─ ─ ─ Oligotrophic 

Stream/River 
Trophic 
Classification 2 

(1999-2003) Periphyton 
Biomass 3 Eutrophic Eutrophic Mesotrophic Mesotrophic 

– = Not applicable/ Data not available. 
Notes:  Data from 200-2003. As per Dodds at al. 1998 (benthic algal and/or phytoplankton biomass as chlorophyll a, total 

nitrogen and total phosphorus); See Table 3-6. Based on mean periphyton chlorophyll a (mg/m ) for summer and fall 
sampling (no spring data) 1999-2003.

1 2

3 2

 

North/South Consultants Inc. 
Page 9-53 



AEH Information Synthesis and Initial Assessment 
Alberta Environment Section 9.0: South Saskatchewan River Basin 

According to the ARWQI sub-indices, pesticides had the largest impact on Oldman River 
water quality, followed by nutrients (Table 9-38). This was expected given the dominance of 
agriculture in the river basin. Average pesticide water quality deteriorated from ‘excellent’ at 
Brocket, to ‘good’ above Lethbridge and ‘fair’ downstream of Lethbridge. Nutrient water 
quality changed from ‘excellent’ near Brocket, to ‘good’ at the two downstream LTRN sites. 
Still, annual nutrient sub-index ratings for these two downstream sites have fluctuated 
between ‘marginal’ to ‘excellent’ since 1996. This was due, at least in part, to improvements 
in nutrient water quality in the Oldman River above and below Lethbridge during the late 
1990s. The improvements in water quality below Lethbridge can be attributed to upgrades at 
the WWTP in 1998. By comparison, average water quality in terms of trace metals and 
bacteria was rated as ‘good’ along the length of the Oldman River. 

Nutrients 

A summary of data collected between 1999-2003 showed that concentrations of most 
nutrients increased with distance downstream, from the upper Oldman River near Brocket, to 
upstream and then downstream of Lethbridge (TP, TDP, TN, ammonia; Saffran 2005). This 
was expected due to the concentration of agriculture in the middle to lower reaches of the 
Oldman RSB, as well as the presence of urban centres, such as Lethbridge. In contrast, 
nitrate decreased from upstream to downstream stations (Table 9-39 in Appendix A). The 
percentage of non-compliance with TP and TN ASWQGs increased along the length of the 
Oldman River, while ammonia and nitrate concentrations were fully compliant at all sites 
(Table 9-39; Saffran 2005). Overall, the Oldman River is considered oligotrophic at all three 
sites, based on TP and TN concentrations (Table 9-38). Conversely, periphyton densities 
indicate eutrophic conditions at the Brocket and Lethbridge sites, and mesotrophic conditions 
near Taber (Figure 9-8).  

Both TP and TN concentrations were strongly correlated with flow, with the highest 
concentrations reported during the spring runoff period. In addition, heavy rainfall in 2002 
attributed to higher concentrations. Nutrient values were therefore influenced by agricultural 
runoff27, irrigation return flows and precipitation, as well as discharges from urban 
wastewater treatment plants (particularly Lethbridge; Saffran 2005). In total, eight municipal 
and/or industrial wastewater effluents enter the Oldman River, including Lethbridge, Fort 
Macleod, Picture Butte, Coaldale and Taber (Appendix B). Prior to spring 1999, effluent 
from the City of Lethbridge’s WWTP was the largest point source of nutrients to the Oldman 
River. However, recent improvements in nutrient removal have greatly reduced the nutrient 
loading to the river, resulting in improvements in downstream water quality. The relative TN 
loading to the mainstem from the Lethbridge WWTP dropped from 59 to 11% following 
nutrient removal upgrades. Similarly, the relative TP loading dropped from 89 to 24%. 

                                                 
27 e.g., from fertilized crops, manure storage and spreading operations and septic systems. 
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Despite these improvements, Oldman River nutrient concentrations continue to be higher in 
the agricultural region between Lethbridge and Taber (Saffran 2005). 

Dissolved Oxygen, TSS and TDS 

Seasonal DO cycles occur along the Oldman River, with higher concentrations during the 
winter months (November to March), and the lowest concentrations during the summer due 
to higher water temperatures28. The Oldman River is generally well oxygenated, and median 
DO concentrations remained consistently above 10 mg/L at all three sites (1999-2003). 
Minimum values ranged from 9.05 mg/L at the Brocket site to 7.13 mg/L at the Hwy 36 site, 
above the chronic ASWQG (Saffran 2005). Historically, low DO values <5 mg/L (acute 
ASWQG) have been recorded downstream of Lethbridge during summer low flow 
conditions, resulting primarily from Lethbridge Northern Irrigation District withdrawals, 
when organic and nutrient inputs (and their subsequent oxygen demand) are high. 
Nevertheless, higher flows from the Oldman River Dam and improvements in Lethbridge’s 
effluent quality have led to improved oxygen conditions in the Oldman River (Hazewinkel 
and Saffran unpubl.). Respiration at night by dense macrophyte beds, from downstream of 
Lethbridge to the confluence with the Bow River, has been reported to reduce DO 
concentrations in the river mainstem. While no DO WQG excursions were reported by 
Saffran (2005) between 1999 and 2003, Hazewinkel and Saffran (unpubl.) noted that night-
time levels fell below the 5.0 mg/L guideline on six different occasions during summer 2001, 
at the Hwy 36 site. However, Hazewinkel and Saffran (unpubl.) utilized continuous data 
generated by data loggers, while Saffran (2005) relied on instantaneous measurement 
obtained during a sequence of surveys.  

Median TSS levels in the Oldman River ranged from 3 mg/L at Brocket to 7 mg/L at Hwy 3. 
High maximum values were measured during the high rainfall event on June 11, 2002: 3700 
mg/L for both Hwy 36 and Hwy 3 sites. The median turbidity value for the Brocket site was 
4.4 NTU, while values of 8.6 and 7.2 NTU were recorded for the above Lethbridge and Hwy 
36 sites, respectively. Synoptic surveys in 1998 and 2000 found that turbidity was generally 
higher in 2000 than 1998, with the highest turbidity at the Hwy 36 site in 1998. The reason 
for this high turbidity was not clear. According to Saffran (2005) discharges from the 
Lethbridge and Coaldale WWTPs had the highest TSS levels measured in the basin between 
1998 and 1999, indicating their importance as point sources of suspended solids to the river. 
Subsequent improvements in 1999 to the Lethbridge WWTP have substantially reduced the 
turbidity loading to the river. Erosion and surface runoff via tributaries and agricultural 
return flows also contribute significant amounts of sediment to the river (Saffran 2005). 

TDS concentrations (1998-2003) also showed spatial differences along the mainstem of the 
Oldman River. Median values increased downstream from 164 mg/L near Brocket, to 198 

                                                 
28 The solubility of oxygen is inversely related to water temperature. 

North/South Consultants Inc. 
Page 9-55 



AEH Information Synthesis and Initial Assessment 
Alberta Environment Section 9.0: South Saskatchewan River Basin 

mg/L above Lethbridge, and 213 mg/L below Lethbridge. While TDS levels in the mainstem 
never exceeded the CCME WQGs for livestock watering or irrigation; exceedances of both 
guidelines were reported for several irrigation return flow tributaries, indicative of a 
significant TDS source to the mainstem (Saffran 2005). 

Trace Metals 

Only dissolved Fe and Mn were regularly included in the 1999-2003 data reviewed by 
Saffran (2005). While both dissolved metals were generally present below DLs at all three 
sites, dissolved Fe at the Hwy 36 site occasionally exceeded the CCME WQG. Synoptic 
surveys conducted in 1998 and 2000 measured several metals and other trace elements, 
however, the data were not presented on a site by site basis in Saffran (2005), therefore, little 
information regarding changes along the mainstem of the Oldman River could be 
determined. Mercury was never detected within the Oldman RSB, while As and Se were 
consistently present below CCME WQGs (Saffran 2005).  

A water quality assessment conducted at the Brocket station on data collected prior to and 
following construction of the Oldman River Dam found that several trace metals 
occasionally exceeded CCME WQGs or ASWQGs29. However, these transient increases in 
metal concentrations were considered unlikely to result in any impacts on the growth or 
survival of aquatic organisms. Mercury concentrations, often of concern following the 
construction of a dam, were consistently below the draft ASWQG, and measurable mercury 
did not increase following construction of the Oldman River Dam (Andrews and Westcott 
2004). 

Pesticides 

Pesticide water quality in 2003/04 was considered ‘excellent’ in the upper Oldman River 
near Brocket, and ‘good’ at the two lower downstream sites. The pesticides sub-index 
generally indicated a general decrease in the ratings over time at the two lower sites. While 
not statistically significant (Anderson 2005), the number of detections of pesticides tended to 
increase from LTRN sites in the mid to lower Oldman River. 

Spatial differences in pesticide detections would also be expected due to the presence of 
urban centres (Fort MacLeod and Lethbridge) and the concentration of agriculture in the 
mid-lower Oldman RSB. During storm events, 2,4-D, MCPP and dicamba detected in urban 
drains in the Lethbridge area have occurred at concentrations well above concentrations 
recorded in agricultural streams (Anderson 2005). In particular, pesticides such as diazinon, 
diuron and bromacil have been linked to the urban centre of Lethbridge; while atrazine, 
bromoxynil and dichlorprop have been found downstream of irrigated croplands. Insecticides 

                                                 
29 Total Al, Cu, Fe, Pb and Mn all exceeded guidelines between 1993 and 2003 
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chlorpyrifos and malathion are used both domestically and for pest control on a variety of 
crops (e.g., sugar beets, corn), and were detected downstream of Lethbridge.  

The pesticides 2,4-D, MCPA, dicamba, bromoxynil and picloram were detected more 
frequently in the Oldman River below (Hwy 36) versus above Lethbridge, while the reverse 
pattern was found for MCPP. Downstream measurements were statistically significantly 
higher than upstream for 2-4 D, bromoxynil, the number of pesticides detected and total 
pesticide concentrations (Anderson 2005). Comparisons with historic pesticide data 
(collected before 1995) were difficult to make due to changes in DLs, which confounded any 
changes in the number of pesticide detections, and changes in pesticides that were analyzed 
(Anderson 2005). Even for post 1995 data, comparisons among years for the entire Oldman 
River data set combined are difficult because pesticide monitoring programs evolved year 
after year and also involved a variety of sites; from creeks, to irrigation return flows, to urban 
drains. This variability added the potential for bias in any discernible trends. As stated by 
Anderson (2005), temporal trends are best assessed from consistent, long-term sampling 
programs, such as the ARWQI data presented above.  

The 1999 to 2003 data summarized by Saffran (2005) indicated that 2,4-D was most 
commonly detected within the Oldman RSB, followed by MCPA, dicamba and mecoprop. 
The number of detectable pesticides and the number of guideline exceedances both increased 
in a downstream pattern (Saffran 2005). In comparison to other river basins in Alberta, 
pesticide concentrations and detection in the Oldman RSB were relatively high, likely due to 
higher basin-wide pesticide sales and intensity of use, compared to the other river basins 
(Anderson 2005; Saffran 2005). 

Influence of Flow 

Oldman River water quality is greatly influenced by climate and streamflow. This basin is 
located in a semi-arid region, with relatively low rainfall (300 to 450 mm/year) and a low 
abundance of water (Oldman Watershed Council 2005). Additionally, the basin’s climate is 
characterized by frequent Chinook events, which result in the sublimation of much of the 
snowpack in the lower reaches of the basin. Infrequent rainfall can cause contaminant 
accumulation on land, and subsequent transport in large amounts to surface waters during 
occasional runoff events; e.g. in 2002. While rainfall and snowmelt are the primary pathways 
for the movement of materials from the land to water, agricultural and municipal irrigation 
also play an important role (Saffran 2005). During the irrigation season, irrigation drains 
receive runoff regardless of precipitation levels. Therefore, irrigation return flows can 
represent the most stable water flows to the river, in addition to urban wastewater effluents. 
Nonetheless, combined tributary inflows have remained the primary influence on Oldman 
River flows (Oldman Watershed Council 2005). 
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The Oldman River is regulated below the Oldman River Dam and must meet minimum flow 
requirements for the protection of aquatic life, as well as apportionment agreements to the 
province of Saskatchewan (Clipperton et al. 2003; Oldman Watershed Council 2005). The 
construction and operation of the dam has had a significant influence on downstream water 
quality (Clipperton et al. 2003). Downstream of the dam, the river experiences lower peak 
flows during spring and summer, and higher base flows during fall and winter. Following 
construction of the dam, the amplitude of seasonal variability in water quality constituents 
was observed. There was a general decrease in maximum values and an increase in minimum 
values for TDS and major ions. Following dam construction, TSS concentrations near 
Brocket also decreased substantially, due to high retention of suspended sediments within the 
reservoir. Retention of water in the reservoir also appeared to permit the nitrification of 
ammonia, such that lower concentrations of ammonia, but higher concentrations of nitrate, 
were found downstream of the dam post-construction (Andrews and Westcott 2004). 

9.4.1.2 Sediment Quality  

There were limited sediment quality data available for the Oldman River, and so all recent 
data collected by AENV in 2004 in the following two reaches (three sites) were assessed:  

• Headwaters to Brocket: Oldman River near Olin Creek (AB05AA0070) is located 
downstream of the Village of Maycroft, prior to the Oldman’s confluence with the 
Castle and Crowsnest rivers, and upstream of the Oldman River Dam. Oldman River 
near Brocket (AB05AB0070) is located downstream of the dam. 

• Middle Reach from Brocket to Lethbridge: Oldman River at Fort MacLeod 
(AB05AB0130). 

Recent data were not available for the lower reach. The three samples (one per site) noted 
above were collected by AENV in 2004 as part of a study conducted with the Piikani Nation 
to determine if there were any sediment quality concerns in the portion of the Oldman River 
that passes through their land. Therefore the one site, Oldman River at Olin Cr. above 
the Oldman Reservoir, and the two sites below the reservoir, within and just downstream of 
their land, were included (Koning, pers. comm.). In general, sediment trace metals at all 
three sites met CCME SQGs30 (Table 9-31 in Appendix A), and no pesticides were detected. 
Nevertheless, due to the limited nature of these data, it remained unclear whether these 
values accurately represented sediment quality at these sites. Additional sampling would be 
required to determine temporal variability, whether any exceedances were anthropogenic or 
natural in origin, and if sediment quality could pose a risk to aquatic life. 

Metals concentrations varied among sites, with the highest concentrations consistently 
reported near Brocket, downstream of the dam. The Oldman Reservoir retains a very high 

                                                 
30 Except for some metals, including As and Cd near Brocket site, and Ni at all three sites. 
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(around 90%) proportion of the sediments that enter it, and was therefore unlikely to be the 
primary trace metal source. Similarly, these trace metals cannot be linked to wastewater 
discharges from the Town of Pincher Creek, since these enter the Oldman River downstream 
of the Brocket sampling site. Surprisingly, metals concentrations were consistently lowest at 
the most downstream site; Oldman River at Fort MacLeod. The only exception to this 
longitudinal pattern was mercury. In comparison to the other two sites, metals concentrations 
were consistently intermediate at the most upstream site (Oldman River near Olin Creek), 
except for mercury which was highest at this site. Overall, dilution, tributary inputs, 
streambank erosion and surface runoff all likely contribute to the observed sediment metals 
concentrations found at these sites in 2004. 

9.4.1.3 Non-Fish Biota 

Recent AENV data for periphyton and macrophytes in the Oldman River were available, and 
data were assessed for several sites along the river. In addition to recent data, historical 
reports (e.g., Charlton et al. 1986; Yonge 1988) were used as reference. Data from 1990 to 
2003 were assessed for the following sites: 

• Headwaters to Brocket: Oldman River near Brocket (AB05AB0070); 

• Middle Reach: Oldman River above Lethbridge at Hwy 3 (AB05AD0010); and 

• Lower Reach: Oldman River at Hwy 36 (AB05AG0010). 

There were few available sites to select for the benthic invertebrate assessment, and data 
were only available from 1983-2002. Four sites were selected, but only recent data (1997 and 
2002) were included: 

• Headwaters to Brocket: Oldman River near Brocket (AL05AB0150); 

• Middle Reach from Brocket to Lethbridge: Oldman River at Monarch 
(AL05AC0050); and 

• Lower Reach from Lethbridge to the mouth: Oldman River at Hwy 845 
(AL05AB1000) and Oldman River at Hwy 36 (AL05AG0600). 

Primary Producers 

Primary producers have been studied historically in the Oldman River by Charlton et al. 
(1986), who analyzed periphyton and macrophyte data from the early 1980s, and Anderson 
(1989a), who analyzed periphyton data from the mid 1980s. In addition, Yonge (1988) 
summarized periphyton data for the Oldman River from 1980-1988. In general, the Oldman 
River had higher biomass of periphyton and macrophytes in the middle reach, due mainly to 
anthropogenic impact. In the lower reaches, nitrogen was an important and possibly limiting 
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nutrient for primary producers (Charlton et al. 1986). Prior to the construction of the Oldman 
River Dam, Anderson (1989a) concluded that flow velocities in the Oldman River in 1984 
and 1985 were high enough to cause sloughing of cells and algal fragments, but not scouring. 

Periphyton biomass, based on samples collected by AENV during the summers of 1999 to 
2003, was determined for the three Oldman River sites (Figure 9-8). Periphyton biomass 
during the sampling period was intermediate at the upstream site (Oldman River near 
Brocket), highest at the middle site (Oldman River above Lethbridge), and lowest at the most 
downstream site (Oldman River at Hwy 36). As indicated above, periphyton biomass values 
are indicative of eutrophic conditions at Brocket and Lethbridge and mesotrophic conditions 
at the most downstream site near Taber.  

Results were similar to those presented by Andrews and Westcott (2004) for the Brocket site; 
data from 1993 to 2003 showed relatively high epilithic chlorophyll a concentrations. During 
summer, periphyton biomass was higher, but not significantly, compared to data collected 
prior to the construction of the Oldman River Dam. This increase in growth over time may 
be due to the increased concentration of nitrate released from the reservoir, due to 
nitrification of ammonia during retention within the reservoir (Andrews and Westcott 2004). 
Considering nutrient concentrations generally increase with distance downstream, periphyton 
biomass may be expected to exhibit a similar pattern. However, the observed elevated 
periphyton levels at the Brocket site may be due to the Oldman River Dam, which reduces 
the spring floods required to scour accumulated periphyton and lead to high growth (Golder 
2003). While epilithic chlorophyll a concentrations were higher at the above Lethbridge site 
compared to the Brocket site, the downstream site had the lowest biomass of the three. 
Historical studies have shown similar results, with highest biomass in the middle reach of the 
Oldman River (e.g., Anderson 1989a).  

AENV macrophyte data collected in the summers of 1996 and 1997 averaged 23.3 g/m2 (dry 
weight) at the above Lethbridge site. The only other AENV data available were taken from 
the Brocket station in the summer of 1996, where no macrophyte biomass was found (<0.01 
g/m2 dry weight). Dense macrophyte growth has been recorded along the length of the 
Oldman River downstream of Lethbridge to the confluence with the Bow River. Stream 
velocities downstream of Lethbridge are well below the 1 m/s required to scour macrophyte 
beds and, therefore, allow aquatic plant communities to become well established 
(Hazewinkel and Saffran 2004). Nutrient loading from the Lethbridge WWTP has also 
stimulated aquatic plant growth. The 1999 improvements in effluent treatment and nutrient 
removal are believed to have resulted in reductions of macrophyte growth downstream of 
Lethbridge. However, studies (Sosiak 2002a) suggest that the response may also be 
dependent upon the rate at which sediment nutrients are depleted.  
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Figure 9-8 Periphyton biomass measured as epilithic chlorophyll a (mg/m2) 
at three Oldman River sites in 1999–200431

Benthic Invertebrates 

Key historical studies of Oldman River benthic invertebrates include a study on 
macroinvertebrate drift by O’Connell (1978) and a study by Anderson (1989b), who 
summarized the findings of previous studies conducted in the early 1980s, before the 
construction of the Oldman River Dam (Cross and Anderson 1986, 1989). In the mid 1980s, 
benthic invertebrate communities upstream of Fort MacLeod were typical for fast-flowing 
and clear streams, with generally oligotrophic conditions. Abundant taxa included different 
taxa with generally high oxygen requirements (e.g., Plecotera). The lower reaches of the 
Oldman River were typical for slowly flowing river with a soft sediment bottom, and 
abundant taxa included Chironomidae and Oligochaeta. The benthic fauna of the river 
reflected the natural change of the river downstream, but also human-induced impacts. 
Anderson (1991) reported on the findings of long-term monitoring in 1983-1987, and 
concluded that benthic invertebrate abundance did not markedly increase downstream of 
Lethbridge (Hwy 845), compared to the upstream site at Monarch.  

Recent benthic invertebrate data assessed included data collected by AENV from four sites 
along the Oldman River in May and October in 1997 and October 2002: near Brocket; at 

                                                 
31 Data from AENV. 
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Monarch; at Hwy 845; and at Hwy 36 (Table 9-40 in Appendix A). The site at Monarch is 
affected by municipal wastewater discharges from Fort MacLeod, and sites at Hwy 845 and 
36 receive treated wastewater discharges from Lethbridge and Taber, respectively (Anderson 
1991). While the abundance and structure of benthic invertebrate communities can generally 
be expected to vary in predictable patterns along the length of a river, there were no clear 
longitudinal trends seen along the Oldman River.  

Overall, mean densities were high, ranging from 11,016 to 84,994 individuals/m2. The 
highest mean benthic invertebrate densities were generally found at the uppermost station, 
near Brocket, and downstream of Lethbridge, at Hwy 845. Mean density was consistently 
lowest at Monarch, but without additional site information such as substrate and water 
quality, no clear reason for this difference could be established. Conversely, data from 1983-
1987 did not indicate a substantial increase in benthic invertebrates between Monarch and 
Hwy 845 (Anderson 1991). The data from 1997 and 2001, although limited, may indicate an 
increase in benthic invertebrate abundance at Hwy 845 site. The Oldman River Dam was 
expected to decrease benthic invertebrate densities downstream of the dam (Anderson 
1989b), but data collected immediately after construction indicated the opposite (Alberta 
Environmental Protection 1999). High density observed at the Brocket site in 1997 and 2002 
would support an increase in the benthic invertebrate fauna compared to the oligotrophic 
state described before the construction of the dam (Anderson 1989b).  

Mean richness (the number of distinct taxa) among the sites was also high, and relatively 
similar between the sites, ranging from 31 at Monarch to 50, at both near Brocket and at 
Hwy 845 sites. In general, richness could be said to drop slightly from the Brocket site to the 
Monarch site, and then increase slightly again at the Hwy 845 and Hwy 36 sites.  

The proportion of EPT in the samples was highly variable, temporally, within samples at the 
same site and between sites. EPT taxa are considered sensitive, while Chironomidae are 
generally more tolerant of pollution, and the EPT percentage generally increases with 
increasing water quality. Skewed populations having a disproportionate number of 
Chironomidae taxa relative to the more sensitive EPT taxa may indicate environmental stress 
or pollution. In 1997, the EPT percentage was generally higher in fall compared to spring at 
all sites, and especially near Brocket and Monarch. This may be due to life cycle 
characteristics of the species present or drift, i.e. the downstream transport of benthic 
invertebrate fauna in water currents. Plecoptera were found to decrease gradually in number 
with distance from the dam, as predicted, perhaps the result of organic enrichment (Alberta 
Environmental Protection 1999). In contrast, the two lower sites were more consistent in 
their EPT percentages, with the Hwy 845 site ranging from 9 to 14%, and the Hwy 36 site 
ranging from 12 to 29%. Not surprisingly, the EPT/Chironomidae ratio showed similar 
patterns to the EPT% data, with great variation within and among sites.  
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Simpson’s Diversity Index and Evenness Index were calculated from this benthic 
invertebrate data. Both indices range from 0 to 1, with 1 indicating high diversity and 
evenness (homogeneity). There was a high variance for both diversity and evenness scores 
along the Oldman River, with high variability found within the two upper sites, but more 
consistent diversity and evenness values at the two lower sites. The Simpson’s Diversity 
Index was relatively high for most samples, indicating that the benthic invertebrate 
communities within the Oldman River were diverse and the habitat complex. The Diversity 
Index ranged from 0.62 at the Oldman River near Brocket to 0.91 at the Hwy 36 site. The 
Simpson’s Evenness Index was found to be generally low throughout the Oldman River, 
indicating that the spatial distribution of the benthic invertebrate communities was 
heterogeneous. The lowest evenness was 0.07 at the Brocket site, which was dominated by 
Chironomidae (Orthocladiina) and Copepoda (Cyclopoida) taxa. The highest evenness value 
of 0.39 was found at the Hwy 845 site; that site was also dominated by a variety of 
Chironomidae taxa (Chironomini, Tanytarsini, and Orthocladiina). 

9.4.1.4 Synthesis and Initial Assessment of Aquatic Ecosystem Health 

• The initial qualitative assessment aquatic ecosystem health (AEH) for Oldman River 
is summarized in Table 9-41, and the quality of the information and data used for 
this initial assessment is indicated in Table 9-42.The following is a summary of key 
findings with respect to water quality in the Oldman River: 

• Overall, water quality is considered ‘good’ at all three sites within the Oldman River 
(Table 9-41).  

• The Oldman River is oligotrophic, based on the nutrient concentrations (phosphorus 
and nitrogen) at all three sites along the river. However, nutrient concentrations in 
the river increase with increasing distance along its length. Both total phosphorus 
and nitrogen concentrations are strongly correlated with flow, suggesting an 
influence from agricultural runoff, irrigation return flows and discharges from urban 
wastewater treatment plants, particularly Lethbridge. Recent improvements in the 
city’s wastewater treatment have significantly reduced its nutrient loadings to the 
river. 

• Historical DO concentrations were below guidelines in the river below Lethbridge 
during the summer. The higher winter flows from the Oldman River Dam and 
improvements in Lethbridge’s effluent quality have improved DO concentrations in 
recent years.  

• TDS concentrations in the mainstem never exceeded the livestock or irrigation water 
quality guidelines, but these guidelines were exceeded at several irrigation return 
flow tributaries, indicating a significant source of TDS to the mainstem. 

• Pesticide concentrations indicated an increase over time in the lower reach. In 
comparison with other river basins in Alberta, the concentrations and detection of 
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pesticides in the Oldman RSB are relatively high, and are likely linked to the fact 
that basin-wide pesticide sales and intensity of use are the highest in the province. 

• There was insufficient information to assess the current AEH of the Oldman River 
on the basis of sediment quality. In general, benthic invertebrate data also were 
insufficient to assess AEH for the Oldman River (Table 9- 41). 

• While nutrient concentrations generally increased further downstream the river, 
epilithic chlorophyll a concentrations were higher at the two upstream sites and 
lowest at the downstream site. Reductions in natural scour immediately downstream 
of the dam may influence periphyton growth. Dense macrophyte growth has been 
recorded downstream of Lethbridge, which may be due to insufficient scour 
velocities as well as nutrient loading. 

Table 9-41 Initial qualitative assessment of aquatic ecosystem health based 
on a synthesis of available data: Oldman River 

Reach Water 
Quality 

Sediment 
Quality 

Non-fish 
Biota 

Headwaters to Brocket G ID BI 
ID 

PP 
F 

Brocket to Lethbridge  G ID BI 
ID 

PP 
M 

Lethbridge to Mouth G ID BI 
ID 

PP 
G 

 Excellent  Good  Fair  Marginal  Poor  Insufficient data 
 BI = Benthic Invertebrates. PP = Primary Producers. 

 

Table 9-42 Assessment of data quality/quantity for an initial aquatic 
ecosystem health assessment: Oldman River 

Reach Water 
Quality 

Sediment 
Quality 

Non-fish 
Biota 

Headwaters to Brocket F P BI 
P 

PP 
M 

Brocket to Lethbridge  G P BI 
P 

PP 
M 

Lethbridge to Mouth G P BI 
P 

PP 
M 

 Good  Fair  Marginal  Insufficient data 
BI = Benthic Invertebrates. PP = Primary Producers. 
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9.4.2 Oldman River Tributaries  

9.4.2.1 St. Mary River 

The St. Mary River begins in the mountains of Montana, USA, at St. Mary Lake and flows 
north to meet the Oldman River at the City of Lethbridge (Oldman Watershed Council 
2005). En route, the river flows for approximately 163 km through mountains, foothills and 
prairie regions. The St. Mary River drainage basin is approximately 1,500 km2, and the 
mainstem has one tributary, Lee Creek, which enters prior to the St. Mary Reservoir (Golder 
2003). There are no major urban centres or industries that discharge to the St. Mary River. 
The small communities of Magrath and Cardston discharge treated wastewaters to the river, 
but the impact on water quality is considered minimal (Shaw 1994).  

Water quality and quantity in the St. Mary River is influenced by the St. Mary Reservoir, 
which is located half way along the river in the prairie region (Oldman Watershed Council 
2005). The St. Mary Reservoir is the source of water for the Magrath, Raymond, St. Mary 
River, and Taber Irrigation Districts, which together serve approximately 210,500 ha of 
cropland (AAFRD 2005). Low precipitation in the area and a high rate of water extraction 
for irrigation, often results in little flow from the St. Mary River to the Oldman River 
(Golder 2003). While water quality data have been collected from the St. Mary River just 
upstream of the confluence with the Oldman River, there has been no recent synthesis or 
reporting of any of these data since the late 1980s/early 1990s (Shaw 1994). This section 
summarizes the water quality data collected by AENV from 1999 to 2003 (Table 9-43 in 
Appendix A).  

The majority of phosphorus in the St. Mary River appeared to be in particulate forms, as 
there were few detectable concentrations of TDP (Table 9-43 in Appendix A). Levels of TP 
were generally low and compliant with the ASWQG, with some occasional exceedences 
(81% compliance). Levels of TN were also low and were fully compliant with the ASWQG 
between 1999 and 2003. Dissolved nitrogen forms (i.e., nitrate, ammonia) were also low and 
fully compliant with the relevant WQGs for the protection of aquatic life. Thus, the St. Mary 
River just upstream of the confluence with the Oldman River can be classified as 
oligotrophic based on these nutrient concentrations. The St. Mary River was typically well 
oxygenated and DO levels were fully compliant with the chronic ASWQG. No TSS data 
were available for this site; however, turbidity values had a median of 11.6 NTU, ranging 
from 4.0 to 71 NTU. TDS was low, with a median value of 172 mg/L. 

Irrigation withdrawals from the St Mary River have substantially reduced river flows in the 
lower reaches, and so the capacity of the river to flush away accumulating silt, nutrients and 
pollutants has likely been reduced (Clipperton et al. 2003). Furthermore, these reduced flows 
have likely impacted the productivity of aquatic organisms, due to the extensive loss of 

North/South Consultants Inc. 
Page 9-65 



AEH Information Synthesis and Initial Assessment 
Alberta Environment Section 9.0: South Saskatchewan River Basin 

aquatic habitat (Clipperton et al. 2003). Unfortunately, there was no sediment quality or NFB 
information available for the St. Mary River. 

9.4.2.2 Belly River 

The Belly River is a major Oldman River tributary, with headwaters located in the southwest 
corner of the Oldman Basin (Oldman Watershed Council 2005). The river flows 
approximately 172 km through foothills and prairies before its confluence with the Oldman 
River, and is swift and turbulent in the foothills but broad and winding in the prairies. This 
river has one major tributary, Waterton River which is regulated by the Waterton Reservoir, 
and provides irrigation supply (Golder 2003). There are no major urban centres or industries 
that discharge to the Belly River. The small community of Glenwood does discharge treated 
wastewater from their lagoon to the river, but the impact on water quality is not considered 
significant (Shaw 1994). The Belly River was chosen for the assessment due to its 
importance as a source of irrigation water for southern Alberta. There are three weirs on the 
Belly River: the Mountain View-Leavitt-Aetna (MVLA) Headworks Weir, the United 
Irrigation District weir and the Waterton-St. Mary Headworks. These diversions from the 
Belly River have reduced downstream flows, but these impacts were not considered to be as 
great as those resulting from the water control structures on the Waterton or St. Mary rivers 
(Clipperton et al. 2003).  

While water quality data have been collected from the Belly River just prior to the 
confluence with the Oldman River, there has been no recent synthesis or reporting of any 
water quality data for this river. The most recent reporting dates back to the late 1980s and 
early 1990s (Shaw 1994), and concerned an instream flow needs assessment, which was not 
considered to provide sufficient or relevant data for this report. Thus, this section 
summarizes water quality data collected by AENV from 1999 to 2003 (Table 9-43 in 
Appendix A).  

Phosphorus in the Belly River appeared to be mainly present in particulate form, as there 
were few detectable samples of TDP (Table 9-43 in Appendix A). Levels of TP and TN were 
generally low and compliant with the ASWQG, with few exceedences between 1999 and 
2003 (92 and 97% compliance, respectively). Dissolved nitrogen forms (i.e., nitrate, 
ammonia) were also low and fully compliant with the relevant WQGs for the protection of 
aquatic life. Thus, the Belly River just upstream of the confluence with the Oldman River 
can be classified as oligotrophic based on these nutrient concentrations. The Belly River was 
typically well oxygenated, and DO levels were fully compliant with the chronic ASWQG 
(6.5 mg/L). No TSS data were available for this site; however, turbidity values had a median 
of 12.5 NTU, ranging from 3 to 32 NTU. TDS was low, with a median value of 170 mg/L. 

As described for the St. Mary River, irrigation withdrawals from the Belly River have 
substantially reduced river flows in the lower reaches, and so the capacity of the river to 
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flush away accumulating silt, nutrients and pollutants has likely been reduced (Clipperton et 
al. 2003). Furthermore, these reduced flows have likely impacted the productivity of aquatic 
organisms, due to the extensive loss of aquatic habitat (Clipperton et al. 2003).Unfortunately 
there was no sediment quality or non-fish biota information available for the Belly River. 

9.4.2.3 Little Bow River 

Beginning just south of High River, the Little Bow River flows through the Travers 
Reservoir and enters the Oldman River downstream of Lethbridge. Frank Lake and the 
MacGregor Reservoir influence the Little Bow River system, discharging from the north, 
upstream of the Travers Reservoir. The major tributary to the Little Bow River is Mosquito 
Creek, which enters from the west, joining the upper third of the river. Twin Valley Dam 
was constructed in 2004 at the confluence of Mosquito Creek and the Little Bow River, and 
resulted in the creation of a new reservoir. The dam was built to accommodate increased 
diversions from the Highwood River during high flows in spring (Rood et al. 2005). The 
Twin Valley Reservoir flooded an area of 835 ha and was first filled in 2003 (Sosiak et al. 
2006). The Little Bow River flows through both grassland and agricultural lands, with a 
substantial increase in agricultural intensity in the lower basin, south of the Travers 
Reservoir (Little et al. 2003). The Little Bow River flows are regulated in the upper and 
lower reaches during the irrigation season, at the outlets of the Twin Valley Reservoir and 
the Travers Reservoir. Furthermore, smaller reservoirs in the Lethbridge Northern Irrigation 
District system also supply irrigation water to the lower reaches of the river, as do several 
irrigation return flow streams (Little et al. 2003). Little et al. (2003) reported no spring runoff 
between 1999 and 2001. High flows generally occur in June with summer precipitation 
(Saffran 2005). 

Water quality in the Little Bow River (and southern Alberta in general) is highly dependent 
upon climate and corresponding flow volumes. Irrigation return flows are generally 
composed of excess supply water, surface and subsurface runoff, and can have excessive 
concentrations of nutrients, sediment and pesticides (Cessna et al. 2001). High nutrient 
concentrations are linked to rainfall and runoff events. Drought conditions in 2000 resulted 
in higher WQI results, while record rainfalls in 2002 resulted in the lowest WQI scores 
(AAFRD 2003). Monitoring conducted in 1999 along the Upper Little Bow River, from 
High River to upstream of the Mosquito Creek confluence documents water quality 
conditions prior to the construction of the Twin Valley Dam (Sosiak 2000). This program 
was intended to document impacts of agriculture and municipal wastewater discharge, and to 
identify key sources of phosphorus, nitrogen and TSS. Recent monitoring (2003-2005) of the 
impact of the Twin Valley Reservoir has shown that DO levels were initially low after and 
during the construction of the dam, but have since increased to pre-impoundment levels 
(Sosiak et al. 2006). Previously, in the lower Little Bow River, the Travers Reservoir has 
released water with good quality that did not exceed provincial or federal WQGs, due in part, 
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to increased water residence time and sedimentation (Sosiak 2000). However, since 2000, 
several exceedences for TP, TN and bacteria have occurred in the Little Bow River, 
especially when Frank Lake has been discharging (Sosiak pers. comm.).  

Water Quality 

Water quality is best in the upper section of the lower Little Bow River, and deteriorates 
closer to the mouth (Sosiak 2000). In recent years, river water quality has also shown 
considerable temporal variability, with the lowest river reach rated ‘borderline’ in 1999, 
‘good’ in 2000, ‘fair’ in 2001 and ‘poor’ in 2002 by the Oldman Watershed Council (2005). 
Details for these ratings were lacking, but they are similar to ARWQI for nutrients and 
bacteria, and are based on comparisons with guidelines (AAFRD 2003).  

In 1999, nitrate+nitrite concentrations were highest at the headwaters, suggesting agricultural 
or urban runoff near High River as a source (Sosiak 2000). Otherwise, most nutrient 
concentrations (i.e., TP, TN, TDP, ammonia) underwent a considerable downstream increase 
from the upper to lower Little Bow River, downstream of the confluence with Frank Lake. 
Urban runoff from High River was found to have little impact on phosphorus in the upper 
Little Bow River. Levels of TP in the lower reach frequently exceeded the ASWQG. 
Although, the findings were suggestive of nutrient loading within the vicinity of Frank Lake, 
the significant lack of flow from Frank Lake in 1999 precludes this wetland as a nutrient 
source. Further downstream of the confluence with Frank Lake, TP concentrations declined, 
presumably the result of biological uptake and sedimentation (Sosiak 2000). 

The recent evaluation of multi-year data collected in the lower Little Bow River between 
1998 and 2003 by Saffran (2005) revealed similar spatial patterns in nutrient concentrations 
as those identified by Sosiak (2000). Levels of TP increased with distance downstream and 
spanned a wide range (<0.01 to 8.1 mg/L). Rates of compliance with the ASWQG also 
decreased somewhat with distance downstream, (e.g., 75% in the upper reaches to <50% in 
the lower reaches, and 65% at the mouth; Saffran 2005; Table 9-43 in Appendix A). 
Phosphorus was typically found in the particulate form, with low or undetectable dissolved 
forms (Table 9-43 in Appendix A). Levels of TP appeared to exhibit a temporal increase 
between 1999 and 2003 along the river length. For example, TP at upstream sites was only 
non-compliant with the ASWQG of the time in 2000, but this increased to 33% in 2002 due 
to heavy rainfall and resulting high flow. Similarly, TP at downstream sites exceeded this 
guideline 50% of the time in 2000, increasing to 74% in 2002 (AAFRD 2003). Little et al. 
(2003) reported that irrigation return flows substantially contributed to elevated TP and TDP 
levels within the Little Bow River, particularly during low flow years (e.g., 2000). Overall, 
the TP concentrations at the Little Bow River at the mouth suggest a mesotrophic state, while 
nitrogen values are more limiting, indicating an oligotrophic state (Table 9-43 in Appendix 
A). 
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Levels of TN in the Lower Little Bow River were less variable than TP, and only 
occasionally exceeded the ASWQG under low flow conditions (Table 9-43 in Appendix A; 
Little et al. 2003; AAFRD 2003). In general, TN exceedences were more common in the 
drain sites leading to the mainstem, than the mainstem itself. High values tended to occur 
following precipitation and runoff events, but a few peaks were also due to snowmelt or 
groundwater sources. Most of the TN was found to consist of inorganic nitrate, with most 
ammonia values below DLs. Total ammonia concentrations in the drains were substantially 
higher than in the mainstem, and occasionally exceeded the CCME WQG (Saffran 2005). 
Irrigation return flows had significantly higher nitrate and nitrite concentrations than the 
mainstem (Little et al. 2003). 

The median DO concentration at the Little Bow River at the mouth site was found to be 
10.39 mg/L over the 1998 to 2003 sampling period. With a minimum value of 6.27 mg/L, 
DO was consistently above the acute ASWQG of 5.0 mg/L (Table 9-43 in Appendix A). 
Although DO concentrations in the upper Little Bow River typically met the acute ASWQG 
(5 mg/L) during the day, this guideline was not always met during the night, due to diurnal 
variation in DO levels. This may have been due to respiration at night by macrophytes 
downstream of the confluence with Frank Lake (Sosiak 2000). Levels of TSS were highest 
upstream of the confluence with Frank Lake, suggestive of significant bank erosion. 
Suspended sediment loads then declined gradually along the river to below the Frank Lake 
outlet (Sosiak 2000). At the Little Bow River at the mouth site, TSS data were collected in 
1998 and 2003; however, the data has not been analyzed. Turbidity values had a median of 
31.8 NTU, ranging from 4 to 465 NTU. TDS was low at this site, with a median value of 196 
mg/L (Table 9-43 in Appendix A). 

Insufficient pesticide data were collected for the lower Little Bow River from 1995 to 2002 
to provide a comparison among years (Anderson 2005). According to the monitoring data, a 
number of pesticides were detected in the Little Bow River during 1995-200232. Only MCPA 
and dicamba levels exceeded irrigation guidelines, and not a single pesticide exceeded 
guidelines for the protection of aquatic life. 

Non-Fish Biota 

Excessive periphyton biomass was reported along the upper Little Bow River, particularly 
downstream of High River and near its confluence with Mosquito Creek, in 1999 (Sosiak 
2000). Benthic algal biomass, as epilithic chlorophyll a, was found to exceed 150 mg/m2 at 
these two sites. Elevated TSS concentrations may have inhibited periphyton growth in other 
sections of the river, via light attenuation. With respect to aquatic macrophytes in the Little 
Bow River, biomass was substantially higher at Carmangay in 1999 (357 g/m2 dry weight) 
compared to 1990 (38.1 g/m2; Sosiak 2000).This was not the case at the site downstream of 

                                                 
32 Triallate (from 2 samples), piclocram (1), MCPP (6), MCPA (25), lindane (1), ethofumesate (1), dichlorprop (4), dicamba (12), 
clopyralid (3), chlorpyrifos-ethyl (1), bromoxynil (4) and atrazin (2). 
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the Frank Lake outlet, where biomass estimates were not significantly different between 
these years (1990: 360.4 g/m2; 1999: 488 g/m2). Elevated TDP and nitrate+nitrite 
concentrations at Carmangay in 1990 compared to 1999 may have influenced macrophyte 
growth at this site (Sosiak 2000). 

9.4.2.4 Synthesis and Initial Assessment of Aquatic Ecosystem Health 

• The initial qualitative assessment of aquatic ecosystem health (AEH) for tributaries 
of the Oldman River is summarized in Table 9-44, and the quality of the information 
and data used for this initial assessment is indicated in Table 9-45.  

• Water quality data were generally insufficient to assess AEH for the three 
tributaries. In addition, the relevance of an assessment of AEH in waterbodies where 
most of the surface water is used for irrigation, such as the St. Mary River, , may be 
questionable. 

• The St. Mary and Belly rivers provide source and return flows for irrigation 
purposes. Much of their natural flows have been diverted, reducing flows in the 
lower reaches. No significant exceedances of water quality guidelines were found in 
either basin, but data were limited. Overall, nutrient concentrations indicate that both 
rivers are oligotrophic. 

• Water quality in the Little Bow River has been highly variable in the last few years, 
ranging from ‘good’ to ‘poor’, with ratings linked to nutrient and bacteriological 
results. No average rating is available. Nutrient concentrations were found to 
increase in a longitudinal pattern, with phosphorus concentrations indicating 
mesotrophic conditions, and nitrogen values indicating oligotrophic conditions. 
Irrigation return flows and agricultural and urban runoff contribute nutrients to the 
river throughout the sub-basin. Water quality is generally inversely related to rainfall 
and runoff events.  

• Information was not sufficient for an assessment of sediment quality and non-fish 
biota for the Oldman River tributaries. 
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Table 9-44 Initial qualitative assessment of aquatic ecosystem health based 
on a synthesis of available data: tributaries and agricultural 
streams within the Oldman River Sub-Basin 

Reach Water 
Quality 

Sediment 
Quality 

Non-fish 
Biota 

St. Mary River ID ID ID 
 

Belly River ID ID ID 
 

Little Bow River - Headwaters to Travers Reservoir ID ID ID 
 

Little Bow River - Travers Reservoir to Mouth Variable ID ID 

 Excellent  Good  Fair  Marginal  Poor  Insufficient data 

 

Table 9-45 Assessment of data quality/quantity for an initial aquatic 
ecosystem health assessment: tributaries and agricultural 
streams within the Oldman River Sub-Basin 

 

Reach Water 
Quality 

Sediment 
Quality 

Non-fish 
biota 

St. Mary River P P P 

Belly River P P P 

Little Bow River - Headwaters to Travers Reservoir P P P 

Little Bow River - Travers Reservoir to Mouth F P P 

 Good  Fair  Marginal  Poor 

 

9.5 SOUTH SASKATCHEWAN RIVER SUB-BASIN 

The mainstem of the SSR is formed at the confluence of the Bow and Oldman rivers, called 
the Grand Forks. The river flows in a wide, deep valley through the prairie, much of which is 
used for agricultural production (agricultural crops and rangeland). The river also flows 
through the City of Medicine Hat approximately 100 km downstream of the Grand Forks. 
Other human activities in the SSRSB include oil and gas development, a variety of 
industries, mixed farming and military activities at the Canadian Forces Base at Suffield 
(Clipperton et al. 2003). 
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9.5.1 South Saskatchewan Mainstem 

Flows in the SSR are primarily influenced by Bow and Oldman river flows, and the 
withdrawals, dams and other water control structures on them. There are no dams, weirs or 
other major water abstractions on the SSR, and no significant tributaries downstream of the 
Grand Forks. Flows and water quality of the SSR itself, from the confluence of its tributaries 
to the Alberta/Saskatchewan border, are minimally influenced by the City of Medicine Hat 
(Clipperton et al 2003). South Saskatchewan River water quality is influenced, at least in 
part, by agricultural activities. Key historical studies include a river classification study by 
Davies et al. (1977), which included water quality, phytoplankton, periphyton and benthic 
invertebrate components. 

9.5.1.1  Water Quality 

Water quality and quantity in the SSR is influenced by upstream land and water use in the 
Oldman and Bow RSBs33. Alterations to streamflow patterns and volumes, and the quality of 
water removed and subsequently returned to the river, can all influence downstream water 
quality. Thus, SSR water quality is primarily dependent upon the quality of the Bow and 
Oldman tributaries (Clipperton et al. 2003). The SSR has actually been reported to have 
better water quality compared to the Bow or the Oldman Rivers, possibly due to higher SSR 
flows and at least one tributary maintaining adequate flows even during low flow periods 
(Golder 2003). South Saskatchewan River water quality and/or NFB have been monitored 
most frequently by AENV at an LTRN site upstream of Medicine Hat, and by PPWB close 
to the border (Table 9-1).  

Two sites along the South Saskatchewan were included in the assessment: 

• Provincial site above Medicine Hat (AB05AK0020), with data available from 1999 
to 2003; and 

• PPWB site at Hwy 41 (05AK001), with historical water quality information 
available from 1974 to 1998 (Cash 1999). 

South Saskatchewan River above Medicine Hat (AB05AK0020)  

Although this site is located upstream of Medicine Hat, it was considered representative of 
the current water quality in the SSR mainstem by Clipperton et al. (2003), because industrial 
and municipal discharges at Medicine Hat only have a relatively minor effect on river water 
quality. Furthermore, the SSR has been described as being relatively homogenous based on 
physical, chemical and biological characteristics (Davies et al.1977). Average SSR water 
quality at this site was ‘good’ between 1998 and 2004 (Table 9-38 and Figure 9-9). The 
ARWQI sub-indices indicated that pesticides had the largest influence on the overall 

                                                 
33 (e.g., agriculture, urban and rural populations, irrigation withdrawals and returns, and dam and water control structures) 
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ARWQI rating, with an average ‘fair’ sub-index rating. The other three sub-indices indicated 
that water quality was ‘good’ or ‘excellent’ on average. However, the nutrient sub-index 
rating fluctuated between ‘fair’ and ‘good’ from 1998 to 2004 (Figure 9-9). 

The majority of the TP in the SSR above Medicine Hat was found to be in particulate form, 
as TDP concentrations were extremely low and often undetectable (Table 9-46 in Appendix 
A). Total phosphorus concentrations measured between 1999 and 2003 were mostly 
compliant with the ASWQG (86%) but TN concentrations were less compliant (66%). 
Levels of nitrate and ammonia were low and remained below the CCME WQGs. Overall, 
nutrient concentrations were low in the SSR above Medicine Hat, and so this site was 
categorized as oligotrophic. Phytoplankton chlorophyll a levels were also low, indicating 
oligotrophic conditions. However, periphyton may function as a more reliable trophic status 
indicator in the SSR than phytoplankton. Periphyton biomass for the period of 1999-2003 
indicated slightly mesotrophic conditions (see also discussion in 9.5.1.2). 

The river was well oxygenated at this site and DO levels were fully compliant with the 
chronic ASWQG (Table 9-46 in Appendix A). Typical of a larger river, SSR TSS levels 
were variable, ranging from below DLs to a maximum of 380 mg/L, though the 1999-2004 
median value was <10 mg/L. Levels of TDS were less variable and ranged from 332 mg/L to 
142 mg/L, with a median value of 234 mg/L. Water quality in terms of trace metal 
concentrations appeared to improve from 1998 to 2004, from ‘fair’ to ‘excellent’, but this 
could have been a temporary improvement, as seen at other LTRN sites during a short 
monitoring period, or due to climatic factors (Figure 9-9). While several metals (Ag, Cr and 
Cd) appeared to be non-compliant with CCME WQGs, this was actually an artefact of the 
DLs, which were higher than the relevant WQGs (Table 9-46 in Appendix A). 
Concentrations of Al and Fe frequently exceeded CCME WQGs, while Cu, Pb and Zn were 
only occasionally non-compliant, and other metals showed full compliance34. Anderson 
(2005) did not report any significant temporal trends in the concentrations of detected 
pesticides35 in the SSR upstream of Medicine Hat (1995-2002). Concentrations of dicamba 
and MCPA exceeded CCME WQGs for irrigation, but were within CCME WQGs for the 
protection of aquatic life. 

                                                 
34 As, Hg, Mo, Ni, Se  
35 2,4-D, dichlorprop, lindane, atrazine, bromoxynil, cyanazine, clopyralid, MCPA or MCPP 
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South Saskatchewan River above Medicine Hat
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Figure 9-9 Annual Alberta River Water Quality Index (ARWQI) Values and 
sub-index values from 1998-2004, for a South Saskatchewan 
River LTRN site 

South Saskatchewan River at Hwy 41 (PPWB site, 05AK001) 

Although SSR water quality has not been recently measured at this PPWB site, some 
information was available to characterize the SSR water quality close to the 
Alberta/Saskatchewan provincial border. A summary of water quality data from 1974 to 
1998 was conducted as part of the PPWB monitoring program. Data collected from the site 
on the SSR along Hwy 41 showed that there were few trends over time for the majority of 
measured variables. Variables found to significantly decrease over the long-term were TN, 
TDP, TP, Ca, and Cu. In contrast, turbidity, B (boron), pH and chloride all increased 
significantly. None of these changes were considered to be of concern or required further 
management, since most rates of change were low, and relevant WQGs were rarely 
exceeded. The exception was TP. Although TP actually decreased significantly over the 
period of record, eutrophication remained a concern (Cash 1999). Total phosphorus 
frequently exceeded 0.03 mg/L, and was rarely below 0.012 mg/L. Concentrations between 
0.012 and 0.03 mg/L have been linked to high chlorophyll a levels (Carr and Chambers 
1998). 

9.5.1.2 Sediment Quality and Non-Fish Biota 

There were no recent sediment quality or benthic invertebrate data available for the SSR. 
However, historical benthic invertebrate information was available; Anderson (1991) 
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summarized the results of five years of benthic monitoring in 1983-1987 for a site close to 
the border (Hwy 41 Bridge). The results indicated that flow was the main factor controlling 
benthic invertebrate abundance at the site. Benthic invertebrate abundance was relatively 
low, with great interannual variation.  

Historically, periphyton biomass has been the highest at the Medicine Hat site, and 
decreasing towards the provincial border (Davies et al. 1997). Excessive growth of 
filamentous algae (Cladophora sp.), originating from the Bow and Oldman rivers, was 
identified as a problem in the 1970s (Exner 1997). Epilithic chlorophyll a was monitored by 
AENV between 1998 and 2003 above Medicine Hat, and the data are summarized in Figure 
9-10. Samples were generally collected monthly from April to October. Periphyton biomass, 
as estimated from epilithic chlorophyll a data, exhibited high annual variability at this site 
and this was supported by observations of dense algae growth under low flow conditions at 
Medicine Hat (Clipperton et al. 2003). Periphyton densities for the period of 1999-2003 
indicated slightly mesotrophic conditions.  
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Figure 9-10 Periphyton biomass measured as epilithic chlorophyll a (mg/m2) 
in the South Saskatchewan River at Medicine Hat in 1999–200336

                                                 
36 Data from AENV. Spring (Apr-May), summer (Jun-Aug) and fall (Sept-Oct) average values are presented. 
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9.5.1.3 Synthesis and Initial Assessment of Aquatic Ecosystem Health 

• The initial qualitative assessment of aquatic ecosystem health (AEH) for the South 
Saskatchewan River (SSR) is summarized in Table 9-47, and the quality of the 
information and data used for this initial assessment is indicated in Table 9-48. 
Overall, water quality is considered ‘good’ based on recent data from the Medicine 
Hat site.  

• The SSR is considered oligotrophic, based on generally low levels of phosphorus 
and nitrogen. Despite this rating, total phosphorus and nitrogen concentrations 
occasionally exceed guidelines. While there have been concerns regarding 
eutrophication in the river, nutrient concentrations have generally decreased in 
recent years. 

• Concentrations of trace metals have consistently decreased during recent years. In 
contrast, pesticide concentrations have varied, but in general, remained elevated 
over time.  

• There was insufficient information to assess the current AEH of the SSR on the 
basis of sediment quality. 

• In general, there were insufficient data on macrophytes or benthic invertebrates to 
assess AEH for the SSR. Periphyton biomass levels at the Medicine Hat site were 
generally similar to the most downstream sites on the Bow and Oldman rivers, and 
indicative of mesotrophic conditions.  

Table 9-47 Initial qualitative assessment of aquatic ecosystem health based 
on a synthesis of available data: South Saskatchewan River 

Reach Water 
Quality 

Sediment 
Quality 

Non-fish 
Biota 

South Saskatchewan River above Medicine Hat G ID BI 
ID 

PP 
G 

 Excellent  Good  Fair  Marginal  Poor  Insufficient data 
 BI = Benthic Invertebrates. PP = Primary Producers. 

 

Table 9-48 Assessment of data quality/quantity for an initial aquatic 
ecosystem health assessment: South Saskatchewan River 

Reach Water 
Quality 

Sediment 
Quality 

Non-fish 
Biota 

South Saskatchewan River above Medicine Hat F P BI 
P 

PP 
M 

 Good  Fair  Marginal  Poor 
BI = Benthic Invertebrates. PP = Primary Producers. 
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9.6 AGRICULTURAL STREAMS 

9.6.1 Agricultural Streams in the Red Deer River Sub-Basin 

The assessment of AEH of streams in the Red Deer RSB was conducted with reference to 
agricultural streams and the CAESA/AESA program. Five agricultural streams routinely 
monitored under AESA and representing a range of agricultural intensities from moderate to 
high, were selected for the initial assessment. The rationale for the selection of regional 
streams for the assessment is described in Table 9-1. 

Alberta Agricultural Water Quality Index (AAWQI)  

All streams evaluated in the AESA program are in areas characterized by moderate runoff 
potential, are located in areas of either moderate (Blindman River) or high (Haynes, Ray, 
Threehills and Renwick creeks) agricultural intensity. All but the Blindman River (boreal 
transition ecoregion) are located in the aspen parkland ecoregion. 

The overall AAWQI rating for AESA streams in the Red Deer RSB ranged from ‘marginal’ 
to ‘fair’. With the exception of the Blindman River in 2001 which rated as ‘marginal’, all 
streams were rated as ‘poor' according to the AAWQI for nutrients (Table 9-49). Values for 
the AAWQI for bacteria were more variable both between years in the same stream and 
between streams; averages for the 1999-2002 period ranged from ‘poor’ to ‘good’ (Table 9-
50 in Appendix A). Rankings for the AAWQI for pesticides indicate ‘good’ to ‘excellent’ 
conditions in all streams in the Red Deer RSB. 

Nutrients and TSS 

Concentrations (flow-weighted) of TN and TP in all assessed streams in the Red Deer RSB 
were high, resulting in a eutrophic categorization based on the scheme presented in Dodds et 
al. (1998). TN was higher in 2002 than previous years of monitoring (i.e., 1999-2001) in all 
but Renwick Creek (Table 9-51 in Appendix A); nitrate/nitrite reportedly contributed to this 
temporal increase (Depoe 2004). Haynes Creek (M1) exhibited notably high concentrations 
of dissolved nitrogen in spring. In general, TN and TP rarely met ASWQGs in 1999-2002 
(Table 9-52 in Appendix A). The greatest rate of compliance was observed for the Blindman 
River, the only stream not located in an area of high agricultural intensity. Low rates of 
compliance were generally observed in other streams in areas of high intensity agricultural 
activities (Depoe 2004). Conversely, concentrations of ammonia were largely below the 
CCME WQG (Table 9-52 in Appendix A). In 2002, nitrate concentrations were below the 
CCME WQG in all streams except Haynes Creek (M1) where 71% of samples were in 
compliance. 
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Table 9-49 Summary of water quality index, trophic classification and pesticide information for five agricultural 
streams in the Red Deer River sub-basin 

Parameter Blindman River Haynes Creek 
(M1) 

Haynes Creek 
(M6) Ray Creek Renwick Creek Threehills Creek 

Agricultural Watershed Intensity Moderate High High High High High 

Runoff Potential Moderate Moderate Moderate Moderate Moderate Moderate 

Water Quality Index       

AAWQI (1999-2002) Marginal (54.7) Marginal (47.3) Marginal (53.3) Marginal (51.0) Fair (63.8) Fair (55.7) 

AAWQI Nutrients Poor (37.5) Poor (18.7) Poor (19.0) Poor (32.6) Poor (23.1) Poor (21.3) 

AAWQI Bacteria Poor (34.5) Marginal (51.3) Fair (69.6) Poor (35.0) Good (85.1) Fair (63.9) 

AAWQI Pesticide Excellent (54.7) Good (71.8) Good (71.1) Good (85.1) Good (83.1) Good (82.0) 

Trophic Classification 1 (1999-2002) Eutrophic (TP;TN) Eutrophic (TP;TN) Eutrophic (TP;TN) Eutrophic (TP;TN) Eutrophic (TP;TN) Eutrophic (TP;TN) 

Pesticides (1999 - 2002)       

Average # of detections per sample 0.9 3.6 3.9 1.8 2.8 2.6 

Range of individual pesticides detected 3-5 5-8 5-12 2-11 4-8 5-8 

# of samples with WQG exceedences 2 0 Dicamba (1), 
MCPA (8) 

Dicamba (5), 
MCPA (13) MCPA (7) MCPA (4) MCPA (10) 

Notes: 1 As per Dodds at al. 1998 (total nitrogen and total phosphorus); See Table 3-6. 2 All exceedences are for CCME WQGs for irrigation; CCME WQGs for Protection of Aquatic Life (PAL) were not 
exceeded. 
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TSS concentrations ranged from relatively high (Blindman River 1999-2002 mean of 117 
mg/L) to relatively low (1999-2002 mean for other streams near or less than 10 mg/L) in the 
Red Deer River (Table 9-51 in Appendix A). Anderson et al. (1998) reported that TSS and 
turbidity were positively correlated to discharge in Haynes Creek; therefore, these 
parameters are highest during spring and following runoff events due to overland movement 
and/or sediment resuspension within the stream. Runoff from cultivated fields and cattle 
wintering grounds contained high levels of TSS, causing TSS to increase in Haynes Creek. 

Pesticides 

Pesticide data collected at various AESA streams indicate that the greatest number of 
detections occurred in areas of high intensity agricultural activities (Table 9-49). Given that 
streams in the Red Deer RSB rated as ‘good’ to ‘excellent’ using the AAWQI for pesticides, 
these substances do not appear to be a significant issue at the present time. An intensive 
study conducted on Haynes Creek in 1995 and 1996 determined that eight of 13 pesticides 
analyzed were detected and there was a “fairly high frequency of detection” (Anderson et al. 
1998). Most, but not all, of these substances were used in the sub-basin. Four of the detected 
compounds (MCPA, 2,4-D, bromoxynil, and picloram) exceeded the CCME WQGs for 
irrigation (Table 9-49).  

9.6.2 Agricultural Streams in the Bow River Sub-Basin 

Out of the two AESA streams located within the Bow RSB, Crowfoot Creek was included in 
a detailed assessment because of its extensive monitoring history (Table 9-1). New West 
Coulee was described on a more general level, with the discussion restricted to water quality 
index information. Crowfoot Creek receives irrigation return flows, has high runoff potential, 
and has been monitored by CAESA/AESA since 1995 (Anderson et al. 1998; Depoe 2004) 
as well, it has been the subject of detailed site-specific monitoring related to BMP testing 
(Ontkean et al. 2000). The creek is located in the Moist Mixed Grassland natural region. 
Crowfoot Creek receives treated wastewater flows from the community of Standard, 
however, discharges are small and likely have a minor influence on nutrient loading to 
Crowfoot Creek (BRBC 2005). As with Crowfoot Creek, the New West Coulee also receives 
irrigation returns, but is located in the driest part of the province, in Mixed Grassland natural 
region (Depoe 2004).  

Alberta Agricultural Water Quality Index (AAWQI)  

The nutrient and bacteria sub-indices calculated for Crowfoot Creek averaged ‘poor’ to ‘fair’ 
ratings from 1999 to 2002 (Table 9-53). Compared to other irrigation watersheds monitored 
by AESA in 2001, Crowfoot Creek had the lowest rate of fecal coliform bacteria guideline 
compliance, with frequent exceedences (Depoe 2004). Crowfoot Creek is naturally an 
intermittent stream, but has been supplemented by irrigation return flows (BRBC 2005). 
Irrigation return flow streams are generally composed of excess supply water, surface and 
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Table 9-53 Summary of water quality index, trophic classification and pesticide information for five agricultural 
streams in the Bow, Oldman and South Saskatchewan River sub-basins 

Parameter Crowfoot Creek Battersea Drain Prairie Blood Coulee Trout Creek Drain S6 

River Sub-basin Bow Oldman Oldman Oldman South Sask. 

Agricultural Intensity Irrigation Irrigation Low Moderate Irrigation 

Runoff Potential High High High High High 

Water Quality Index      

AAWQI Average (1999-2002) Marginal (55) Marginal (52) Good (75) Fair (68) Fair (66) 

AAWQI Nutrients Poor (35) Poor (29) Fair (56) Good (76) Fair (62) 

AAWQI Bacteria Marginal (49) Poor (44) Good (81) Poor (31) Marginal (47) 

AAWQI Pesticide Good (81) Marginal (79) Excellent (88) Excellent (98) Excellent (88) 

Trophic Classification1 (1999-2002) Mesotrophic (TN); 
Eutrophic (TP) Eutrophic (TP, TN) Mesotrophic (TP); 

Eutrophic (TN) 
Oligotrophic (TP); 

Eutrophic (TN) 
Oligotrophic (TN); 
Mesotrophic (TP) 

Pesticides 1999-2002      

Average # of detections per sample 3.6 2.7 1.8 0.4 1.9 

Range of individual pesticides detected 
annually 5-9 7-9 3-8 2-4 3-7 

# of samples with WQG exceedences 2 Dicamba IRR (30), 
MCPA IRR (7) 

Dicamba IRR (13), 
MCPA IRR (10), 

Chlorpyrifos PAL (5)  

Dicamba IRR(2), 
MCPA IRR (1) 0 Dicamba IRR (8), 

MCPA IRR (4) 

Notes: 1 As per Dodds at al. 1998 ( total nitrogen and total phosphorus); See Table 3-6. 2 Exceedences are for CCME WQGs for irrigation (IRR) and CCME WQGs for Protection of Aquatic Life (PAL). 
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subsurface runoff, and can have excessive concentrations of nutrients, sediment and 
pesticides (Cessna et al. 2001). Agricultural inputs of fertilizers and herbicides are high 
compared to the rest of Alberta (Ontkean et al. 2000). Despite this, the average AAWQI 
pesticide sub-index rating for Crowfoot Creek from 1999 to 2002 was ‘good’.  

In general, the New West Coulee had AAWQI ratings similar to Crowfoot Creek (Depoe 
2004; Depoe 2003; Carle 2001; Donahue 2000). The nutrient sub-index was slightly higher 
in the New West Coulee compared to Crowfoot Creek in 1999-2002. Bacteria sub-index was 
‘poor’ or ‘marginal’ in the New West Coulee in 1999-2002, and it had the second lowest rate 
of fecal coliform bacteria guideline compliance in 2001 (Depoe 2004). The pesticide sub-
index in the New West Coulee had lower ratings (generally ‘fair’) than Crowfoot Creek, 
which were ‘good’ on average. 

Nutrients and TSS 

Nutrient sub-index ratings in Crowfoot Creek declined from ‘marginal’ in 1999 to ‘poor’ in 
the subsequent three years, mainly due to very high TP flow weighted mean (FWM) 
concentrations. Crowfoot Creek had the lowest level of compliance with the TP ASWQG, 
among irrigated watersheds monitored by AESA (Depoe 2004). The WQG compliance rates 
from 1999 to 2002 averaged only 5%, with full non-compliance in both 2001 and 2002 
(Tables 9-55 and 9-56 in Appendix A). Greater ASWQG compliance was evident from TN 
FWM concentrations during the same time period. Irrigated watersheds, such as Crowfoot 
Creek, tend to show a greater TN ASWQG compliance, compared to low intensity dryland 
agricultural watersheds (Depoe 2004). Similar to other irrigated streams, ammonia FWM 
concentrations in Crowfoot Creek were low and were fully compliant with the CCME WQG. 
Overall, 1999-2002 average TP and TN concentrations in Crowfoot Creek indicated it was a 
eutrophic and mesotrophic system, respectively (Table 9-53). Flow-weighted mean TSS 
concentrations remained relatively constant throughout the study period (1999-2002), and 
were relatively low compared to some dryland agricultural streams monitored by AESA 
(Table 9-56 in Appendix A).  

Pesticides 

The average number of pesticide detections per sample in Crowfoot Creek between 1999 and 
2002 was 3.6, with 5–9 different pesticide compounds detected among them (Table 9-53). 
Dicamba and MCPA exceeded the CCME WQG for irrigation in1999-2002 (Table 9-53). 
Significant differences over time were found for atrazine, picloram, triallate and 
trifluralin,(Anderson 2005). The source of atrazine in the Bow River seems to be urban 
runoff from the City of Calgary rather than agricultural, although Crowfoot Creek receives 
return flows from the Western Irrigation District (Anderson 2005). Atrazine and picloram 
have shown a consistent decline in Crowfoot Creek, and overall, the number of pesticides 
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detected in Crowfoot Creek significantly decreased in 1999-2002. However, no decline in 
total pesticide concentrations was found for Crowfoot Creek.  

9.6.3 Agricultural Streams in the Oldman River Sub-Basin 

Three Oldman RSB agricultural streams monitored by CAESA/AESA were selected for a 
detailed evaluation: Battersea Drain, Prairie Blood Coulee and Trout Creek (Table 9-1). Two 
other streams monitored by CAESA/AESA in the Oldman RSB, Willow and Meadow 
creeks, were discussed on a more general level. Prairie Blood Coulee and Willow Creek are 
both considered low intensity dryland streams, but are located in different ecoregions37. 
Trout Creek and Meadow Creek are moderate intensity dryland streams, both in the fescue 
grassland ecoregion. All these four streams have high runoff potential. Battersea Drain is a 
dryland agricultural stream in the moister grassland region, and the stream receives irrigation 
return flows. Under the CAESA/AESA programs, Prairie Blood Coulee38, Willow Creek, 
Trout Creek and Meadow Creek39 have been monitored since 1995, while Battersea Drain 
has been monitored since 1998 (Depoe 2004). 

High levels of runoff occur in the fescue grassland and continental divide regions, in which 
the dryland watersheds of Trout Creek, Meadow Creek, Willow Creek and Prairie Blood 
Coulee are located. Similarly, Battersea Drain has high runoff potential, with an irrigated 
watershed. It is located in the moist mixed grassland region, but has higher than expected 
streamflows, due to supplementation by irrigation return flows (Depoe 2004). The four 
dryland watersheds are dependent upon precipitation to maintain flows, while more regular 
flows are maintained for the Battersea Drain. Irrigation return flow streams are generally 
composed of excess supply water, and surface and subsurface runoff. Consequently, these 
streamflows influence water quality in receiving streams such as the Battersea Drain, 
resulting in elevated concentrations of nutrients, sediment and pesticides (Cessna et al. 2001) 

 Alberta Agricultural Water Quality Index (AAWQI)  

On average, water quality was rated as ‘good’ in Prairie Blood Coulee (low agriculture 
intensity), ‘marginal’ in the Battersea Drain (irrigation) and ‘fair’ in Trout Creek (moderate 
agriculture intensity; Table 9-53). Water quality was rated ‘marginal’ in Meadow Creek, and 
‘excellent’ on average in Willow Creek (Depoe 2004; Depoe 2003; Carle 2001; Donahue 
2000). Between 1999 and 2002, the annual AAWQI ratings varied the most in Prairie Blood 
Coulee, fluctuating between ‘excellent’ and ‘fair’ (Table 9-54 in Appendix A). Average 
nutrient sub-index ratings were not always consistent with watershed agricultural intensity in 
the four monitored dryland agricultural streams, with nutrient water quality rated as ‘fair’ in 
the Prairie Blood Coulee and ‘excellent’ in Willow Creek, but ‘good’ on average in Trout 
Creek and Meadow Creek. As expected, the average nutrient water quality was rated as 

                                                 
37 Fescue grassland and northern continental divide, respectively. 
38 The stream was not monitored in 1997 and 1998. 
39 Trout and Meadow creeks were not monitored in 1998. 
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‘poor’ in the irrigation stream, Battersea Drain. The average bacteria sub-index ratings 
reflected agricultural intensity within the dryland watersheds, i.e., water quality was more 
degraded in Trout Creek and Meadow Creek (Depoe 2004; Depoe 2003; Carle 2001; 
Donahue 2000). Both Trout and Meadow creeks had high bacterial counts in 2002, probably 
due in part to high precipitation and runoff during that year. Meadow Creek had consistently 
extremely low bacteria sub-index ratings between 1999 and 2002 (Depoe 2004; Depoe 2003; 
Carle 2001; Donahue 2000). 

Water quality in terms of pesticides in the four dryland agricultural streams was considered 
to be ‘excellent’ on average between 1999 and 2002, and was ‘good’ for the irrigation 
stream. Thus, unlike other AESA watersheds, pesticide detections were not a function of the 
agricultural intensity categories, with higher detection rates in the low versus the moderate 
intensity streams. The pesticide detection rate in the irrigation stream was similar to a high 
intensity agricultural watershed.  

Nutrients and TSS 

Overall, TN concentrations were high for all AESA streams, while TP levels were more 
variable (Table 9-56 in Appendix A). Trophic classifications also varied according to stream 
and the nutrient criteria used. According to average TP FWM concentrations, Battersea 
Drain was eutrophic, Prairie Blood Coulee was mesotrophic, and Trout Creek was 
oligotrophic; but all three streams were eutrophic according to TN (Table 9-53). 

Total phosphorus and nitrogen guideline compliance rates were the lowest in Battersea Drain 
between 1999 and 2002 (Table 9-55 in Appendix A). The average TP FWM concentration 
calculated for this creek surpassed the ASWQG by more than four times (Table 9-56 in 
Appendix A). The average TP ASWQG compliance rates were similar for both dryland 
agricultural streams (~80%) but the TN compliance rates differed (Table 9-55 in Appendix 
A). The Prairie Blood Coulee (low agricultural intensity stream) TN compliance rate was 
more similar to that calculated for Battersea Drain, than the moderate agricultural intensity 
stream (Trout Creek), which was 30% higher. Ammonia concentrations measured in all three 
streams between 1999 and 2002 generally complied with the CCME WQG (<90% 
compliance). Battersea Drain had the highest average ammonia FWM concentration (0.123 
mg/L), several-fold higher than the dryland agricultural streams (Table 9-56 in Appendix A). 
However, similar to TN, the low intensity stream (Prairie Blood Coulee) had a higher 
ammonia average FWM concentration compared to Trout Creek. In contrast to some of the 
nutrient parameters, average FWM TSS concentrations corresponded well to the level of 
agricultural intensity.  
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Pesticides  

Battersea Drain (irrigation), Prairie Blood Coulee (low intensity) and Trout Creek (moderate 
intensity) were all found to have detections of multiple pesticides. Between 1999 and 2002, 
both the total number of pesticide detections and the number of different pesticide 
compounds detected in these streams varied greatly (Table 9-53). In Prairie Blood Coulee 
(low intensity agriculture), the average number of pesticide detections per sample was 1.8 
and the range of pesticides detected was 3–8. Despite being a moderate intensity agricultural 
stream, Trout Creek had consistently lower numbers of pesticide detections and compounds. 
Battersea Drain contained the most pesticide detections per sample (Table 9-53). The number 
of different compounds was also greatest in the Battersea Drain, ranging from 7 to 9.  

Between 1999 and 2002, both Prairie Blood Coulee and Battersea Drain were found to 
contain levels of the lawn care herbicides, dicamba and MCPA, above the CCME WQGs for 
irrigation (Depoe 2004). In addition, chlorpyrifos levels exceeded the CCME WQG for 
protection of aquatic life. Significant changes in the Battersea Drain were found for atrazine, 
clopyralid and triallate over the 1995 to 2002 sampling period (Anderson 2005), but it was 
unclear whether this was an increasing or decreasing trend. No significant changes in 
pesticides over time were found for Trout Creek or Prairie Blood Coulee (Anderson 2005). 

9.6.4 Agricultural Streams in the South Saskatchewan River Sub-Basin 

One AESA stream from the SSRSB was selected for evaluation, Drain S-6. This agricultural 
stream has high runoff potential and receives irrigation return flows. Under CAESA/AESA, 
Drain S-6 has been monitored since 1999 (Depoe 2004).While most agricultural streams in 
southern Alberta experienced higher spring flows in 2002 (AAFRD 2003), flow rates in 
Drain S-6 were below the long-term average (Depoe 2002). This was likely due to the fact 
that discharge in this stream is mostly supported by irrigation return flows, rather than 
natural precipitation and runoff. During the wet conditions in 2002 there could have been 
less water diverted for irrigation. Irrigation return flow streams generally comprise of excess 
supply water, surface and subsurface runoff. Consequently, irrigation return flows often have 
excessive concentrations of nutrients, sediment and pesticides, that can substantially affect 
water quality in receiving waters (Cessna et al. 2001). 

Among all the irrigation streams, Drain S-6 received the highest AAWQI ratings from 1999 
to 2002, with ‘fair’ water quality on average (Depoe 2004; Table 9-53). Bacterial inputs were 
rated ‘marginal’ in the AAWQI. In contrast, the AAWQI pesticide ratings for Drain S-6 
during 1999 to 2002 had an ‘excellent’ rating.  

The FWM nutrient concentrations in Drain S-6 were also low compared to other irrigation 
streams in 2002 (Table 9-56 in Appendix A). Direct inputs of nutrients seen in irrigation 
streams showed no significant differences from non-point source nutrient inputs of high 
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agricultural intensity categories (Depoe 2004). Total phosphorus compliance rates from 
1999-2002 averaged 78% (Table 9-55 in Appendix A). Total nitrogen was compliant with 
the ASWQG 92% of the time, with the concentration from 1999 to 2002 averaging 0.656 
mg/L. Ammonia concentrations between 1999 and 2002 had a 98% compliance with the 
CCME guideline, although concentrations had been 100% compliant prior to 2002, 
suggesting worsening water quality over time. Overall, the TP concentrations in Drain S-6 
indicated it was a mesotrophic system, while the TN concentrations indicated it was 
oligotrophic (Table 9-53). The average FWM TSS concentration for Drain S-6 between 1999 
and 2002 was low (27 mg/L). TSS concentrations remained relatively constant throughout 
the study period, except for 2002 when levels were elevated slightly.  

Between 1999 and 2002, the average number of pesticide detections per sample was 1.9 and 
the number of different pesticide compounds detected annually ranged from 3 to 7 (Table 9-
53). Anderson (2005) report shows that there were no significant changes in any of the 
pesticides detected over 1995 to 2002. 

9.6.5 Synthesis and Initial Assessment of Aquatic Ecosystem Health 

• The initial qualitative assessment of aquatic ecosystem health (AEH) for agricultural 
streams in the South Saskatchewan River Basin (SSRB) is summarized in Table 9-
57, and the quality of the information and data used for this initial assessment is 
indicated in Table 9-58.  

• The five agricultural streams in the Red Deer RSB are nutrient-rich, and rate from 
‘marginal’ to ‘fair’ in terms of water quality. TN and TP rarely meet AENV water 
quality guidelines in streams located in areas of high agricultural intensity; 
compliance rates are higher for the Blindman River, located in a region of moderate 
agricultural intensity, but remain relatively low.  

• The five Red Deer RSB agricultural stream watersheds ranged from low to high 
agricultural intensity and had moderate or high runoff potential. Overall AEH in the 
high or moderate intensity streams with high runoff potential was considered 
‘marginal’, while AEH in the other streams was considered ‘fair’. Water quality was 
most affected by nutrients and bacteria levels and all streams were considered 
eutrophic. Nutrients were more bioavailable and pesticides more prevalent in high or 
moderate intensity streams.  

• Crowfoot Creek, a stream in the Bow RSB with an irrigated watershed, had 
‘marginal’ water quality. The creek had highest bacteria levels of all monitored 
agricultural streams in 1999-2002. 

• Agricultural streams in the Oldman RSB rated as ‘good’ (Prairie Blood Coulee), 
‘marginal’ (Battersea Drain) and ‘fair’ (Trout Creek), based on overall water quality. 
These streams represented low agricultural intensity, irrigation and moderate 
agricultural intensity land use, respectively. Sub-indices ratings for nutrients and 
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bacteria varied considerably between streams, while pesticide ratings were 
consistently high (‘good’ to ‘excellent’). Overall, concentrations of TN were high 
for all AESA streams, while TP concentrations were more variable. Trophic status 
ranged from eutrophic (Battersea Drain for TP and TN) to oligotrophic (Trout Creek 
for TP). 

• Drain S-6 in the South Saskatchewan RSB was rated as ‘fair’ in terms of overall 
water quality and nutrient inputs, ‘marginal’ for bacterial inputs and ‘excellent’ with 
regard to pesticides. The stream was considered mesotrophic based on TP and 
oligotrophic based on TN. TSS concentrations were relatively low and constant. 

• There was insufficient information to assess the health of these ecosystems in terms 
of sediment quality or non-fish biota. 

Table 9-57 Initial qualitative assessment of aquatic ecosystem health based 
on a synthesis of available data: agricultural streams in the 
South Saskatchewan River Basin 

Stream Water 
Quality 

Sediment 
Quality 

Non-fish 
Biota 

Red Deer RSB: Blindman River; Haynes Creek 
(M1 and M6); and Ray Creek M ID ID 

Red Deer RSB: Renwick and Threehills creeks F ID ID 

Bow RSB: Crowfoot Creek M ID ID 

Oldman RSB: Prairie Blood Coulee G ID ID 

Oldman RSB: Battersea Drain M ID ID 

Oldman RSB: Trout Creek F ID ID 

South Sask. RSB: Drain S-6 F ID ID 

 Excellent  Good  Fair  Marginal  Poor  Insufficient data 
RSB = River Sub-Basin. 
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Table 9-58 Assessment of data quality/quantity for an initial aquatic 
ecosystem health assessment: agricultural streams in the South 
Saskatchewan River Basin 

Stream Water 
Quality 

Sediment 
Quality 

Non-fish 
Biota 

Red Deer RSB: Blindman River; Haynes Creek 1 
(M1 and M6); and Ray Creek G P P 

Red Deer RSB: Renwick and Threehills creeks G P P 

Bow RSB: Crowfoot Creek G P P 

Oldman RSB: Prairie Blood Coulee G P P 

Oldman RSB: Battersea Drain G P P 

Oldman RSB: Trout Creek G P P 

South Sask. RSB: Drain S-6 G P P 

 Good  Fair  Marginal  Poor 
RSB = River Sub-Basin. 

Notes: 1 Haynes Creek more intensively studied. 
 

9.7 LAKES AND WETLANDS 

9.7.1 Lakes in the Red Deer River Sub-Basin 

The following provides an overview of trophic status and TDS for regional lakes in the Red 
Deer RSB as well as providing a detailed review of water and sediment quality and NFB in 
three representative lakes: Pine Lake, Sylvan Lake, and Gull Lake. 

9.7.1.1 Lakes 

The 14 lakes monitored by AENV in the Red Deer RSB between 1980 and 2003 are largely 
located in three natural sub-regions of Alberta: Dry Mixedwood, Dry Mixed Grass, and 
Central Parkland (Figure 9-1). Land use in the Red Deer RSB is dominated by agricultural 
cropland and rangeland, and most lakes that are monitored fall within these land usages. The 
majority (64%) of lakes and reservoirs are either eutrophic or hypereutrophic, based on the 
long-term average chlorophyll a concentrations (Figure 9-11). Only one lake, Glennifer 
Lake, is oligotrophic; the lake, while still located in agricultural rangeland is deep. Burnstick 
Lake, located in the headwater area, is ‘borderline’ mesotrophic (mean chlorophyll a 
concentration of 2.53 µg/L). Several lakes and reservoirs exhibit high concentrations of 
chlorophyll a, most notably Chain Lake, Carolside Reservoir, and Little Fish Lake, all of  
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Figure 9-11 Trophic status of select lakes in the South Saskatchewan River 
basin based on average chlorophyll a and total phosphorus 
concentrations (1980-2003), by natural region 
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Figure 9-12 Trophic status of select lakes in the South Saskatchewan River 
basin based on average total nitrogen concentrations and Secchi 
depth estimates (1980-2003), by natural region 

North/South Consultants Inc. 
Page 9-89 



AEH Information Synthesis and Initial Assessment 
Alberta Environment Section 9.0: South Saskatchewan River Basin 

TDS (mg/L)

0 1000 2000 3000 4000 5000

Clear Lake
Elkwater Lake

Gull Lake
Sylvan Lake

Burntstick Lake
Police Outpost Lake

Little Fish Lake
Alix Lake

Chain Lake, Lower
Chain Lake, Middle
Chain Lake, Upper

Buffalo Lake
Haunted Lake

Pine Lake
Beauvais Lake

Mixedgrass

Dry Mixedwood

Lower Foothills
Foothills Fescue
Northern Fescue

Central Parkland

Montane

 
Freshwater lakes: <500 mg/L TDS 
Slightly saline lakes: 500-1000 mg/L TDS 
Moderately saline lakes: 1000-5000 mg/L TDS 
Saline lakes: 5000 mg/L TDS 
(from Mitchell and Prepas 1990). 

 

Figure 9-13 Average total dissolved solid (TDS) levels of select lakes in the 
South Saskatchewan River basin as an indicator of salinity, by 
natural region 

which contain mean chlorophyll a concentrations of 60 µg/L or more (Tables 9-59 in 
Appendix A). There does not appear to be a clear linkage between trophic status and 
ecoregion in the Red Deer RSB, likely due to the overwhelming influence of agriculture in 
most of the sub-basin (Figure 9-1, Table 9-60 in Appendix A).  

Nutrient concentrations are generally high across the lakes of the Red Deer RSB, with TP 
typically indicative of eutrophic or hypereutrophic conditions (Figure 9-11). TN 
concentrations are generally even higher, and 64% of lakes would be classified as 
hypereutrophic on the basis of nitrogen concentrations (Figure 9-12). Consequently, nitrogen 
to phosphorus ratios are also considerably high (mean of all lakes 51), indicating that N is 
more prevalent than P in most lakes and of the two nutrients, P is likely the most limiting. 
Conversely, TN:TP ratios for Hanna Reservoir and Little Fish Lake are indicative of N 
limitation.  

Many of the lakes and reservoirs in the Red Deer RSB experience cyanobacterial blooms and 
at least some of the lakes have experienced blooms for decades (e.g., Sylvan Lake, see 
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Section 9.7.1.3 below for details). The high TN:TP ratios may reflect the propensity for lakes 
in this region to develop cyanobacterial blooms. 

According to the TDS concentration of lakes in the Red Deer RSB (Figure 9-13), most are 
freshwater (TDS < 500 mg/L; Mitchell and Prepas 1990), one is slightly saline (Gull Lake; 
TDS 500 – 1000 mg/L), and three are moderately saline (TDS 1000-5000 mg/L). The highest 
TDS concentration occurs in Little Fish Lake, where TN, TP, and chlorophyll a are notably 
high relative to other lakes, indicating potential high disturbance of this water body. There is 
no clear indication of a trend in TDS concentrations according to ecoregion in the Red Deer 
RSB.  

9.7.1.2 Pine Lake 

Pine Lake is a small, moderately deep, eutrophic lake southeast of Red Deer, and is of 
considerable recreational importance. The lake is located within the Central Parkland natural 
sub-region of Alberta and the drainage basin is dominated by agricultural land use (Table 9-
60 in Appendix A). Pine Lake is comprised of two basins and is characterized by a high 
watershed to lake area ratio (38.6), indicating that the lake is highly influenced by local land 
use.  

The water quality of Pine Lake has been studied extensively in recent years, largely owing to 
concerns related to eutrophication. Pine Lake has previously experienced significant algal 
growth and cyanobacterial blooms, periodic fish kills, and excessive macrophyte growth 
(Watson 1993). The Pine Lake restoration program was initiated in 1991 to study water 
quality in the lake and develop a lake restoration program (Mitchell and Sosiak 1991).A 
diagnostic study conducted in 1992 identified that internal loading of phosphorus was highly 
significant in Pine Lake, comprising approximately 60% of TP loading (Sosiak and Trew 
1996). Additionally, algal growth was found to be mainly phosphorus limited. The Pine Lake 
Restoration Society implemented a four-year work plan to restore Pine Lake to a ‘natural’ 
level of algal productivity (McEachern 2005). Lake restoration initiatives included the 
conduct of BMP projects and hypolimnetic withdrawals from the lake to remove phosphorus, 
which began in September 1998. The following is a brief overview of ‘current’ conditions in 
the lake. 

Water and Sediment Quality 

Water quality has been monitored in Pine Lake since 1965; current monitoring is conducted 
through the Lakewatch program, with the most recent report released in 2005. The lake has 
been eutrophic since at least 1979, on the basis of chlorophyll a concentrations Figure 9-11; 
(Figure 9-11; Table 9-61 in Appendix A). However, in 1994, prior to implementation of the 
hypolimnetic water withdrawal system in 1998, Pine Lake was actually hypereutrophic. On 
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the basis of paleolimnological techniques, Blakney (in Sosiak 1997) concluded that Pine 
Lake was mesotrophic prior to European settlement. 

Concentrations of TP and TDP have declined since 1998 (Table 9-61 in Appendix A), 
indicating that the lake water quality is improving (Sosiak 2002b; McEachern 2005). 
Additionally, water clarity improved and chlorophyll a declined after the completion of the 
lake restoration initiatives and commencement of hypolimnetic withdrawals (Sosiak 2002b). 
Conversely, ammonia and TN have increased in recent years (McEachern 2005), although 
the reason for this increase has not been identified. Sosiak (2002b) indicated that ammonia 
sometimes occurred at concentrations above the CCME WQG in Pine Lake since 1998. 

Pine Lake experiences periods of hypoxia at depth in the open-water season, although 
thermal stratification is weak (Sosiak and Trew 1996; McEachern 2005). Dissolved oxygen 
depletion at depth also occurs in winter (Hamilton 1980). Oxygen super-saturation occurs in 
the open-water season, likely due to high algal productivity (McEachern 2005). Sosiak and 
Trew (1996) documented an unusual event in August 1992, when a summer snow storm 
rapidly cooled water near the surface to 4ºC and caused the lake to mix. This resulted in a 
condition of near anoxia (DO <1 mg/L) in the south basin and low DO (3.28 mg/L) in the 
north basin. Fish mortalities were observed in the north basin during this event. With respect 
to trace metals, Sosiak and Trew (1996) measured Mn, Fe, and Al (extractable) in the 
euphotic zone of Pine Lake in 1992. Median concentrations of Fe and Al were below the 
CCME WQGs. Median values of several other metals in 1992 and 1992-2000 were presented 
in tabulated form in Sosiak and Trew (1996) and Sosiak (2002), respectively, but the data 
were not interpreted.  

There are few data describing sediment quality for Pine Lake. A survey conducted in 1993, 
and reported in Anderson (2003), indicated that Cd, Cr, Cu, Pb, and Zn were below the 
CCME SQGs (Table 9-62 in Appendix A). The mean Ni concentration exceeded the Ontario 
LEL and the maximum concentration was above the SEL. Concentrations of these metals 
were similar to or lower than other lakes examined in Alberta, most notably Wabamun Lake. 
On the basis of this analysis, sediment quality of Pine Lake appears to be relatively good. 

Non-Fish Biota 

The spatial distribution of surface algae was evaluated in Pine Lake on one day in August 
1992 (Sosiak and Trew 1996). At that time, a “very high biomass” of algae had accumulated 
at the north end of the lake, as well as the windward shore at the south end. Algal distribution 
can be quite heterogeneous in the lake, with accumulations of dense mats occurring along 
shorelines. Years of early spring break-up are also thought to be particularly conducive to 
high algal productivity, due to the lengthening of the growing season.  
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The phytoplankton community was dominated by large cyanophytes (Aphanizomenon flos-
aquae, Anabaena lemmermanii, and Microcystis aeruginosa), all of which are capable of 
producing microtoxins, in most of the open-water season of 1992 and under ice cover in 
1993 (Watson 1993). A large proportion of the cyanophytes that dominated in Pine Lake are 
also capable of fixing atmospheric nitrogen and heterocyst production was found to peak in 
July and August. Dominance of cyanophytes is a characteristic feature of eutrophic lakes and 
is ubiquitous in highly productive Alberta lakes (Sosiak and Trew 1996). A total of 104 
phytoplankton taxa were identified in the lake, but only 30 species were present in more than 
half the samples (Watson 1993). Sosiak and Trew (1996) indicated this “relative lack of 
diversity is typical of highly productive lakes.”  

Watson (1993) stated that the total biomass and relative proportions of phytoplankton 
differed considerably between 1979 (data reported in Hamilton 1980) and 1992. Total 
biomass was six times higher and the period of cyanophyte dominance increased in 1992 
relative to 1979, indicating increasing eutrophication. 

Macrophyte distribution was studied in Pine Lake in August 1992 using spectral imaging 
techniques, supplemented with ground-truthing (Sosiak and Trew 1996). Approximately 
15% of the lake surface area comprised of emergent and submergent aquatic macrophytes. 
Submerged macrophytes were found to a maximum depth of 5.47 m in the northwest bay and 
to 3.47 m in most other areas of the lake. The major species of submergent and emergent 
macrophytes have been reported in Mitchell and Prepas (1990). Aquatic macrophytes were 
reportedly extensive in 1979, with plants absent from only a few rocky areas (reviewed in 
Mitchell and Prepas 1990). 

Watson (1993) studied the zooplankton of Pine Lake in the open-water season of 1992 and 
found that abundance of rotifers and ciliates peaked in August, concomitant with a decline in 
cyanophytes. One vertical net haul was conducted in August 1979, as summarized in 
Mitchell and Prepas (1990). The zooplankton community was dominated by Daphnia 
galeata mendotae, Ceriodaphnia lacustris, Chydorus sphaericus, Mesocyclops edax, and 
Diaptomus oregonensis. No published data describing the benthic invertebrate community of 
Pine Lake were located. 

9.7.1.3 Sylvan Lake 

Water and Sediment Quality 

Sylvan Lake, a popular recreation destination in Alberta, has experienced increasing 
development pressure over recent years (Table 9-61 in Appendix A). Currently, there are five 
summer villages around the lake and the Town of Sylvan Lake is situated at its southeast 
end. In addition, several camp facilities are located along the lakeshore, and new 
subdivisions are also appearing along the lake’s edge and elsewhere in the watershed. The 

North/South Consultants Inc. 
Page 9-93 



AEH Information Synthesis and Initial Assessment 
Alberta Environment Section 9.0: South Saskatchewan River Basin 

lake has a long residence time (>200 years) and has an outflow that has discharged 
infrequently over the period of record. Although the drainage basin is overwhelmingly 
dominated by agriculture (approximately 74% of the drainage basin), Sylvan Lake is 
mesotrophic. 

Mitchell (1999) indicated that overall, “Sylvan Lake has very good water quality”…and 
“There is no evidence that it has deteriorated over the past two decades. However, it is likely 
that human activities in the watershed have increased the phosphorus supply to the lake.” 
Sylvan Lake is mesotrophic according to chlorophyll a and TP concentrations (Figure 9-11). 
Concentrations of nutrients (i.e., TP and TN) have remained fairly similar over the period of 
record (i.e., 1983-2003; AXYS et al. 2005), indicating that significant enrichment has not 
occurred. However, the occurrence of internal P loading could not be discerned on the basis 
of available data and it is not known if the lake has reached or approached a tipping point 
where significant internal P loading occurs. Sylvan Lake experiences periods of thermal 
stratification, and DO is typically near saturation in the euphotic zone year round (i.e., 90-
100% saturation; AXYS et al. 2005). However, DO becomes depleted at depth in Sylvan 
Lake in both summer and winter, such that concentrations fall below the acute ASWQG 
quite regularly. This occurrence can impart significant stress to aquatic biota. 

The only published data describing concentrations of metals in Sylvan Lake were contained 
in a report that focused on Wabamun Lake water quality (Anderson 2003). Although metals 
in individual lakes, other than Wabamun, were not discussed, only one instance of a 
metal/metalloid exceeding a water quality guideline was observed of the eight lakes 
evaluated. A single sample of surface water contained As at a concentration above the 
CCME guideline in Sylvan Lake. All other metals/metalloids for which there are WQGs 
were in compliance with guidelines in Sylvan Lake in summer 2002. 

Anderson (2003) presented an assessment of sediment quality in Sylvan Lake. Results are 
compared with sediment quality guidelines and summarized in Table 9-62 in Appendix A. 
Sylvan Lake was sampled in 2002 and 1993; concentrations of Hg and As were consistently 
below CCME ISQGs. For context, Hg was consistently below the ISQG in eight other 
Albertan lakes sampled at the same time, including Wabamun Lake. Sylvan Lake was, in 
fact, the only lake sampled in 2002 where all measurements of As complied with the ISQG. 
Mean concentrations of Cr exceeded the CCME ISQG in both years in Sylvan Lake; the 
maximum concentration of Cr measured in 1993 was above the CCME PEL. Exceedences of 
the ISQG for Cr were also not uncommon among the other lakes examined. Mn and Ni 
exceeded the Ontario LEL40 and the maximum Fe concentration measured in 2002 exceeded 
the Ontario LEL. Although comparison was not made to Ontario SQGs, review of 
information presented in Anderson (2003) indicates that the mean concentration of Ni in all 
but one lake (Bonnie Lake), exceeded the Ontario LEL, and concentrations of Mn in Sylvan 

                                                 
40 See section 3.0 for more information on the Ontario sediment quality guidelines. 
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Lake were similar to or lower than in Amisk, Bonnie, Isle, Lac St. Anne, Pigeon and Wizard 
lakes. Therefore, overall, sediment quality of Sylvan Lake was similar to the other seven 
lakes examined and better than that of Wabamun Lake. 

TP and TN were measured in a sediment core collected from an offshore site in Sylvan Lake 
in 2004 (AXYS et al. 2005). Concentrations of both nutrients measured at discrete depth 
intervals were similar indicating that substantial nutrient enrichment of sediments had not 
occurred over time. Additionally, TP concentrations measured in surficial nearshore and 
offshore sediments were similar to or lower than concentrations measured in other Alberta 
lakes (AXYS et al. 2005). Furthermore, analysis of the phosphorus sorption capacity of 
surficial sediments indicated that sediments were not saturated with P.  

Trace organic compound concentrations in sediment were also analyzed in the Anderson 
(2003) study. Thirteen out of 25 compounds of trace organics analyzed were present in 
measurable concentrations in Sylvan Lake, although concentrations were generally low. 
Levels of PAH compounds, a group of trace organics, were all well below guidelines.  

Non-Fish Biota 

Sylvan Lake has reportedly experienced cyanobacterial blooms at least as far back as the 
1970s; a bloom of Nostoc was observed in the shallow area of Sylvan Lake in 1976, 
coincident with a fish kill (Crosby 1990). The kill involved primarily young-of-the-year 
yellow perch and although the occurrence of the blue-green algal bloom was identified as a 
possible cause, the actual cause was not determined (Jones et al. 1976). Aphanizomenon flos-
aquae were abundant in mid-August 1976 (Jones et al. 1976) as well as September 2004 
(AXYS et al. 2005), indicating that the lake has supported cyanobacterial blooms for at least 
several decades. Shannon-Weaver diversity indices derived for data collected in the open-
water season in 1976 ranged from approximately 2.5 to 4.1. Overall, nutrient ratios indicate 
that nitrogen may be more significant in determining phytoplankton growth than phosphorus, 
given the current concentrations of phosphorus in the lake (AXYS et al. 2005). Jones et al. 
(1976) concluded that on the basis of the phytoplankton community composition in 1976, 
Sylvan Lake was mesotrophic to eutrophic. Similarly, Grant (1976) concluded that Sylvan 
Lake was eutrophic in 1973 on the basis of the percentage composition of phytoplankton. 

Patches of rooted aquatic plants are found around Sylvan Lake, with a high density in the 
northwest end (McEachern 2003). Common emergent species include bulrush (Scirpus sp.), 
common cattail (Typha latifolia), and submergent species of pondweeds (Potamogeton spp.), 
water buttercup (Ranunculus circinata), Canada water weed (Elodea canadensis) and the 
macroalgae stonewort (Chara sp.). Jones et al. (1976) studied the benthic macroinvertebrate 
community of Sylvan Lake and concluded that on the basis of this community composition, 
as well as that of phytoplankton, Sylvan Lake was mesotrophic to eutrophic in 1976. The 
classification was derived from Mozley and Garcia (1972) and Saether (1972). Amphipods 
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(Hyallela aztecz) and Sphaeriid clams dominated the littoral zone where macrophytes were 
abundant, whereas chironomids dominated in the profundal zone. The Shannon-Weaver 
Diversity Index ranged from 1.1 to 2.3 at four sites in Sylvan Lake. Overall, Jones et al. 
(1976) indicated that the plant and animal communities were “generally healthy”; the 
exception was the occurrence of fish kills. No published information on zooplankton 
biomass or species composition in Sylvan Lake could be located. 

9.7.1.4 Gull Lake 

Gull Lake is a large, shallow lake located approximately 20 km northwest of Red Deer in the 
Dry Mixedwood and Central Parkland natural sub-regions (Table 9-60 in Appendix A). The 
lake is of considerable recreational importance and the dominant land use is agricultural 
cropland and rangeland. The lake water residence time long (>100 years) and the 
watershed/lake area ratio is relatively low (2.6). 

Water and Sediment quality 

The lake is slightly saline and mixes completely during most of the summer (Mitchell and 
Prepas 1990). Mitchell and LeClair (2003) reported that TDS had increased slightly in recent 
years (1988-2001) relative to the 1970s. However, TDS and major ions were within the 
“optimum range for the protection of aquatic life” in recent years. The lake is generally well 
oxygenated in the open-water season, but may experience low DO in summer (e.g., August 
2000; McEachern 2000) and winter (McEachern 2000). Dissolved oxygen fell below the 
acute ASWQG (5.0 mg/L) near the sediment in August 2000, and the conditions may have 
been stressful to biota that reside at depth. 

Gull Lake is borderline eutrophic according to the mean chlorophyll a concentration (8.7 
µg/L), eutrophic according to TP (45.6 µg/L), and hypereutrophic according to TN (1.46 
mg/L; Figures 9-11 and 9-12). Mitchell and LeClair (2003) suggested that the salinity of the 
lake depresses algal biomass to some extent. A recent water quality study of Gull Lake 
showed that levels of TP and chlorophyll a had not increased significantly over the period of 
record (approximately 30 years of data; Mitchell and LeClair 2003). The largest sources of 
TP to the lake are runoff from agricultural lands, internal loading, and diversion of the 
Blindman River (when it occurs). Four of the streams contributed an estimated 70% of 
external TP loading to the lake and concentrations in these streams were high relative to 
other Alberta streams. However, internal loading from sediments was found to be highly 
significant (Mitchell and LeClair 2003); McEachern (2000) reported that TP concentrations 
doubled in the lake over the summer of 2000, indicating that internal loading is significant in 
determining lake nutrient conditions.

Monitoring of water quality of major tributary streams in 2000 showed that although some 
(nine) pesticides were detected, all were well below CCME WQGs, indicating that there is 
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“little cause for concern” (Mitchell and LeClair 2003). The only published data describing 
concentrations of metals in Gull Lake is a report on Wabamun Lake water quality (Anderson 
2003). Arsenic was the only metal/metalloid measured in Gull Lake water that exceeded the 
CCME guideline for the protection of aquatic life.  

A study by Anderson (2003) included 1993 and 2002 sediment quality information for Gull 
Lake. A summary of the data and a comparison with available guidelines is given in Table 9-
62 in Appendix A. Mean and maximum concentrations of Cr in 2002 and the maximum 
concentrations in 1993 exceeded the CCME ISQG. The maximum Mn and Fe concentrations 
in 2002 exceeded the Ontario LELs41, and the mean and maximum Ni concentration 
exceeded the Ontario LEL in both years. All measurements of As, Hg, Cd, Cu, Pb and Zn 
complied with guidelines. 

Non-Fish Biota 

No recent published information describing the aquatic plant or phytoplankton communities 
in Gull Lake was located. Phytoplankton were examined in the lake in 1969 and 1983 and 
the information was summarized in Mitchell and Prepas (1990). Cyanophytes were prevalent 
in late summer in 1969 and 1983 (Mitchell and Prepas 1990), indicating that the lake has 
developed cyanophyte blooms for at least 30 years. Seasonal succession in 1983 was 
characterized by a dominance of green algae, diatoms, and cryptophytes in May/June, 
diatoms, green algae, and cyanophytes in July, an increase in the prevalence of phyrrophytes 
in August, dominance by cyanophytes in September, and finally ending with a high relative 
abundance of diatoms in October. Peak biomass occurred in July and August. Cyanophytes 
were comprised mostly of Lyngbya birgei in July and Gomphosphaeria aponina and 
Microcystis sp. in September; all of these species are capable of producing hepatotoxins. As 
there are no current data describing phytoplankton species composition, it is not known if 
cyanophyte blooms are prevalent or of concern on this lake at the present time. However, as 
water quality has not changed significantly over the last several decades (Mitchell and 
Leclaire 2003) and the lake is characterized as eutrophic, it is likely that it continues to 
experience blooms of cyanophytes. 

Information describing macrophytes in Gull Lake is even less current than the information 
on phytoplankton, as surveys were conducted more than 30 years ago. At that time the lake 
supported extensive submergent macrophyte beds but emergent species were less common 
(found along 30% of the shoreline) and less abundant than other lakes surveyed (reviewed in 
Mitchell and Prepas 1990). Zooplankton were studied in the late 1970s in Gull Lake, at 
which time large grazers (Daphnia and Diaptomus) dominated in spring and early summer 
and rotifers dominated in July. Predaceous copepods were also observed throughout the 
open-water season. The benthic invertebrate community of Gull Lake was overwhelmingly 

                                                 
41 See section 3.0 for more information on the Ontario sediment quality guidelines. 
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dominated by amphipods and chironomids in 1969, similar to Sylvan Lake (reviewed in 
Mitchell and Prepas 1990). No recent information on zooplankton or benthic invertebrate 
communities in Gull Lake was located. 

9.7.2 Lakes in the Bow River Sub-Basin 

9.7.2.1 Lakes 

The majority of lakes within the Bow RSB are located near the headwaters of the Bow River 
in the Sub-Alpine region. Other lakes found in the Bow RSB are located in Montane, 
Foothills Fescue, Mixedgrass or Dry Mixedrass regions. Twelve of these lakes/reservoirs42 
have been monitored by AENV and assessed for their productivity and nutrient status 
(Figures 9-1, 9-11, 9-12). These twelve lakes and reservoirs ranged from unproductive to 
highly productive. Most of the regional lakes selected for this assessment ranged from 
unproductive to moderate levels of production, with the exception of Eagle Lake, which is 
classified as hypereutrophic. 

Five of these lakes (Barrier, Elbow, Spray Lakes Reservoir and Upper and Lower 
Kananaskis lakes) are located near the headwaters of the Bow River in the Sub-Alpine 
region. Another lake, the Ghost Reservoir, is located in the Montane region. The land 
surrounding the other lakes is either barren or coniferous forest. These lakes are all classified 
as oligotrophic lakes according to chlorophyll a, TP and TN concentrations (Figures 9-11 
and 9-12). The exception is Upper Kananaskis Lake, which is classified as mesotrophic, 
according to the chlorophyll a content between 1980 and 2003. However, Mitchell and 
Prepas (1990) classified the lake as oligotrophic. These lakes all had very low levels of 
nutrients and chlorophyll a, indicative of their low levels of productivity (Figures 9-11 and 
9-12). The lakes were generally clear with visibility depths mostly around 5.8 m deep 
(except for Barrier Lake; Figure 9-12).  

Chestermere Lake and the Women’s Coulee Reservoir are located in the Foothills Fescue 
region, within an area mostly used for agricultural crops. Chestermere Lake was classified as 
mesotrophic according to chlorophyll a, TP, TN and depth of visibility; whereas the 
Women’s Coulee Reservoir was classified as oligotrophic according to chlorophyll a and 
TN, but mesotrophic with respect to TP and depth of visibility (Figures 9-11 and 9-12). 

Newell Lake, the Tilley A Reservoir and Eagle Lake are located in agricultural areas 
dominated by either cropland or rangeland. Newell Lake and the Tilley A Reservoir are 
located in the Dry Mixedgrass region, whereas Eagle Lake is located in the Mixedgrass 
region. Eagle Lake and the Tilley A Reservoir are the only lakes in the Bow RSB classified 

                                                 
42 Long-term monitoring lakes and reservoirs within the Bow RSB include: Barrier, Chestermere, Eagle, Elbow and Newell, Upper 
and Lower Kananaskis, Ghost, Glenmore, and Spray lakes; the Women’s Coulee; and Tilley A reservoirs. 
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as extremely productive (hypereutrophic) and highly productive (eutrophic), respectively, 
according to average chlorophyll a levels. On average, Eagle Lake also has the highest TP 
and TN concentrations in the Bow RSB basin, which also classified the lake as 
hypereutrophic. In comparison, Newell Lake was considered to be mesotrophic according to 
all four trophic criteria. The Glenmore Reservoir is located in the Calgary urban area, and 
was considered to be oligotrophic based on the chlorophyll a and TP criteria. 

9.7.2.2 Glenmore Reservoir 

The Glenmore Reservoir shows consistent water quality throughout the entire reservoir 
(BRBC 2005). AENV data collected from 1980 to 2003 indicated that the reservoir is 
unproductive and has low levels of chlorophyll a (Figure 9-11). Nutrients enter the reservoir 
via 10 City of Calgary stormwater outfalls (BRBC 2005). Despite increased nutrient levels 
upstream in the Elbow River, there has so far been no evidence of similar increases in algal 
biomass or phosphorus concentrations in the reservoir (Sosiak 1999b). Total phosphorus and 
TDP both ranged between 0.005 and 0.008 mg/L during a 1999 winter study, and the levels 
were only slightly higher than in summer, which was similar to seasonal nutrient patterns in 
previous years. This same study found chlorophyll a concentrations of 6 to 7 μg/L during a 
winter algal bloom (Watson et al. 2001). 

Unlike many larger reservoirs, the Glenmore Reservoir does not stratify, and remains well 
oxygenated throughout the water column (BRBC 2005). In general, the Glenmore Reservoir 
has low turbidity (BRBC 2005), and serves to settle larger particles, preventing them from 
being released downstream to the Elbow River. 

Despite its oligotrophic status, the reservoir has experienced occasions of high algal growth, 
with mats observed floating in the water. AENV data collected from 1980 to 2003 indicates 
that the algae species within the reservoir are generally consistent with those found in hard-
water lakes (BRBC 2005). Algal blooms, consisting of chrysophytes and some diatoms, 
occasionally occur in the reservoir (Watson et al. 2001). These algal blooms were not linked 
to changes in nutrient concentrations, but rather to light and bacterial changes within the 
reservoir (Watson et al. 2001). Aquatic macrophytes are also abundant within the littoral 
zone of the reservoir, and provide a substrate for additional algal growth (BRBC 2005).  

9.7.2.3 Chestermere Lake 

Water Quality and Influence of Flow 

Water quality in Chestermere Lake is generally good, however, increases in TSS, coliform 
bacteria, nutrients, organic materials and heavy metals are observed when runoff from urban 
inputs is high (White 2001). Chestermere Lake receives water from the Western Headworks 
Canal, into which a total of 34 Calgary stormwater outfalls discharge. As a result, both urban 
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and industrial contaminants are found in the water entering Chestermere Lake (White 
2002b). 

The mean TP concentrations in Chestermere Lake (1999-2001) ranged from 0.019 to 0.032 
mg/L, which are lower than the ASWQG. Total nitrogen was also below the guideline and 
averaged between 0.229 and 0.739 mg/L. Chlorophyll a concentrations were moderate, 
averaging between 3.4 and 9.0 μg/L (McEachern 2002). While nutrients and chlorophyll a in 
the water column were generally found at low to moderate concentrations, these are not 
necessarily reflective of the lake’s nutrient status and productivity. It is likely that nutrients 
are bound within the biological community or the sediments, rather than within the water 
column. However, nutrient concentrations can become elevated during periods of sediment 
resuspension (White 2001). The lake has a short residence time, due to its large inflows and 
shallow depth. The north (inflow) section of the lake may act as a wetland, by retaining, 
immobilizing, incorporating and transforming nutrients (White 2001).  

A 1999 study (McEachern 2000) found that Chestermere Lake stratified in the late summer, 
resulting in a drop in DO concentrations from 8.4 to 5.5 mg/L. Stratification did not occur in 
2000 and 2001, and DO generally remained above 8 mg/L (McEachern 2002). The mean DO 
concentration over the last 30 years is 9.17 mg/L, ranging from 1.86 to 13 mg/L (White 
2001). Mean TSS and TDS concentrations over the last 30 years were 51.3 and 237.3 mg/L, 
respectively (White 2001). With respect to contaminants, Sosiak (1994) reported that water 
quality variables were generally within CCME WQGs based on 1992 and 1993 data, except 
after major storm events. During these events, total phenols, chromium, iron, lead and di-2-
ethyl hexyl phthalate (DEHP) were found to exceed relevant WQGs for the protection of 
aquatic life.  

Chestermere Lake receives flows from the Bow River via the Western Irrigation District 
(WID) weir and canal system, and has two outlets. From October to April, the lake is drawn 
down to a depth of 1.5 m and the canals are closed to water flow. While the maximum depth 
during the irrigation season (May to September) is between 5 and 7 m, over 50% of the lake 
is less than 2 m in depth (McEachern 2002). This shallow depth results in a short residence 
time, and may cause sections of the lake to function more as a wetland (White 2001). 
Recently, agreements between the WID and the Town of Chestermere have resulted in the 
stabilization of lake levels, thereby satisfying aesthetic needs of the town, but reducing the 
active storage capacity for irrigation.  

Water quality in the lake is dependent upon the water quality in the Bow River, as well as the 
stormwater quality of the City of Calgary outfalls that discharge to the Western Headworks 
Canal before entering the lake. In the future, water quality and aquatic production in the lake 
may be improved due to the potential for source water upgrades. In addition to planned 
upgrades and limits on stormwater quality, stormwater entering the Western Headworks 
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Canal will be diverted through a channel diversion to the Shepard Wetland Diversion 
Treatment Facility, and less stormwater will enter Chestermere Lake (BRBC 2005).  

Sediment Quality 

Regular inflows to the lake have led to an accumulation of sediments over time. Sediments 
have been accumulating at a rate of 20 mm/year, which has resulted in a loss of 2 m in lake 
depth near inflow areas. This decreased depth is a concern, as it may impair the reservoir’s 
ability to accept sediment, lead to increased suspended solids downstream and degrade 
aquatic habitat (White 2002b). However, more recent bathymetric data indicate that the 
sedimentation rate is actually much lower (Sosiak pers. comm.). Sediment quality of the lake 
is generally good (White 2002b), although earlier work found high levels of both Zn and Pb 
(Alberta Environmental Protection 1993). No heavy metals were found to exceed CCME 
guidelines. However, As and Cd were detected at levels close to the guideline values (White 
2002b). The source of these metals is likely stormwater runoff from the City of Calgary’s 
industrial sector, but these metals also occur naturally. Nutrients have also been found to 
accumulate in the sediments of Chestermere Lake (White 2001).In order to remove the 
accumulated sediments and reduce weed proliferation, dredging of the lake has been 
proposed. However, there are concerns that dredging may release stored phosphorus into the 
water column, potentially impairing water quality and further stimulating aquatic plant 
growth (White 2002a). 

Non Fish Biota 

Chestermere Lake is located in the Foothills Fescue region and is categorized as having 
moderate levels of chlorophyll a. The macroalgae Chara spp. are the most dominant algae in 
the lake. Chestermere Lake is also vulnerable to late summer algal blooms (White 2001). 
Aesthetic and recreational concerns have been voiced by local residents about what is 
perceived as excessive macrophytes growth in Chestermere Lake. However, McEachern 
(2002) points out that lakes with a depth less than 2 m are generally considered wetlands, 
and therefore, Chestermere Lake’s extensive aquatic plant community is to be expected. 
Dominant species in Chestermere Lake include three types of pondweed, sago (Stuckenia 
pectinata [formerly Potamogeton pectinatus]), flat stemmed (P. zosteriformis), and 
Richardson’s (P. richardsonii) pondweed. Coontail (Ceratophyllum demersum), northern 
water milfoil (Myriophyllum exalbescens) and star duckweed (Lemna trisulca) are also 
common. High macrophytic growth is facilitated by extensive shallows, nutrient-rich 
sediments and continuous sediment accumulations (White 2001). 
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9.7.3 Lakes in the Oldman River Sub-Basin 

9.7.3.1 Lakes  

The Oldman RSB contains several reservoirs and many small lakes, scattered throughout the 
basin. Fourteen of these lakes/reservoirs43 underwent monitoring by AENV between 1983 
and 2003 for trophic status and productivity. The lakes and reservoirs range from low to 
extreme levels of productivity, with the majority having moderate to very high levels of 
productivity (mesotrophic to hypereutrophic). The lakes spanned across Montane, Foothills 
Fescue, Mixed Grass and Dry Mixed Grass natural regions. The majority drain agricultural 
land, including crops and rangeland (Figure 9-1). 

Two of the AENV monitored lakes are located in the Montane region (Beauvais Lake and 
the North and South basins of the Chain Lakes Reservoir). The Chain Lakes are located in 
cropland, while Beauvais Lake is within mixed forest. These lakes range in productivity, 
from mesotrophic to eutrophic, based on chlorophyll a, TP and Secchi depth (Figures 9-11 
and 9-12). Total nitrogen concentrations, however, indicated that these lakes were 
oligotrophic. Several lakes are located in the Foothills Fescue region, including the Oldman 
Reservoir, St. Mary Reservoir, Police Outpost Lake and the North and South Pine Coulee 
Reservoir. These lakes are highly variable in their productivity and nutrient status, and all are 
located in either rangeland or cropland. According to chlorophyll a, the Oldman Reservoir is 
oligotrophic, Police Outpost Lake and the St. Mary Reservoir are mesotrophic, and Pine 
Coulee Reservoir is eutrophic. Productivity status varies greatly for these lakes, with regard 
to TP, TN and Secchi depth, but is not always consistent with the chlorophyll a ratings. 

The remaining five lakes in the Oldman RSB are located in the Mixedgrass region. Clear 
Lake, Keho Lake Reservoir, Little Bow Reservoir, Travers Reservoir and McGregor Lake 
are all located within agricultural areas (rangeland or cropland). Based on data from 1980-
2003, Clear Lake is considered the most productive lake in the Oldman RSB, and is 
classified as hypereutrophic. All values, including chlorophyll a, TP, TN and Secchi depth 
consistently rated Clear Lake as hypereutrophic. However, Clear Lake has undergone 
stabilization in the recent years, and the current status may be different. Despite the level of 
agricultural activity surrounding the remaining lakes in the Mixedgrass region, they range 
from oligotrophic (Little Bow Reservoir) to mesotrophic (Travers Reservoir, McGregor 
Lake, Keho Lake Reservoir), based on chlorophyll a levels. Total phosphorus and TN levels 
and Secchi depths indicated that these lakes were mesotrophic to eutrophic. 

                                                 
43 Long-term monitoring lakes and reservoirs within the Oldman RSB include: Beauvais, Police Outpost, Clear, Chain, Keho and 
McGregor lakes; Oldman, St. Mary, the North and South Pine coulees; and Little Bow, and Travers reservoirs.  
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9.7.3.2 Oldman Reservoir 

Water Quality and Influence of Flow 

The Oldman Reservoir stratifies slightly, with a weak thermocline developing temporarily in 
June, July and August, and dissipating in the fall. The high volumes of water flowing into the 
reservoir from the Castle, Crownest and Oldman rivers tend to destabilize and inhibit 
stratification, as does the outflow from the bottom of the reservoir (Mitchell 2001). 
Dissolved oxygen concentrations have remained at or above 6 mg/L during the open water 
period (Alberta Environmental Protection 1999). Oxygen stratification occurs occasionally, 
but in general, oxygen concentrations remain constant with depth and are generally above 
70% saturation (Mitchell 2001).  

In general, the concentration of TSS in the reservoir is low, averaging 4.6 mg/L in 1996. 
Inflow TSS concentrations are also low, except during the spring freshet, when higher 
suspended solids concentrations are transported from the tributaries. Water clarity is 
generally highest during July, after spring runoff is over and the suspended sediments have 
settled, however, clarity is less than was predicted (Mitchell 2001). TDS concentrations in 
the Oldman Reservoir are low, averaging 186 mg/L in 1996 (Mitchell 2001). The reservoir is 
oligotrophic, with low concentrations of nutrients (Figures 9-11 and 9-12). From 1992 to 
1996, TP averaged 0.015 mg/L, with the majority in the particulate form and therefore not 
immediately bioavailable. Total and dissolved phosphorus are both generally highest in June 
or July, following a period of high inflow from the tributaries. Nitrogen is also low, 
averaging 0.3 mg/L from 1992 to 1996, with the majority of the nitrogen load from the 
tributaries released in the outflow (Mitchell 2001). 

Trace metal concentrations are generally very low in the reservoir, often below analytical 
DLs. All analysed metals were below relevant WQGs except for Al, and isolated 
exceedences of some other metals (i.e., Fe, Pb, Zn). These few exceedances were likely due 
to soil erosion, carrying particulate metals with runoff, and were considered normal for 
waters in southern Alberta (Mitchell 2001). 

Construction of the dam has influenced both the downstream water quality of the Oldman 
River and the water quality of the created reservoir. The reservoir’s water quality is strongly 
influenced by its hydrological characteristics and morphology. Reservoirs have 
characteristics of both rivers and lakes; they often exhibit the horizontal gradients of rivers, 
but also the vertical gradients of lakes. The upstream end of the Oldman Reservoir is more 
riverine, while the downstream end near the dam is more lacustrine. Overall, water quality of 
the Oldman Reservoir is excellent, with no substantial differences among different areas of 
the reservoir (Mitchell 2001). 
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Sediment Quality and Non-Fish Biota 

Sediments have been accumulating in the Oldman Reservoir since its construction. While 70 
to 80% of the suspended solids entering the river were retained in the reservoir in the first 
few years (Golder 1995), this retention had increased to 99% by 1996 (Mitchell 2001). 
Despite its high flushing rate, the reservoir acts as a sink for TP, with little sediment release 
to the water column. Sediments were analysed for their metals content, with most compliant 
with available sediment guidelines. An exception was As, for which most values exceeded 
the guideline, but were below the probable effects level. Cadmium concentrations also 
occasionally exceeded the sediment guideline. The source of both As and Cd are believed to 
be natural geological materials in the watershed (Mitchell 2001). Mercury was also measured 
in the sediments, due to concerns regarding the potential formation of methyl mercury 
following dam construction and inundation of vegetation. Mercury concentrations in the 
sediments were often below the analytical detection limit (Mitchell 2001). 

The phytoplankton community in the Oldman Reservoir supports the nutrient data and its 
classification as an oligotrophic system, with productivity likely limited by phosphorus 
availability rather than nitrogen (Golder 1995). While trophic upsurge can be a concern 
during the initial years of reservoir establishment, there is no evidence that the Oldman 
Reservoir experienced elevated primary productivity. The algal species (as measured in 
1992) were primarily riverine and dominated by a few taxa that were characteristic of 
oligotrophic systems, suggesting that a pelagic phytoplankton community had not been 
established at the time of sampling. Just five taxa accounted for 95% of the total biomass, 
with diatoms and cryptophytes the most abundant species. The low presence of a nitrogen 
fixing blue green bacteria (Aphanizomenon flos-aquae) throughout the reservoir suggested a 
low nitrogen to phosphorus balance (Watson 1994).  

Chlorophyll a concentrations were slightly lower than predicted, and averaged 1.7 μg/L from 
1992 to1996. Little annual variation occurred for this parameter. The lower chlorophyll a 
values may be due to the decreased clarity and increased light attenuation in the reservoir. 
Overall, algal growth in the reservoir is low, with no clear seasonal variations (Mitchell 
2001). The low total phytoplankton biomass and chlorophyll a concentrations in relation to 
the levels of TP indicate that much of the phosphorus is unavailable (Watson 1994). 

9.7.3.3 Frank Lake 

Previous to its restoration in 1989 by Ducks Unlimited Canada, the lake was dry due to 
agricultural drainage and encroachment. Currently, inflows to the lake include two small 
creeks and agricultural runoff, in addition to managed discharges. Management of the 
wetland via point source discharges and weirs maintains an even ratio of open water and 
emergent vegetation, with an average depth of 0.67 m (White et al. 2000). The lake was 
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designed such that it would not result in odour, mosquito or groundwater contamination 
problems (White and Bayley 1999). 

Local municipal (Town of High River) and agro-industrial (beef processing plant) 
wastewaters are secondarily treated prior to entering the wetland complex for further 
treatment. While the lake was designed, in part, to treat wastewater effluent, these discharges 
have the potential to influence its water quality and aquatic ecosystem characteristics. These 
discharges average above 5,000 m3/day and contain an average 11.14 mg/L of soluble 
reactive phosphorus (White et al. 2000).While the wetland is effective at removing ammonia, 
nitrate and TP, there is a limit to the amount it can absorb from additional wastewater 
discharges. This could potentially result in eutrophication and degraded water quality in the 
marsh and further downstream in the Little Bow River (White et al. 2000). A plume of poor 
water quality is found near the inflows, with low pH and high turbidity, ammonia, nitrate, TP 
and soluble reactive phosphorus concentrations. Ammonia concentrations regularly exceeded 
the CCME WQG, particularly during the winter under ice cover (White and Bayley 2001). 

Sediment has accumulated in the wetland since restoration, with the largest accumulations 
seen adjacent to the inflow sites. Almost 80,000 kg of the total 140,000 kg input load of 
phosphorus had accumulated in these sediments at the inflow sites between 1990 and 1995. 
Natural wetlands adjacent to Frank Lake had significantly lower phosphorus concentrations, 
but higher magnesium and sodium content in their sediments. The accumulation of organic 
material in Frank Lake is the result of the wastewater discharges, since the marsh was 
reclaimed from bare mineral soil. The sediments adjacent to the inflow sites may be saturated 
with phosphorus, limiting the amount they can absorb from additional wastewater discharges 
(White et al. 2000). 

Restoration of Frank Lake has also restored aquatic plant and animal communities (White 
and Bayley 1999). Vegetation in Frank Lake consists primarily of hardstem bulrush (Scirpus 
acutus) sago pondweed (Stuckenia pectinata [formerly Potamogeton pectinatus]), northern 
water milfoil (Myriophyllum exalbescens) and Richardson’s pondweed (P. richardsonii; 
White et al. 2000). The macrophyte abundance is dependent upon the variable water depth 
within the wetland complex. Macrophyte growth is also limited in the immediate vicinity of 
the inflows, due to high turbidity (White and Bayley 2001). 

9.7.4 Lakes in the South Saskatchewan River Sub-Basin 

The SSRSB contains several small lakes that are scattered throughout the basin, however, 
only two were part of the Province’s monitoring study of productivity and nutrient status. 
Elkwater Lake and Spruce Coulee Reservoir are both located in the Mixedgrass region in the 
very southeast corner of the basin, within agricultural rangeland (Figure 9-12). They are both 
considered mesotrophic, having moderate levels of chlorophyll a and TN. Though, according 
to average TP levels Elkwater Lake is eutrophic, while Spruce Coulee Reservoir is 
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mesotrophic. Elkwater Lake was moderately clear (2.6 m Secchi depth), while Spruce 
Coulee Reservoir was clear and considered oligotrophic (4.5 m Secchi depth).  

9.7.5 Wetlands in the South Saskatchewan River Basin 

Due to the general lack of information on wetlands in the SSRB as a whole, the overall AEH 
of wetlands cannot be described. Some general information on water quality and aquatic 
ecosystems of wetlands in the prairie pothole region of the basin was recently reviewed by 
Wray and Bayley (2006) with respect to the identification of AEH indicators. Pesticide water 
quality in two wetlands in the Oldman RSB was rated as ‘fair’ or ‘marginal’ according to the 
ARWQI (Gulka’s Slough and Snethum’s Slough; Anderson 2005). The most information 
was available for the Vermilion Wetlands located in the Bow RSB, within Banff National 
Park. 

9.7.5.1 Vermilion Wetlands 

The water of the Vermilion Wetlands is slightly alkaline, high in ionic content and well 
oxygenated, with DO concentrations ranging from 8.6 to 12.0 mg/L. The wetlands are 
oligotrophic, with TP concentrations ranging between 0.01 and 0.02 mg/L. Total dissolved 
phosphorus is generally at or less than the detection limit of 0.01 mg/L. Ammonia is also 
undetectable (<0.1 mg/L). TDS concentrations range from 296 to 444 mg/L (Sentar 1992). 
Large woody debris flows from mountain streams occasionally enter the Vermilion 
Wetlands, influencing suspended sediment concentrations (Parks Canada and CPR 2000). 
Large debris flows, followed by routine channel maintenance and debris removal activities 
may introduce silt-laden water into the wetlands on a seasonal and temporary basis. 
Excessive sedimentation may lead to an accelerated rate of infilling of the wetlands (de 
Scally 1999).  

Because the Vermilion Wetlands act as a sink for nutrients and organic material, they can 
support high levels of plant and animal productivity and diversity. Many communities of 
aquatic and semi-aquatic plants are found in ponded areas of the wetlands, including sedge 
fen, wet shrubby meadows, wet shrub thickets and wet white spruce forests. Beaked sedge 
(Carex utriculata) and water sedge (Carex aquatilis) were common in these areas, with 
pondweed (Stuckenia vaginata [formerly Potamogeton vaginatus]) and muskweed (Chara 
vulgaris) the predominant submerged vegetation (Sentar 1992). Phytoplankton and benthic 
invertebrates were abundant (Sentar 1992), however, a population of the endangered Banff 
Springs snail (Physella johnsoni) has been extirpated from the western edge of the Vermilion 
Wetlands (Lepitzki 2002). 

The Banff Spring snail is one of a few invertebrates listed as ‘endangered’ by the Committee 
on the Status of Endangered Wildlife in Canada (COSEWIC). It is endemic to thermal 
springs in Banff National Park, and this extremely limited range is the reason for its 
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endangered status. Changes to drainage patterns in the springs and human disturbance has 
eliminated the snail from some of its habitat, however, recent reintroduction efforts have 
been successful (Parks Canada 2003; Lepitzki 2002). The snail population fluctuates 
dramatically, but management programs are in place to protect it. 

9.7.6 Synthesis and Initial Assessment of Aquatic Ecosystem Health  

• The initial qualitative aquatic ecosystem health (AEH) assessment for South 
Saskatchewan River Basin (SSRB) lakes and rivers is summarized in Table 9-63, 
and the quality of the information and data used for this initial assessment is 
indicated in Table 9-64.  

• Lake trophic status in the SSRB, as a whole, spanned the entire trophic status range 
from oligotrophic to hypereutrophic. Lakes tended to be more eutrophic in the Red 
Deer RSB and the Oldman RSB, due to the predominance of agriculture in both sub-
basins, and the naturally fertile soils in the former. Lakes in the Bow RSB tended to 
be less productive with the majority of the lakes located in the headwaters of the 
Bow River. 

• With respect to natural regions, hypereutrophic and eutrophic lakes were most 
consistently located in Dry Mixed Grass, Mixedgrass and Central Parkland sub-
regions. Oligotrophic lakes were generally located in the Sub-Alpine sub-region, 
while mesotrophic lakes were distributed more evenly among sub-regions. The 
majority of SSRB lakes are considered ‘freshwater’ lakes, with five either slightly 
saline or moderately saline lakes. 

• Approximately 71% of the lakes monitored by AENV in the Red Deer RSB (1980-
2003) are considered eutrophic or hypereutrophic. There does not appear to be a 
relationship between ecoregion and trophic status in the Red Deer RSB likely due to 
the prominence of agriculture throughout the basin. There is some information 
indicating that lakes have been relatively nutrient-rich for decades and some lakes 
were likely relatively productive prior to European settlement. However, owing to a 
lack of pre-development data it is not generally known to what extent lakes 
throughout the basin are ‘naturally’ eutrophic, although some information exists 
(e.g., Pine Lake). 

• Uncertainty regarding the ‘true natural trophic state’ of lakes in the Bow and 
Oldman RSBs, also impeded an assessment of AEH for most lakes, as it did for 
lakes throughout Alberta (see Section 4.4.7 for further discussion). This was further 
exacerbated by the lack of non-fish biota data for SSRB lakes, and lakes throughout 
the province as a whole. These data would provide integrated information and 
improve our understanding of nutrient and contaminant bioavailability within these 
lakes. An integrated, more focussed monitoring approach in the future, directed 
towards AEH indicators, should facilitate a future AEH assessment of SSRB lakes 
(see Section 11 for further discussion). 
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Table 9-63 Initial qualitative assessment of aquatic ecosystem health based 
on a synthesis of available data: lakes and wetlands in the Red 
Deer River Sub-Basin 

Area/Site Water 
Quality 

Sediment 
Quality 

Non-fish 
Biota 

Lakes monitored previously by AENV 1  Variable ID ID 

Red Deer RSB: Pine Lake  ID G BI 
ID 

PP 
M 

Red Deer RSB: Sylvan Lake and Gull Lake ID G ID 

Bow RSB: Glenmore Reservoir ID ID ID 

Bow RSB: Chestermere Lake ID G ID 

Bow RSB: Vermilion Wetlands ID G ID 

Oldman RSB: Oldman Reservoir G G ID 

Oldman RSB: Frank Lake ID ID ID 
 Excellent  Good  Fair  Marginal  Poor  Insufficient data 

BI = Benthic Invertebrates. PP = Primary Producers. 
Notes:  1 On the basis of trophic status.  

Table 9-64 Assessment of data quality/quantity for an initial aquatic 
ecosystem health assessment: lakes and wetlands in the Red 
Deer River Sub-Basin 

Area/Site Water 
Quality 

Sediment 
Quality 

Non-fish 
Biota 

Lakes monitored previously by AENV 1  Variable P P 

Red Deer RSB: Pine Lake  M M BI 
P 

PP 
M 

Red Deer RSB: Sylvan Lake and Gull Lake M M P 

Bow RSB: Glenmore Reservoir P P P 

Bow RSB: Chestermere Lake F F M 

Bow RSB: Vermilion Wetlands P P P 

Oldman RSB: Oldman Reservoir F F P 

Oldman RSB: Frank Lake P P P 

 Good  Fair  Marginal  Poor 
Notes:  1 Primarily to assess trophic status. 2 Prior to the August 2005 oil spill on the North Shore. 

BI = Benthic Invertebrates. PP = Primary Producers. 
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10.0 MILK RIVER BASIN 

10.1 INTRODUCTION 

The Milk River is the smallest of the province's major river basins with an area in Canada of 
about 6,500 km2. The river is in the northern part of the Missouri-Mississippi River Basin, 
the only basin in Alberta that is part of this system. It originates in the foothills of the Rocky 
Mountains in Montana. The Milk River and its main tributary, the North Milk River, cross 
the international boundary and join about 20 km west of the Town of Milk River. The river 
flows eastward through the southern portion of the province, and then loops back into 
Montana. The mean annual natural flow entering Alberta is 85,000 dam3. In addition, an 
average of 178,000 dam3 is diverted from the St. Mary River into the North Milk River 
annually to increase the amount of water available for irrigation (Klohn Crippen 2003). The 
amount of flow leaving Alberta is 167,000 dam3 (Alberta Environment website). Average 
flows at the Town of Milk River are relatively stable over the summer, but decline in the fall. 

Figure 10-1 illustrates land cover and distribution of natural regions within the Milk River 
basin, as well as location of lake water quality monitoring sites discussed in Section 10.4. 
The dominant natural region in this basin is Grassland, and subregions include Dry 
Mixedgrass over much of the basin, with Foothills Fescue and Mixedgrass in the western 
portion (Figure 10-1). Upstream areas of the watershed are primarily grasslands with 
ranching being the principal land use. Much of the cultivated land occurs in the central 
portion of the basin. The eastern part of the watershed is rangeland. The few trees and shrubs 
in the basin are found in valley bottoms, and the natural prairie grassland has largely been 
converted to agricultural development (Figure 10-1). 

The Cypress Hills are a unique feature for this part of Alberta - the hills rise above the 
grasslands and are characterized by forests of lodgepole pine, white spruce and aspen. Part of 
the Cypress Hills drains south and east, and is therefore within the Milk River Basin. Much 
of the Cypress Hills feature is within the Montane Subregion of the Rocky Mountain Natural 
Region. 

For the purposes of an initial assessment of AEH in the Milk River Basin, the Milk and 
North Milk rivers, several smaller tributaries, and a selection of lakes and reservoirs were 
selected. The rationale for selection was based on criteria established in section 2.2.1 and is 
summarised in Table 10-1, as well as a description of key stressors and issues (potential and 
known). A compilation of key documents identified to support the synthesis of water and 
sediment quality and NFB in the Milk River Basin is given in the form of an annotated 
bibliography in Appendix D. 
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Figure 10-1 Land cover and natural regions of the Milk River Basin showing 
AENV monitoring lakes and average chlorophyll a concentrations 
(1980-2003)1

                                                 
1 The AENV monitoring lakes shown are discussed in Section 10.4. Provided by AENV. 
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Table 10-1 Summary of Impact Areas and Associated Stressors in the Milk 
River Basin 

Watercourse/ 
Waterbody 

Assessment 
Area/Site 

Rationale for Selection Stressors and Issues Stressor Impact Rating

Western 
Crossing 

U/S of agricultural and 
municipal impacts. Water as it 
crosses the border with USA. 

Low dilution capacity. Negligible 

U/S of town of 
Milk River 

U/S of town of Milk River and 
most irrigation returns. 

Unknown Low 

Highway 880 

D/S of towns of Milk River 
and Coutts. Inputs from 

tributaries draining 
agricultural land. Verdigris 

Coulee. 

Non-point source and 
municipal wastewater 

inputs. 
Moderate? 

Milk River 

Eastern 
Crossing 

D/S of all agricultural inputs. 
Water before it crosses 

border into USA. 

Non point source 
inputs and irrigation 

return flows. 
Moderate 

North Milk River 
At international 
border 

Main tributary of Milk River as 
it crosses border. 

Unknown Negligible 

Streams 
Very little 
information 

Data available. 
Agricultural impacts, 
irrigation and return 

flows. 
Moderate 

Milk River 
Ridge 
Reservoir 

Irrigation water use, 
recreation. 

Low 

Pakowki Lake 
Shallow, highly 

productive, waterfowl 
mortality. 

Moderate/High 

Reesor Lake 
Little impact, 
recreation. 

Negligible 

Lakes 

Tyrrell Lake 

Data available. 

Irrigation water use, 
recreation. 

Low/Moderate 

Wetlands No information No information available. 
Agricultural impacts - 

moderate to high 
pesticide use. 

Moderate 

U/S = Upstream. D/S = Downstream. 

10.2 MILK AND NORTH MILK RIVERS  

10.2.1 Key Areas, Issues and Indicators 

Compared with many other river basins in the province, water bodies in the Milk River Basin 
are lacking in recent information. Key areas were those for which reasonably good data exist, 
so that information on water quality and NFB could be assessed (Table 10-1). These include 
four sites on the Milk River and one on the North Milk River, and several lakes or reservoirs. 
A few other lakes and streams were also reviewed in less detail.  
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There are no major urban centres in the basin, but there are a few towns and villages. Milk 
River, Raymond and Coutts are three of the larger towns. Much of the basin is in agriculture, 
either irrigated or dryland crops or livestock production. Approximately 3300 ha are 
currently being irrigated, although 170,000 ha of irrigable land are present in the watershed.  

The Milk River and its tributaries are the principal source of water for domestic, municipal 
and agricultural needs for local residents in the basin. Historically, the Milk River Basin has 
experienced numerous water supply shortages, including periods of drought when part of the 
river has run dry.  

In 1917, the United States constructed the St. Mary Canal to divert flow from the St. Mary 
River in Montana to the North Milk River. Its main purpose was to increase flows in the 
Milk River during the irrigation season (May-October). The main effect of the St. Mary 
diversion has been to increase median flows in the Milk River to about 20 times natural 
flows. As a result, the magnitude of flood flows on the North Milk River has increased, 
although this is minor on the mainstem Milk River (McLean and Beckstead 1980). The 
increased flows resulted in a dramatic increase in suspended sediments from bank erosion 
and slumping. But even with the increased flow from the diversion, flows in the river can 
become very low. Low winter flows can result in low dissolved oxygen concentrations and 
low flows in summer can result in high water temperatures (Klohn Crippen 2003).  

For at least 20 years, the possibility of constructing a reservoir or dam to increase water 
storage in the Milk River Basin has been considered. Numerous studies have been conducted 
to assess the feasibility and impacts of proposed projects, including both off-stream and on-
stream storage. The most favoured site is at the confluence of the Milk and North Milk 
rivers, called the Forks site. This site would ensure reliability of supply and good water 
quality for irrigation. Anticipated possible impacts on the river include those from 
construction of the reservoir, such as increases in suspended sediment and hydrocarbons 
from fuel spills or lubricants. The reservoir would likely change thermal and ice regimes in 
the river, impair riparian growth and increase erosion. It is possible that if water with low 
concentrations of dissolved oxygen were discharged, aquatic biota could be affected. A 
trophic upsurge in the reservoir could result in increased nutrient levels in the river. 
Increased mercury levels in water and biota are a common effect associated with reservoir 
creation. 

A major issue in this basin is non-point source runoff from agriculture. According to Noton 
(1980), the basin in the late 1970s was equally divided between rangeland and crops. 
Agricultural runoff may contain high levels of nutrients, pesticides, organic carbon, total 
dissolved and suspended solids, and possibly metals. Organic materials from feedlots can 
contribute to oxygen demand.  
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Irrigation return flows are generally high in salinity, suspended solids and possibly 
pesticides. Water allocation licences have been issued to 45 landowners in the basin, 
allowing them to withdraw approximately 5 million m3/year from lakes, streams and the 
Milk River each year for crop production and livestock watering, although the latter use is 
minor. Not all of allocated water is necessarily used, but approximately 1.5 million m3/year 
are released to surface waters, largely as irrigation return flows. Only a few of these are 
released directly to the Milk River; most is released to other streams and lakes near the 
landowners’ property (Alberta Environment 2006).  

As well, 344,000 m3/year of treated sewage effluent is discharged to the Milk River from two 
major towns in the basin, Coutts and Milk River. The Town of Milk River is permitted to 
discharge from their lagoon to the river once annually over a maximum period of three 
consecutive weeks between April 1 and November 30 (pers. comm. Wendell Koning and 
Luke Schoening). Coutts also has a lagoon system, but discharges to a "natural" slough 
adjacent to the lagoon storage cell (pers. comm. Wendell Koning and Luke Schoening). 
Municipal discharges can provide nutrients, organic carbon and other substances, especially 
for those towns directly on the river or its tributaries. Impacts tend to be highest during low-
flow periods. 

Aquatic health indicators and the rationale for their selection are provided in Section 3.2. 
Indicators chosen for the Milk River Basin are primarily related to agricultural impacts, 
including nutrients, total suspended and dissolved solids, pesticides and trace metals (Table 
10-2; Table 10-3 in Appendix A). For the rivers, dissolved oxygen and temperature are 
concerns, as flows in the Milk River can become very low and productivity can be high, 
especially in downstream reaches. Salinity also may be a concern, as a few irrigation return 
flows enter the river. Sediment data were not available (Table 10-4; Table 10-5 in Appendix 
A). Indicators for non-fish biota would include biomass and diversity of plant and 
invertebrate populations in the river, although very few data are available (Table 10-6; Table 
10-7 in Appendix A). 

Data for four water quality monitoring sites on the mainstem Milk River and one on the 
North Milk River were available. Based on available data, the rivers could be divided into 
following reaches:  

1. North Milk River  

• North Milk River at International Boundary (Stn.AB11AA0001) – to monitor 
water as it enters Alberta from the United States: Environment Canada site; 
monthly samples, 1960-1995. Sampling discontinued in March 1995. 
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Table 10-2 Summary of potential water quality (WQ) indicators of aquatic 
ecosystem health (AEH) in the Milk River Basin 

AEH WQ Indicator 
Milk 

River 

North 
Milk 

River 
Lakes 

ARWQI 1   x 
CCME WQI   x 
AAWQI 2 x x x 
AENV Lake Trophic Status 3 x x  
Stream/River Trophic Classification 4   x 
Nutrients and Chlorophyll a    
Dissolved Oxygen    
TSS and /or Turbidity    
TDS and /or Conductivity    
Trace Metals/Metalloids 5   6

Trace Organics   x 
Pesticides    

√ = Relevant indicator, X = Indicator not relevant. See Appendix Table 10-3 for further details regarding the availability of data 
for the identified indicators.  
Notes: ARWQI and sub-indices (nutrient, bacteria, metals and pesticides). AAWQI and sub-indices (nutrient, bacteria and 
pesticide). Trophic status assessed by chlorophyll a, TP, TN and secchi depth criteria. As per Dodds at al. 1998 (benthic algal 
and/or phytoplankton biomass as Chlorophyll a, total nitrogen and total phosphorus); See Table 3-6. Emphasis was placed on 
total metals with CCME WQGs (i.e., Al, As, Cd, Cr, Cu, Fe, Pb, Mn, Hg, Mo, Ni, Se, Ag, Zn); where appropriate dissolved 
metals were considered, but only in particular cases. Lake dependent. 

1 2

3 4

5

6

Table 10-4 Summary of potential sediment quality (SQ) indicators of aquatic 
ecosystem health (AEH) for select Milk River Basin rivers, 
streams and lakes  

AEH SQ Indicator Milk River 
North Milk 

River 
Lakes 

Trace Metals/ Metalloids   x 
Trace Organics x x x 
Nutrients    
Sediment Oxygen Demand   x 

√ = Relevant indicator, X = Indicator not relevant. See Appendix Table 10-5 for further details regarding the 
availability of data for the identified indicators. 
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Table 10-6 Summary of potential non-fish biota (NFB) indicators of aquatic 
ecosystem health (AEH) for select Milk River Basin rivers, 
streams and lakes  

AEH NFB Indicator Measurement Milk River 
North Milk 

River 
Lakes 

Community-based metrics 1    
Standing crop biomass  x  Benthic Invertebrates 

Invasive species    
Standing crop biomass (as Cha) 2 x  
Community composition 3 2 x  Phytoplankton 

Stream/Lake Trophic Classification 4 2 x  
Standing crop biomass x x  

Zooplankton 
Community composition 5 x x  
Standing crop biomass (as Cha)   x 
Community composition  6   x Periphyton 

Stream /River Trophic Classification4   x 
Standing crop biomass    
Community composition 7    Aquatic Macrophytes 

Invasive species    
√ = Relevant indicator, X = Indicator not relevant. See Appendix Table 10-7 for further details regarding the availability of data 
for the identified indicators. 
Notes: Total abundance (density), taxon richness, density and proportion, eveness, % EPT, Simpsons diversity index, Bray-
Curtis index and/or the EPT index. Applicability dependent on stream/reach. Total abundance (density), taxon richness, % cell 
concentration composition of taxa, % biomass compositionof taxa, Simpson’s diversity index. See Tables 3-5 and 3-6.  Total 
abundance (density), taxon richness, % composition of taxa, % biomass composition of taxa, Simpson’s diversity index. 6Total 
abundance (density), taxon richness, % biomass composition of taxa, Simpson’s diversity index.  Total abundance (density), 
taxon richness, % biomass composition of taxa, Simpson’s diversity index.  

1

2  3

 4 5

5

7

 

2. Milk River from the Border to the Town of Milk River 

• Milk River at Western Crossing (Stn.AB11AA0002) – to monitor water as it 
enters Alberta from the United States (1950-1995); Environment Canada site; 
monthly samples. Sampling discontinued in March 1995. 

• Milk River upstream of the town of Milk River (Stn AB11AA0150) – to assess 
the impacts of agriculture in the western part of the basin. Water from the St. 
Mary diversion is part of the river at this point (2003-2004); Alberta Environment 
site; monthly samples. Sampling from spring 2003 to and including spring 2004. 
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3. Milk River from the Town of Milk River to Hwy 880 

• Milk River at Hwy 880 (Stn.AB11AA0070) – to assess the impact of municipal 
discharges, irrigation return flows and non-point sources in the central part of the 
basin (2003-2005); Alberta Environment site, monthly samples. Sampling began 
spring 2003 and is ongoing; current. 

4. Milk River from Hwy 880 to the Border 

• Milk River at Eastern crossing (Stn.AB11AA0003) – to assess cumulative 
impacts before the river crosses the border into Montana (1960-1995); 
Environment Canada site; monthly samples. Sampling discontinued after March 
1995. 

The Milk River and its tributary, the North Milk River, are the best-studied water bodies in 
the basin; data were collected from 1960-95, mostly on a monthly basis. As well, 
miscellaneous data were collected at several sites, particularly in the 1970s, but are not 
discussed here. One of these sites, above the Town of Milk River, was re-established in 
2003, but was only sampled one year. Biological surveys were conducted in 1986.  

10.2.2 Water and Sediment Quality 

Water quality in the Milk River was assessed from upstream to downstream. Several older 
documents were consulted (Noton 1980, Block 1984, A.A. Aquatic Research 1986), but 
much of the following is based on the latest data available, including comparison with 
surface water quality guidelines for the protection of aquatic life and the ASWQI for the two 
AENV stations. Data for the period 1990-1995 were analyzed from the Environment Canada 
sites. Unfortunately, the data from the two AENV sites are not strictly comparable with 
those of the three Environment Canada sites, as there is a 10-year gap between sampling 
periods, and some variables are different. The following is a brief overview of water quality 
in the rivers, and is not intended to be a definitive analysis. 

10.2.2.1 North Milk River 

The headwaters of the North Milk River are located in the foothills of the Rocky Mountains 
in Montana. The river is supplemented with water from a diversion from the St. Mary River 
during the irrigation season. The only available water quality data are from the Environment 
Canada site on the international boundary with the United States. No sediment data are 
available and water quality indices have not been calculated for this site. Water quality 
information for the North Milk River site (1990-1995) is summarized in Tables 10-8 and 10-
9 in Appendix A. 
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Water quality at this site is excellent. Dissolved oxygen levels in this river are generally high 
throughout the year and always complied with ASWQG. Values for pH varied little over the 
five-year period.  

The highest concentrations of total suspended solids usually occurred in spring, likely as 
flows increased during spring runoff and diversion commenced. But even the highest 
concentrations are typical of many rivers in Alberta.  

Total dissolved solids levels varied considerably (range 73-336 mg/L). The highest values 
occurred during winter, while the lowest occurred during summer, likely as a result of the St. 
Mary diversion. Noton (1980) also found that TDS levels in the North Milk River declined 
substantially when the diversion was operating. The dominant ions were calcium and 
bicarbonate. The river had hard water, but hardness also varied depending on whether the 
diversion was occurring or not. Levels of major ions and pH suggest that the river is well 
buffered.  

Concentrations of total phosphorus tended to increase in spring (April to June) as TSS levels 
increased, or in March when TSS was low. During March, levels of dissolved P also 
increased. The ASWQG for TP was exceeded on eight occasions over the five-year period, 
although median levels were quite low (Table 10-8 in Appendix A). Total nitrogen levels 
also exceeded ASWQG occasionally, but always in winter. It is likely that flows were low at 
this time and decomposition was occurring under ice, as TOC levels were also highest in 
winter. Ammonia data were not available. According to the Dodds et al. (1998) criteria, the 
river is oligotrophic based on median and average TP, TN and chlorophyll a concentrations. 

Very few metals were analyzed in these samples. Of the four that had relevant guidelines, all 
complied with CCME WQG for the protection of aquatic life, and concentrations were often 
below analytical detection limits. No pesticide data are available for this site. 

10.2.2.2 Milk River from International Border to the Town of Milk River 

Western Crossing 

The mainstem Milk River arises from the eastern slopes of the Rocky Mountains in Glacier 
National Park in Montana. As it crosses into Alberta, its flows are largely natural. The 
following information pertains to the Environment Canada sampling site on the border, 
called Western Crossing. No sediment or pesticide data are available, and water quality 
indices have not been calculated. The following information is summarized from the 1990-
1995 data and presented in Tables 10-9 and 10-10 in Appendix A. 

Water quality at this site is good. Dissolved oxygen levels ranged between 1.7 mg/L and 13.2 
mg/L. The former was the only value that did not meet ASWQG, and it occurred in winter 
under ice. Measurements of pH had a small range in variation, and always met guidelines.  
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Total suspended solids levels varied much more widely at this site than at the North Milk 
River site, and mean and medians were also higher. The highest values tended to occur in 
spring, although the maximum recorded concentration for the period occurred in summer 
1993. It is likely that flows in the river were high at this time, which would contribute to 
erosion and therefore high TSS concentrations in the water.  

Total dissolved solids levels were generally higher than those in the North Milk River; 
dominant ions were calcium and bicarbonate. This portion of the river had hard water and 
was well buffered. 

Nutrient levels were slightly higher at this site than in the North Milk River. TP 
concentrations tended to be highest in spring, except for very high levels during summer 
1993 (maximum 1.32 mg/L). Nearly all of this was particulate P, as total dissolved P was 
low on this date. These high concentrations corresponded with high TSS levels. The 
ASWQG for TP was exceeded on nine occasions over the five-year period. TN 
concentrations were highest in winter and in summer 1993. Ammonia data were not 
available. TOC concentrations also tended to be highest in winter or early spring, likely 
reflecting decomposition under ice. According to the Dodds et al. (1998) criteria, the Milk 
River at Western Crossing is oligotrophic based on median and average TP, TN and 
chlorophyll a concentrations. 

Very few metals were analyzed in these samples. Of the four that had relevant guidelines, 
iron and arsenic complied with CCME WQG, whereas one excursion occurred for mercury 
(0.036 μg/L; Table 10-10 in Appendix A). For selenium, nine values were above the 
guideline. However, these samples were analyzed at the milligrams per litre level, and values 
were only marginally over the guideline. They are likely less reliable than if samples had 
been analyzed using analytical methods with lower detection limits.  

Milk River above Town of Milk River 

This site is on the mainstem Milk River after its confluence with the North Milk River. Only 
one year of data (April 2003-March 2004) were available, and therefore a statistical 
summary was not completed for this site. A guideline assessment summary is presented in 
Table 10-11 in Appendix A.  

Dissolved oxygen levels ranged between 8.55 and 13 mg/L (median 10.2 mg/L) and always 
complied with ASWQG. Measurements of pH varied little over the year, and also were well 
within guideline levels. The maximum temperature recorded during the year was 20oC in 
August. 

Both total phosphorus and total nitrogen concentrations exceeded the ASWQG on four 
occasions, but during different seasons, as occurred at the two upstream sites. TP levels were 

North/South Consultants Inc. 
Page 10-10 



AEH Information Synthesis and Initial Assessment 
Alberta Environment Section 10.0: Milk River Basin 

highest in spring as TSS concentrations increased. TN levels were highest in winter under 
ice. Ammonia-N concentrations always met CCME WQG for the protection of aquatic life. 
According to the Dodds et al. (1998) criteria, the Milk River above the town of Milk River is 
mesotrophic based on median TP and TN concentrations and oligotrophic based on 
chlorophyll a concentrations. 

A large suite of metals and metalloids were analyzed in samples collected from this site, 
although they were collected infrequently. Only aluminum, cadmium, copper, iron and lead 
exceeded CCME WQG. All exceedences occurred in spring when TSS levels were high, and 
it is likely that these metals are associated with sediment particles and not a major concern to 
aquatic life.  

Pesticides were analyzed on four occasions at this site (Table 10-12 in Appendix A). Of the 
46 variables analyzed, only the common herbicide 2,4-D was above the analytical detection 
limit, and only on one occasion. The concentration was well below CCME WQG. 

The ARWQI was calculated for this site, and the river water quality at this point was rated as 
‘good’ (Table 10-13). The index for pesticides and metals was ‘excellent’, while the index 
for nutrients only ‘fair’. 

10.2.2.3 Town of Milk River to Highway 880 

Milk River at Highway 880 

This site is downstream of the towns of Milk River and Coutts, inflows from Verdigris 
Coulee (see below) and several tributaries draining agricultural land. The following 
information is based on data collected between April 2003 and December 2005. Data are 
summarized in Tables 10-14 and 10-11 in Appendix A. No sediment data were available. 

Dissolved oxygen levels at this site ranged between 5.73 mg/L and 14.2 mg/L. The former 
was the only value that did not meet ASWQG, and it occurred in winter under ice. 
Measurements of pH had a relatively small range in variation, and always met guidelines. 
Although high summer temperatures are a concern in this river (Noton 1980), they remained 
relatively low (maximum 22oC) during the study period. 

Seasonal variations in total suspended solid (TSS) levels were very wide (range 1.8 mg/L – 
2700 mg/L). The highest values tended to occur in spring, although the maximum recorded 
for the period occurred in June 2005. Flow in the river was very high at this time.  

Concentrations of total dissolved solids (TDS) also ranged widely. Lowest concentrations 
occurred in summer when the St. Mary diversion was operating (median April-Sept.=141 
mg/L), while highest concentrations occurred during winter (median Oct-March=580 mg/L), 
possibly due to groundwater inputs and low flows. Dominant ions were calcium, 
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bicarbonate, sodium and sulphate; concentrations and dominance of these varied with the 
season. This portion of the river had hard water and was well buffered. 

Table 10-13 Summary of water quality index (WQI) and trophic classification 
information for the North Milk River and Milk River (MR) 

MR from the Border to the Town 
of Milk River 

MR from the 
Town of MR to 

Hwy 880 

MR from D/S 
of Hwy 880 to 

the Border 
Water Quality Indicator 

North Milk R 
1990-95 MR at 

Western 
Crossing  
1990-95 

MR U/S of Town 
of Milk River 

MR at Hwy 880 
MR at Eastern 

Crossing  
1990-95 

CCME WQI  ─ ─ ─ ─ ─ 

ARWQI (2003-2004) ─ ─ Good (93) Good (90) ─ 

ARWQI nutrient ─ ─ Fair (78.9) Fair (79.3) ─ 

ARWQI bacteria ─ ─ Good (95.3) Good (84.2) ─ 

ARWQI trace metals ─ ─ Excellent (100) Excellent (100) ─ 

ARWQI pesticides ─ ─ Excellent (96.5) Excellent (96.4) ─ 

Nutrients 
Oligotrophic 

(TN, TP) 
Oligotrophic 

(TN, TP) 
Oligotrophic (TN); 
Mesotrophic (TP) 

Oligotrophic 
(TN); 

Mesotrophic 
(TP) 

Oligotrophic 
(TN), Eutrophic 

(TP) 

Phyto-
plankton 
Biomass 

─ ─ Oligotrophic ─ Oligotrophic 

Stream/ River 
Trophic 
Classifi-
cation1

Periphyton 
Biomass 

─ ─ ─ ─ ─ 

– = Not applicable/ Data not available. MR = Milk River. D/S = Downstream. 
Notes: As per Dodds at al. 1998 (phytoplankton biomass as Chlorophyll a, total nitrogen and total phosphorus); See Table 3-6.  1

Nutrient levels were higher at this site than at upstream sites. TP concentrations tended to be 
highest in spring when TSS was high. The highest level recorded was in June 2005 (the 
maximum value, 1.87 mg/L, occurred at this time). All of this was particulate P, as total 
dissolved P was below the analytical detection limit on this date. Flows were very high on 
this date, so it is likely that bank erosion and runoff contributed to high concentrations of 
suspended sediment and total phosphorus. The ASWQG for TP was exceeded on fifteen 
occasions at this site over the study period (n=33). TN concentrations tended to be highest in 
winter, as at the upstream sites, but the maximum value occurred in June 2005 (3.79 mg/L). 
TN exceeded the ASWQG on three occasions. Ammonia and nitrate levels were low 
throughout the study period, and always met CCME WQG. TOC concentrations also tended 
to be highest in winter or early spring, likely reflecting decomposition under ice. Sestonic 
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chlorophyll levels were low throughout the study period, except during the flood event in 
June 2005 (11.5 μg/L). According to Dodds et al. (1998) criteria, the Milk River at Highway 
880 is mesotrophic based on the median TP level and oligotrophic based on median and 
average TN and sestonic chlorophyll concentrations. 

A large suite of metals and metalloids were analyzed at this site during the study period 
(Table 10-11 in Appendix A). Concentrations for most were low and of little concern at this 
time. Five metals exceeded the CCME WQG occasionally: aluminum, cadmium, copper, 
iron and lead. All of these metals tended to increase when suspended solids increased in the 
river, as they are associated with sediment particles. However, dissolved fractions of these 
metals were very low at this site. For example, the median value for total recoverable lead 
was 1.65 μg/L (range 0.112 –5.89 μg/L), whereas the median value for dissolved lead was 
0.022 μg/L (range <0.001 – 0.062 μg/L). Although dissolved metals can be more toxic to 
aquatic life than metals bound to suspended sediments, these levels are unlikely to be a 
concern in the river.  

Pesticides were analyzed on 12 occasions in samples collected during the 2003-05 period 
(Table 10-12 in Appendix A). Three variables were above analytical detection limits, but all 
were well below CCME WQG. More than 100 priority pollutants were analyzed in one set of 
samples collected in May 2005. None were above analytical detection limits except for 
phthalates, which occurred at very low concentrations.  

The ARWQI was calculated for the 2003-04 data from this site, and river water quality was 
rated as ‘good’. The index for pesticides and metals was ‘excellent’, while the index for 
nutrients only ‘fair’. 

10.2.2.4 Downstream of Highway 880 to the International Border 

Milk River at Eastern Crossing 

This site is downstream of the Highway 880, and is located on the border with the United 
States. Water quality here should reflect impacts of agricultural runoff and irrigation return 
flows between this site and the Highway 880 site, as well as all impacts as the river crosses 
Alberta. The following information is based on data collected during 1990-1995 by 
Environment Canada. Data are summarized in Tables 10-9 and 10-15 in Appendix A. No 
sediment data are available and water quality indices have not been calculated for this site. 

Water quality at this site is fairly good. Dissolved oxygen levels ranged between 1.80 mg/L 
and 13.0 mg/L (median 9.9 mg/L). The two lowest values occurred under ice in winter; 
neither met the 5.0 mg/L acute ASWQG. Such low values could stress fish and invertebrates 
in the river. Two other values did not meet ASWQG; both were below the 8.3 mg/L 
guideline designed to protect mayfly emergence. Measurements of pH had a relatively small 
range in variation, and always met guidelines.  
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Non-filterable residue (TSS) levels ranged between 1.6 mg/L and 3824 mg/L (median 106 
mg/L). This range is wider than that for any other site monitored during the two study 
periods. The highest values tended to occur in spring, although the maximum recorded 
concentration for the period occurred in June 1991. It is likely that flows in the river were 
high at this time.  

Concentrations of total dissolved solids also showed seasonal variation. Lowest 
concentrations occurred in summer when the St. Mary diversion was operating (median 
April-Sept.=172 mg/L), while highest concentrations occurred during winter (median Oct-
March=456 mg/L). Dominant ions were sodium, calcium, bicarbonate and sulphate; 
concentrations and dominance of these varied with the season. As at the other sites, water at 
Eastern Crossing was hard. Based on levels of major ions and pH, this portion of the river is 
well buffered against acidic inputs. 

Nutrient levels were higher at this site than at upstream sites. Total and dissolved P 
concentrations tended to be highest in spring when TSS was high, or occasionally under ice 
in winter. The highest level recorded was in August 1993 (1.16 mg/L). Nearly all of this was 
particulate P, as the total dissolved P concentration was only 0.015 mg/L on this date. Flows 
were likely high on this date, so it is possible that bank erosion and runoff contributed to 
high concentrations of suspended sediment and phosphorus. The ASWQG for TP was 
exceeded in more than half of the samples collected during the five years of study (Table 10-
9 in Appendix A). Total nitrogen concentrations tended to be highest in March and during 
summer high flow periods. The maximum value occurred in June 1991 (5.78 mg/L). TN 
exceeded the ASWQG on seven occasions. Data for dissolved nitrogen fractions were not 
available. TOC concentrations also tended to be highest in winter or early spring, likely 
reflecting decomposition under ice. Sestonic chlorophyll levels were low throughout the 
study period, except during the flood event in June 1991 (21 μg/L). According to Dodds et 
al. (1998) criteria, the Milk River at the Eastern Crossing is eutrophic based on the median 
and mean TP level; mesotrophic based on median and mean TN; and oligotrophic based on 
mean sestonic chlorophyll concentrations. 

A reasonable number of metals and metalloids were analyzed at this site during the study 
period (Table 10-15 in Appendix A). Concentrations for most were low and of little concern 
at this time. Five metals exceeded the CCME WQG occasionally: aluminum, copper, iron, 
lead and mercury (Table 10-9 in Appendix A). Cadmium could not be compared with CCME 
WQG, because the detection limit for the data exceeded the guideline level. As well, all 
except mercury were analyzed at the mg/L level, which meant values were often very near or 
below detection limits and therefore less reliable than with lower detection limits. These 
metals tended to increase when suspended solids increase in the river, as they are likely 
bound to sediment particles. 
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Pesticide samples were collected frequently at this site (Table 10-12 in Appendix A). The 
herbicide 2,4-D had relatively high concentrations in these samples, but levels were always 
below CCME WQG. Detections of alpha-BHC occurred most frequently, but always at low 
concentrations. This chemical is an isomer of gamma-BHC, or lindane, which is no longer 
registered for use in this country. 

10.2.3 Non-Fish Biota 

Epilithic chlorophyll a was measured at three sites in 1986 on the Milk River and one on the 
North Milk River, to assess the biomass of periphyton (Yonge 1988). The sites sampled 
were:  

1. North Milk River upstream of the confluence with the Milk River (April-October) 

2. Milk R upstream of the confluence with the North Milk River (August and October) 

3. Milk River downstream of the town of Milk River (April – February 1987) 

4. Milk River at Hwy 876 (April, October-February 1987) 

Samples were not always collected on the same dates at each site, so the data from site to site 
are not strictly comparable. Benthic chlorophyll data are shown in Figure 10-2 and, along 
with data for total dissolved phosphorus and NFR. The chlorophyll values for the sites in the 
upper reaches were considerably lower than those for upper reaches of other southern rivers 
studied in Alberta (Yonge 1988). The chlorophyll levels were markedly higher at the site 
furthest downstream, for unknown reasons. Total dissolved phosphorus concentrations along 
the entire length of the river were comparable to those in the upper reaches of other southern 
rivers, whereas the NFR level at the most downstream site (Hwy 878) was twice that at the 
site downstream of the Town of Milk River. According to the Dodds et al. (1998) criteria for 
stream trophic assessment based on mean and maximum benthic chlorophyll, the three 
upstream sites (N. Milk and Milk rivers above confluence and downstream of town) would 
be considered oligotrophic, whereas the site furthest downstream would be considered 
eutrophic.  

Benthic invertebrates were collected in spring and fall 1986 at sites similar to the epilithic 
sites listed above, with an additional site just downstream of the inflow from Verdigris 
Coulee on Hwy 500 (Cornish 1988). The river was sampled to document community 
composition of zoobenthos before construction of a proposed dam on the river was begun. 
Sampling was carried out with a Neill cylinder with a sampling area of 0.1 m2. The benthic 
invertebrate assemblage was characteristic of a warm slow river with high levels of 
suspended solids and sediment deposition rates. Substrate particle size generally decreased in 
a downstream direction, and the amount of algae and macrophytes in the river increased.  
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Figure 10-2 Median values for epilithic chlorophyll a, total dissolved 
phosphorus and total suspended solids (TSS) at four sites in the 
Milk and North Milk rivers in 1986 (from Yonge 1988) 
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Most of the invertebrates were ecologically tolerant taxa, or those well adapted to silt-covered 
substrates. Ecologically sensitive taxa, such as mayflies, caddisflies and stoneflies, also occurred at 
all sites, but in low numbers. The greatest diversity of these occurred in the North Milk River, 
whereas taxa that burrow in sediment were most abundant in the Milk River above the confluence 
with the North Milk River and at Hwy 880 (Table 10-16 in Appendix A). However, the highest 
proportion of the clean water taxa (EPT-Ephemeroptera, Plecoptera and Trichoptera) was found at 
the Hwy 880 site in fall. Chironomidae were dominant at all sites except where Crustacea 
(cladocerans and copepods) were present, mostly at the Hwy 500 site downstream of Verdigris 
Coulee and at the Hwy 880 site in spring. It is likely that these organisms entered the Milk River 
from the Coulee drain. Except for the large numbers of crustaceans, numbers of major groups of 
benthic invertebrates at the Hwy 500 site were similar to those at the next site upstream, which is 
downstream of the Town of Milk River. In general, diversity, richness and evenness varied among 
the sites and seasons, without clear patterns. The author suggested that with impoundment of the 
river, invertebrate density could increase, but diversity decrease.  

Available NFB information has been summarized in Table 10-17. 

Table 10-17 Summary of relevant non-fish biota information for North Milk 
and Milk rivers (MR) 

Indicator 
North Milk 

River  

MR at 
Western 
Crossing  

MR above 
town of MR 

MR at Hwy 
880  

MR at 
Eastern 

Crossing  

Periphyton (1986) 

Periphyton Chl a  Med (mg/m2) 14.1 18.6 ─ 176 ─ 

Stream/River Trophic 
Classification 1

─ Oligotrophic Oligotrophic ─ Eutrophic ─ 

Benthic invertebrates (1986) 

Total abundance Mean (m2) 10,061 11,656 ─ 27,546 ─ 

Richness Mean (m2) 30 22 ─ 27 ─ 

Simpson's diversity index ─ 0.84 0.70 ─ 0.71 ─ 

Simpson's evenness index ─ 0.23 0.20 ─ 0.14 ─ 

Data from Yonge (1988) and Cornish (1988). – = Not applicable/ Data not available. 
Notes:  1As per Dodds et al. 1998 (benthic algal biomass as Chlorophyll a).
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10.2.4 Synthesis and Initial Assessment of Aquatic Ecosystem Health  

• Based on the overview of water and sediment quality and NFB (Non-Fish Biota) 
information for the Milk and North Milk rivers, the following was concluded 
regarding the AEH (Aquatic Ecosystem Health) status, and summarised in Tables 
10-18 and 10-19. 

• Sufficient information was available to assess AEH based on water quality only. The 
North Milk River was rated as ‘excellent’, while the Milk River was considered 
‘good’ for all reaches except Eastern Crossing, which was rated ‘fair’.  

• The Milk River Basin is highly managed for agricultural pursuits and many of the 
former natural water bodies have been dammed or drained, and water is often 
diverted from areas with more water to those with less. Some of the diversions 
involve interbasin transfer of water (e.g., St. Mary River to Milk River) 

• High summer water temperatures, particularly in lower reaches, may stress benthic 
invertebrates and other organisms adapted to cool water.  

• Levels of many variables are much higher in winter than during summer, especially 
TDS (Total Dissolved Solids) and related variables, due to high summer diversion 
flows. In lower reaches, dissolved oxygen occasionally declines to levels that may 
stress benthic invertebrates and fish.  

• Agricultural activities in the basin could impact the river at certain times and 
locations. Little is known about the impact of irrigation return flows on the river.  

• The benthic invertebrate community is fairly diverse in the upper reaches, and less 
diverse but more abundant in the lower reaches. Based on all the trophic criteria, the 
Milk River at Western Crossing and the North Milk River are oligotrophic. As the 
river flows downstream, it becomes more productive, so that by the time it crosses 
the Eastern boundary, it is eutrophic. 
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Table 10-18 Initial qualitative assessment of aquatic ecosystem health based 
on a synthesis of available data: North Milk and Milk rivers  

Reach 
Water 

Quality 
Sediment 

Quality 
Non-fish 

Biota 

North Milk River U/S of Confluence E ID ID 

International Border to the Town of Milk River G ID ID 

Town of Milk River to Hwy 880 G ID ID 

Downstream of Hwy 880 to the International 
Border F ID ID 

 Excellent  Good  Fair  Marginal  Poor  Insufficient data 
Notes: 1Highway 880.  

Table 10-19 Assessment of data quality/quantity for an initial aquatic 
ecosystem health assessment: North Milk and Milk rivers 

Reach 
Water 

Quality 
Sediment 

Quality 
Non-fish 

biota 

North Milk River U/S of Confluence F P M 

International Border to the Town of Milk River F P M 

Town of Milk River to Hwy 880 G P M 

Downstream of Hwy 880 to the International 
Border F P P 

 Good  Fair  Marginal  Poor 

 

10.3 OTHER RIVERS AND STREAMS 

Although miscellaneous data are available on a few streams in the basin, very few intensive 
or extensive studies have been done. Noton (1980) reports on two streams, Shanks and 
Lonely Valley creeks, which were sampled once in fall in the 1970s. Two other studies, with 
minimal data, were conducted on the Verdigris Coulee system and two tributaries to 
Pakowki Lake. As well, Scrimgeour and Kendall (2003) sampled four streams in the Cypress 
Hills as part of a study to assess the impact of livestock grazing on streams.  
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10.3.1 Water Quality 

In 1997, a study was conducted to assess the effect of total dissolved solids in the Verdigris 
system on water quality in the Milk River (Saffran 1998). Samples were collected upstream 
of Verdigris Lake, from the drain before it enters the Milk River, in the Milk River upstream 
of Verdigris Lake drain below the town of Milk River, and in the Milk River downstream of 
the drain at Hwy 778. The maximum sodium concentration measured in Verdigris Coulee 
drain was 979 mg/L; in the Milk River downstream of the drain, the maximum sodium level 
was 10.4 mg/L. Although the Verdigris system may contribute up to 80% of the sodium 
loads between the upstream and downstream sites on the Milk River, the quality of water in 
the Milk River is not significantly impaired, because the volume of water in the river is high, 
resulting in dilution. Other water quality variables were not studied. 

Two tributaries to Pakowki Lake were sampled during a 1996 study to assess algal blooms in 
the lake (Sosiak 1997). Six samples were collected from Etzikom Coulee and four from 
Manyberries Creek. Median total phosphorus concentrations were 0.261 mg/L in Etzikom 
Coulee and 0.146 mg/L in Manyberries Creek. Median total nitrogen levels were 1.60 mg/L 
and 1.15 mg/L, respectively. The author suggests that agricultural runoff was the largest 
contributor of nutrients to these creeks.  

Scrimgeour and Kendall (2003) collected water quality samples from four streams in the 
Cypress Hills: Battle, Graeburn, and Nine Mile and Storm creeks. The purpose of the two-
year study was to assess the impact of livestock on water quality, algal biomass and benthic 
invertebrates (see below). The creeks had different levels of livestock grazing along their 
lengths, and four sites with different grazing rates were set up on Battle and Graeburn creeks 
and two on the other creeks. Total and soluble reactive phosphorus (SRP) concentrations 
ranged from 60-90 μg/L and 50-80 μg/L, respectively in Battle Creek, which had the largest 
watershed of the four streams. Levels were lower in the other creeks. Total nitrogen, 
NO2+NO3-N and dissolved organic carbon concentrations increased during the summer-fall 
season. Turbidity was very low in all the streams. They found significant differences in a few 
water quality variables among the four livestock grazing treatments in Battle and Graeburn 
creeks, but not in Nine Mile Creek. Significantly higher concentrations of TP and SRP 
occurred in the all-season grazing treatment on Graeburn Creek compared with the livestock-
absent control. Differences for other variables were minor, even though a few were 
statistically significant. They found that the highest nutrient levels were in upstream reaches, 
and these levels declined dramatically with distance downstream. They suggest that 
groundwater inputs, rather than all-season grazing may account for the elevated nutrient 
levels. As well, nutrients may be sequestered behind beaver dams in the lower reaches.  
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10.3.2 Non-fish Biota 

The only available reports on non-fish biota in regional streams is that of Scrimgeour and 
Kendall (2003, see above) and Scrimgeour and Kendall (2002). These authors found that 
epilithic chlorophyll a at Graeburn and Battle creek was lower in the all-season grazing 
treatment than in other treatments on four creeks in the Cypress Hills that they studied in 
1999-2000. Epilithic biomass was moderately well related to SRP and NO2+NO3 in two of 
the streams, but not in the others. Differences in algal biomass for the various livestock 
grazing rates were highly variable, and there was no consistent pattern among creeks. The 
authors concluded that effects of livestock grazing on algal biomass were not detectable.  

Scrimgeour and Kendall (2003) also studied benthic invertebrate populations in the same 
streams and under the same conditions. Samples were collected from riffle-run habitats using 
a 0.021 m2 cylinder sampler fitted with 0.21 mm mesh. Chironomidae numerically 
dominated invertebrate communities, with lesser proportions of Ephemeroptera, Naididae 
and Gammarus lacustris. Collectors were dominated by Chironominae and mayfly larvae 
(Baetis, Centroptilum, Paraleptophlebia) and scrapers by the ephemeropteran Cinygmula 
and trichopterans such as Discosmoecus and Uenoidae. Shredders included Gammarus and 
the plecopteran Zapada. As well, several predators were present (several species of leech and 
perlid and perlodid stoneflies). Livestock grazing and its interaction with time significantly 
affected the total invertebrate biomass. A non-grazed reach in Storm Creek had significantly 
higher biomass of shredders compared with cattle-absent enclosures in the other three creeks, 
and invertebrate communities in livestock grazed enclosures differed from those in the non-
grazed Storm Creek. However, the exclusion of cattle from the streams had little clear impact 
on total invertebrate abundance.  

10.3.3 Synthesis and Initial Assessment of Aquatic Ecosystem Health 

• Only very limited information was available that was pertinent to assessing AEH 
(Aquatic Ecosystem Health) for other rivers and streams in the Milk River basin and 
AEH was not assessed (Tables 10-20 and 10-21). A synthesis of available 
information is provided below. 

• Although the Verdigris system may contribute up to 80% of the sodium loads 
between the upstream and downstream sites on the Milk River, the quality of water 
in the Milk River is not significantly impaired due to dilution. 

• Significant differences have been reported between grazed and non-grazed sites in 
the Cypress Hills in a few water quality variables, particularly nutrients, but this 
may have been due to groundwater inputs rather than all-season grazing.  

• Studies to assess algal blooms in Etzikom Coulee and Manyberries Creek suggested 
that agricultural runoff was the largest contributor of nutrients to these creeks. 
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Table 10-20 Initial qualitative assessment of aquatic ecosystem health based 
on a synthesis of available data: Milk River Basin streams, lakes 
and wetlands 

Site/Area 
Water 

Quality 
Sediment 

Quality 
Non-fish 

Biota 

Other Rivers and Streams ID ID ID 

Lakes F ID ID 

Wetlands ID ID ID 

 Excellent  Good  Fair  Marginal  Poor  Insufficient data 

Table 10-21 Assessment of data quality/quantity for an initial aquatic 
ecosystem health assessment: Milk River Basin streams, lakes 
and wetlands 

Site/Area 
Water 

Quality 
Sediment 

Quality 
Non-fish 

Biota 

Other Rivers and Streams M P M 

Lakes P P P 

Wetlands P P P 

 Good  Fair  Marginal  Poor 

10.4 LAKES 

There are very few natural lakes in the basin, because annual precipitation is low and 
evaporation rates are high. Many ponds and depressions have been dammed for water 
storage, mainly for irrigation use. As well, canals and drains have been constructed to divert 
water into and out of various water storage reservoirs, and often they cross from one natural 
watershed boundary to another. Water quality and non-fish biota have been studied in only a 
few of these lakes and reservoirs; there is no information on sediment quality. Figure 10-1 
shows natural regions and land use with chlorophyll a plotted for lakes with more than three 
chlorophyll values per year: Tyrrell, Milk River Ridge and Reesor reservoirs. In addition to 
these three reservoirs, Pakowki reservoir was chosen for a detailed assessment of water 
quality.  

10.4.1 Water Quality 

Table 10-22 in Appendix A shows a summary of water quality data for nutrients, chlorophyll 
a, Secchi transparency and TDS for the four lakes with available data in the Milk River 
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Basin. Tyrrell Lake was sampled periodically, although no detailed studies have been 
completed. Milk River Ridge Reservoir was sampled between 1997 and 2004 to assess its 
suitability for irrigation (Cross 2004). Pakowki Lake was sampled once in 1983, and then the 
lake was studied in 1996-98 to assess whether blue-green algal blooms increased the rate of 
mortality from avian botulism (Sosiak 1997). Reesor Lake Reservoir has been sampled since 
1982 as part of the provincial parks lake monitoring program coordinated by AENV and 
Community Development (Swanson and Zurawell 2007).  

10.4.1.1 Tyrrell Lake 

Tyrrell Lake was sampled in 1977-78 (Fitch 1980), 1983 and 1997 (AENV database). 
Information is also included in Mitchell and Prepas (1990). Tyrrell Lake is a shallow lake 
(maximum depth 6 m) located east of the town of Raymond. Although it was originally a 
natural lake, it has been stabilized with a variety of projects over the years. It is located in the 
Mixedgrass Subregion of the Grasslands Natural Region, and is surrounded by agricultural 
land (Figure 10-1) 

Water levels in Tyrrell Lake have fluctuated from a dry lakebed to flooding of surrounding 
farmland. In the early 1950s, a canal was built from Milk River Ridge Reservoir to help 
stabilize the lake, but this proved inadequate. In 1985, the Tyrrell-Rush wetland complex 
was built, and as a result, water levels have become more stable (Mitchell and Prepas 1990).  

Table 10-23 in Appendix A provides data for 1997, after the completion of the Tyrrell-Rush 
complex. The lake is saline, and dominant ions are sodium and sulphate. Levels of total 
dissolved solids have increased since the lake was sampled in 1977-78, although such 
increases depend on inflows and water level. For example, 1977 was a very dry year, and the 
TDS concentration was recorded at 6090 mg/L, whereas 1978 was a wet year, and levels 
were 4824 mg/L (Fitch 1980). There appears to be very little difference in water quality for 
the 1983 and 1997 sampling years.  

The lake is nutrient-rich, with very high levels of nitrogen and phosphorus and low 
transparency. Based on total phosphorus and total nitrogen, the lake is hypereutrophic. 
Average concentrations of chlorophyll a and Secchi depth indicate, however, that the lake is 
in the upper part of the eutrophic range. The lake’s high salinity suppresses algal growth 
(Bierhuizen and Prepas 1985), although occasional blooms of blue-green algae occur. For 
example, levels of chlorophyll a were measured at 86 μg/L in September 1997.  

10.4.1.2 Milk River Ridge Reservoir 

Milk River Ridge Reservoir is located in the Mixedgrass Subregion of the Grasslands 
Natural Region. It is surrounded by agricultural land. Most of the water entering the reservoir 
is derived from rivers in the Oldman River Basin, although a canal drains to Tyrrell Lake 
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within the Milk River Basin. Approximately 98% of the water flowing out of the reservoir 
re-enters the South Saskatchewan Basin and supplies water for irrigation, municipal, 
domestic and industrial uses. During the irrigation season, the average residence time in the 
reservoir is 41 days (Mitchell and Prepas 1990), although this has likely increased in recent 
years because some of the inflow now goes through the Raymond hydro plant.  

The reservoir was sampled three times in 1986 (Mitchell and Prepas 1990), and then inflow 
and outflow samples were collected monthly during open water from 1997-2004 (Cross 
2004). The purpose of this program was to assess the water’s suitability for irrigation. Only 
specific conductivity, phosphorus, dissolved nitrogen, chlorophyll a and bacteria were 
analyzed in these samples. Based on this limited information, the reservoir has well-buffered, 
fresh water. Average nutrient and chlorophyll a levels in 1986 were low (TP=12 μg/L; 
TN=317 μg/L; Chl-a=2.6 μg/L) and Secchi depths exceeded 3 m.  

In comparing these data with those from the more recent sampling period (Table 10-22 in 
Appendix A), it appears that the reservoir has become more productive over these years. 
However, the three samples collected in 1986 are insufficient to assess this conclusively. As 
well, samples were not collected from the reservoir itself during the later study, but only 
from inflow and outflows, although it is likely that the reservoir is sufficiently flushed that 
the phosphorus values at least are representative. Unfortunately, chlorophyll was not 
assessed in outflow samples. In 2001, a drought required an extreme drawdown of the 
reservoir. The reservoir was refilled in 2002 with water that had high concentrations of 
phosphorus (Cross 2004), resulting in a large phosphorus load (Figure 10-3 [Fig. 6 from 
Cross 2004]). By 2004, TP levels in the inflow and outflow had returned to former values. 
As of 2004, the flushing of the reservoir was reduced by redirecting flows through the 
Raymond hydro plant rather than through the reservoir (Cross 2004). 

10.4.1.3 Pakowki Lake 

Pakowki Lake is a large water body north of the Milk River. It is located in the Dry 
Mixedgrass Subregion, and agriculture is the predominant land use surrounding the lake. 
Pakowki Lake has an average depth of 1.2 m. It was dry for part of the 1980s, but began to 
refill in the early 1990s (Sosiak 1997). It ranges between moderately saline to saline (as 
defined in Mitchell and Prepas 1990). For example, the median concentration in 1996 was 
2110 mg/L, whereas in 1998 it was 9480 mg/L. Levels increase over the summer, likely 
because evaporation concentrates the ions in the water. As in Tyrrell Lake, sodium and 
sulphate are the dominant ions. 

Nutrient concentrations are very high in Pakowki Lake, and transparency is extremely low 
(Secchi depths less than 0.3 m). Based on the trophic indicators total phosphorus, total 
nitrogen, chlorophyll a and Secchi depth, the lake is hypereutrophic. The average 
chlorophyll a, TP and TN concentrations for Pakowki Lake are the highest among 168 lakes 
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in the AENV database, in spite of its high salinity. Peak concentrations occurred each year in 
late summer, although in 1998, when TDS levels were extremely high, levels of chlorophyll 
were lower than in the two other years.  

Much of the phosphorus entering the lake from external sources is derived from Etzikom 
Coulee, with lesser amounts from other tributaries and diffuse runoff. However, the greatest 
amount of phosphorus in the lake is derived from the bottom sediments (90% of the total TP 
load in 1996) (Sosiak 1997).  

 

Figure 10-3 Annual phosphorus loading in the Milk River Ridge Reservoir 
(from Cross 2004) 

10.4.1.4 Reesor Lake 

Reesor Lake is located in the Cypress Hills, within the Montane Subregion of the Rocky 
Mountain Natural Region, and is therefore very different from any other water body in this 
basin. Much of the watershed is forested. In 1960, a dam was put on the south end of the 
lake, and water was diverted from Battle Creek to maintain water levels. The outflow from 
the lake returns to Battle Creek, and then into the Milk River. The lake has a maximum depth 
of 5.5 m at full supply level (Mitchell and Prepas 1990). 

Total dissolved solids concentrations in Reesor Lake are quite low compared with those of 
many other Alberta lakes (mean 116 mg/L). Dominant ions are calcium and bicarbonate. 
TDS levels increased slightly during 2001-2003, likely because of low precipitation and 
declining water levels (Swanson and Zurawell 2007).   

Summer average nutrient and chlorophyll a concentrations for Reesor Lake suggest that it is 
eutrophic, whereas the average Secchi depths suggest it is mesotrophic. The lake rarely has 
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algal blooms, although occasionally in August or September, chlorophyll a levels get very 
high, which likely indicates that an algal bloom was under way at the time of sampling. 
There was no indication that levels of any of these indicators are increasing over the 23-year 
sampling period (Swanson and Zurawell 2007). 

10.4.1.5 Other Lakes/Reservoirs 

A water body that has been studied extensively is Verdigris Lake, mainly to assess its quality 
for irrigation purposes (Buckland et al. 1995; Golder 1996; McMullin et al. 1984a; 
McMullin et al. 1985a; McMullin and Read 1987). Verdigris Lake was developed as an 
irrigation reservoir in 1983 by diverting water from Milk River Ridge Reservoir, which 
receives water from the St. Mary River. One of the main concerns with the Verdigris system 
is its high salinity, which at times limited crop production. It was expected that water quality 
would improve as the lake is flushed with good quality irrigation water from the Milk River 
Ridge Reservoir. Salinity in the lake varied during a study conducted in 1991-94 (Buckland 
et al. 1995); at times its use for irrigation was limited, while at other times it was more 
suitable. The main cause of salt loading to the lake was surface runoff inflows, which was 
compounded by high evaporation rates. The sediments underlying Verdigris Lake contained 
a high reservoir of salts, which were diffusing into the water. Contact times in the lower 
portion of the lake were greater, and therefore diffusion rates were higher, resulting in poorer 
water quality in that area. Nothing is known about trophic status for this lake. 

Information is available for a few other water bodies in the Milk River Basin. Etzikom 
Coulee is part of an extensive irrigation system that supplies water for agricultural crops. 
Etzikom Coulee, as with many other reservoirs in the area, had high salinity in 1984 and 
1985, which at times limited its use for irrigation. Samples were collected along its channel, 
and it was found that water quality was controlled mainly by the amount of flow entering the 
coulee and evaporation as it passes through. It appears that reasonably good water quality 
was maintained until it reached a widening in the coulee called Crow Indian Lake. In the 
upper end of the system, water quality was controlled by water quality of the inflow water, 
whereas in the Crow Indian Lake section, evaporation resulted in a large increase in 
electrical conductivity. By the time this water reached the lower end, it was considered 
hazardous for irrigation purposes (McMullin et al. 1984b; McMullin et al. 1985b).  

Several other reservoirs were sampled once in spring and fall 1983 (Charlton and Brennan 
1984). Bare Creek, Michel and Crow Indian reservoirs were found to be shallow, eutrophic, 
well-buffered and saline.  

Bare Creek Reservoir is located in the Mixedgrass Subregion of the Grasslands Natural 
Region, and is largely surrounded by rangeland (Figure 10-1). It was sampled in 1982 the 
reservoir was eutrophic based on total phosphorus, and mesotrophic based on chlorophyll a 
and Secchi depth. No other information is available for this reservoir.  
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10.4.2 Non-Fish Biota 

Very little information is available on non-fish biota in lakes and reservoirs in the Milk River 
Basin.  

10.4.2.1 Tyrrell Lake 

During a fisheries study for Tyrrell Lake (Fitch 1980), samples of plankton (14 hauls during 
1977-78) and benthic invertebrates (one Ekman dredge sample in 1977) were collected. 
Settled volume of plankton varied from 0.8 (x10-2) mL/L in April 1978 to 9.2 (x10-2) mL/L 
in July 1977. The zooplankton population was dominated by copepods, mainly Diaptomus 
sicilis. A cladoceran, Daphnia pulicaria, was also abundant at times. The zooplankton 
population of Tyrrell Lake was characterized by few species, but high overall abundance. 
Similarly, the benthic invertebrate community was dominated by Chironomidae in terms of 
number and weight. The total weight of benthic invertebrates was 61.29 g/m2, which, 
according to Fitch, was very productive. Fairy shrimp (Branchinecta coloradensis) were 
collected from the lake in May 1978. Fairly shrimp are not usually found in lakes containing 
carnivorous fish (rainbow trout), although they are very tolerant of high salinity. 

According to Fitch (1980), aquatic vegetation was limited in Tyrrell Lake, although littoral 
areas were large in extent. The predominant species was sago pondweed (Potamogeton 
pectinatus), a species tolerant of saline water.  

10.4.2.2 Pakowki Lake 

Pakowki Lake has a history of avian botulism. The presence of Clostridium botulinum was 
confirmed during a severe outbreak in 1995, in which many waterfowl died. Although this 
organism is the primary cause of avian botulism, there was concern that toxic cyanobacteria 
also contributed to the mortality, as it has been noted that botulism outbreaks often occur in 
lakes that have cyanobacterial blooms. Cyanobacterial toxins could cause identical 
symptoms to botulism poisoning. It was found that avian mortality occurred after peak 
chlorophyll levels were recorded in the lake. At the time, the lake was experiencing a 
massive bloom of Aphanizomenon flos-aquae. However, other toxins besides ones produced 
by this alga were found in algal material during this time (Sosiak 1997).  

In 1997, after an outbreak of avian mortality, Park et al. (2001) resampled Pakowki Lake to 
determine the presence of cyanobacterial toxins. At the time, a bloom of Microcystis 
aeruginosa was under way in the lake, a species known to produce potent cyclic peptide 
hepatotoxins. The algal material was acutely lethal in mouse bioassays. Although sampling 
was not frequent enough to ascertain whether bird mortality was caused by the algal bloom, 
it is certainly possible. 
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Species composition and biomass were estimated for Pakowki Lake in 1996 (Sosiak 1997). 
A total of 77 species were identified from two stations on the lake over the summer. A bloom 
in August was dominated by the cyanobacterium Aphanizomenon flos-aquae. Green algae 
and diatoms were more abundant on other sampling dates, although green algae formed a 
small portion of the biomass, whereas diatoms represented a larger portion.  

10.4.3 Synthesis and Initial Assessment of Aquatic Ecosystem Health 

• Only very limited information was available that was pertinent to assessing AEH 
(Aquatic Ecosystem Health) for lakes in the Milk River basin (Tables 10-20 and 10-
21). A synthesis of available information is provided below. 

• AEH for lakes in the basin was rated as ‘good’ for water quality, but information 
was insufficient to assess AEH on the basis of sediment quality or non-fish biota.  

• Tyrrell Lake a shallow lake that has been has been stabilized with a variety of 
projects over the years. The lake is saline, nutrient-rich, and in the upper part of the 
eutrophic range.  

• Milk River Ridge Reservoir derives most of its water from rivers in the Oldman 
River Basin, although a canal drains to Tyrrell Lake within the Milk River Basin, 
and it supplies water for irrigation, municipal, domestic and industrial uses. 
Inconclusive evidence suggests that the reservoir has become more productive over 
these years.  

• Pakowki Lake is a relatively large lake that ranges between moderately saline to 
saline, and hypereutrophic. The average chlorophyll a, TP (Total Phosphorus) and 
TN (Total Nitrogen) concentrations for Pakowki Lake are the highest among 168 
lakes in the AENV (Alberta Environment) database, in spite of its high salinity. 
Much of the phosphorus entering the lake is derived from Etzikom Coulee, but the 
greatest amount of phosphorus in the lake is derived from the bottom sediments.  

• Reesor Lake is located in a forested watershed in the Cypress Hills. Summer average 
nutrient and chlorophyll a concentrations suggest the lake is eutrophic, whereas the 
average Secchi depths suggest it is mesotrophic. There was no indication that levels 
of trophic indicators are increasing. 

• The Verdigris system is highly saline, which at times limited crop production. The 
main cause of salt loading to the lake was surface runoff inflows, compounded by 
high evaporation rates. Nothing is known about trophic status for this lake. 

• Salinity is also an issue with Etzikom Coulee, particularly in its lower reaches.  

• Bare Creek, Michel and Crow Indian reservoirs were found to be shallow, eutrophic, 
well-buffered and saline.  
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• The zooplankton population of Tyrrell Lake was characterized by few species, but 
high overall abundance; and the benthic invertebrate community was also 
considered very productive. Aquatic vegetation was limited in Tyrrell Lake, 
although littoral areas were large in extent.  

• Pakowki Lake has a history of avian botulism, and may also experience the toxic 
effects of cyanobacterial blooms.  

10.5 WETLANDS 

Many of the former wetlands have been drained and incorporated into cropland or used for 
water storage. None of the remaining wetlands have been studied.  
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11.0 INFORMATION GAPS AND RECOMMENDATIONS 

11.1 OVERVIEW 

Information pertinent to AEH in river, stream, lake and wetland ecosystems within the seven 
major river basins was reviewed and synthesized in sections 4 to 10. Where possible, initial 
qualitative AEH assessments were conducted, but in many cases data were insufficient or 
limited with respect to AEH assessment (particularly for streams, lakes, and wetlands). Data 
were most pertinent and numerous for rivers and the water quality environmental 
component.  

Overall, integrated monitoring was lacking for many waterbodies, with data frequently 
collected in isolation of other components, and for specific purposes (e.g., for project-
specific surveillance or impact assessment; diagnostic monitoring). Even then, data relating 
to all components of a particular ecosystem were often not consolidated into one database, 
but were located in individual electronic datasets/bases and publications. These data were 
often collected and assembled to meet the specific objectives of the original study, but 
seldom specifically addressed those of AEH assessment. Furthermore, there were inevitable 
inconsistencies among studies with respect to sampling methodologies, sample and data 
analyses, data storage and management, and reporting. 

There were many commonalities between information gaps identified for each of the major 
river basins, as well as AEH components (i.e., water and sediment quality and NFB). It was 
therefore felt most appropriate to first discuss these common gaps and then to highlight any 
gaps specific to a particular basin or ecosystem. Subsequent recommendations were intended 
to facilitate the design of a provincial scale monitoring program that would enable the 
routine monitoring of AEH in these river basins. This program would not necessarily be 
implemented by one agency, but a cooperative approach was anticipated, where 
responsibilities would be shared between agencies and partners. It was also anticipated that 
existing monitoring networks and initiatives would be used to the extent possible, 
recognizing that standardization/compatibility issues would require resolution (e.g., LTRN, 
MTRN, RAMP, AESA, EEM, AENV Lake Network, Lakewatch). It was further recognised 
that the development and implementation of such a challenging monitoring initiative would 
likely take years, and would be iterative in nature. Consequently, these recommendations 
were considered to be preliminary and were intended to facilitate the initial stages of 
program design and implementation. 
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11.2 GENERAL INFORMATION GAPS IN DATA REQUIRED TO ASSESS 
AQUATIC ECOSYSTEM HEALTH IN ALBERTA 

11.2.1 Reporting, Data Accessibility and Management  

Information Gaps 

• Reporting: 

o A large part of this study was to synthesize the findings of previous studies with 
respect to AEH indicators. This process revealed large variation in the 
accessibility of data/information from the various electronic and hardcopy 
sources. Older reports and some recent reports were not available in electronic 
format, and electronic datasets accompanying some reports were not available. 
In addition, there was a lag time in the production of academic 
research/monitoring publications and some annual monitoring reports.  

o Although government reports and published academic literature were fairly 
accessible, with the exception of PPWB recent and annual reports, other reports 
(e.g., industrial monitoring reports) were not. Industrial monitoring reports and 
reports produced to comply with provincial licenses are filed in regional offices 
as hard copies, and are thus not readily accessible. Likewise, EIAs and 
associated baseline monitoring reports were not always easily accessible and/or 
available electronically. On the other hand, some types of industrial monitoring, 
particularly conducted under the auspices of organized monitoring frameworks 
(e.g., RAMP, EEM) were easily acquired electronically. Older reports were 
typically only available as hard copies.  

• Databases and formats: 

o Data/information available for all components of a particular ecosystem were 
often not consolidated into one database, but were located in individual 
electronic datasets/bases or publications. Although, provincial and federal 
databases provided a platform for easy access to water quality data, they 
provided no NFB data and only limited sediment quality data. Furthermore, 
there was no standardization of quality assurance checks across databases, and 
at all stages of data generation. 

o With respect to electronic data, provincial government data collected by AENV 
and AAFRD were easily accessible through AENV (i.e., AENV 2006). Federal 
data from EC and PPWB were also reasonably accessible. In general, as is 
common across many jurisdictions, the formats of data retrieved from electronic 
databases are often inconsistent and require substantial manipulation by the user 
prior to data analysis and/or usage.   

o Other publicly available databases were accessible either via a specific data 
sharing agreements or the internet, including RAMP and EEM databases. Data 
from academic sources were fairly inaccessible, particularly recent data that had 
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not yet been published (sometimes taking several years to publish monitoring 
data). 

o There is a lack of routine data interpretation and reporting for a substantial 
portion of monitoring data collected in Alberta, with some exceptions (e.g., 
LTRN WQI, RAMP, EEM, AESA, recent reporting initiatives). This represents 
an important knowledge gap with regard to AEH assessment, and this report 
went some way to addressing this gap.  

• The initial AEH assessment was, by necessity, based on the availability of data. Thus it 
is acknowledged that some important waterbodies may not have been included due to 
lack of information. Similarly, indicator selection was also partially determined by data 
availability, not necessarily by the suitability of the indicator for AEH assessment. There 
was often a time lag between the development of an indicator within the research arena 
and the transfer of this knowledge to more routine monitoring programs. 

Recommendations 

• Reporting 

o Reports and other publications should be publicly available in electronic format, 
to the extent feasible. In particular, there is a need to store electronic versions of 
reports that are produced in compliance with industrial licenses. 

• Databases and formats: 

o There is a need for compatible, if not centralized databases within Alberta for all 
AEH components1. In essence, a compatible data network should be established 
within Alberta to support AEH assessment. It is paramount that the data stored 
in these databases are readily available and that databases are capable of 
exporting data in a user friendly format (e.g., suitable for statistical 
manipulation). Standardized data export would be preferable. It may also be 
advantageous to provide some physical, chemical and biological information in 
an integrated GIS-based format (e.g., Dube et al. 2004, NSC 2005). 

o Standardized quality assurance checks need to be incorporated at all stages of 
data generation (i.e., from study design to reporting, to ensure the validity and 
credibility of the information). This is generally standard practice in many 
monitoring programs within the province. 

o Data collected to comply with industrial licenses should be collated and stored 
electronically in readily available databases. Consultation should be undertaken 
with the academic community to determine how to increase the accessibility to 
both published and unpublished academic data. 

                                                 
1 These databases should ensure final data validation and storage, in addition to documenting data compatibility between data sources. 
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• Additional data collection to support AEH assessment is required for important 
waterbodies, which had limited available data and so were not necessarily included in 
this initial assessment. Furthermore, in many cases information on indicators considered 
to be the most suitable for AEH assessment was either limited or lacking. There is a 
corresponding need for further development of water and sediment quality and NFB 
indicators relevant to AEH assessment. To this end, there should be an evaluation of 
existing AEH indicators, potentially leading to the development of new or modified 
indicators. 

• Use of a clear and unambiguous reporting format that makes information on AEH in the 
province readily available to Albertans would be useful. 

11.2.2 Monitoring Program Design and Data Collection  

Information Gaps 

• There is a lack of integrated monitoring across components to assess AEH within 
Alberta. Aquatic health should not be defined by one component alone, but rather by an 
integration of information from biological, chemical and physical indicators, measured 
at a particular site or area. Each component provides complementary information that the 
other components cannot provide, and collectively information from various ecosystem 
components can provide a more complete picture of ecological condition. 

• There is often a limited understanding of non-point source inputs, in addition to the 
relative and cumulative impacts of point and non-point source and tributary inputs. 
Monitoring has tended to focus on point source inputs, and while that approach is 
justified, more focus has to be placed on inputs from tributaries and non-point source 
inputs. The AEH of a waterbody should be assessed in recognition of the entire 
watershed, not just the waterbody itself. 

• There is discontinuity in monitoring between agencies, with respect to program design, 
and sampling/data analysis methods (e.g., monitoring by different agencies on the same 
river). This often resulted in a lack of compatibility between datasets, indices and/or 
monitoring results produced for the same river by these agencies. Even within agencies 
there have been similar compatibility issues, particularly with respect to sampling and 
analytical methods. 

• The instantaneous measurement of water quality parameters, such as DO, pH, and 
temperature that fluctuate diurnally, may not be sufficient to capture environmental 
conditions potentially critical to aquatic life. 

Recommendations 

• It is recommended that an integrated monitoring program be developed to provide a 
more accurate and biologically meaningful assessment of AEH. In that respect, physical, 
chemical, and biological indicators should be evaluated at representative sites. This 
integrated monitoring program would also facilitate the assessment of cumulative 
impacts of multiple inputs on AEH components. Furthermore, this information would be 
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useful to assess the effectiveness of technological improvements, management strategies 
and other recent mitigative measures taken by municipalities, irrigation districts and 
industries. Finally, where appropriate, this information could be used to verify EIA 
predictions and validate the results of model simulations. 

• Within an integrated monitoring framework, in situ experimental studies can provide 
useful cause and effect information that cannot be provided by routine monitoring, 
alone.  Mobile field-based mesocosm units have been successful in the impact 
assessment of individual and multiple effluents on riverine biota within Alberta (e.g., 
Culp et al. 2000a,b&c; Cash et al. 2003). The main advantages of this effects-based 
technology, is the ability to determine cause and effect and measure ecologically 
relevant end-points/processes that cannot be measured by field-based monitoring. It is 
therefore recommended that their application should be further explored with respect to 
AEH assessment, to complement field-based monitoring. 

• Use of standardized methodologies would maximize the utility of data collected by 
different organizations. For example, to facilitate accurate upstream-downstream 
comparisons, there is a need for agencies to generate compatible data, in terms of: 
sampling and analytical methods; timing of sampling; parameters; analytical detection 
limits; and data assessment/interpretation. Specific compatibility issues related to water 
quality indices, trace metals analyses, and benthic invertebrate and algal sampling should 
be resolved.  

• It should, however, be borne in mind that standard methods and standardization of other 
program elements, are of greatest value or primarily required when the objectives/goals 
of the programs are similar or compatible. Thus, standard methods should only be 
advocated with due recognition of differing objectives under a variety of programs. It 
would seem important for stakeholders and managers to recognize and acknowledge 
these conflicts, so that the recommendation provided above are applied appropriately. 

• In situations where water quality parameters, such as DO, pH, and temperature, have 
been deemed important, it may be advisable to complement instantaneous measurements 
with continuous data logger readings, especially during the most critical times of the 
year (e.g., continuous DO monitoring at select sites on the Oldman and Bow rivers). 

11.2.3 Establishment of a Reference Condition: What is ‘Healthy’ or the 
‘Natural State’ 

Information Gaps 

• Aquatic ecosystems within each of the river basins tend to have unique characteristics 
with respect to water and sediment quality, hydrology, geomorphology and resident 
biota. Furthermore, individual ecosystems can be quite different according to factors 
such as ecoregion type, hydrology and geomorphology. In many instances, the 
application of generic WQGs is not necessarily warranted and the development of site-, 
reach- or ecoregion-specific WQGs may be more appropriate. This is further discussed 
for lake and wetland ecosystems in sections 11.2.6. and 11.2.7. 
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• The development of site or reach-specific WQGs has occurred to some extent within 
Alberta (e.g., Chambers et al. 2006, PPWB objectives, Elbow and Bow rivers 
[Wilkinson pers. comm. 2006]), but needs to be expanded to more aquatic ecosystems 
and parameters. These guidelines account for background concentrations that may 
exceed, or are substantially below the generic guidelines for naturally occurring 
substances (e.g., nutrients, trace metals). Furthermore, in some rivers there are wide 
seasonal variations in TSS, flows and associated particulate forms of trace metals and 
nutrients (e.g., Athabasca, Peace, Slave, and North Saskatchewan rivers). Overall, 
although there has been substantial progress in the development of site specific WQGs, 
AEH assessment is still heavily dependent on the application of generic WQGs.  

• In contrast to progress in the development of site-specific WQGs, there has been little 
progress in the development of aquatic health ‘criteria’ or ‘objectives’ for NFB. The 
majority of NFB assessments to date have been designed to assess impacts of point 
source discharges, or have relied on qualitative interpretation. Consequently, the 
assessment of NFB aquatic health in this report relied heavily on professional 
judgement. In general, there is a lack of thresholds for NFB aquatic health indicators that 
recognized specific requirements of the local fauna and flora, and the stressors to which 
they are exposed.  

• Water quality data are typically sufficient to characterize reference conditions in the 
majority of rivers, but this is not the case for sediment quality and NFB. Furthermore, 
stream, lake and wetland water quality data are also insufficient for this purpose. This is 
of concern because multivariate and multimetric approaches to quantitative AEH 
assessment rely heavily on adequately characterized reference conditions (e.g., 
Reference Condition Approach, Integrated Biotic Index, Test Site Analysis; Davis and 
Simons 1995, Bailey et al. 2004). It is therefore vital that the natural spatial and temporal 
variability in AEH indicators be established. 

Recommendations 

• Where applicable, ecoregion-, reach- or site-specific WQGs should be developed. 
Parameters of interest include those that naturally occur at high concentrations in some 
rivers, such as the Peace River (e.g., TSS, nutrients, and trace metals). These site-
specific WQGs should also consider factors such as: ecoregion; bioavailability to 
resident biota; sensitivity/tolerance of resident biota; and contaminant fate/partitioning. 
Guidelines should be scientifically defensible, and where possible, linked to 
experimental and toxicological studies conducted using resident biota (see Chambers 
and Guy 2004, Chambers et al. 2006). This could be achieved through multidisciplinary 
programs such as NRBS and NREI. Ultimately, WQGs should be effects-based to 
protect aquatic health, rather than solely reliant on background concentrations or generic 
guidelines.  

• The following center around the development of meaningful and acceptable (site or 
ecoregion-specific) NFB endpoints that allow for quantitative AEH assessment. 
Although the need to establish reference conditions has mainly been emphasized for 
benthic invertebrates, these recommendations also apply to other NFB communities. It is 
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therefore recommended that site-, reach-, or ecoregion-specific objectives are developed 
for these various NFB indicators. 

o Reference conditions for benthic invertebrate communities should be 
established, potentially using multivariate (e.g., Reference Conditions 
Approach) or multimetric (e.g., Index of Biotic Integrity) approaches. The 
reference condition approach has been widely accepted worldwide as an 
appropriate tool by which to develop AEH thresholds or benchmarks (e.g., 
Fraser River, BEAST2 [Canada], RIVPACS3 [UK], AusRivAS4 [Australia]; 
Bailey et al. 2004, Bowman and Somers 2005). The development of Indices of 
Biotic Integrity (IBI) would further aid the basin wide and/or province wide 
assessment of NFB, as has been successfully completed in the USA (Kerans and 
Karr 1994, Barbour et al. 1999). 

o Due to the relative lack of NFB information, baseline data describing spatial and 
temporal variability will be required before meaningful spatial units can be 
defined to develop regional- or site-specific biocriteria/reference values (Davis 
and Simons 1995, Bailey et al. 2004, Bowman and Somers 2005)  

• In consideration of temporal changes in reference conditions, long-term monitoring 
should be conducted at reference sites to determine temporal changes in water and 
sediment quality and NFB. This would be of particular relevance with respect to regional 
stressors (e.g., climate change) and the integrity of the reference site (e.g., potential 
development/inputs). 

11.2.4 Major Rivers 

Long-term water quality monitoring of major rivers has provided a good knowledge base for 
initial AEH assessment, but this contrasts with more limited knowledge for sediment quality 
and NFB.  

11.2.4.1 Information Gaps 

• Recent sediment quality data are limited or lacking at long-term monitoring sites (i.e., 
the last 5-10 years, or more). Recent monitoring has tended to address specific issues 
(e.g., organic contaminants and mercury; NRBS, NREI) or specific point source 
discharges (e.g., EEM, project-specific monitoring), not necessarily measuring a 
comprehensive suite of parameters.  While these recent data are of value to AEH 
assessment; there is a need for additional sediment quality monitoring at long-term 
monitoring sites, particularly with respect to cumulative impact assessment and 
integration with monitoring of other AEH components. 

• Likewise, benthic invertebrate communities were most comprehensively sampled in the 
1980s (e.g., at LTRN sites or as part of AENV synoptic longitudinal surveys). 

                                                 
2 BEnthic Assessment of SedimenT 
3 River InVertebrate Prediction And Classification System 
4 Australian River Assessment System 
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Unfortunately, this effort was not sustained despite recommendations by Anderson 
(1991) that the monitoring cycle be repeated every five years. Instead, benthic 
invertebrate monitoring in rivers has become fragmented, producing information that 
does not conform to the needs of aquatic health assessment (Cash et al. 1996). Recent 
benthic invertebrate studies have tended to focus on specific issues or point source 
discharges (e.g., EEM studies, Bowman 2004).  

• In recent years, benthic algal communities have been sampled more frequently than 
invertebrate communities at LTRN and MTRN sites. This is particularly true for some 
rivers in the SSRB (i.e., Bow, Oldman, Red Deer rivers). However, there is a general 
need to increase biomass sampling frequency in the majority of rivers. This is primarily 
due to observed variability in epilithic biomass, in addition to inconsistencies in 
sampling effort within and across years. It should also be noted that algal community 
composition has not been assessed in these rivers, at least in the last 25 years. 

• Planktonic algal biomass has been routinely measured at LTRN and MTRN sites by 
AENV on the majority of major rivers, but has not been sampled at federal monitoring 
sites. The usefulness of these data depends on the river or reach being monitored. 
Furthermore, the origin of chlorophyll a is somewhat ambiguous in many rivers as it can 
originate from benthic algal biomass due to scouring, from epilithic algae attached to 
macrophytes, or from actual phytoplankton. Still, for some rivers or reaches that do not 
support substantial benthic algal biomass, planktonic algal biomass can provide a useful 
measure of productivity.  

• The assessment of macrophyte community composition and biomass has been 
particularly limited in major rivers, with some exceptions (e.g., Bow River downstream 
of the Calgary WWTP, Sosiak 2002). This data gap is only relevant for rivers that 
support abundant macrophyte communities (i.e., where sampling effort would be 
justified). For example, the lower reaches in some rivers, with shifting substrates, high 
flows and TSS loads, do not support substantial macrophyte communities. 

• Data/knowledge gaps related to the effective assessment of pesticide impacts in 
provincial surface waters were recently identified by Anderson (2005). Issues included: 
the cumulative impacts of pesticide mixtures; the lack of CCME WQGs (protection of 
aquatic life) for roughly half of the pesticides detected; and paucity of information on 
pesticide fate in aquatic ecosystems. With respect to the long-term monitoring EC and 
PPWB sites, there are no available pesticide data, even though PPWB objectives exist 
for some pesticides. 

• With respect to routine Pulp and Paper EEM (generally every 3-4 years), water and 
sediment quality parameters monitored varied with mill and cycle. Thus, although the 
mills monitored benthic invertebrate and algal communities at the same time, they did 
not consistently monitor water and sediment quality. This type of monitoring has 
produced data that has met specific EEM objectives, but has not necessarily met the 
requirements of a more broad-based AEH assessment. 
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Recommendations 

• All provincial (MTRN, LTRN) and federal (EC, PPWB) monitoring sites, should be 
maintained to provide a continuity of data. Consideration should be given to expanding 
these monitoring networks by the addition of new sites or the upgrading of some sites 
(e.g., MTRN to LTRN sites). Some specific recommendations have been given in Table 
11-1.  

• Sediment quality and NFB should be periodically monitored at medium and long-term 
monitoring sites. This would serve to address issues not necessarily addressed by 
compliance monitoring to fulfill licence requirements, such as AEH and cumulative 
effects assessment. Monitoring of macrophyte communities should only be considered 
for appropriate reaches.  

• Long-term pesticide monitoring in major rivers should be continued. Anderson (2005) 
discussed wider recommendations to increase the effectiveness of pesticide monitoring 
in Alberta. Consideration should be given to monitoring pesticides at transboundary EC 
and PPWB sites, to provide information regarding the cumulative impact of upstream 
inputs. To this end, beginning in early 2006, the PPWB initiated a program to sample 
pesticides at selected sites, ultimately to include all sites in additional years, and then to 
repeat sampling of the sites on an agreed to rotation. The final program design and 
priorities of site selection will be based on the review of relevant data and agreement 
among the members. 

• In major rivers, it may also be appropriate to measure chlorophyll a levels at federal sites 
to determine productivity, and ensure consistency with provincial monitoring. The 
relevance of periphyton vs. phytoplankton as primary producer indicators in individual 
riverine ecosystems varies, but should be considered in the design of monitoring 
programs. 

11.2.5 Other Rivers and Streams 

11.2.5.1 Information Gaps 

• For the most part, water quality indices (i.e., ARWQI and CCME WQI) have been 
calculated for major rivers across Alberta, with indices only determined for some major 
tributaries5. Furthermore, while routine monitoring has generated a large quantity of data 
for some major tributaries, these data have often not been evaluated beyond water 
quality index calculation. 

• Not all tributaries considered for AEH assessment are included in the LTRN or MTRN 
monitoring networks (e.g., Sturgeon River). Water quality monitoring on these 
tributaries has often been sporadic, with a lack of recent data. With respect to sediment 

                                                 
5 e.g., ARWQI: Battle, Elbow, Smoky and Wapiti rivers (annually); CCME WQI: McLeod, Lesser Slave rivers (5-year period) 
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quality and NFB data, there is a general lack of data for many major tributaries across 
Alberta, particularly during recent time periods6. 

• The AESA monitoring network was specifically designed to follow trends in water 
quality as they relate to impacts of agriculture on water quality over time (Anderson et 
al. 1998).  Because the focus has been on water quality, sediment and biota sampling 
was not part of the initial design.  However, addition of these two elements would be 
beneficial as it would allow more comprehensive health assessments of agricultural 
streams.  

• Only nutrient, TSS and pesticide data were routinely evaluated by AESA through annual 
reporting. Supporting parameters such as DO (only measured at some sites), pH and 
temperature were routinely measured at the time of sampling, but these data were not 
evaluated. Several of these supporting parameters represent important AEH indicators 
for streams. 

• Non-agricultural streams have also been monitored in recent years as part of other 
monitoring initiatives (e.g., RAMP and Se monitoring). However, these monitoring 
initiatives are focussed towards specific objectives and so monitoring is conducted 
within specific areas. For example, RAMP tends to focus on AR tributaries, rather than 
lower order streams. Monitoring of urban, forestry and boreal streams has been more 
limited, and the province as a whole has lacked a coordinated approach to monitoring 
non-agricultural streams. The Alberta Biodiversity Program is planning to initiate 
monitoring of foothills streams next year. However, the monitoring program is not slated 
to monitor boreal streams, partly due to the logistic challenges (e.g., access, remoteness, 
natural disturbance such as beaver dams).  

11.2.5.2 Recommendations 

Monitoring on rivers and streams selected for AEH assessment should continue (i.e., LTRN, 
MTRN, RAMP, AESA, specific monitoring initiatives, academic research initiatives) but 
should be expanded to include the following: 

• An integrated monitoring approach should be applied to rivers and streams, similar to 
that discussed for major rivers. According to this approach, sediment quality and NFB 
should be monitored at least periodically. Consideration should be given to both fate and 
bioavailability of contaminants, to provide a more accurate and biologically meaningful 
assessment of AEH. There should be regular assessment and evaluation of all data 
collected. 

• The AESA program should be expanded to include at least periodic monitoring of 
sediment quality and NFB (e.g., planktonic/epilithic biomass7, macrophytes and/or 
invertebrates), where applicable. This would likely require an expansion of the program 
to include additional streams, to standardize for factors which influence sediment quality 

                                                 
6 Except for Lesser Slave, Wapiti, Muskeg and Steepbank rivers 
7 as chlorophyll a 
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and biological communities (e.g., ecoregion, stream order) and to allow for meaningful 
reporting at the scale of major river basins. 

• A stream monitoring network should be established that covers a representative cross-
section of non-agricultural stream types within Alberta. For various stream types, 
reference streams should be monitored to establish reference conditions, and gain an 
understanding of temporal and spatial variability (as described for major rivers). The 
suitability of water quality index derivation methods and objectives should be evaluated 
within the context of calculating a water quality index for non-agricultural streams. 
Adjusting the rating scale and developing more appropriate site or region-specific 
objectives are other options for assessing water quality in smaller waterbodies. 

11.2.6 Lakes  

11.2.6.1 Information Gaps 

• Establishment of a Reference Condition: What is ‘Healthy’ or the ‘Natural State’  

o There is a general lack of information regarding the reference condition for 
individual lakes (i.e., what is the ‘natural state’), which confounds the 
assessment of ecosystem health. Information collected to date on recreational 
and boreal lakes suggests that these lakes can vary widely with respect to water 
quality conditions (e.g., nutrients, algal biomass), both spatially and temporally. 
Furthermore, many lakes in central and northern Alberta are likely naturally 
eutrophic, a state further exacerbated by extensive agricultural development 
within their watersheds. As a consequence, the pre-development condition of 
these lakes is largely unknown, except when paleolimnological studies have 
been conducted or the condition of similar lakes within the same ecoregion has 
been assessed. Without an understanding of reference conditions in individual or 
groups of lakes, it is difficult to develop appropriate and realistic AEH 
benchmarks for indicators such as trophic status. Even if that ‘natural state’ is 
known, it may not be possible to return the lake to that state, and the ‘best 
attainable’ state may have to be defined. 

o To date, routine monitoring has mainly focussed on recreational lakes with other 
lakes monitored during relatively short-term studies with specific study 
objectives (e.g., boreal lake research). Thus, routine lake monitoring currently 
does not adequately cover lakes across all ecoregions within Alberta. 

• Assessment of Lake Trophic Status and Water Quality  

o Lakes monitored by AENV for trophic status have been monitored since 1980 
but sampling frequency has varied widely, both between and within years. As 
water quality and primary productivity vary seasonally in north temperate lakes, 
the frequency and timing of monitoring affects any assessment of lake 
condition. Correspondingly, the level of confidence associated with trophic 
classifications varied according to lake and the time period considered.  
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o Lake trophic status has been based on long-term average values for trophic 
criteria (e.g., 1980-2003), as opposed to more recent time periods more 
reflective of current conditions (e.g., 1999-2003). This limits the ability to 
ascertain current AEH in lakes throughout the province. Additionally, there are 
insufficient data to determine AEH in some lakes. 

o Lake nutrient criteria and/or the application of a lake WQI are both lacking as 
methods of lake water quality assessment in Alberta. These methods of aquatic 
health assessment are particularly relevant to Alberta lakes because generic 
WQGs do not always exist for critical lake water quality parameters, and many 
Alberta lakes have unique characteristics that do not necessarily conform to 
generic WQGs (e.g., naturally elevated nutrient levels). 

o Nitrogen data are relatively limited in the AENV lake monitoring dataset. 
Contaminant lake and tributary data are also fairly sparse (i.e., trace metals and 
organics, pesticides). While nitrogen forms are relevant monitoring parameters 
for all lakes, contaminants are only relevant for some lakes that have particular 
issues.  

o Nutrient budgets have only been developed for some lakes, many of which were 
considered preliminary. Knowledge of the relative external nutrient loads to 
lakes is critical to nutrient management in these watersheds. Internal phosphorus 
loading to Alberta lakes has been identified as a major source of phosphorus 
during the open-water period, but there is a lack of quantitative data concerning 
the internal release of phosphorus and controlling factors. 

• Assessment of Biological Communities and Sediment Quality 

o There is a lack of recent information regarding NFB in lakes, as monitoring 
tends to be focussed towards water quality, and the majority of NFB data were 
collected decades ago. Benthic invertebrate data are particularly limited and the 
status of this group is generally unknown. 

o Similarly, although water quality monitoring is relatively intensive in some 
lakes, the lack of supporting biological monitoring currently limits the ability to 
ascertain the biological relevance of water quality conditions in those 
ecosystems. Periodic collection of benthic invertebrates, phytoplankton, and 
sediment quality would greatly enhance the understanding of 'health' in these 
environments. 

o Sediment quality data were typically limited for a large number of lakes.  

11.2.6.2 Recommendations 

• Establishment of a Reference Condition: What is ‘Healthy’ or the ‘Natural State’ 
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o Lakes other than recreational lakes should also be included in an integrated 
monitoring framework. All considered lakes should be grouped by ecoregion 
and land use, and then further stratified based on lake characteristics into similar 
groups. Ideally, the reference condition or ‘natural state’ should then be 
established for these groups by monitoring temporal and spatial variability in 
water and sediment quality and NFB indicators, within a sub-set of designated 
reference lakes. This region-specific information can then be used to develop 
meaningful thresholds/objectives for lake AEH assessment. Partners likely able 
to facilitate the generation of suitable data would include: ALMS, ABMP, 
RAMP, CASA, CEMA. However, substantial effort would have to be employed 
to standardize monitoring between programs to produce compatible data to 
support meaningful AEH assessment. 

• Assessment of Lake Trophic Status and Water Quality  

o To increase the level of confidence associated with trophic classifications, it is 
recommended that a smaller number of study lakes, grouped by ecoregion and 
land use, be monitored more frequently. The monitoring program for these lakes 
should standardize for factors that affect the assessment of lake condition, such 
as the frequency and timing of sampling. 

o Consideration should be given to the categorization of lake trophic status on the 
basis of recent data, to more accurately define current conditions. This is 
particularly significant for lakes, such as Pine Lake, known to have undergone 
significant changes over the period of record currently used for the assessment 
(i.e., 1980-2003).  

o Consideration should be given to the development of lake nutrient criteria 
and/or a lake WQI for lakes in Alberta.  

o With respect to the development of nutrient criteria, consideration should be 
given to USEPA methodology that involves the determination of statistically 
defined thresholds for given ecoregions (USEPA 2000). The USEPA advocates 
the development of nutrient criteria for a range of parameters (e.g., TP, TN, 
chlorophyll a, Secchi Disk depth), but additional parameters could be added for 
Alberta lakes, where appropriate. The USEPA methodology is based on the 
reference condition approach as applied to ecoregions, however, objectives 
could also be developed in consideration of lake specific pre-development 
conditions or the condition deemed acceptable for that lake. 

o With respect to the development of a lake WQI there is less of a precedent and 
development would require a substantial level of effort. A starting point may be 
the application of the Canadian WQI (CCME 2001) or the WQI developed for 
rivers in Alberta (ARWQI). The suitability of the derivation methods of these 
indices and their objectives, with respect to the AEH assessment of Alberta 
lakes, would require further evaluation. It is probable that site- or region-
specific water quality objectives would have to be incorporated into any 
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potential index, in addition to rating scale adjustments. Alternatively, a new 
index could be derived specifically for Alberta lakes, either based on a ‘water 
quality objective’ or background ‘percentile’ approaches. With any lake WQI 
developed for application to Alberta lakes, there would have to be a strong focus 
on nutrient quality conditions. Candidate assessment parameters may include: 
total phosphorus, total nitrogen, Secchi disk depth, TP:TN ratios, DP:DIN 
ratios, nitrate, algal chlorophyll a, dissolved oxygen, alkalinity, pH, 
cyanobacteria abundance, cyanotoxins, fecal coliforms and Escherichia coli, 
trace contaminants, and/or pesticides. 

o An assessment of lake nutrient status (i.e., balance) would be useful (including 
an assessment of internal loading) and nitrogen forms should be routinely 
monitored. 

o Pesticide and trace metal monitoring should be incorporated into monitoring 
programs to a greater extent, with respect to the establishment of background 
concentrations and/or long-term trends. 

• Assessment of Biological Communities and Sediment Quality 

o Sediment quality and NFB should be monitored, at least periodically, in 
conjunction with water quality monitoring to provide an integrated biological 
and chemical lake AEH assessment. In the meantime, long-term plankton data 
for four lakes monitored by AENV should become available through the 
ongoing analysis of archived samples. 

11.2.7 Wetlands 

11.2.7.1 Information Gaps 

• Wetlands are the least sampled aquatic ecosystems in Alberta, but it is acknowledged 
that a substantive amount of work in wetlands has been undertaken and is ongoing. 
Unfortunately, the existing information is not integrated in a format amenable to a 
provincial AEH assessment (e.g., academic and multidisciplinary research/monitoring 
initiatives in the boreal and prairie pothole regions of Alberta).  

• Wetland mapping is expanding with the goal of identifying wetland resources and the 
facilitation of resource management. Wetland loss has been raised as a concern but can 
only be addressed if before and after disturbance data exist. At this point, the initial 
mapping and inventory is proceeding, but a wetland loss analysis has not yet been 
conducted. This represents a primary information gap for AEH assessment due to the 
impact of agriculture, urbanization and industry on the wetland drainage, as well as the 
extensive restoration efforts of Ducks Unlimited, irrigation districts and other 
organizations. 
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• As noted by Anderson (2005), wetlands are underrepresented in terms of pesticide 
monitoring in the province, despite the tendency for wetlands to become sinks for 
contaminants such as pesticides. 

• Wetlands and in particular peatlands, are often hydrologically connected to surface 
water, and in some cases to groundwater. They are often an integral part of regional 
hydrology and the export and assimilation of nutrients, and as such they can significantly 
affect surface water quality. Despite this, land use classifications and generic export 
coefficients used to calculate non-point source loadings are coarse and do not consider 
the presence of wetlands and peatlands within for example, forested areas.  

11.2.7.2 Recommendations 

• In consideration of these broad gaps, it is recommended that an integrated water and 
sediment quality and NFB monitoring program should be implemented for selected 
marshes, and shallow open water wetlands. Similar to lakes, wetlands should be grouped 
according to ecoregion, with further stratification based on characteristics such as 
wetland type, size of riparian zone, water depth retention time, surrounding land use and 
anthropogenic disturbance. Reference wetlands should be selected and monitored to 
establish a reference condition and develop objectives/thresholds for AEH indicators. 

• The selection and development of potential AEH indicators for wetland monitoring in 
Alberta was recently initiated by Wray and Bayley (2006), where they identified some 
potential wetland indicators. It is important that a broad cross section of indicators be 
selected that include sediment quality and NFB indicators (e.g., aquatic macrophytes, 
epiphyton, benthic invertebrates) in addition to water quality parameters. In terms of 
sampling methodologies, some have already been established by The Alberta 
Biodiversity Monitoring program (e.g., Eaton 2005), and effects-based in situ and 
mesocosm approaches have also been recently developed (Glozier et al. 2006). The latter 
are particularly relevant to the monitoring of end-points/processes that cannot be 
monitored by routine sampling, and for the establishment of cause and effect in complex 
situations. 

• Continued wetland research and the establishment of a wetland monitoring network 
should greatly improve our understanding of wetland AEH and the impact of wetlands 
on other surface waters. This combined with an increase in the accuracy of non-point 
source loading estimates, would result in a greater recognition of the influence of 
wetlands on surface water quality. 

11.2.8 Supplementary Specific Information Gaps and Recommendations  

As a result of the review and synthesis of information/data related to AEH in the seven major 
river basins, some specific information gaps were identified in addition to the general gaps 
described above (Table 11-1). These were often secondary in nature to the overall gaps described 
above that were common to most basins. Where specific knowledge gaps were identified within 
each basin, a corresponding recommendation was given in Table 11-1.  
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Table 11-1 Supplementary specific information gaps and recommendations 

Waterbody Specific Supplementary Information Gaps Specific Supplementary Recommendations 

North Saskatchewan River Basin 

North Saskatchewan 
River 

Relative impacts and cumulative effects of point and non-point sources 
and tributary inputs on North Saskatchewan River (NSR) water and 
sediment quality and non-fish biota (NFB) are not fully understood or 
documented, especially for recent years (5-10 years). 

An assessment of the relative and cumulative impacts of the 
various point and non-point source, and tributary inputs should be 
conducted within the vicinity of Edmonton and Fort Saskatchewan  

Some recently collected data were not analysed in time for this initial 
assessment and only one year of data were available for the two newly 
established Battle River LTRN sites. 

With the continuation of Battle River water quality monitoring; there 
should be sufficient information with which to conduct a more 
comprehensive assessment in the future. 

Battle River 

There was a paucity of data related to relative point and non-point source 
and tributary loadings to the Battle River.  

An assessment of relative loadings from point and non-point 
sources and tributaries should be conducted. Note: this task is 
currently underway (C. Teichreb, pers. comm.) 

Athabasca River Basin 

The current Environment Canada (EC) monitoring station downstream of 
Jasper at the Snaring River confluence may be too far downstream to 
effectively monitor the impact of treated municipal effluent on Athabasca 
River (AR) water quality.  

The addition of an EC monitoring site between Jasper and the 
Snaring River confluence should be considered.  

RAMP does not currently monitor sediment quality or NFB in the lower 
AR. This was primarily due to difficulties associated with predominantly 
shifting sand substrates, and inherent spatial and temporal variability. 
Consequently, there is little information regarding the health of NFB in the 
lower AR, and the value of existing sediment quality data has been 
questioned by RAMP. RAMP has advocated sediment quality monitoring 
in the truly depositional AR Delta. In addition, RAMP considers it likely 
that tributary invertebrate communities would demonstrate detrimental 
effects before the detection of corresponding effects in the AR mainstem. 

For the immediate future, the monitoring strategy adopted by 
RAMP should be adopted. However in the long-term, the 
knowledge gap should be addressed within the context of AEH 
assessment, rather than the assessment of regional impacts from 
oil sands development. 

Athabasca River 

Contrary to the recommendations of Noton (1996), sediment oxygen 
demand (SOD) has not been routinely monitored in the AR.  

Further work should be conducted to support SOD evaluation and 
dissolved oxygen (DO) modelling. In this regard, the findings of a 
synoptic study to support DO modelling in the Athabasca River 
(including SOD evaluation) are pending.  

Monitoring to assess the effects of selenium bioaccumulation on larval 
fish and their populations in the upper McLeod River, as well as surface 
water quality monitoring initiated in the late 1990s, are ongoing. However, 
there is a need to assess these data along with historical data, to evaluate 
current status and temporal changes.  

Further work should be conducted to evaluate the current status 
and temporal changes in water and sediment quality and NFB in 
the upper McLeod River Basin, with specific reference to selenium. 
In particular there is a need for additional studies to determine the 
effects/bioaccumulation of selenium on aquatic biota. McLeod River 

A variety of land uses including coal mining, forestry, oil and gas activities, 
agriculture and municipal/other discharges occur in the basin. The current 
status, changes in the extent and magnitude of these activities and their 
influence on the aquatic ecosystems has not been assessed. 

From a wider perspective, work should be conducted to document 
and evaluate land use, and point and non-point discharges within 
the basin. The relative impacts and cumulative effects of these on 
aquatic ecosystem health (AEH) should also be assessed. 

Lesser Slave River 
Dissolved oxygen dynamics and the principal causes for low DO 
concentrations are not well understood in the Lesser Slave River. The 
ability to accurately predict the occurrence of low DO has been limited. 

There should be a continued focus on low flow monitoring and the 
collection of relevant data to support DO modelling efforts in the 
Lesser Slave River (e.g., SOD measurements). 

Streams in the Vicinity of 
Coal Mining 

Selenium has been identified as the main parameter of concern. 
Nevertheless, there was a lack of more general monitoring to better 
assess, for example, the impacts of nutrient inputs on these streams. 

A more general monitoring program should involve integrated 
monitoring of water quality, and benthic invertebrate and algal 
communities. 

Peace and Slave River Basins 

There has been a lack of an upstream monitoring site within Alberta since 
monitoring at Dunvegan was discontinued in 1997. Currently, upstream 
water quality has been monitored at the EC transboundary site in BC. 

Monitoring activities at the EC transboundary site within BC need 
to be reviewed to determine compatibility of information with that 
from LTRN sites in Alberta. 

Cumulatively tributaries influence Peace River flow and water quality. 
There was a lack of information regarding relative contributions of flow 
and key parameters loadings (e.g., nutrients) from major tributaries to the 
Peace River. 

Further work should be conducted to evaluate the relative 
contributions of flow and key parameters loadings (e.g., nutrients) 
from major tributaries to the Peace River. 

Peace River 

There was a lack of available data regarding pesticide concentrations in 
the PR within Alberta. Although, pesticides are not as great a concern in 
this river compared to more southern rivers, the level of agricultural 
activity in the upper reaches within Alberta may justify some monitoring. 

Periodic monitoring of pesticides in the upper Peace River within 
Alberta should be considered. 

Peace/Athabasca Delta 
There was limited information linking changes in water levels in larger 
lakes and the distribution and health of aquatic biota communities and 
populations. 

Empirical relationships should be developed between variations in 
Lake Claire seasonal water levels and aquatic biota abundance. 
These would permit assessment of the potential impact of changes 
in water level patterns on aquatic biota (Donald et al. 2004). 

South Saskatchewan River Basin 

Red Deer River 
Water quality data were limited (i.e., lack of recent data and limited 
number of parameters evaluated) for the uppermost reach (i.e. the 
headwaters to Glennifer Lake).  

The collection of additional data is recommended to assist in 
monitoring for changes, as well as the evaluation of spatial trends 
along the river length (i.e., upstream-downstream comparisons). 
Consider establishing a headwater LTRN site on the river. 

Bow River 

Lack of a LTRN monitoring station on the Bow River immediately 
downstream of the City of Calgary. As a result, there is no provincial site 
that monitors the immediate downstream impacts/discharges of Calgary, 
which are the largest influence on Bow River water quality. 

An additional Bow River LRTN site should be established 
downstream of the City of Calgary. Specifically, downstream of the 
mixing zone of the Pine Creek WWTP but before the Highwood 
River confluence. 

Oldman River 

Lack of a LTRN monitoring station on the Oldman River upstream of the 
Oldman River Dam. A reference site upstream of agricultural activity and 
urban development would be useful, and would also document water 
quality entering the Oldman Reservoir. 

An additional Oldman River LRTN site should be established 
upstream of the Oldman Reservoir. 
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Table 11-1 Supplementary specific information gaps and recommendations Cont’d 

Waterbody Specific Supplementary Information Gaps Specific Supplementary Recommendations 

South Saskatchewan River Basin 

Although water quality in major Oldman River tributaries has been recently 
monitored, no data synthesis or reporting has been conducted for more 
than 10 years despite the importance of these tributaries in supporting 
irrigation districts in the basin and their contributions to flows in the 
Oldman River (e.g., St. Mary and Belly rivers). 

Water quality should be evaluated in tributaries such as the St. 
Mary and Belly rivers based on recently collected data (e.g., 1999-
2003). It may also be useful to evaluate long-term trends. 

Oldman River Tributaries 

For Oldman River tributary sub-basins, such as the St Mary River, it is not 
clear whether an assessment of AEH is relevant for a basin where so 
much of the surface waters are irrigation canals and return flows. 

The relevance of an AEH assessment in the form provided in this 
report, should be further evaluated for Oldman River tributary sub-
basins where a large proportion of the surface waters comprise of 
irrigation canals and return flows 

Bow River Tributaries 

There was a need for long-term monitoring in the Elbow River upstream of 
the Glenmore Reservoir, to document impacts within the upper/middle 
watershed and understand the water quality entering the reservoir. There 
was also a need to continue water quality monitoring on Nose Creek. 

Consideration should be given to the establishment of LTRN 
stations upstream of the Glenmore Reservoir and on Nose Creek. 

Beaver River Basin 

Beaver River 
The PPWB site at Beaver Crossing has the most extensive water quality 
data set in the basin. However, this site is located upstream of discharge 
of the Cold Lake-Grand Centre Regional Sewage System.  

Adding a new sampling site closer to the provincial border in order 
to assess the effects of municipal effluent discharges in the Alberta 
portion of the basin should be considered.  

Hay River Basin 

Information about land use, including locations of forestry operations, 
agriculture, oil and gas wells and pipeline crossings, has not been recently 
compiled in readily-usable reports or formats. 

An assessment of land use should be completed, including 
location of existing and proposed oil and gas wells, creek 
crossings, agriculture, seismic lines and forestry operations. 

Hay River Basin Information/data related to water quality for major rivers (other than the 
Hay River) and lakes were limited or lacking. There was an overall lack of 
sediment quality and NFB data. There was a lack of data for the Hay-
Zama Lakes wetland complex which is a wetland of international 
significance. 

An integrated sampling program should be established on select 
major rivers/streams/lakes. A Hay River rating curve should be 
developed to compare flow volume with water quality in the river. 
Water quality and NFB should be monitored upstream of the Hay-
Zama Lakes wetland complex, and within the complex itself. 

Milk River Basin 

Milk River and North Milk 
River 

There is a lack of long-term monitoring within the Milk River Basin. 
Furthermore, there were limited data concerning DO and temperature 
during critical periods (e.g., DO: low winter flows in February; 
Temperature: summer peak temperatures in August). 

The three Environment Canada sites on the Milk and North Milk 
rivers at the U.S. border should be reinstated. It is further 
recommended that DO and temperature should be continuously 
monitored at critical times (i.e., winter low flows and summer peak 
temperatures). Potential monitoring sites include: the Western 
Crossing, Hwy 880 and Eastern Crossing sites. 
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12.0 FURTHER CONSIDERATIONS ON THE MEASUREMENT OF 
AQUATIC ECOSYSTEM HEALTH IN ALBERTA 

The current initial assessment of aquatic ecosystem health in Alberta, in terms of water 
quality, sediment quality, and NFB, is based on indicators that are routinely measured in 
provincial waters and which focus primarily on general water quality, issues associated 
with eutrophication from point and non-point sources, and the distribution of pesticides in 
surface waters. However, there are numerous other contaminants and issues that 
potentially threaten the health of aquatic ecosystems in general (Stantec 2005), as 
discussed below. Due to a lack or scarcity of information for many of these 
contaminants/issues, it is not known whether they are a significant threat in surface 
waters of Alberta at the present time.  

12.1 EMERGING ISSUES 

12.1.1 Organic Wastewater Contaminants 

Organic wastewater contaminants (OWCs) originate from human sources and include 
pharmaceuticals and endocrine disrupting compounds (EDCs) such as phthalate esters 
and nonylphenol ethoxylates (NPEs, Sosiak and Hebben 2005; Table 12-1). EDCs are 
compounds that mimic or inhibit the functioning of hormones, such as estrogen, other sex 
hormones (androgens and progesterone), thyroxine, glucocorticoids, and possibly others. 
Phthalate esters, used widely in plastic manufacturing, and nonylphenol ethoxylate, a 
derivative of the surfactants alkylphenol ethoxylates which are components of detergents, 
paints, pesticides and other agricultural products, food packaging, and personal care 
products (Sumpter et al. 1997), have been shown to behave as EDCs. Municipal WWTPs 
are the major point source for OWCs; despite various treatment processes, the OWCs 
cannot be eliminated completely from the wastewater and are released to the receiving 
watercourses (Drewes et al. 2003; Boyd et al. 2003 as cited in Sosiak and Hebben 2005). 

Only very limited pre-2002 OWC data exist for surface waters in Alberta. Due to a 
growing concern about the possible impact of various OWCs on humans, livestock, 
aquatic organisms and wildlife, AENV conducted an initial survey of levels of a broad 
range of OWCs in five areas in Alberta in winter 2002-2003 (Sosiak and Hebben 2005). 
The information in this section is based on the AENV report unless otherwise cited. 
Based on the greatest population densities in the province, the municipalities of 
Edmonton, Calgary, Lethbridge, Red Deer and Medicine Hat were included in the study. 
‘Snapshot’ water samples of WWTP effluents and receiving rivers downstream of the 
WWTPs were collected from each area, except Medicine Hat where the sample from 
South Saskatchewan River was taken upstream of the WWTP. Although a large number 
of areas were included, only a few samples were analysed for each area because of the 
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relatively high cost of OWC analysis. As a result of this approach and the lack of well-
established analytical procedures for measuring OWCs the results are associated with 
considerable uncertainty and should be interpreted with caution. 

Table 12-1 Summary of organic wastewater contaminants (OWCs) 

OWC Group Examples Group description 

Acidic pharmaceuticals 
Ibuprofen, Ketoprofen 

Gemfibrozil 
Lipid regulators, analgesics, 

anti-inflammatory drugs 

Acidic pharmaceuticals 
Caffeine, Carbamazepine, 

Cotinine (nicotine metabolite), 
Pentoxifylline, Trimethoprim 

Diverse group, e.g. 
stimulants, anti-epileptic and 

psychiatric drugs 
Quinolone 
antibiotics 

Ciprofloxacin, Ofloxacin, 

Sulfonamide 
anitbiotics 

Sulfamethoxazole, 
Sulfapyridine 

Pharmaceuticals 

Antibiotics 

Tetracycline 
antibiotics 

Tetracycline, Doxycycline 

Anti-bacterial, anti-infective, 
human and veterinary drugs 

Hormones 
17β-Estradiol, Estrone, 

Testosterone 
Endogenous female 

estrogens, male androgen 

Contraceptives 19-Norethindrone, Mestranol 
Synthetic ovulation 

inhibitors (birth control pills) 

Endocrine 
disrupting 
compounds 

Other 
Desmosterol, Nonylphenol, 

Bisphenol A 
Surfactants, plasticizers 

Phthalate esters Dimethyl phthalate, C6-iso-mix 
Rubber softeners, 

plasticizers, solvents, 
pesticides 

Mono-phthalate esters 
Monomethyl phthalate, 
Monobenzyl phthalate 

Phthalate ester metabolites 
Other 

Nonylphenol ethoxylates NP1EO-NP19EO 
Used in detergents, 

shampoos, cosmetics etc. 
Notes: Information summarized from Sosiak and Hebben (2005). ‘Acidic’ and ‘neutral’ refer to the laboratory procedures used to 

analyse pharmaceutical compounds, and the grouping has only a little pharmacological relevance. 

Currently only a few compounds included in the study have water quality guidelines. The 
existing CCME water quality guidelines for OWCs are summarized in Table 12-2 
(CCME 2001). 

12.1.1.1 Pharmaceuticals 

A large number of the 32 measured pharmaceuticals were detected in WWTP effluents 
and nine compounds (carbamazepine, trimethoprim, sulfamethoxazole, gemfibrozil, 
ofloxacin, ciprofloxacin, sulfapyridine, cotinine and pentoxifylline) were present in all 
five sampling locations (Sosiak and Hebben 2005). Concentrations in receiving waters 
were markedly lower or not detected. Lower concentrations downstream of effluent 
discharges are due to the effects of dilution, photodegradation (light-mediated 
breakdown) and biodegradation (micro-organism-mediated breakdown). Acidic 
pharmaceuticals were more common in the samples from larger municipalities (Calgary 
and Edmonton) than in the samples from the smaller municipalities. For antibiotics, three 
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out of six quinolone antibiotics were detected in WWTP effluents, but detections in 
surface waters were rare. All of the five analysed sulfonamide antibiotics were detected 
from the WWTP effluents of Edmonton and Calgary and only two, sulfapyridine and 
sulfamethoxazole, from the WWTP effluents of smaller municipalities. Tetracycline 
antibiotics were rarely detected in WWTP effluents and not at all in the river water 
samples.  

In addition to AENV survey (Sosiak and Hebben 2005), Forrest et al. (2006) have 
recently completed a study on 22 agricultural watersheds in Alberta that documents, at a 
scoping level, the occurrence and concentration of some commonly used livestock 
pharmaceuticals in agricultural stream water. Trace concentrations (<1 µg/L) of 
pharmaceuticals were detected in 38% of the samples (N=116).  Seventeen of the 22 
watersheds had between one and four different compounds detected. Monensin and 
sulfamethazine were the most frequently detected (28 and 11% of the samples, 
respectively).   

Table 12-2 Summary of existing CCME water quality guidelines for OWCs 

Parameter Unit WQG 
Nonylphenol and its ethoxylates μg/L 1.01

Di-n-butyl phthalate (DBP) μg/L 19 
Di(2-ethylhexyl) phthalate (DEHP) μg/L 16 

Di-n-octyl phthalate (DnOP) μg/L 
Insufficient 

data 
Notes: 1 Expressed on a TEQ (concentration of the mixture of nonylphenolic compounds expressed as toxic equivalent of NP) 

basis using NP toxic equivalency factors (TEFs) 
 

12.1.1.2 Endocrine Disrupting Compounds 

Thirteen of 32 analysed EDCs were detected in all WWTP effluents. Most of these 
compounds were plant or animal steroids and the concentrations were low; only a few 
exceptions exceeded 1 μg/L. Thirteen compounds were also detected in river waters, 
twelve of which were also detected in WWTP effluents. Steroid estrogens were detected 
infrequently in WWTP effluents and only one, 19-norethindrone, in river water samples.  

12.1.1.3 Other Compounds 

Phthalate Esters and Mono-phthalate Esters 

Endocrine disrupting impacts of many phthalate esters are currently unclear but they have 
been found to exert estrogenic influences in various test organisms (Birkett 2003). All 
thirteen measured phthalate esters were found in WWTP effluents, most compounds 
occurring at concentrations <1 μg/L. A few exceptions had higher concentrations: Di-n-
butyl phthalate (DBP) up to 1.4 μg/L and Di(2-ethylhexyl) phthalate (DEHP) up to 5.5 
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μg/L. However, water quality guidelines were not exceeded (Table 12-2). All phthalate 
esters were detected in river water samples as well, but in very low concentrations. 

Mono-phthalate esters, the metabolites (breakdown products) of phthalate esters, were 
rarely found in WWTP effluents, but were present in low concentrations in water samples 
from all rivers, except the Oldman River.  

Nonylphenol Ethoxylates 

All of the nineteen measured NPEs were found in at least one of the five WWTP 
effluents, and five (NP1EO-NP5EO) were detected in all samples. Of river water samples 
collected, only the Bow River sample contained detectable levels of the full suite of 19 
compounds; four to 12 compounds were detected in the remaining four rivers. The 
concentrations of individual compounds were generally low, although the guideline for 
total NPE (1 μg/L) was exceeded in the Oldman River by 0.4 μg/L (Table 12-2, CCME 
2001). 

12.1.1.4 Recommendations 

The preliminary survey by AENV in 2002-2003 confirmed the presence of a fairly broad 
range of pharmaceuticals, EDCs and other organic wastewater compounds in the WWTP 
effluents and receiving rivers in Alberta. The following recommendations were made by 
Sosiak and Hebben (2005): 

1.  Long-term monitoring of river water upstream and downstream of major urban 
centres is recommended as a means of evaluating spatial and temporal trends as well 
as seasonal variation in OWC concentrations. Such monitoring would also permit a 
more thorough assessment of compounds of concern, their distribution, frequency of 
occurrence, and potential implications for water quality and ecosystem health in the 
Province. 

2.  Additional work on the fate and transport of pharmaceuticals, EDCs, and other 
OWCs in provincial surface waters is suggested. Knowledge obtained could 
subsequently be used to support quantitative modelling for these compounds as well 
as risk assessments both in terms of water quality and ecosystem health. Studies 
could include analyses of target OWCs in river sediments and the tissues of various 
aquatic organisms such as invertebrates and fishes. 

3.  Analyses of both WWTP influent and WWTP effluent may help evaluate treatment 
efficiency and could be used to compare between different treatment processes and 
treatment plants. Knowledge thus obtained may be used in the future to help reduce 
pharmaceutical, EDC, and other OWC loading to surface waters. 
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4.  Data obtained from the above-recommended studies, in conjunction with those from 
other sources, should be used in the future to support the development of guidelines1 
for pharmaceuticals, EDCs, and other OWCs in surface waters. 

12.1.2 Brominated Flame Retardants 

Brominated flame retardants (BFRs) are in widespread use in Canada and have been 
found to be increasing in the environment (Muir et al. 2001). Polybrominated diphenyl 
ethers (PBDEs) are additives in a number of products including paint, textiles, electronic 
equipment and polyurethane foam in upholstered furniture (Stern et al. 2005). PBDEs 
have been found in biotic and abiotic media across the globe and are particularly 
persistent and strongly hydrophobic. Brominated diphenyl ethers accumulate in biota and 
there are some recent indications that they may biomagnify in freshwater food webs, as 
revealed by a recent study conducted on Lake Winnipeg (Law et al. 2006). 

12.1.3 Persistent Organic Pollutants in the Rocky Mountains 

There is evidence that persistent organic pollutants (POPs) are higher in aquatic 
ecosystems located in mountainous regions, including the Canadian Rocky Mountains. It 
is thought that mountains serve as a “convergence zone” for airborne semi-volatile 
contaminants that are volatilized at warmer, lower altitudes and deposited in the colder, 
higher altitudes of mountain ranges. This theory is analogous to the cold condensation 
effect that operates in the polar regions (Loewen et al. 2005). 

Toxaphene, a POP, has been detected in Alberta lakes located in the boreal plain, 
montane, and subalpine ecozones and increased with increasing altitude (Donald et al. 
1998). The highest levels were detected in fish residing in untreated, high elevation lakes. 

12.1.4 Cyanobacterial Toxins 

The production of microtoxins by cyanobacteria has received considerable attention in 
recent years, as there is some indication that blooms of potentially toxic cyanobacteria 
have become more prevalent, more frequent, and more toxic in North America over the 
last several decades, likely due to increasing stressors such as nutrient enrichment. 
Certain species of cyanobacteria may produce substances that are toxic to humans, 
wildlife, and aquatic biota and have caused human illness and death and are periodically 
attributed as the cause of fish and/or livestock kills (Charlton et al. 2001). Algal toxins 
may also bioaccumulate in aquatic organisms and at least one toxin (microcystin) appears 
to biomagnify in the aquatic food web (Xie et al. 2005). 

                                                 
1 Effect thresholds based on specific research or information in the scientific literature may be a viable precursor for official 
guidelines. 
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There are over 80 variants of cyanotoxins reported, however the primary toxins discussed 
in the literature are hepatotoxins (e.g., microcystins) and neurotoxins (e.g., anatoxins). 
Most hepatotoxins are referred to as “microcystins”, although there are at least 50 
different forms of microcystins (Health Canada 2002). One third of the 50 freshwater 
cyanobacteria genus’ can produce toxins and at least three kinds of algal toxins 
(microcystin, anatoxin-a, and anatoxin-a(s)) are known to occur in Canada (USEPA 
website 2001). The most common cyanobacteria genera that occur in Canada and that are 
frequently associated with poisonings are Anabaena, Aphanizomenon, Microcystis, 
Oscillatoria, and Nodularia (Health Canada 2002). 

At present, Health Canada has only issued drinking water quality guidelines for one algal 
toxin (microcystin-LR) and there are currently no guidelines for the protection of aquatic 
life or wildlife (Health Canada 2002). Microcystin-LR is used as an indicator for the 
presence of other toxins and is the most common variant of microcystin (USEPA 2001). 

Studies of microcystin occurrence, concentration, distribution, and persistence in surface 
waters have been undertaken in a number of areas in Canada, including Alberta. 
Microcystin has been detected in dugouts and eutrophic waterbodies serving as raw 
drinking water sources, some of which contained microcystin at levels above the current 
water quality guideline of 1.5 µg/L (MacKay 1998, Zurawell 2002).  

Overall, there is a need to consider monitoring for the presence of cyanobacteria toxins, 
including microcystin-LR in Alberta surface waters, as there is for the remainder of 
Canada. However, there are a number of factors that render monitoring for these 
substances a considerable challenge. Firstly, production of cyanotoxins by cyanobacteria 
is not very predictable and the presence of a bloom does not necessarily mean that toxins 
will be produced. Secondly, the somewhat stochastic nature of development of 
cyanobacterial blooms renders monitoring difficult. Additionally, toxins may persist for 
some time in surface waters and may in fact peak after the die-off of a bloom. 

There are additional challenges associated with the issue of cyanotoxins including the 
lack of supporting analytical chemistry, water quality guidelines, basic toxicological 
information, and field research. Ultimately, this seriously hampers the ability to 
systematically monitor aquatic ecosystems in a manner that would effectively ascertain 
the presence of algal toxins and the potential risks associated with such substances to 
aquatic ecosystems. However, consideration should be granted to inclusion of monitoring 
of some algal toxins, at a minimum monitoring for microcystin-LR.  
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12.1.5 Climate Change and Water Availability 

Climate change will adversely affect freshwater resources and complicate water 
availability problem in arid areas (Schindler 2001, EERN website 2005), and can 
significantly affect the ecology of Alberta (Stantec 2005). Alberta is considered to be the 
area of greatest concern in terms of climate change in Canada because of arid conditions 
and rapid development (EERN 2005). In Alberta, 80% of the water supply lies in the 
northern part of the province, while 80% of the water demand is in the southern region. 
Canadians use 343 L/capita water per day for domestic use alone, which in Alberta 
equates to over one billion litres per day (AENV website 2005). In addition, domestic use 
represents only a small share of total water consumption in Alberta; agricultural, 
industrial or commercial/institutional sectors are the main users of water. The use of 
water has increased 10-fold in Alberta during the twentieth century and the trend is not 
likely to reverse in the near future in light of the growing economy and human population 
(Figure 12-1). A significant proportion of the natural flow is allocated in the southern 
river basins of the province (Figure 12-2). Of the river basins, Battle River Basin is the 
most stressed, as more than 100% of natural flow is allocated.  

 

Figure 12-1 Water allocations in Alberta since 1900 by major sector and by 
decade2

Changing climate is now widely accepted as reality and data records for Alberta show a 
general increase in average annual temperatures. For example, temperatures have 
increased by 1-2°C in Fort McMurray during 1944-2000 (NREI 2004). Current climate 
models predict a further increase of 3-5°C in the average annual temperatures by the year 
2050 (Barrow and Yu 2005). To put this into perspective, during the warm and dry mid- 

                                                 
2 Source: AENV website http://www3.gov.ab.ca/env/water/GWSW/Quantity/waterinalberta/allocation/AL1_consumption.html 
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Figure 12-2 Allocations in 2004 by river basin compared to average natural 
flow3

Holocene, the current post-glacial epoch, temperatures were only 1-2 °C warmer than in 
the mid-twentieth century. However, during this period there were few, if any, wetlands 
in the southern prairies and one of the prairies’ great lakes, Lake Manitoba, was 
completely dry (Schindler 2001, Teller and Last 1982 as cited in Schindler 2001). 
Climate change is not expected to be a gradual process, and intense prolonged droughts 

                                                 
3 Source: AENV website http://www3.gov.ab.ca/env/water/gwsw/quantity/ 
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and high precipitation periods could alternate with relatively stable periods. These 
dramatic events could have serious negative effects on water quality and aquatic biota.  

Much of the usable water in western Canada originates from the snow and ice fields of 
the Rocky Mountains (Schindler 2001). For example, the South Saskatchewan River 
system receives 87% of its water from its mountain headwaters. Ecosystems, human 
population, agriculture and industry in arid regions of the prairies are heavily dependent 
on this input of freshwater. The glaciers of the Rockies are currently both thinning and 
receding; for example, the Athabasca Glacier receded over 1.5 km in the twentieth 
century. The water supply of the prairies may be jeopardized with further recessions of 
the glaciers (Schindler 2001).  

Most of the warming recorded so far in Alberta has occurred during winter months from 
January to March-April, while summer temperatures have increased only slightly (NREI 
2004). Warming temperatures during winter months will affect river flow patterns by 
changing the timing and magnitude of spring floods (Schindler 2001). Ecosystems 
dependent on spring floods, such as riparian and floodplain areas, will be affected by 
changing water flows. Spring melt pulses also govern the form of river channels, which 
are generally shaped by maximum flows (Newbury and Gaboury 1993 as cited in 
Schindler 2001).  

By the 2050s, the median climate change scenario indicates a decrease in annual mean 
precipitation of about 5% in the south, but increases of between 5% and 10% in the 
north-west of the province (Barrow and Yu 2005). Current data records show that annual 
precipitation has decreased in central regions of the province in 2001-2004, and that there 
is a growing precipitation deficit in the area (Dube and Squires 2006). 

Evaporation is greatly affected by increasing temperature and this will exacerbate the 
decline in water resources (Schindler 2001). Furthermore, stronger winds enhance 
evaporation exponentially. Increased wind velocities have already been observed at the 
Experimental Lakes Area in northwest Ontario, possibly as the result of increased 
convection over clearcut and burned catchments (Schindler et al. 1990 as cited in 
Schindler 2001). The proportion of clearcut and burned catchments is likely to increase, 
since the number of wildfires has been increasing in 1994-2003 (Dube and Squires 2006), 
and pressure on land use is going to increase with the growing economy. 

Declining water flows will decrease the capacity of freshwaters to tolerate pollutant loads 
(Schindler 2001). Schindler (2001) predicted that biologically conservative compounds 
will be diluted less, and thus concentrated more, and biologically reactive compounds 
(such as nutrients) will exacerbate eutrophication due to higher concentrations of inputs 
and increasing water retention times. Decreasing stream flows with drier soils and lower 
water tables in wetlands affect dissolved organic carbon inputs to lakes, causing water to 
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clear and allowing deeper penetration of solar radiation into lake waters. Increased 
penetration of solar radiation will cause deeper euphotic zones and thermoclines, and 
greater visibility to visual predators (Schindler 2001). Warming may modify the aquatic 
communities by affecting the interspecific interactions between predators and prey, and 
competing warmwater and coldwater species. 

When flows decrease and population increases, more pressure is exerted on potable 
drinking water resources. Combined with the impacts of intense agriculture on water 
quality and a possible increase in virulence of pathogens and occurrence of toxic algae 
blooms, the cost of drinking water will likely increase in the future (Schindler 2001).  

In addition to the individual stressors, synergistic effects of warming climate with 
existing stressors may prove to be a significant problem. For instance, many organic 
pollutants, such as PCBs and pesticides, are semivolatile and can be re-emitted into the 
atmosphere and travel long distances if evaporation increases (Schindler 2001).  

12.1.6 Invasive Species 

The term ‘invasive species’ is broadly used to describe any species that comes to occupy 
an area where it formerly did not occur, and includes both exotic (alien) species and 
species that are considered indigenous to near-by water bodies or watersheds (i.e., within 
or adjacent to Alberta). They include species that have been introduced, purposefully or 
inadvertently, as well as species that have expanded their range in response to changing 
environmental conditions.  

Recent efforts to develop an understanding of invasive species in Alberta include the 
establishment of two government committees: the Inter-Departmental Invasive Alien 
Species Working Group, which is examining both terrestrial and aquatic species; and the 
Alberta Invasive Plants Committee. 

12.1.6.1 Aquatic Invertebrates 

Little information is currently available regarding invasive aquatic invertebrates in 
Alberta. Invasnet, a Natural Sciences and Engineering Research Council of Canada 
(NSERC) network program currently in progress, has determined that knowledge of 
invasive aquatic species is severely lacking in the Prairie Provinces (Vinebrooke pers. 
comm.).  

One aquatic invertebrate that is known to be expanding its range into and within Alberta 
is the virile or northern crayfish (Orconectes virilis) (Phillips and Clark 2006; Chambers 
et al. 1990; Hanson et al. 1990). This species was studied in Alberta in the 1970s and was 
found only in the Beaver River Basin, extending to the Amisk River confluence. 
Currently, its known range extends well into both northern and southern Alberta. In the 

North/South Consultants Inc. 
Page 12-10 



AEH Information Synthesis and Initial Assessment 
Alberta Environment Section 12.0: Further Considerations 

North Saskatchewan River Basin it has been reported as far upstream as Devon (Procter 
pers. comm.). The species has also been reported from the Athabasca River Basin, from 
Beyette Lake in the Hubert Lake Wildland Park in 2004, and in Carson Lake in the 
Carson Pegasus Provincial Park in 2001. To date, there have been no reports of this 
crayfish species in the Athabasca River mainstem. In the Oldman River, this species has 
been documented as far upstream as the water diversion weir at the city of Lethbridge. 
Northern crayfish also have been observed in the Bow River Basin, in Lake Newell near 
Brooks, and as far up the Bow River as the Bassano Dam (Proctor pers. comm.).  

Phillips and Clark (2006) reported that northern crayfish predation could reduce aquatic 
invertebrate biomass and diversity, change community composition, and alter trophic 
structure. They performed an enclosure experiment in the North Saskatchewan River to 
investigate whether crayfish can significantly influence macroinvertebrate biomass and 
community structure, sedimentation rates and the proportion of organic matter within the 
sediment. Based on preliminary analysis of results that suggested a reduction in 
invertebrate biomass and replacement of that biomass by crayfish, as well as an observed 
decrease in silt sedimentation within crayfish enclosures, they suggested that O. virilis 
will exert pronounced negative effects on the productive capacity of Alberta’s river 
ecosystems 

Another invasive invertebrate in Alberta is the plains forktail (Ischnura damula). This 
species is a relatively rare and, until recently, unknown damselfly in Alberta that appears 
to be expanding its range in this province. Generally thought of as being associated with 
springs, plains forktail populations were initially observed in waterbodies receiving warm 
outflows from thermal generating plants; notably the Wabamun, Sundance and Keephills 
plants (Acorn 2004). In this context, the warm power plant outflows were viewed as a 
surrogate for natural springs. To an increasing extent, however, the species is being 
reported from a variety of lakes and ponds throughout southern Alberta. Acorn (2004, 
pers. comm.) has suggested that the plains forktail is a recent immigrant to Alberta and is 
at home in a variety of typical Alberta damselfly habitats. 

Recently, the presence of an oligochaete worm in the Branchiobdellidae family that lives 
symbiotically on crayfish has been documented in Alberta (Proctor 2006). This 
Branchiobdellidae species was not documented in Alberta prior to the arrival and 
expansion of northern crayfish.  

A previously unreported Nemertean (ribbon worm) species was collected from Coal Lake 
in 2002 and in Lake Wabamun in 2003, by a University of Alberta biology class (Proctor 
2006). Due to a general paucity of aquatic invertebrate data for Alberta, it is difficult to 
determine if such newly reported species are in fact new arrivals, or are indigenous 
species that have just not been collected.  
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12.1.6.2 Non-Vascular Aquatic Plants 

Very little information is available regarding invasive non-vascular aquatic plants in 
Alberta. The epilithic/epiphytic diatom Didymosphenia geminate, commonly referred to 
as ‘Didymo’ or ‘rock snot’, has recently become a species of concern and is considered a 
potential threat to some of the Province’s fisheries (Millar pers. comm.). The species is 
native to Alberta and abundant mats were recorded by AENV in the 80’s from several 
rivers, including the Bow (Cochrane), Red Deer (d/s Dickson Dam), and Oldman 
(Brocket) rivers.  However, it is hypothesized that there is possibly a new variant of the 
species, which can rapidly spread in oligotrophic conditions and form nuisance blooms 
(Kirkwood pers. comm.) such as those reported from the headwaters of two Alberta 
rivers, the Bow and Red Deer (Kirkwood et al. 2006). The species thrives in oligotrophic 
and cool waters, and it was historically found only in clear lakes and rivers in the 
northern latitudes (USEPA website 2006). However, the species has since expanded its 
geographical range vastly to include more nutrient-rich environments (Elwell 2006). 
Didymo can be transmitted by equipment and probably boats, and can spread rapidly if 
conditions are favourable. Once established, it can form massive blooms with serious 
adverse environmental and economic effects (Global Invasive Species Database website 
2006). This species has become a serious invasive pest in many parts of North America, 
including BC and northern Montana. 

12.1.6.3 Vascular Aquatic Plants 

The presence of invasive aquatic macrophytes is relatively easy to detect and they are 
actively monitored in many Canadian and North American jurisdictions. Although there 
currently are no programs operating in Alberta that monitor the incidence or spread of 
invasive aquatic macrophytes, the Alberta Invasive Plants Council (AIPC) does provide 
information about Alberta’s invasive plants in general, primarily plants that threaten 
agriculture and forestry in Alberta. The Alberta Weed Control Act currently includes two 
aquatic or riparian plant species in its Weed Designation Regulation. Eurasian 
watermilfoil (Myriophyllum spicatum) is designated as a ‘restricted weed’ and purple 
loosestrife (Lythrum salicarialisted) is listed as a ‘noxious weed’. Both of these species 
have become serious pests in adjacent provinces. Summary information about other 
invasive aquatic plants in Alberta is provided in the following paragraphs (Griffiths Pers. 
comm.) 

Elodea nutallii (Nuttall’s waterweed) is a temperate species that has been found in 
Alberta only in waters heated by power plant cooling effluent, and is probably not 
invasive in waters not affected by thermal effluent.  

Ranunculus repens (creeping buttercup) has been reported from Muskeg Creek Canyon, 
southwest of Athabasca, Alberta, where it is an abundant and locally dominant species 
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that acts beneficially as a stabilizer of erosion-prone stream banks. The species is 
considered to be Eurasian in origin. 

The historical status of Zizania aquatica (eastern wild rice) in Alberta is unclear, but it 
may have had a restricted native range in Alberta prior to widespread introduction for 
economic purposes in the 1940s. The species has a localized distribution and licence 
controlled harvesting occurs on Crown land. 

Other aquatic macrophytes that have been reported as invasive or exotic in Alberta, but 
for which no specific information is available, include the submergent Potamogeton 
crispus (curly pondweed), and four emergent or riparian species: Nasturtium officianale 
(water cress); Phalaris canariensis (canary grass); Rorippa microphylla (one-row 
watercress); Rorippa sylvestris (creeping yellow cress); and, Rorippa nasturtium-
aquaticum (watercress) (ANHIC website 2004; NatureServe Explorer website 2006).  

12.2 OTHER CHALLENGES 

There are a number of more ‘generic’ challenges related to monitoring and assessing 
aquatic ecosystem health that apply across the globe. Several inherent difficulties include: 

• The lack of water and sediment quality guidelines for all potentially toxic or 
detrimental substances, rendering interpretation of monitoring results difficult; 

• The general lack of environmental thresholds for biological communities, 
including NFB; 

• Most aquatic ecosystems contain complex mixtures of contaminants and/or 
experience multiple stressors (e.g., low dissolved oxygen) but guidelines are 
developed for individual substances; 

• Sub-lethal effects of many contaminants or stressors are often poorly 
characterized or unknown; 

• Effects of degradation products are often unknown or not well characterized; 

• Sensitive and reliable indicators are needed to adequately monitor for effects of 
low levels of contaminants; 

• Lack of analytical methods for measuring all potential contaminants and/or 
inadequate sensitivities of analytical methods; and 

• Effects of stressors on high levels of biological organization are uncertain. 

In addition, there are several processes that affect surface water quality and aquatic biota, 
such as surface water–groundwater and air–land–water interactions and influences, which 
are often poorly understood and not acknowledged. To address these ‘data gaps’, 
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additional research and development is required. Cumulative and integrated effects 
monitoring of physical, chemical, and biological components of aquatic ecosystems is 
required to ascertain the effects of the complex, multiple stressors in a natural 
environment. This may include monitoring programs that span several levels of 
biological organization, including the use of indicators, in conjunction with more 
conventional measurements of physical and chemical parameters to assist in linking 
observed effects to stressors and contaminants. 
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13.0 DISCUSSION 

13.1 OVERVIEW 

This report represents a synthesis of information on water and sediment quality and NFB 
to support an initial assessment of AEH in Alberta. Similar efforts are underway to assess 
AEH in Alberta for other aquatic ecosystem components (fish, riparian areas, and 
hydrology). A comprehensive evaluation and synthesis of the assessments for each 
aquatic ecosystem component is expected at a later date. The study was intended to 
represent a ‘starting point’ to be used as a foundation for the acquisition of information 
necessary to conduct a more comprehensive aquatic health assessment. Consequently the 
report represents an intermediate step in the aquatic health assessment process, rather 
than the assessment as a whole. This document was intended to address the tasks outlined 
in the initial scoping document produced by Jacques Whitford (2005), to the extent 
feasible. This study had seven main goals: 

o Briefly discuss the definition of AEH and its application to Alberta within 
the context of the Water for Life Strategy (Section 1). 

o Select indicators of water and sediment quality and NFB (i.e., lower trophic 
levels) to assess AEH (Section 3). 

o Compile and review literature and/or data relevant to AEH assessment for the 
seven major basins within Alberta (sections 4-10).  

o To identify candidate aquatic ecosystems (rivers, lakes, streams, wetlands) 
for each river basin, and then identify key areas/reaches within each ecosystem 
for assessment (sections 4-10). 

o To review and synthesise information considered most relevant for an AEH 
assessment for each major river basin, within the scope of the project. Where 
necessary summarise raw data to supplement the current knowledge base for key 
sites (sections 4-10). 

o To identify data gaps that impeded/precluded a more comprehensive initial 
assessment, and formulate recommendations to address those gaps (section 11). 

o To review issues pertinent to AEH assessment in Alberta not suitable for 
assessment by individual basin (e.g., emerging issues, climate change, water 
availability, organic wastewater contaminants, cyanobacterial toxins etc.; Section 
12). 
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13.2 MAIN FINDINGS  

13.2.1 Aquatic Ecosystems Evaluated  

This initial assessment involved compilation of information and data for a large number 
of waterbodies across the province, as summarized in Tables 13-1 to 13-6. The precise 
number of sites evaluated in the assessment varied according to sub-component (i.e., 
water quality, sediment quality, and lower trophic levels); generally, the maximum 
number of sites examined within a river basin represented water quality information. A 
general summary of the river, streams, lakes and wetlands evaluated in this document is 
as follows: 

• 11 major rivers were evaluated, with multiple reaches (1-4 per river); 

• 14 tributaries to these major rivers were evaluated; 

• A wide range of streams were evaluated, specifically: 20 agricultural streams 
belonging to the AESA monitoring network; 5 streams in the vicinities of mining 
operations (i.e., oil sands and coal mines); and several streams located in the 
boreal forest; 

• The trophic status of >100 mainly recreational lakes monitored to various extents 
by AENV during the period 1980-2003 were evaluated. A subset of 27 of these 
lakes was evaluated in more detail (water and sediment quality and NFB); 

• Other lakes evaluated included: 

• 450 regional lakes in north-eastern Alberta (Athabasca and Peace River basins) 
monitored by the CEMA NOxSOx Management Working Group and RAMP, in 
response to increased acidifying emissions from oil sands industries. 

• A number of boreal lakes and lake-wetland complexes located in the Peace, 
Athabasca and Slave River basins, subject to specific monitoring under various 
research initiatives. 

• With respect to wetlands, a number of wetlands located in the prairie pothole, 
aspen parkland and boreal regions were evaluated to the extent possible given the 
often limited information.  

13.2.2 Initial Qualitative Aquatic Ecosystem Health Assessment 

13.2.2.1  Synthesis of the Results 

A summary of the state of AEH in Alberta according to the initial qualitative AEH 
assessments conducted for rivers, streams, lakes and wetlands in this report is presented 
in Tables 13-1, 13-3 and 13-5. The initial qualitative AEH assessments for waterbodies in 
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each river basin are accompanied by companion table that conveyed the level of 
‘confidence’ associated with those preliminary assessments (see sections 4-10). 
Specifically, the quality and quantity of the data on which the qualitative assessments 
were based were evaluated according to criteria given in Table 2-2. Similarly, these 
results have also been presented at the provincial levels according to major rivers, other 
rivers and streams, and lakes and wetlands in Tables 13-2, 13-4 and 13-6. Collectively, 
these tables provide an overview of the availability and suitability of information required 
to conduct an initial qualitative assessment. Moreover, they provide a good basis for a 
discussion regarding the availability and suitability of information required for a more 
comprehensive and quantitative assessment of AEH in these waterbodies 

Although the initial AEH assessment findings have been discussed at the major basin 
level (i.e., Sections 4-10), a discussion of the overall results at the provincial level, by 
waterbody type, was also deemed useful. Of the total 28 reaches or river lengths 
evaluated, 11% and 61% were considered to have ‘excellent’ and ‘good’ water quality, 
respectively and 29% had ‘fair’ water quality (Table 13-7). Confidence in these findings 
was relatively high compared to the other components assessed (i.e., 61% of the data 
were thought to be good in terms of data quality/quantity). A contrasting situation existed 
for sediment quality and NFB, where there were insufficient data to support an initial 
qualitative assessment in the majority of reaches/river lengths, at this time (Table 13-7).  

The initial AEH status of major tributaries and agricultural streams within the largest 
rivers basins (i.e., the North Saskatchewan, South Saskatchewan, Athabasca and Peace 
river basins) was also summarized at the provincial level. Approximately half of the 
select major tributaries in these basins had ‘fair’ water quality, according to this initial 
assessment (Table 13-8). The other half either had insufficient data to substantiate a 
qualitative assessment, or water quality was considered mostly ‘good’. There was a lower 
level of confidence associated with these tributary rankings compared to the major river 
reaches, with data quality/quantity considered to be ‘good’ or ‘fair’. Similar to the major 
rivers, both sediment quality and NFB data were limited and were insufficient to support 
an initial qualitative assessment for a large proportion of the tributaries selected for 
assessment. Table 13-8 highlights the unilateral focus on water quality in these 
agricultural streams. Water quality in most of the twenty AESA streams evaluated was 
mostly ‘fair’ or ‘marginal’. Due to the established CAESA/AESA monitoring network, 
there was a high levels of confidence associated with these rankings. 
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Table 13-1 Initial qualitative assessment of aquatic ecosystem health based on a synthesis of available 
data for major rivers 

River  Reach 
Water 

Quality 
Sediment 

Quality 
Non-fish 

Biota 

Headwaters G ID ID 

Headwaters to U/S of Edmonton G ID G 

U/S to D/S of Edmonton (Devon to Pakan) F ID M 

North Sask. 
River 

Pakan to Provincial Border F ID F 

Headwaters E ID ID 

Upper Athabasca River: Upstream of Hinton to Fort 
McMurray G F F Athabasca 

River  

Lower Athabasca River: Fort McMurray to the Delta G ID ID 

Border to U/S of the Smoky River Confluence 1 G G ID 

D/S of the Smoky River Confluence to Fort Vermilion G G BI 
G 

PP 
ID 

Peace River 

Fort Vermilion to the Delta 2 F ID ID 

Slave River Headwaters to the NWT/Alberta Border F ID G 

Headwaters to Glennifer Lake G ID ID 

Glennifer Lake to the City of Red Deer G ID BI 
ID 

PP 
F 

City of Red Deer to Drumheller G ID BI 
ID 

PP 
F 

Red Deer 
River 

Drumheller to Provincial border F ID BI 
ID 

PP 
F 

Headwaters to U/S of Calgary 3 E ID BI 
ID 

PP 
G 

Calgary to downstream of Carseland Dam 4 G ID BI 
ID 

PP 
M 

Bow River 

Downstream of Carseland Dam to the mouth 5 G ID BI 
ID 

PP 
F 

Headwaters to Brocket G ID BI 
ID 

PP 
F 

Brocket to Lethbridge  G ID BI 
ID 

PP 
M 

Oldman River 

Lethbridge to Mouth G ID BI 
ID 

PP 
G 

South Sask. 
River South Saskatchewan River above Medicine Hat G ID BI 

ID 
PP 
G 

Beaver River Beaver River F ID ID 

North Milk River U/S of Confluence E ID ID 

International Border to the Town of Milk River G ID ID 

Town of Milk River to Hwy 880 G ID ID 
Milk River 

Downstream of Hwy 880 to the International Border F ID ID 

Hay River Hay River G ID ID 

 Excellent  Good  Fair  Marginal  Poor  Insufficient data 
Please see Table 2-1 for qualifiers regarding the various AEH assessment categories. BI = Benthic Invertebrates. PP = Primary  Producers. 

Notes: 1 The assessment was also based on data collected at a long-term BC Trans-border monitoring site 2 The assessment was based on data collected in the NWT close to the 
Alberta/NWT border. 3 Sites include: At Lake Louise, U/S of Exshaw Creek and At Cochrane. 4 Sites include: U/S of 85 St. Bridge, Near Stier’s Ranch and Downstream of 
Carseland Dam. 5 At Ronalane Bridge.  
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Table 13-2  Assessment of data quality/quantity for an initial aquatic ecosystem health assessment for 
major rivers 

River  Reach 
Water 

Quality 
Sediment 

Quality 
Non-fish 

Biota 

Headwaters F P P 

Headwaters to U/S of Edmonton G P M 

U/S to D/S of Edmonton (Devon to Pakan) G P M 

North Sask. 
River 

Pakan to Provincial Border F P P 

Headwaters G P M 

Upper Athabasca River: Upstream of Hinton to Fort 
McMurray G F G Athabasca 

River  

Lower Athabasca River: Fort McMurray to the Delta G M M 

Border to U/S of the Smoky River Confluence 1 G M P 

 D/S of the Smoky River Confluence to Fort Vermilion G F BI 
F 

PP 
P 

Peace River 

 Fort Vermilion to the Delta 2 F P P 

Slave River Headwaters to the NWT/Alberta Border M P P 

Headwaters to Glennifer Lake M P P 

Glennifer Lake to the City of Red Deer M P BI 
P 

PP 
M 

City of Red Deer to Drumheller F P BI 
P 

PP 
M 

Red Deer 
River 

Drumheller to Provincial border F P BI 
P 

PP 
M 

Headwaters to U/S of Calgary 3 F P BI 
P 

PP 
M 

Calgary to downstream of Carseland Dam 4 F P BI 
P 

PP 
M 

Bow River 

Downstream of Carseland Dam to the mouth 5 F P BI 
P 

PP 
M 

Headwaters to Brocket F P BI 
P 

PP 
M 

Brocket to Lethbridge  G P BI 
P 

PP 
M 

Oldman River 

Lethbridge to Mouth G P BI 
P 

PP 
M 

South Sask. 
River South Saskatchewan River above Medicine Hat F P BI 

P 
PP 
M 

Beaver River Beaver River F P P 

North Milk River U/S of Confluence F P M 

International Border to the Town of Milk River F P M 

Town of Milk River to Hwy 880 G P M 
Milk River 

Downstream of Hwy 880 to the International Border F P P 

Hay River Hay River G P P 

 Good  Fair  Marginal  Poor 
BI = Benthic Invertebrates. PP = Primary Producers. Please see Table 2-2 for qualifiers regarding the various categories used to assess data quality and quantity with respect to the 
conduct of an initial qualitative AEH. 

Notes: 1 The assessment was also based on data collected at a long-term BC Trans-border monitoring site 2 The assessment was based on data collected in the NWT close to the 
Alberta/NWT border. 3 Sites include: At Lake Louise, U/S of Exshaw Creek and At Cochrane. 4 Sites include: U/S of 85 St. Bridge, Near Stier’s Ranch and Downstream of 
Carseland Dam. 5 At Ronalane Bridge.  
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Table 13-3 Initial qualitative assessment of aquatic ecosystem health based on a synthesis of available 
data for other rivers and streams 

River Basin River/Stream(s) 
Water 

Quality 
Sediment 

Quality 
Non-fish 

Biota 

Battle River F ID ID 

Sturgeon River F ID ID 

Agricultural Streams: Rose, Stretton 1, Buffalo creeks F ID ID 

North Sask. 
River Basin 

Agricultural Streams: Strawberry and Tomahawk creeks M ID ID 

McLeod River F ID ID 

Lesser Slave River F G F 

Steepbank River G F F 

Muskeg River F F F 

Agricultural Stream: Paddle River F ID ID 

Agricultural Stream: Wabash Creek M ID ID 

Coal Mining Streams: Luscar Creek, Gregg River M ID ID 

Oil sands Stream: Jackpine Creek G G G 

Athabasca 
River Basin 

Boreal Streams ID ID ID 

Smoky River G ID F 

Wapiti River F F M 

Agricultural Stream: Hines Creek G ID ID 

Agricultural Streams: Kleskun Drain and Grand Prairie 
Creek M ID ID 

Peace River 
Basin 

Coal Mining Streams: Beaverdam and Sheep creeks M M ID 

Ghost River E ID ID 

Elbow River G ID ID 

Nose Creek P ID ID 

St. Mary River ID ID ID 

Belly River ID ID ID 

Little Bow River - Headwaters to Travers Reservoir ID ID ID 

Little Bow River - Travers Reservoir to Mouth Variable ID ID 

AS in Red Deer RSB: Blindman River; Haynes Creek 
(M1 and M6); and Ray Creek M ID ID 

AS in Red Deer RSB: Renwick and Threehills creeks F ID ID 

AS in Bow RSB: Crowfoot Creek M ID ID 

AS in Oldman RSB: Prairie Blood Coulee G ID ID 

AS in Oldman RSB: Battersea Drain M ID ID 

AS in Oldman RSB: Trout Creek F ID ID 

South Sask. 
River Basin 

AS in South Sask. RSB: Drain S-6 F ID ID 

Beaver River 
Basin Beaver River Tributaries F ID ID 

Milk River 
Basin Other Rivers and Streams ID ID ID 

Hay River 
Basin Other Rivers and Streams ID ID ID 

 Excellent  Good  Fair  Marginal  Poor  Insufficient data 
AS = Agricultural Stream. RSB = River Sub-Basin. 
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Table 13-4 Assessment of data quality/quantity for an initial aquatic ecosystem health assessment for 
other rivers and streams 

River Basin River/Stream(s) 
Water 

Quality 
Sediment 

Quality 
Non-fish 

Biota 

Battle River G P P 

Sturgeon River M P P 

Agricultural Streams: Rose, Stretton 1, Buffalo creeks G P P 

North Sask. 
River Basin 

Agricultural Streams: Strawberry and Tomahawk creeks G P P 

McLeod River F P P 

Lesser Slave River F F F 

Steepbank River G F G 

Muskeg River G G G 

Agricultural Stream: Paddle River G P P 

Agricultural Stream: Wabash Creek G P P 

Coal Mining Streams: Luscar Creek, Gregg River F M M 

Oil sands Stream: Jackpine Creek G G G 

Athabasca 
River Basin 

Boreal Streams P P M 

Smoky River G M M 

Wapiti River G G G 

Agricultural Stream: Hines Creek G P P 

Agricultural Streams: Kleskun Drain and Grand Prairie 
Creek G P P 

Peace River 
Basin 

Coal Mining Streams: Beaverdam and Sheep creeks F M P 

Ghost River F P P 

Elbow River G P P 

Nose Creek G P P 

St. Mary River P P P 

Belly River P P P 

Little Bow River - Headwaters to Travers Reservoir P P P 

Little Bow River - Travers Reservoir to Mouth F P P 

AS in Red Deer RSB: Blindman River; Haynes Creek 
(M1 and M6); and Ray Creek G P P 

AS in Red Deer RSB: Renwick and Threehills creeks G P P 

AS in Bow RSB: Crowfoot Creek G P P 

AS in Oldman RSB: Prairie Blood Coulee G P P 

AS in Oldman RSB: Battersea Drain G P P 

AS in Oldman RSB: Trout Creek G P P 

South Sask. 
River Basin 

AS in South Sask. RSB: Drain S-6 G P P 

Beaver River 
Basin Beaver River Tributaries F P P 

Milk River 
Basin Other Rivers and Streams M P M 

Hay River 
Basin Other Rivers and Streams P P P 

 Good  Fair  Marginal  Poor 
AS = Agricultural Stream. RSB = River Sub-Basin. 
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Table 13-5 Initial qualitative assessment of aquatic ecosystem health based on a synthesis of available 
data for lakes and wetlands 

River Basin Lakes and Wetlands 
Water 

Quality 
Sediment 

Quality 
Non-fish 

Biota 

Lakes previously monitored by AENV 1  Variable ID ID 

Wabamun Lake 2 F M G 

Lac St. Anne  ID ID ID 

Pigeon Lake ID ID ID 

North Sask. 
River Basin 

Wetlands in the Aspen Parkland ID ID ID 

Lakes previously monitored by AENV 1  Variable ID ID 

Select Recreational Lakes 1 Variable ID ID 

Lakes in the Lower Athabasca Region 3 Variable ID ID 

Athabasca 
River Basin 

Boreal Lakes and Wetlands Variable ID ID 

Lakes previously monitored by AENV 1  Variable ID ID 

Select Recreational Lakes Variable ID ID 

Boreal Lakes ID ID ID 

Boreal Wetlands ID ID ID 

Peace River 
Basin 

Peace-Athabasca Delta ID ID ID 

Lakes previously monitored by AENV 1  Variable ID ID 

Red Deer RSB: Pine Lake  ID G BI 
ID 

PP 
M 

Red Deer RSB: Sylvan Lake and Gull Lake ID G ID 

Bow RSB: Glenmore Reservoir ID ID ID 

Bow RSB: Chestermere Lake ID G ID 

Bow RSB: Vermilion Wetlands ID G ID 

Oldman RSB: Oldman Reservoir G G ID 

South Sask. 
River Basin 

Oldman RSB: Frank Lake ID ID ID 

Lakes Variable Variable ID 
Beaver River 
Basin 

Wetlands ID ID ID 

Lakes F ID ID 
Milk River 
Basin 

Wetlands ID ID ID 

Lakes ID ID ID 
Hay River 
Basin 

Wetlands ID ID ID 

 Excellent  Good  Fair  Marginal  Poor  Insufficient data 
BI = Benthic Invertebrates. PP = Periphyton. 

Notes: 1 Monitored primarily to assess trophic status. 2 Prior to the August 2005 oil spill on the North Shore. 3 Monitored for general water quality and sensitivity to acidification. 
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Table 13-6 Assessment of data quality/quantity for an initial aquatic ecosystem health assessment for 
lakes and wetlands 

River Basin Lakes and Wetlands 
Water 

Quality 
Sediment 

Quality 
Non-fish 

Biota 

Lakes previously monitored by AENV 1  Variable P P 

Wabamun Lake 2 G G BI 
F 

PP 
M 

Lac St. Anne  F M P 

Pigeon Lake M M P 

North Sask. 
River Basin 

Wetlands M P P 

Lakes previously monitored by AENV 1  Variable P P 

Select Recreational Lakes 1 Variable P P 

Lakes in the Lower Athabasca Region 3 F P P 

Athabasca 
River Basin 

Boreal Lakes and Wetlands P P P 

Lakes previously monitored by AENV 1 Variable P P 

Select Recreational Lakes Variable P P 

Boreal Lakes P P P 

Boreal Wetlands P P P 

Peace River 
Basin 

Peace-Athabasca Delta P P P 

Lakes previously monitored by AENV 1  Variable P P 

Red Deer RSB: Pine Lake  M M BI 
P 

PP 
M 

Red Deer RSB: Sylvan Lake and Gull Lake M M P 

Bow RSB: Glenmore Reservoir P P P 

Bow RSB: Chestermere Lake F F M 

Bow RSB: Vermilion Wetlands P P P 

Oldman RSB: Oldman Reservoir F F P 

South Sask. 
River Basin 

Oldman RSB: Frank Lake P P P 

Lakes Variable Variable P 
Beaver River 
Basin 

Wetlands P P P 

Lakes P P P 
Milk River 
Basin 

Wetlands P P P 

Lakes P P P 
Hay River 
Basin 

Wetlands P P P 

 Good  Fair  Marginal  Poor 
BI = Benthic Invertebrates. PP = Periphyton. 

Notes: 1 Monitored primarily to assess trophic status. 2 Prior to the August 2005 oil spill on the North Shore. 3 Monitored for general water quality and sensitivity to acidification. 
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Table 13-7 Summary of the initial qualitative assessments of aquatic 
ecosystem health and data quality/quantity: major river 
reaches 

Major River Reaches 1

Qualitative 
Assessment 

Rating 
Water  

Quality  
(%) 

Sediment 
Quality  

(%) 

NFB: Benthic 
Invertebrates 

(%) 

NFB: Primary 
Producers 

(%) 

Excellent 11    
Good 64 7 11 18 
Fair 25 4 7 25 

Marginal   4 11 
Poor     

Aquatic 
Ecosystem  
Health 

Insufficient Data  89 79 46 
Good 39  4 4 
Fair 50 7 4  

Marginal 11 17 25 60 
Data 
Quality/Quantity 

Poor  86 68 36 
NFB = Non-fish biota. 

Notes: 1 28 major river reaches were considered. 

Table 13-8 Summary of the initial qualitative assessments of aquatic 
ecosystem health and data quality/quantity: select major 
tributaries and agricultural streams within the four largest river 
basins1  

Major Tributaries  Agricultural Streams Qualitative 
Assessment 

Rating 
WQ (%) SQ (%) NFB (%) WQ (%) SQ (%) NFB (%) 

Excellent 7      
Good 21 7  10   
Fair 43 21 28 40   

Marginal   7 50   
Poor 7      

Aquatic 
Ecosystem 
Health 

Insufficient Data 21 71 64  100 100 
Good 43 14 21 100   
Fair 29 14 7    

Marginal 7 7 7    
Data 
Quality/Quantity 

Poor 21 64 64  100 100 
WQ = Water quality. SQ = Sediment quality. NFB = Non-fish biota. 

Notes: 1 North Saskatchewan, Athabasca, Peace and Slave, and South Saskatchewan River basins. 
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13.2.2.2 Overview of Data Availability/Suitability to Support an Initial Aquatic 
Health Assessment 

The initial AEH assessments and associated confidence ratings for major tributaries in the 
Hay, Milk and Beaver River basins, non-agricultural streams, lakes and wetlands, are 
presented in Tables 13-3 to 13-6. Due to a lack of relevant data, qualitative AEH 
assessments based on sediment quality and NFB indicators were not possible for many of 
these waterbodies. Even in terms of water quality, qualitative AEH assessments were not 
possible for some rivers and streams (e.g., boreal streams, watercourses in the Milk and 
Hay River basins), for several selected lakes, and for all considered wetlands. Exceptions 
included streams in the vicinity of oilsands and coal mining that had undergone recent 
regional monitoring, and a few lakes (e.g., Wabamun Lake). Even when there were 
sufficient lake water quality data to conduct a qualitative assessment, data were either 
highly variable and/or were somewhat limited in terms of sampling frequency. Lakes and 
wetlands in particular lacked sufficient data to support AEH evaluation, as data were 
either lacking or dated back decades, and so were not reflective of recent conditions. The 
current AENV lake monitoring network has focussed on the assessment of trophic status 
using water quality indicators. 

In general, the availability and suitability of information required for a comprehensive 
initial assessment varied by water body type, river basin, major issues, and AEH 
component (i.e., water quality, sediment quality, NFB).  

Water Body Type 

The river health assessment indicated that, overall, AEH in major rivers and select 
tributaries was fairly good in terms of water quality, but there were specific areas of 
concern mostly associated with multiple point and non-point source inputs (e.g., urban 
centres, areas of resource exploitation such as mining, oil and gas exploitation, 
agriculture, forestry, etc.). While there was a fairly good understanding of the effects of 
point source inputs on water quality, less was known regarding the impacts of non-point 
sources, and the cumulative effects of these multiple inputs on river health. The provision 
of suitable data to support a qualitative AEH assessment was primarily due to the 
established network of LTRN and MTRN water quality monitoring sites, throughout the 
province (Figures 2-2 and 2-3). There were no such established networks for sediment 
quality and NFB, although some recent monitoring had been conducted at some LTRN 
sites, mostly periphyton in the SSRB and NSRB.  

There were fewer water quality data available for some tributaries, and streams other than 
agricultural streams and streams located close to some mining operations that have been 
monitored recently as part of established monitoring programs (e.g., RAMP, AESA). 
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There was a distinct focus on water quality and sediment quality and NFB data were 
generally lacking, with some exceptions (e.g., RAMP streams). Reference or upstream 
conditions have been established for streams within the RAMP and AESA monitoring 
programs, as well as for some streams close to coal mining activity. 

The conduct of an AEH for lakes and wetlands was more problematic. Monitoring has 
largely focussed on monitoring the trophic status of recreational lakes according to water 
quality parameters. Sampling frequency and effort has often been inconsistent and has 
been stretched over a large number of lakes. The resultant data tend to be spatially and 
temporally variable. Moreover, the major issue regarding lake AEH assessment in 
Alberta relates to the inability to establish the pre-development reference condition (i.e., 
the natural state of individual lakes, or the ‘best attainable’ lake condition) and/or the lack 
of a benchmark or acceptable threshold based on existing data. Lakes across Alberta span 
all trophic states. So defining what constitutes a ‘healthy’ lake in terms of indicator 
benchmarks or thresholds is rather challenging. For example, a large proportion of lakes 
within central and northern Alberta, tend to be shallow, nutrient-rich and dominated by 
cyanobacteria in the summer months. These conditions may be “natural” and therefore 
would not be deemed to be ‘impacted’. 

Furthermore, land use in Canada has changed dramatically since the early 1900’s 
particularly with respect to agriculture. Correspondingly, a large proportion of lake 
watershed disturbance occurred decades ago, and pre-development conditions have only 
been established in a few lakes using paleolimnological methods. There are several ways 
to establish a threshold for lake nutrient status   

• define pre-development conditions (or pre-impact; e.g., paleolimnological 
studies);  

• define a threshold based on a deemed acceptable condition; and/or 

• using a reference condition approach based on conditions in other waterbodies 
(which don’t necessarily have to be indicative of “pristine” conditions but can 
represent the ‘best attainable’ state). 

The task of grouping lakes with similar characteristics in order to define reference and 
impacted lakes is not an easy task. This report began that process, somewhat, by grouping 
AENV monitored lakes by ecoregion and land use. Other lakes, primarily in the boreal 
region, have been monitored during relatively short-term studies, according to specific 
objectives. The exception is the large water quality database established for acid-sensitive 
lakes in north-eastern Alberta by CEMA/RAMP. 
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The general lack of NFB and sediment quality data collection by Alberta lake monitoring 
programs within the last 10-20 years, impeded an integrated, biologically meaningful 
assessment of AEH. With respect to wetlands, there was no established wetland 
monitoring network within Alberta for water quality, sediment quality or NFB, and 
consistent monitoring data were lacking (see Section 11). Similar issues regarding 
reference conditions and the development of AEH benchmarks discussed for lakes, also 
apply to wetlands. 

Major River Basins 

The larger river basins that tended to support greater and more intensive development, 
generally had the most suitable and numerous water quality data, and to an extent NFB 
data (i.e., North Saskatchewan, South Saskatchewan, Athabasca and Peace River basins).  
The Athabasca River Basin, in particular, appeared to have the most suitable information 
due to the existence of several recent monitoring networks and initiatives (e.g., 
LTRN/MTRN, RAMP, CEMA, NRBS, NREI, TROLS, FORWARD, and monitoring by 
federal agencies). The smaller river basins, such as the Beaver, Hay and Milk basins 
generally had less suitable data for AEH assessment. 

Major Issues 

The major issues currently relevant to AEH in Alberta were identified and discussed by 
Stantec (2005). These related to: natural resource exploitation (coal, oil and gas, oil 
sands, forestry), water management/control structures (dams, reservoirs and diversions), 
industrial development (pulp mills, power plants, petrochemical, food processing), 
agriculture, population growth (urban, rural), recreation, transportation and infrastructure, 
natural disturbance and climate change.  

The majority of theses major issues had some suitable information to support a partial 
AEH assessment, to various extents. In general, the most pertinent information was 
available for those major issues monitored as part of structured monitoring frameworks 
with regular reporting. These included: natural resource extraction (e.g., RAMP), 
industrial development (e.g., EEM), agriculture and water management/control structures 
(e.g., AESA, lake monitoring programs), and recreation (lake monitoring programs). 
Information related to transportation and infrastructure, and population growth (urban, 
rural), was more difficult to locate and more limited in nature. 

Monitoring Component  

As previously discussed, water quality data were most available and suitable for AEH 
assessment, while sediment quality and NFB data were often more limited, for all basins. 
The limited or general lack of NFB and sediment quality data collection by monitoring 
programs within Alberta within the last 10-20 years impeded an integrated, biologically 
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meaningful assessment of AEH. This is of primary concern because biological data are 
essential to AEH assessment. Biological data serve to answer the ‘so what?’ question in 
relation to the impact of physical and chemical changes on AEH. Without this biological 
effects-based link, the actual impact of physical and chemical changes on the health and 
functioning of aquatic systems cannot be adequately assessed. Uncertainty related to the 
impacts and bioavailability of multiple water and sediment quality parameters further 
support the need for monitoring biological indicators.  

Consequently, there is a need for resources and capacity building towards research to 
further develop sensitive AEH indicators and thresholds, and gain an improved 
understanding of natural and man-made sources of variability. In particular, there should 
be more research directed towards the development of effects–based and ecosystem 
function/process indicators. Further development is also required to improve sampling 
methods/designs, data analysis methods (e.g., indices), and reporting formats, within the 
context of AEH assessment. There is also a corresponding need for the more efficient 
incorporation of knowledge, indicators and methods developed as a result of research 
initiatives, into routine monitoring programs in a cost-effective and timely manner. 

13.3 CONSIDERATIONS FOR THE DESIGN OF A PROVINCE-WIDE 
AQUATIC ECOSYSTEM HEALTH MONITORING PROGRAM 

Consistent with the Water for Life Strategy there will be an ongoing need for evaluation 
and reporting of AEH in Alberta. This initial assessment has identified multiple gaps in 
current monitoring activities, that if addressed would facilitate a more comprehensive 
evaluation and reporting framework. AENV expects that a significant portion of 
environmental data that will be needed in future AEH assessments will come from 
partners. Hence it is important that the design of a framework for a provincial-scale AEH 
monitoring program be undertaken in cooperation with key partners. Ideally the design 
would mesh, and enhance where needed, current monitoring activities and programs in 
the province to meet reporting needs. The following are some critical elements for 
consideration in the design of such a framework:  

o The approach to site selection may differ significantly among water body 
types and regions in the province. In as much as possible, existing networks 
should be used; 

o AEH indicators need to be defined so that rigorous provincial assessment and 
reporting is possible, but also recognizing that additional indicators may be 
needed to address regional or site-specific issues. A critical evaluation of the 
information content of various indicators should be undertaken, at a minimum, at 
the scale of pilot studies. 
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o An integral part of AEH assessments should be the development of regional, 
water body or site-specific objectives or criteria for AEH indicators. This will 
require the adoption of standardized acceptable protocols to develop site-specific 
objectives for non-toxic as well as toxic substances in water and sediments (e.g., 
Chambers and Guy 2004, CCME 2003, USEPA 2000, MOE 1997). A similar 
need exists for NFB indicators. Because of the relative lack of current 
information on NFB, baseline data describing spatial and temporal variability 
will be required before meaningful spatial units can be defined to develop 
regional, water body or site-specific biocriteria or reference values (Davis and 
Simon 1995, Bailey et al. 2004); 

o A standardized approach to collect and analyze environmental information 
for health assessments needs to be developed;  

o There is a need for compatible, if not centralized, databases that ensure final 
data validation and storage, document compatibility among data sources, and 
ensure that data are readily available in a consistent format; 

o Quality assurance checks need to be incorporated at all stages of data 
generation (i.e., from study design to reporting to ensure the validity and 
credibility of the information); 

o There is a need to design a clear and unambiguous reporting format that 
makes information on AEH in the province readily available to Albertans. 
Furthermore, information should be made available on a frequent basis to allow 
for effective ongoing evaluation. 

Credible provincial reporting on AEH in the province is truly a large and challenging 
undertaking which will require sustained allocation of resources over the long-term. 
Importance must be placed on establishing effective and relevant thresholds, and the 
quantitative assessment of AEH indicators. To move beyond generic guidelines, 
qualitative comparisons and professional judgement in AEH assessment will require 
substantial changes to the existing monitoring initiatives in Alberta.  

A significant amount of effort may be required towards establishing the program, in 
terms of site selection (particularly reference sites), sampling protocol standardization, 
finalization of data analysis procedures, development of site-specific objectives and 
biotic indices (e.g., IBI), establishment of reference conditions, etc. Consequently, this 
process will likely take several years to complete but would result in a defensible, 
meaningful monitoring program that would allow regular, accurate reporting on AEH in 
Alberta. Once these have been established, then monitoring should be iterative but also 
maintain continuity, which would require continued resources and effort. It is also 
suggested that despite the need for development of a standardized monitoring framework, 
the framework will necessitate some level of flexibility to accommodate and incorporate 
new information and evolving issues/conditions as the program progresses.  Therefore, 
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the framework would benefit from being somewhat adaptive with regular reviews of the 
program to continue to be effective. 
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