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CHAPTER ONE
INTRODUCTION

The State of the Beaver River Watershed

Harry Keess

INTRODUCTION
The Beaver River watershed is one of Alberta's seven
designated major watersheds. Unlike the others, it
receives no runoff from the Rocky Mountains. The
watershed lies in the Lakeland Region of eastcentral Alberta and extends into Saskatchewan. The
Beaver River is a headwaters tributary of the
Churchill River, which flows to Hudson Bay. While a
relatively small watershed, it contains a significant
number of lakes and wetlands.
The economy of the watershed is both varied and
growing. Service and supply operations supporting
the exploration and development of bitumen
deposits play an important role in the regional
economy. Canadian Forces Base – Cold Lake
provides opportunities for the regional technology
supply and service sector. The southern part of the
watershed features agricultural operations,
primarily cattle ranching. The exquisite lakes of the
region provide high-quality lake-based tourism
opportunities.
The watershed lies in the boreal transition zone of
the interior plains. Its diverse landscapes are affected
by land use changes, often associated with
agriculture, and by oil and bitumen exploration and
production, and by the growing population that is
associated with the regions’ economic development.
The lakes provide many opportunities for waterbased recreation, but some activities have ecological
consequences. Decreases in precipitation since the
mid-1970s have contributed to changes in the water
balance of many lakes. Declines in lake levels have
had ecological effects and also impair recreational
opportunities.

A PLAN FOR HEALTHY AQUATIC
ECOSYSTEMS IN THE BEAVER RIVER
WATERSHED
The Beaver River Watershed Alliance has been asked
to create a plan to safeguard healthy aquatic
ecosystems in the watershed. This report is a step to
fulfilling that goal. It describes the current state of
the watershed, existing and potential factors that
may affect its ecosystems, and knowledge gaps that
limit the decision-making needed to secure a healthy
future. Because of public concerns about present
and future water demands, the report contains
considerable information on water allocation and
consumption throughout the watershed. Indicators
of environmental performance, yardsticks to support
management for healthy ecosystems, are provided.

Beaver River Watershed Alliance
The Alliance is the designated Watershed
Planning and Advisory Council for the Beaver
River watershed. Its specific goals and strategies
include:
• Provide diverse opportunities for member
and public participation
• Build knowledge and understanding
capacities within the Beaver River
Watershed
• Improve the management of the watershed
• Promote stewardship
• Strive to inform local, provincial and
national policy and legislation related to
watershed planning.
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STRUCTURE OF THE REPORT
Chapter two describes principal features of the
Beaver River watershed, including landform, climate,
hydrology, human settlement, water quality and
aquatic resources. This is followed by a chapter that
discusses indicators of environmental performance
and selects the indicators that will be used later in
the report. Subsequent chapters define ten subwatersheds and the state of the environment in each.
The contents of this report are based on information
available in 2012. An appendix discusses institutional
arrangements in the watershed.

Water For Life
The information presented in this report can
assist implementation of Alberta’s Water for
Life Strategy in the Beaver River watershed.
Goals
• Safe, secure drinking water
• Healthy aquatic ecosystems
• Reliable, quality water supplies for a
sustainable economy

The report is presented so that those interested in
portions of the watershed can just read those
chapters, although reading chapters two and three
would benefit most persons.

Key Directions

Several key sources of information, notably a series
of reports prepared in 2005-2006 by Alberta
Environment, are identified and acknowledged at
the end of the report, and the findings of studies
completed since that time have been incorporated.
Some of the interpretations are those of the writer.
Interested readers can pursue the endnotes
provided for each chapter and other key references
for further information. A list of abbreviations and
acronyms and a short glossary are included.

• Water conservation

• Knowledge and research
• Partnerships

R.A. Halliday
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CHAPTER TWO
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The State of the Beaver River Watershed

OVERVIEW
LANDFORM AND LANDCOVER

The Beaver River watershed, shown in the inside front
cover of this report, is located in the boreal plain of
east-central Alberta and west-central Saskatchewan
about 300 km northeast of Edmonton. The name
beaver is likely a translation from the Cree name,
amisk, and appears as such on maps from as early as
1790. The Beaver River itself originates near the Town
of Lac La Biche as the outflow from Beaver Lake. It
flows generally east for 249.8 km passing to the south
of Cold Lake – the largest lake in the Alberta portion
of the watershed – to enter Saskatchewan. The Cold
River originates at the east end of Cold Lake in
Saskatchewan becoming the Waterhen River, and
continues flowing east to join the Beaver River. The
river turns north joining the Churchill River at Île à-laCrosse to flow to Hudson Bay. The length of the river
from its source to its mouth is 660.9 km.1 The total
drainage area of the Beaver River at its confluence
with the Churchill River is 50 003.3 km2. About
22 000 km2 of the watershed lies in Alberta.

The Beaver River watershed in Alberta is triangularshaped, with the base on the interprovincial
boundary and the apex pointing into Alberta. The
lowest portion of the watershed, except for the bed
of Cold Lake, is along the Beaver River itself. Higher
lands lie along the southern fringe of the basin and
in the north within the Cold Lake Air Weapons
Range. Elevations in the watershed range from
750 m to 500 m above sea level. The landscape is
an undulating to moderately rolling plain for the
most part with some hummocky uplands. This
landscape is formed by glaciation. Indeed, there are
surface features formed as glacial meltwater
channels that do not reflect current runoff patterns.
For example, a channel containing a chain of small
lakes and undersized streams runs into Moose Lake
and out of the lake to the Beaver River.2
Contemporary lakes such as Kehiwin, Bangs and
Thin lakes partially occupy the channel.

Ducks Unlimited Canada

The geographic area of interest for this report is the
watershed upstream of the Beaver River, at the
interprovincial boundary, and upstream of the Cold
River, at the outlet of Cold Lake. In Alberta, this area
is often referred to as the Beaver River-Cold Lake
watershed, although the two watersheds join in
Saskatchewan. As is evident in the watershed map,
the area of interest for this report includes some
drainage from Saskatchewan.

Although the watershed is dominated by deciduous
forest, it lies in the boreal plain ecozone marking
the southern limit of closed forest and the northern
advance of arable agriculture. This ecozone is
analogous to Alberta’s boreal forest natural region.
Generally, the southern portion of the watershed is
in the dry mixedwood natural subregion, while the
northern portion is in the central mixedwood
natural subregion. Although the dry mixedwood
subregion tends to have been transformed by
agriculture, natural vegetation consists of aspen
forest with a shrubby understory. Some white
spruce and jackpine occur in dry sites. Natural
vegetation in the central mixedwood sub-region
consists of a closed cover of tall, trembling aspen,
balsam poplar, white birch, and white spruce with a
thick understory of mixed sedges and tall shrubs.
The extensive poorly drained peatlands are usually
covered with sedges, willow, black spruce, and
tamarack. Jackpine is common in sandy sites.3,4
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As shown in Figure 2.1, the watershed is dominated
by grey luvisol soils in well-drained upland areas,
both in the north and along the southern boundary.
These grey soils are associated with the forests of the
central mixedwood sub-region. Wet depressional
areas contain significant organic soils. The portion of

Beaver River Watershed

the watershed extending from Cold Lake towards
Beaver Lake and to the north closely aligns with
Alberta’s designated Green Zone – a less settled area
of forested provincial crown land.
Agricultural lands cover one-third of the watershed,
much of this being associated with the dark grey
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chernozemic soils and dark grey luvisols of the
Beaver River lowlands and the Mooselake River
watershed. Much of this land is devoted to pasture
as cattle operations are the dominant agricultural
land use, accounting for 57 percent of all farm
operations. Natural and improved pastures cover
one half of the agricultural lands, while crop lands
account for 36 percent. Summer fallowing is rarely
used.5 Riparian conditions on the mainstems of the
Beaver and Sand rivers are generally good. While
there is some exposed soil, an average of seven
percent exposed, there is little bank erosion or bank
disturbance.6

Beaver River Watershed

There are significant wetlands in the watershed. For
the most part these are black spruce bogs, with
communities of willow and sedges north of the
Beaver River itself.7 Landcover within the watershed
is shown in Figure 2.2
Emissions of substances such as oxides of sulphur
and nitrogen associated with oil and bitumen
production may affect both soils and vegetation in
parts of the watershed. The deciduous and jack pine
forests are sensitive to these emissions and to longterm acidification of soils. The sandy soils found
south of the Beaver River in the Moose and Muriel
lake areas are also sensitive to acidification.8,9

N

Land Cover (circa 2000)

0

10

20

30

40

ALBERTA

10

Herb
Mixed Wood Forest
Perennial Cropland & Pasture
Shrubland
Wetland
Water
No Data
50

Kilometres

SASKATCHEWAN

Annual Cropland
Broadleaf Forest
Coniferous Forest
Deciduous Forest
Developed
Exposed Land
Grassland

Primrose
Lake

Lac La Biche
Missawawi
Lake

Seibert
Lake

Beaver
Lake

Wolf
Lake
Pinehurst
Lake

Marie
Lake

Cold
Lake

Cold Lake
Whitefish
Lake

Bonnyville
Glendon

Pelican
Narrows

St. Paul

Figure 2.2

Landcover of the Beaver River Watershed.
(Agriculture Canada 2000)
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CLIMATE
The Beaver River watershed experiences a humid
continental to subarctic climate typical of the
Canadian interior plains. Winters are long and cold,
but sunny, while summers are short and cool.10,11
The average annual temperature at the city of Cold
Lake is 1.6°C, with the summer mean being 15.8°C
and the winter mean, -14.5°C. The highest recorded
temperature is 36.3°C in June 2002, while the
lowest is -48.3°C in January 1954. Typically there are
105 to 115 frost-free days and 1251 growing
degree days each year.12 The average annual
temperature has increased by more than one
degree in the last 50 years. As shown in Figure 2.3,
the increase is the result of warmer winter and, to a
lesser extent, warmer spring temperatures. Because
the period of record for climate monitoring in the
watershed is relatively short, it is not known if these
recent trends are indicative of longer-term trends.
Nonetheless, they are consistent with climate
change scenarios.
20
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Average annual precipitation is 400-600 mm. This
includes the water equivalent of the annual
snowfall, whose depth is about 120 cm. In general,
precipitation increases from east to west and from
south to north in the watershed. Annual
precipitation at Cold Lake is 440 mm, three-quarters
of which falls as rain. Rain in the months of June,
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July and August accounts for one-half of the annual
precipitation. Precipitation trends at Cold Lake
indicate that average annual precipitation in the
last 50 years has declined. As shown in Figure 2.4,
for the most part this is because of a decrease in
snowfall.13 Nevertheless, an AESRD snow course
near Tucker Lake in the Jackfish Creek subwatershed shows an increasing trend in winter
snow pack over the last few decades. Annual gross
evaporation in the watershed ranges from 500 to
750 mm each year; Cold Lake is 733 mm.14 On
average, therefore, annual evaporation exceeds
annual precipitation. As shown in Figure 2.5, the
moisture deficit increases from north to south.
Environment Canada’s Meteorological Service of
Canada has one synoptic forecast station at Cold
Lake and several climate stations in the Alberta
portion of the watershed. Alberta’s Agroclimate
Information Service operates six climate stations in
the watershed, one of which is within the Cold Lake
Air Weapons Range. There are others just beyond
the watershed boundary at Lac La Biche and St.
Paul, for example.

SURFACE WATER
The principal tributaries of the Beaver River are the
Sand River and Manotokan, Jackfish, and Marie
creeks, which enter from the north. The Amisk River
drains the western portion of the watershed and,
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Moisture Deficit for Beaver River Watershed. (AESRD)

together with the Mooselake River and Muriel and
Reita creeks, enters the Beaver River from the south.
The Cold Lake portion of the watershed includes the
Medley and Martineau rivers, which enter the lake
from the north. Cold Lake straddles the AlbertaSaskatchewan boundary.
The northern portions of the watershed are almost
completely forested and contain significant areas of

poorly drained fens and swamps. These areas are
very important ecologically. Ducks Unlimited
Canada has classified the water and wetland
features of the Alberta portion of the watershed.
Sixty-seven percent of the watershed is considered
upland, the remaining portion being open water or
wetland. Of this portion, fens comprise 46.5
percent; swamps, 23.5; marshes, 4.5; bogs, 3; and
open water 22.5 percent.
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Non-contributing Drainage in the Beaver
River Watershed. (Agriculture Canada)

Hydrologists find it useful to consider the concept
of the non-contributing drainage in a watershed.
The area that contributes to flow in the main stem
of the river in a median year is known as the
effective drainage area, while the watershed
boundary comprises the gross drainage area. For
the Beaver River watershed as a whole, 15.1 percent
of the watershed is considered non-contributing.
Only 4.7 percent of the Alberta portion is
considered non-contributing. Figure 2.6 illustrates
the non-contributing drainage in the watershed.
These non-contributing areas are frequently
associated with wetlands and play a role in
recharging surficial groundwater supplies.

12

Unlike many Alberta rivers, the Beaver River
originates on the boreal plain rather than on the
eastern slopes of the Rocky Mountains. Because of
this, runoff is not subject to the stabilizing influence
of mountain snowmelt and shows considerable
variability from year to year and within the year. The
annual water yield from the Sand and Medley rivers
in the northern part of the watershed is significantly
higher than that from other tributaries. The water
yield from Mooselake River and Muriel Creek is
particularly low.
The typical runoff pattern is shown in Figure 2.7,
which is a plot of median daily discharge for the
period of record. The river rises to a peak in the
latter part of April because of spring snowmelt and
rain during the snowmelt period, then generally
recedes through the remainder of the year. Unlike
prairie streams of southern Alberta, however, the
Beaver River will respond to summer rainstorms
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Median Daily Discharge for the Beaver River
at Cold Lake Reserve.

with dramatic increases in flows. Indeed, in some
years the summer flow may be greater than the
peak flow during spring runoff.

Annual Volume (1 000 000 m3)

The streamflow record for the Beaver River and its
tributaries is relatively short; however, the Prairie
Provinces Water Board has calculated naturalized
flows for the Beaver River at Cold Lake Reserve based
on statistical correlations with other streams.15 (The
calculation of natural flow is described in the
Appendix.) This record, shown in Figure 2.8, begins
in 1912 and shows a slightly decreasing trend, as
does the instrumental record beginning in the
1950s. Tree-ring reconstructions have been used to
estimate annual streamflow for the Beaver River
further downstream in Saskatchewan from 1840 to
the present. This reconstruction indicates no
anomalous high or low values of annual streamflow
in the period prior to the instrumental record.16
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Annual Naturalized Flow of the Beaver River
at Cold Lake Reserve.

The Beaver River watershed has an abundance of
lakes; over 2000 lakes can be identified with
1:250 000-scale mapping. In general, these lakes
fall into one of three types. The most common is a
typical prairie lake or slough with shallow depths
and gently sloping sides. These shallow depressions
may be occupied by wetlands or beaver dams in
parts of the basin. Such lakes are very sensitive to
climate-driven fluctuations in water level.
The second type is one that is deep and has very
steep sides. These lakes have been carved by glacier
action. (Not all lakes fitting this general description
are necessarily ice-carved.) Because they intercept
and interact with multiple aquifers, these lakes do
not fluctuate widely from year to year. Cold Lake,
which is over 100 m deep, is one of these. The lake
acquired its name because its deep waters are
colder than those of others in the area. The third
type is one that lies in glacial meltwater channels.
These are often shallow and tend to form chain
lakes in the larger meltwater channel. Kehiwin Lake
is one example.17
The Atlas of Alberta Lakes contains detailed
information concerning the physical characteristics
of 23 lakes in the watershed.18 The information
includes watershed and lake characteristics such as
surface area, depth, and residence time. These lakes
provide significant recreational opportunities for
residents. A number are fished to support domestic
consumption by aboriginal people. Several, such as
Beaver and Wolf lakes, are fished commercially.
A few supply water for communities and industry.
Water levels of a few are regulated by weirs at the
lake outlet. Little documentation exists for Primrose
Lake, the largest lake in the entire watershed, which
lies almost entirely in Saskatchewan.
Under its Lakewatch program, the Alberta Lake
Management Society collected water quality data
for seven lakes in the watershed in 2012. Annual
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The Grand Rapids Formation lies above the
Clearwater Formation. These Lower Cretaceous
formations range in age from 144 to 97.5 million
years.

Environment Canada’s Water Survey of Canada, in
partnership with AESRD, monitors water levels and
stream flows at many locations in Alberta, including
the Beaver River watershed. There are 13 stream
monitoring sites and 8 lake-level sites with
significant periods of record in the watershed. The
Saskatchewan station on the Cold River at the
outlet of Cold Lake is included in this tally because
of its importance to the Alberta portion of the
watershed. In addition, AESRD carries out water
level observations at over 30 recreational lakes in
the watershed. The period of record at some of
these sites is more than 40 years.

The uppermost bedrock of the watershed is
composed of dark grey marine shales known as the
Lea Park Formation, underlain by Colorado shales.
The Lea Park Formation is a silty marine shale with
ironstone concretions. In the southwest part of the
watershed, the Lea Park Formation is overlain by the
Belly River Group. This consists of a grey to
greenish-grey, non-marine sandstone or mudstone,
also with ironstone concretions. These formations
date from the Upper Cretaceous period, some 97.5
to 66.4 million years in age.

Ducks Unlimited Canada

reports on individual lakes contain some
information on physical characteristics, organized
along the lines of the Atlas of Alberta Lakes. About
20 lakes have been examined over several years.

GROUNDWATER
The bedrock beneath the Beaver River watershed
consists of a succession of sedimentary deposits,
mainly sandstones, shales and limestone, underlain
by the Pre-Cambrian shield. The McMurray
Formation, at a depth of about 600 m, is variously
water saturated, and a source of brackish water, or
bitumen saturated. The heavy oil recovered in the
watershed originates mainly in the Clearwater
Formation, which overlies the McMurray Formation.

14

Prior to glaciation, the bedrock surface was eroded
by predominantly eastward flowing rivers. This
produced broad paleovalleys with shallow side
slopes and low gradients. The dominant valley in
the watershed is the Helina Valley, known as the
Hatfield Valley in Saskatchewan. Others include the
Beverly, Sinclair, Wiau, Kikino, and Vermillion
valleys. Original sediments on the valley walls may
have originated from as far away as the Rocky
Mountains. During the earliest glacial periods, these
valleys were filled with substantial deposits of
sediments as the glaciers advanced and retreated.
Glacier meltwater also scoured new channels in the
bedrock surface during the earliest interglacial
times. These scoured channels tend to have concave
longitudinal profiles and steep side slopes. Their
original sediments tend to be derived from the PreCambrian Shield. These channels include the Sand
River, Bronson Lake, Big Meadow, Moore Lake and
Kehiwin channels. The bedrock topography, as well
as the valleys and channels, are shown in Figure 2.9.
It is essential to recognize that the pre-glacial and
glacial paleovalleys are independent of present-day
surface topography.19
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Bedrock Topography and Buried Valleys and
Channels of the Beaver River Watershed. (AESRD)

The bedrock topography of the watershed is
covered by unconsolidated sediments, known as
drift, deposited over the last 2.5 million years. The
thickness of this drift may vary from zero, where
bedrock is visible, to 200 m thick in the Sinclair and
Wiau valleys. The greatest thickness is in the
Moostoos Upland. Layers of drift can be mapped

based on the origin and nature of the materials of
the various formations. By definition, in Alberta the
materials that overlie the bedrock and underlie
glacial till comprise the Empress Formation. This
formation intersects the bed of Cold Lake. The
regional units in the watershed and their basic
composition are shown in Figure 2.10. The Empress,
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Bronson and Muriel Lake formations lie within the
buried valleys and channels of the watershed. The
Bonnyville Formation is notable as it is the first
formation that extends beyond the buried valleys.
Formations above the Bonnyville Formation, from
oldest to youngest, include the Ethel Lake, Marie
Creek, Sand River and Grand Centre formations.

Period

Cold Lake

Quatenary

• Southeast – Cold Lake Hills north to Beaver River
(south of the Beaver River)
• Southwest – Whitefish Upland into the Amisk
River, with some flow to Whitefish Lake (southwest
portion of watershed, south of Beaver River)
• Northeast – Moostoos Upland to the Sand River,
Cold Lake and Beaver River (east of Sand River and
north of Beaver River)
• Northwest – to Amisk and upper Beaver rivers;
some flow exits the watershed towards Lac La
Biche (north of Beaver River and west of Sand
River)

Drift formations govern the presence and
characteristics of groundwater. An aquifer can be
defined as a water-bearing formation sufficiently
porous to yield water to a well. Aquifers can be
either bedrock aquifers or drift aquifers. It is
tempting to consider the sand-dominated layers
shown in Figure 2.10 as aquifers and the tilldominated layers as barriers to groundwater
movement, or aquitards. This tends to oversimplify
the real situation as there are various degrees of
vertical or horizontal connectivity between
formations. To simplify, drift aquifers may be
classified as buried valley aquifers, intertill aquifers

16

Ardmore

Fort Kent

Groundwater assessment must take into account
the generalized movement of groundwater in the
watershed. There are five general flows regimes:
• Wiau – north side of Moostoos Upland to the Wiau
aquifer (in the northern quarter of the watershed)
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Figure 2.10 Chart of Drift Formations (adapted from
Parks et al 2005).

and surficial aquifers. Buried valley aquifers are
capable of very high water yields. Because of this,
petroleum companies have used the Empress and
Muriel Lake aquifers as sources of water. In
addition, brackish or saline groundwater from
much deeper bedrock sources is widely used in the
petroleum industry.
The water yield from intertill aquifers varies
considerably. The sands comprising a surficial
aquifer may be at, or just a few metres below, the
surface. These aquifers vary in size but, in general,
do not yield significant water supplies. Some intertill
aquifers have only sufficient sustainable water to
supply domestic needs, while others may yield
sufficient sustainable supply to meet some
commercial needs. The surficial aquifers tend to be
very responsive to climate conditions. Wells in
surficial aquifers are often critically important to onfarm water users.20 There are at least 2596 wells in
the Beaver River watershed. Of these, 107 are for
industrial purposes, 31 for municipal purposes and
the others serve domestic or agricultural purposes.21
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In general, buried valley aquifers can be considered as
fairly isolated and water withdrawals are unlikely to
affect other aquifers or surface water supplies. As
noted earlier, however, Cold Lake intersects the
Empress and Muriel Lake aquifers and there is a flow
gradient of about 18 000 m3/d towards the lake from
Alberta. At the same time, there is also a flow
gradient from the lake to the Hatfield aquifer in
Saskatchewan. Other lakes in the watershed may
intersect surficial aquifers and some shallow intertill
aquifers. Lakes and wetlands of the watershed,
therefore, may gain water from or lose water to the
groundwater system. Modelling carried out by the
Alberta Geological Survey indicates that Cold, Moose,
Muriel and Moore lakes can be considered as gaining
water from groundwater, while Marie and Marguerite
lakes lose water to groundwater. A winter water
balance study indicates that Muriel, Minnie, Garner,
Missawawi, North Buck, Skeleton, Upper and Lower
Mann, and Beaver lakes tend to be gaining lakes while
Chicken Hill and Harold lakes tend to be losing lakes.22
Depending on the permeability of the sub-surface,
groundwater movement may be measured in days,
years or millennia. In general, in comparison with
surface water runoff, groundwater flows play a
relatively small role in influencing lake levels.
One other aspect of groundwater in the watershed
is the use of deep well disposal of water used in or
arising from bitumen recovery operations. This
water is known as “produced water.” It is generally
highly saline and contains oil and soluble organic
compounds. Thus, it cannot be disposed of in such
a manner as to threaten the environment. The
general approach is to recycle the water for further
bitumen recovery or, in some cases, return it to
formations below the bedrock surface. That is, the
water may be returned to the Cambrian, McMurray,
Clearwater or Lower Grand Rapids formations.
Deep well disposal is regulated by Alberta’s Energy
Resources Conservation Board.

AESRD monitors groundwater in the watershed as
part of its Groundwater Observation Well Network
(GOWN). Most of the wells monitoring water levels
and water quality are north of the Beaver River and
east of the Sand River. The wells tend to be
concentrated around major industrial developments.
There are 15 deep wells having depths over 100 m,
9 intermediate wells having depths between 30 and
100 m, and 3 shallow wells. In addition, there are
other AESRD wells currently inactive and many
observation wells operated by industry.

HUMAN SETTLEMENT
People have lived in the Beaver River watershed
since the retreat of the Laurentide ice sheet
thousands of years ago. Archeological sites in the
watershed indicate human habitation for at least
7500 years. During the late 1700s, Cree seeking
furs as trade goods displaced the nomadic Beaver,
Blackfoot and Slavey people. The Woodland Cree,
residing in forested areas, fished, hunted and
trapped while travelling along waterways in birch
bark canoes. They established themselves as
intermediaries between the Hudson’s Bay Company
and the plains people. They also acted as guides for
the early European visitors to the northern plains.
One of the tragic consequences of early contact
was the 1775-82 smallpox pandemic that spread
across North America reaching the Beaver River
watershed in 1782.23 Fatality rates of 80 to 90
percent among aboriginal people have been
estimated.
An early European visitor to the watershed was
William Pink, a Hudson’s Bay Company trader and
explorer. Pink reached the banks of the Beaver River
on October 19, 1767 and journeyed upstream
beyond the confluence with the Amisk River, but did
not cross the portage to the Athabasca watershed.
His journal states, “piched by the side of a river
called a, Misk O, Cepee, a Noated River for Beavers.
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But being so often honted that there is but a few
now.” One reason for the lack of beaver is that he
may have been preceded earlier in the year by Louis
Primeau, an illiterate trader who also worked for
the Company.24
Peter Pond, an American army officer, was another
early visitor. In the spring of 1778, several traders
commissioned him to set out from Cumberland
House on the Saskatchewan River to travel the
upper Churchill River, following a route established
by Thomas Frobisher, and to explore the Athabasca
watershed. In 1879 he returned, bringing out
80,000 beaver pelts, some 60 tons of furs, from the
Athabasca country using three canoes.25,26
The Beaver River trade route from Île à-la-Crosse at
the confluence of the Beaver and Churchill rivers
formed one of three important connections between
the Churchill River and Athabasca River systems in
the early days of the fur trade. The route was a
means of travelling into the upper Athabasca
watershed and the Lesser Slave Lake and Peace River
areas, while circumventing the northern plains. The
route ran up the Waterhen and Cold rivers to Cold
Lake with a portage from the south part of Cold Lake
to the Beaver River. Access to the Athabasca
watershed was over Portage La Biche near Lac La
Biche. The portage was designated a Provincial
Historic Resource in 1993 – the only such designation
in Alberta.
The North West Company established a trading post,
Cold Lake House, near present-day Beaver Crossing
in 1781, and a second, Shaw House, at Moose Lake
in 1789. By the time David Thompson of the North
West Company mapped the route in 1798, it was
well established.27 Another early traveller through
the watershed was Gabriel Franchère, a fur-trader,
merchant and author who travelled the Beaver River
on a trip from Fort Astoria at the mouth of the
Columbia to Montreal. The North West Company
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merged with the Hudson’s Bay Company in 1821. By
1850 the fur trade was in decline and twenty years
later the era was over. There were relatively few
trappers during the 20th century. One of these was
Charles Lirette. Originally from Quebec, he
established a 110-km long trapline in the Moose
Lake-Beaver River area in 1906.
The First Nations communities in Beaver River
watershed are in the Treaty 6 area. (The Cold Lake
Air Weapons Range lies in Treaty 10 lands, but
contains no permanent population centres.) The
numbered treaties of western Canada originated
with the transfer of Rupertsland from the Hudson’s
Bay Company to Canada in 1870 and the
construction of the first transcontinental railway.
Treaty 6 was signed in 1876 between the Plains and
Woodland Cree people and the British Crown on
behalf of Canada. The Treaty defines the relationship
between First Nations and the Crown. There are four
First Nations reserves in the watershed. The land
base associated with the reserves is 654.5 km2.
In 1875, the first steamboat made its way upstream
from Lake Winnipeg to Fort Edmonton, and by
1877 there was a thriving freight and passenger
service on the North Saskatchewan River. This
service played an important role in opening up the
Beaver River watershed to settlement. By 1888, a
combination of changed channel conditions,
wrecks and misadventure had reduced the fleet to
one boat, the North West. This last boat was
destroyed in a wreck at Edmonton in 1899,
bringing the service to an end.28
Oblate colonizing priests played an important role
in encouraging agricultural settlers to the
watershed in the late 1800s and early 1900s. An
early mission was established at Lac La Biche in
1853 but 50 years later St. Paul had become the
centre of activity. Father Joseph Thieren established
a settlement at Moose Lake in 1907. The settlement
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was renamed Bonnyville in 1908 after Father Francis
Bonny. Settlement was driven by the arrival of the
railway at Lac La Biche in 1914, St. Paul in 1919, and
Bonnyville in 1929.

often conducted from winter ice cover. Poplar and
spruce lumber, as well as fence posts, was the main
product.32 Small fixed sawmills continue to be
operated in the watershed under AESRD guidelines.

The great fire of 1919 had a profound influence on
early settlement. The fire was the largest of any in
Canadian history, covering some 2.8 million hectares
from Boyle, AB to Prince Albert, SK.29 The town of
Lac La Biche near the Beaver River watershed was
almost completely destroyed on May 19. All told,
the fire caused 13 fatalities and many injuries.

Métis settlements were created in Alberta in 1938
under the authority of the Métis Population
Betterment Act. Only twelve settlements were
created and four, including one at Cold Lake, were
closed in the 1950s. As shown in Table 2.1, one-half
of the eight existing settlements are in the Beaver
River Watershed. Elizabeth and Fishing Lake
settlements lie in the Municipal District of
Bonnyville south of the City of Cold Lake. Almost all
of the Fishing Lake settlement area lies outside the
watershed. Buffalo Lake and Kikino share a
common boundary and are in Smoky Lake County
south of Lac La Biche. In 1990, the province
proclaimed additional legislation aimed at securing
a land base, gaining local autonomy, and achieving
self sufficiency for Métis people. In the Beaver River
watershed some 1080 km2 are Métis lands.

Among the first settlers in the Bonnyville-Cold Lake
area were French-Canadian homesteaders. These
were followed by immigrants from Ukraine and
many other parts of Europe. Logging and road work
provided some wage labour, but the economy was
largely based on agriculture. A second wave of
settlers arrived in the 1930s, as agricultural areas of
southern Alberta were struck by drought.
Commercial fishing started in the watershed in 1916
and was essentially unregulated until 1939.30 The
dominant catch then was whitefish, as it is today. In
1931 Grant McConachie, the founder of Canadian
Pacific Airlines, spent the year transporting fish from
Cold Lake to the railhead at Bonnyville. Fur farming
and an associated feed fishery based on tullibee
(lake cisco) operated from time to time after the
Second World War until the 1990s. First Nations and
Métis people continue to operate a domestic
subsistence fishery as well as participating in the
commercial fishery.
Several sawmills operated in the watershed from
the 1920s to 1950s. Initially, these depended on the
deadfall from the 1919 fire. Handhewn railway ties
made from jackpine were the early product.31 Small
portable sawmills operated north of the Beaver
River, notably on Touchwood, Pinehurst, Siebert,
Jackson, and Blackett lakes. These operations were

Current population centres in the watershed are
shown in Table 2.1.
In 1952, Cold Lake was selected as a site for an air
weapons training base. It was chosen because of the
flat terrain, good drainage, gravel deposits, low
population density, similarities of geography to
Europe, accessibility, weather, and the possibility of
future economic development in the region. Now
known as 4 Wing Cold Lake, it attracts air forces for
training from the North Atlantic Treaty Organization
(NATO) and around the world. Some 2000 military
personnel are stationed at Cold Lake. The associated
11 700 km2 Cold Lake Air Weapons Range straddles
the Alberta-Saskatchewan boundary, including the
northern part of the Beaver River watershed. The
range is on provincial crown land leased by the
federal government.
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Table 2.1

Population Within the Watershed.
2012
2001
Population33 Population34

Community
City of Cold Lake

Urban Areas

Town of Bonnyville
Village of Glendon
Summer Village (SV)
of Bondiss
SV of Mewatha Beach
SV of Bonnyville Beach
SV of Pelican Narrows
Subtotal
M.D. of Bonnyville No. 87

Lac La Biche County
(formerly Lakeland County)
County of St. Paul No. 19
Rural and
County of Athabasca
Regional
No. 12
Municipalities
Smoky Lake County
RM of Wood Buffalo
County of Thorhild No. 7
Subtotal
Whitefish Lake First Nation
(Saddle Lake FN)*
Cold Lake First Nations
Kehewin Cree Nation
First Nations
and Métis

Beaver Lake Cree Nation
Kikino Métis Settlement
Buffalo Lake Métis
Settlement
Elizabeth Métis Settlement
Fishing Lake Métis
Settlement
Subtotal

Percent
Change

11 520

14 400

25.0

5709
459
104

6837
486
106

19.8
5.9
1.9

101

79

-21.8

74

95

28.4

112
18 079
9277

162
22 165

44.6
22.6

10 101

8.9

2159

n/a

1646
424

n/a
n/a

285

n/a

254

n/a

106
14 151
1050

n/a
1222

16.4

680
840

1296
1109

90.6
32.0

305
922
722

371
810
701

2.0
-12.1
-2.9

596
38

671
n/a

12.6

5153

6180

19.9

* The Whitefish Lake (Goodfish) First Nation and the Saddle Lake First Nation
are administered separately but are considered one First Nation under the
Indian Act. The Saddle Lake Reserve lies to the south of the Beaver River watershed.

More recently, Cold Lake has been a centre for oil
exploration and development. Imperial Oil began
production of bitumen in 1975 and significantly
increased production in the mid-1980s. The current
cyclic steam stimulation operation has a capacity of
170,000 barrels of bitumen a day. Production is
transported to the United States using the Primrose
Pipeline. Several companies now conduct in situ
recovery operations from the Cold Lake oil sands,
including areas within the Cold Lake Air Weapons
Range.
There are two regional municipal commissions in
operation in the watershed: the Cold Lake Regional
Utility Services Commission and the Beaver River
Regional Waste Management Commission. The
Cold Lake Regional Utility Services Commission
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(RUSC) was first established under Alberta
regulations in 1986. The Cold Lake RUSC serves as
the service provider for water and wastewater
treatment services in Cold Lake, Cold Lake First
Nations Reserves, Canadian Forces Base (CFB) – Cold
Lake, and the municipal district of Bonnyville.
The Beaver River Regional Waste Management
Commission (BRRWMC) was formed by Order in
Council in March, 2003 and consists of the
municipalities of the town of Bonnyville, M.D. of
Bonnyville, city of Cold Lake, summer village of
Bonnyville Beach, and summer village of Pelican
Narrows. Municipal solid waste is accepted at any
of seven transfer stations and transferred to the
Evergreen Regional Waste Management Services
Commission landfill site near Lafond, Alberta.
Recyclables and solid inert waste, including
construction and demolition waste, may be
accepted at landfill sites at the transfer station
locations. These sites are operated by the
municipality in which they are located.

WATER MANAGEMENT
The details of water management in the Beaver
River watershed are covered extensively in the
institutional arrangements appendix to this report.
Although natural resources management, including
water management, is the constitutional
responsibility of provincial governments, water
management in Canada involves a web of
international, national, provincial, First Nation,
regional, and local governments and organizations.
Federal lands within the watershed, such as First
Nation reserves and the Canadian forces base
introduce complexity, as do federal responsibilities
related to agriculture and fisheries.
Streamflow at the interprovincial boundary is
subject to the Master Agreement on
Apportionment between the federal government
and the governments of Alberta, Saskatchewan and
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Manitoba. Under the agreement, Alberta must
allow at least one-half of the natural flow of the
Beaver River to enter Saskatchewan. Water
consumption in the Beaver River watershed is low
so the flow of the river is not formally apportioned
between the two provinces.35 On the other hand,
water consumption from Cold Lake is sufficiently
high that Cold Lake outflows are formally
apportioned.36 Under the arrangement, Alberta is
required to deliver 68.4 percent of the Cold River’s
natural flow to Saskatchewan each year.
Water management in Alberta is based on the
principle of prior allocation. That is, water rights are
vested in the provincial crown, and the province
licenses withdrawal or diversion of a specified
quantity of water, subject to certain terms and
conditions on a first-come, first-served basis.37 The
water management principle is known as first in
time, first in right. Early water users, such as
irrigators and hydroelectric power developers,
having obtained a licence, could then proceed with
major investments knowing that water would be
available to support their developments. The full
water needs of later licensees may be met only
under favourable flow conditions, but the right is
established and the risk involved is clear. In practice,
during water shortages, water diversions may be
reduced in reverse order of licence seniority.
Alternatively, rights holders may agree to share
water. Alberta legislation also allowed for
registration of domestic or on-farm water use by
landowners. This is a vestige of the riparian
principle under British common law.
Water use is a broad term that includes any use of
water for any activity, economic or otherwise. Water
use can include withdrawal or diversion of water from
a source, or water used in place. Examples of water
use in various sectors include: agriculture (for
irrigation and watering livestock), municipal services

(including urban residential, commercial and
industrial use), industrial (primarily mining, oil and
gas), energy (thermal and hydro-electric), recreational
(boating or golf courses), or environmental (instream
flows or sustaining wetlands). Water uses may be
considered consumptive or non-consumptive. For
example, water used in stock-watering is almost
entirely consumed, while water used in cooling
thermal power stations is almost entirely returned to
the water body. Alberta considers the likely
consumption of water for a specific use in its licensing
process. Summing up, the quantities of water
allocated by water licences will overestimate water
consumption in a watershed as many licensees do not
consume or otherwise use their entire entitlement in
a given year. In the Beaver River watershed, annual
consumption from surface water, for example, is less
than 25 percent of the licensed quantity.
The terminology related to water use varies from one
agency or practitioner to another. In this report, the
term water allocation is used to identify the quantity
of water set aside under provincial law for a particular
user. The allocation may include a consumptive use
component and a return flow that would be available
to downstream users. Water withdrawal or water
diversion is the quantity of surface or groundwater
that a water user removes from the aquatic system.
Water consumption is water diverted by a user that
does not return to the aquatic system. Water
consumption includes losses to seepage or
evaporation. Return flow is the difference between
water withdrawal and water consumption. These
concepts are illustrated in Figure 2.11.

Water Allocation
In Alberta, licences are now issued under Alberta’s
Water Act, which came into force in 1999. The Act
provides for a statutory right to 1250 m3/year
without licence for household purposes, and for
registration of traditional agricultural uses,
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Evaporation

Water
Diverted
or
Withdrawn

Water
Intake

Conveyance
Losses

Other Losses

Return
Flow

Water Consumption = Water Diverted - Return Flow
and
Water Consumption = Conveyance Losses + Evaporation + Other Losses

Figure 2.11 A Simplified Schematic of Water Use.
(PFSRB 2009).

primarily household use and livestock watering, of
up to 6250 m3/y. There are 3896 registrations
within the Alberta portion of the watershed,
totalling 1 937 042 m3, 1 123 456 m3 from surface
water and 813 586 m3 from groundwater.
(Applications for registering traditional agriculture
use had to be completed by the end of 2001.) All
other withdrawals must be licensed. The Act
requires that new licences must be for a specified
period, rather than in perpetuity. It also provides for
transfer of water rights, with the province retaining
up to 10 percent of the water transferred for
environmental uses. The quantity of water allocated
under a licence includes the amount expected to be
consumed or lost, plus a return flow. Licences for
municipal purposes may assume that 20 percent of
the withdrawal will be consumed; those for
irrigated agriculture assume 75 percent will be
consumed. One estimate of actual water usage
under the 1250 m3/year statutory right indicates
that, on average, only 365 m3/year is used.38
The use of saline (brackish) groundwater, defined as
water exceeding 4000 mg/L total dissolved solids,
does not require a water licence from AESRD.
Currently, saline groundwater is widely used in
bitumen recovery operations instead of freshwater.
This use is not regulated as such, but anyone
drilling a well deeper that 150 m for any purpose
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must obtain a licence from the Energy Resources
Conservation Board (ERCB), a quasi-judicial agency
of the Alberta government. This provision relates
primarily to well safety and aquifer protection. The
quantity of water or other substance withdrawn
from such wells must be reported to the Petroleum
Registry of Alberta.
Water licences are registered by various sectors and
sub-sectors. The principal water use sectors in
Alberta are municipal, agriculture, commercial,
industrial, and ‘other.’ The latter includes water for
flood control, lake stabilization, and wildlife
enhancement projects such as Ducks Unlimited
Canada projects. There are 346 surface water licences
and 4789 registrations allocating 58 158 000 m3. In
addition, there are 458 groundwater licences and
1092 registrations allocating 17 931 000 m3 in the
watershed. Table 2.2 shows the allocation by use.
Figure 2.12 shows the distribution of water licences
and registrations in the watershed. The largest
single surface water allocation is for ‘other,’ closely
followed by municipal then industrial. Industrial use
in the petroleum sector dominates the groundwater
allocation. In some cases, these industrial
groundwater licences serve simply as backup for
when surface water supplies are low.
Considering the Beaver River watershed in Alberta
as a whole, annual water diversions are less than
the licensed quantities, and actual consumption is
low compared to the natural flow of the river and
its tributaries. In a median year, consumption is less
Table 2.2

Water Allocation from Surface and
Groundwater (m3).

Purpose

Surface Water

Groundwater

Municipal
Agriculture
Commercial
Industrial
Other
Registration
Totals

13 555 000
816 000
8 559 000
8 577 000
23 334 000
1 123 456
58 158 000

1 985 000
1 481 000
356 000
12 530 000
239 000
813 586
17 931 000
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Figure 2.12 Water Allocation by Water Use Sector.

than two percent of the annual runoff. Actual water
consumption varies from sector to sector. Water
consumption as a fraction of available supply also
varies from sub-watershed to sub-watershed.
Concerns about declining lake levels have led to
moratoriums on water withdrawals from Manatokan,
May, Muriel, Reita, and Tucker lakes. Diversions for
steam injection purposes are not permitted from any
of the lakes, wetlands or streams of the watershed,
except for Cold Lake. This policy is aimed at protecting
fish, wildlife, recreational values, and ecosystem
function.
In contrast to water allocation, where a robust
system of registrations and licences provides detailed
information, less is known about actual water
consumption. Industrial and municipal users are
required as a licence condition to meter water
withdrawals and report the results to AESRD
annually. This information can be used to infer water
consumption for these sectors.
It can be assumed that almost all the water diverted
for municipal use returns to the ecosystem,
although in the specific case of the cities of Cold
Lake and Bonnyville, water diverted from one water
body is returned to another. Almost all the water

diverted for agricultural purposes is consumed: that
is, not returned to the stream. The industrial and
commercial sectors, largely petroleum-related
activity, withdraw and consume about one half of
their annual allocation. Some large industrial
allocations for groundwater are back-up supplies
for periods when surface water supplies are not
available. Most of the water diverted for ‘other’
purposes is for lake stabilization. The water
consumption associated with these diversions is no
more than 10 percent of the licensed diversion. The
reason for this low consumption relates to the way
in which lake stabilization projects are licensed in
Alberta. In some cases, such as when the current
lake level is below the natural sill elevation of the
lake, the calculated evaporative loss related to lake
stabilization is effectively zero.
Water consumption has been calculated to be
about 16 800 000 m3 from surface water and
14 300 000 m 3 from groundwater in 2005. 39
Figure 2.13 illustrates water consumption based
on 2012 allocations, in comparison to the median
annual flow. This flow includes the discharge of
both the Beaver River and its Alberta tributaries
and the discharge of the Cold River at the outlet of
Cold Lake.
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Consumption From Median Flow
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Other
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Unallocated

Figure 2.13 Annual Allocation and Consumption from Surface Water Compared to Median Flow.

Water Use Trends
Several studies examine future water use in Alberta.
Generally these studies take a business-as-usual
approach in projecting water demands some 20
years into the future. They do not make any
assumptions concerning adoption of water
conservation measures.40 On the other hand, the
current policy of the Alberta government is to
improve water-use intensity. Future water use will
be very sensitive to consumption by the petroleum
sector. The trend in that sector is the use of
produced water, saline water and re-cycled water as
an alternative to fresh water in most processes.
Water use efficiency of fresh water is also improving
and, indeed, one proposed project will consume no
fresh water. One could therefore expect future
water use in the Beaver Lake watershed to be stable
in the short term and decreasing in the long term.
Water use pertaining to individual sub-watersheds
will be discussed in detail later in this report.

WATER QUALITY
Any description of water quality involves
characterizing the physical, chemical and biological
properties of the water. Physical properties include
stream attributes such as dimensions and velocity,
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and matters like temperature and total dissolved
solids. Chemical properties include concentrations
of dissolved minerals such as calcium, sodium,
bicarbonate, or chloride plus concentrations of
nutrients, pesticides or metals. Biological properties
include concentrations of bacteria, parasites and
other organisms.
Water quality in a watershed is affected by both
natural conditions and human influences. The
landscape over which the water flows or the
geology or soils through which it moves influence
water quality. Water quality may also be influenced
by the quantity of water available or by various
water uses.

Surface Water
In the Beaver River watershed, the quality of water
flowing in streams or contained in lakes is the
consequence of both natural processes and human
activity. Water may contain dissolved substances as
a result of natural processes. It may also contain
plant nutrients, such as nitrogen or phosphorus, as
well as trace elements such as selenium, chromium
or arsenic. Naturally occurring substances can affect
the appearance or taste of water, but may also be
harmful to human health and aquatic life, if found
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in sufficient concentration. Water also contains
dissolved gases such as oxygen.
Human activities such as agriculture, urban
development, industrial development, and resource
development related to petrochemicals, mining,
and forestry may degrade the quality of natural
waters. Land-use change, of itself, may also affect
water quality. The biological quality of water can be
changed by the introduction of bacteria normally
found in the intestinal tract of humans or animals,
or by water-borne pathogens such as Giardia
lamblia or Cryptosporidium parvum.
The Beaver River and its tributaries, as well as the
many lakes in the watershed, tend to be naturally
high in nutrients. Like other Alberta streams,
concentrations of iron, manganese and copper in
the Beaver River watershed are naturally high. More
recently, concern has increased about new threats
to aquatic systems such as heavy metals, endocrine
disrupting substances and volatile organic
compounds.
One general descriptor of water quality in a lake is
trophic status. This classification, based on
biological productivity, has been applied to lakes for
many years, and, more recently, has been applied to
streams. Trophic classification represents a
continuum of biological production ranging from
oligotrophic to mesotrophic to eutrophic to
hypereutrophic. Oligotrophic systems exhibit very
little biological production; the water tends to be
clear and well-oxygenated. Mesotrophic waters may
be moderately clear, but oxygen may be depleted in
the deepest parts of lakes. Eutrophic systems may
contain high densities of plants and algae. Lakes
may produce algae blooms and be low in oxygen.
Hypereutrophic lakes are very nutrient rich and will
show significant persistent algal blooms. Oxygen
depletion can lead to fish kills. Alberta has classified
the trophic status of its lakes based on total

phosphorus and phytoplankton chlorophyll a. Total
nitrogen and Secchi depth (a measure of water
transparency) criteria have also been added.41
About 30 lakes in the watershed, primarily lakes
that are accessible and have high recreational value,
have been assessed and the trophic status
determined. Cold Lake is considered oligtrophic to
mesotrophic. Most of the lakes, however, are
mesotrophic or eutrophic. Kehiwin Lake is
hypereutrophic. Aside from natural factors
influencing their trophic status, lakes in parts of the
watershed may also be affected by runoff from
agricultural lands. The surface area of the
watershed devoted to agriculture is increasing, as is
the land area where fertilizer is applied. This in turn
increases the nutrient loading to the lakes and,
hence, their vulnerability to eutrophication.
In recent years, incidents leading to serious illnesses
and even fatalities arising from poor management
of a few municipal water treatment systems in
Canada have led to increased public concern over
safety of drinking water. A priority outcome of
Alberta’s Water for Life Strategy is safe, secure
water supplies. Good quality water, however, has
many other uses, including food production,
sustaining aquatic life, and water contact
recreation, such as swimming or boating. The
known uses of a body of water are employed as the
basis for determining water quality objectives.
These uses may include contact and non-contact
recreation, protection of aquatic life, irrigation, and
livestock watering. The objectives developed for the
Prairie Provinces Water Board are shown in Table
2.3. drinking (D), fisheries (F), agriculture (A), and
consumption of fish (C) water quality objectives are
used to assess water quality of the Beaver River. The
lowest numerical level was selected for each
variable from the various water-use objectives to
ensure that the highest level of protection is given
to protect the entire aquatic environment.
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Table 2.3

Water Quality Objectives for Beaver River
near the Interprovincial Boundary (in mg/L
unless otherwise indicated).

Chemical, Physical
or Biological
Variable

Acceptable Limit
or Limits

Arsenic (diss.)

0.05

Barium (total)

1.0D

Boron (diss.)

5.0A

F

Cadmium (total)

0.001

Chloride (diss.)

100A

F

Chemical, Physical
or Biological
Variable

Acceptable Limit
or Limits
D

Sulphate (diss.)

500

Uranium

0.02D

Zinc (total)

0.03F

Ammonia (total)

Values depend
on temperature
F
and pH

Oxygen (diss.)

OW 6.0F

0.011

F

pH (pH units)

6.5-9.0F

Copper (total)

0.004

F

Lindane

0.0001

Fecal Coliform

100/100mlA

2,4-D

0.004D

Fluoride (diss.)

1.5D

2,4,5-TP

0.01D

Chlorophenols
(total)

0.001

F

Chlorine

0.002

F

Cyanide (free)

0.005F

Silver (total)

0.0001

Chromium (total)

F

Iron (diss.)

1.0

Lead (total)

0.007

Manganese (diss.)

0.2A

Nickel (total)

0.1

F

F

D

No2 + No3 (as N)

10.0

Selenium (diss.)

0.001

Sodium (diss.)

100A

F

PCP

0.0005

Mercury in Fish
(µg/g)

0.5C

PCB in Fish (µg/g)

2.0C

F

F

Symbols: A - agriculture, C - fish consumption, D - drinking, F - fisheries,
OW - open water objective only

Determining water quality requires analysis of field
samples for a number of chemical and biological
constituents. The sampling period varies,
depending on the nature of the monitoring
program. Water quality monitoring of natural
streams may depend on performing a broad range
of tests on water samples obtained monthly. In
addition, routine monitoring may be augmented by
short-term surveys. Government agencies and
private sector groups operate water-quality
monitoring programs. Monitoring and reporting to
government regulators are often requirements for
industrial and natural resource developments.
Water quality is monitored at the Beaver River
24 km upstream of the interprovincial boundary
and the Cold River at the outlet of Cold Lake by
Environment Canada on behalf of the Prairie
Provinces Water Board. Water-quality objectives are
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established for the Beaver River and the Board
routinely reports on whether these objectives are
being met. The Board also performs periodic
analyses of the data for trends. Water quality
objectives have not been determined for the Cold
River. Water quality in the Beaver River is generally
good. In 2010, based on 268 tests, there were only
five exceedances of objectives.42 These were all
attributed to natural circumstances. That said, the
overall quality of the river is strongly influenced by
the inflow from the Sand River tributary, an almost
pristine source. The Sand River and, hence, the
Beaver River are subject to naturally low winter
dissolved oxygen levels.
The Canadian Council of Ministers of the
Environment (CCME) has developed a standardized
water quality index as a means of comparing
measures of water quality to guidelines. This single
index provides an overall snapshot of water quality.
Alberta has expanded further on this by producing
sub-indices pertaining to nutrients, pesticides,
metals and bacteria for streams that are part of its
long-term river network. It is important to note that
the index can be affected by both natural and
human influences. There are no sites in the
watershed where an index is routinely produced.
Some work on an overall index based on the PPWB
data for the Beaver River near the interprovincial
boundary has been carried out.
For the most part, water quality can be considered as
improving for the Beaver River near the interprovincial
boundary. Nutrient concentrations have declined
because of improvements to wastewater treatment
facilities at Cold Lake and at Canadian Forces
Base – Cold Lake. Further improvements to the city of
Cold Lake facility are underway. On the other hand,
there are increases in concentrations of major ions
and in salinity. Increasing trends have been observed
for total dissolved solids, conductivity, pH, sodium,
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chloride, calcium, and alkalinity. These increases may
be attributable to an increasing groundwater
component in the river flow.

Groundwater

The PPWB monitoring sites near the interprovincial
boundary on the Beaver and Cold rivers represent
the only long-term monitoring sites operated by
governments in the watershed. Because the water
quality is generally good, AESRD does not monitor
water quality routinely in the watershed, although
periodic water quality sampling has been carried
out at sites such as the Sand River, Marie Creek and
upstream on the Beaver River. Industry carries out
water quality monitoring in and adjacent to their
lease areas as a condition of their operating
licences.

• quality of the recharging water – whether
snowmelt, rainfall, standing water or flowing
water

Groundwater quality is dependent on a number of
natural factors including:

• type of geological material that the groundwater
contacts along its flow path
• length of time spent in contact with these
materials
• order of the materials in which the groundwater
made contact
• degree of mixing with groundwater from other
sources
• unique geochemical conditions at the discharge
zone, spring or well.

In the late 1970s and 1980s, Alberta carried out
extensive water quality and related surveys of the
lakes and rivers of the watershed as a precursor to
extensive oil exploration and development.43 The
results of this work as it concerns the 23 lakes
studied are summarized in the Atlas of Alberta
Lakes. Since that time, the Alberta Lake
Management Society has continued to conduct
periodic water quality sampling of recreational
lakes in the watershed.

As water infiltrates, it interacts with subsurface
materials, including gases, thereby changing its
chemical composition. Metals, minerals and organic
compounds may be oxidized or altered by other
reactions. As water enters the saturated zone, even
more complex reactions take place in the absence
of oxygen. Effects of these reactions on
groundwater quality in the Beaver River watershed
are generally known.44

Ducks Unlimited Canada

Groundwater quality can also be influenced by
human factors such as point or non-point sources
of contamination related to urban development,
agricultural land use, industrial sources,
transportation, and spills or plant upsets.
Groundwater quality is often described in terms of
the quantity and type of dissolved materials. For
example, salinity may be expressed in terms of total
dissolved solids (TDS). Fresh water has a TDS of 0 to
100 mg/L, brackish water 1000 to 10 000, and
saline water over 10 000 mg/L. For comparison, sea
water has a salinity of 35 000 mg/L. Potable water
is considered to be any water having a TDS of less
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than 4000 mg/L, although the Guidelines for
Canadian Drinking Water Quality identify 500 mg/L
as a preferred upper limit. Most of the wells in
surficial aquifers in the watershed can be
considered as having moderate to poor quality
water on the basis of elevated TDS levels.
Groundwater quality in the drift aquifers varies in
quality from recharge areas to discharge areas.
Young groundwaters tend to be naturally hard with
high levels of calcium or magnesium. This hardness
is reduced as the groundwater comes in contact
with clay minerals, losing calcium or magnesium
and gaining sodium. Similarly bicarbonate is lost
and sulphate is gained as waters age. This situation
is typical of prairie groundwaters. In general,
groundwaters in drift aquifers in the basin can be
considered as potable. On the other hand,
groundwaters in the bedrock aquifers are brackish
or saline. These latter groundwaters are now often
used in bitumen recovery operations.
In comparing the chemical characteristics of
groundwaters to the drinking water and other
guidelines, some other characteristics are evident.
Chloride content exceeds the guidelines for six
percent of the samples taken. This is typical of farm
wells across Alberta. In rare cases, the chloride
content exceeds the upper guideline for irrigation
water, although irrigation is not a significant water
use in the watershed. The arsenic content is
naturally high and may exceed the drinking water
guideline of 10 µg/L in some parts of the watershed.
Elevated arsenic levels are most often associated
with areas directly underlain by the Lea Park
Formation: that is, most of the watershed. Of all the
samples taken in the watershed, the drinking water
guideline is exceeded in 20 percent of the samples,
while 63 percent of the samples exceed the
freshwater aquatic wildlife guideline. This is high
compared to samples from other parts of the
province, but naturally elevated concentrations of
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arsenic do occur in other watersheds. The source of
the arsenic has been linked to the underlying marine
shales.45 Phenols – one of several volatile organic
compounds – may be produced either naturally or
through contamination from petroleum operations.
Phenol concentrations exceed the aquatic life
guideline for 16 percent of the samples and the
livestock water criteria in 44 percent of the samples.
Almost all of the GOWN observation wells in the
watershed that monitor water levels also monitor
water quality. As mentioned earlier in this chapter,
most of these are associated with industrial
developments. The wells tend to be north of the
Beaver River and east of the Sand River. Some
industry wells monitor water quality.
As one means of reducing impacts of human
activity on aquifers, aquifer sensitivity maps have
been prepared for much of the basin. These maps
designate areas that have high sensitivity to interaquifer contamination or surficial aquifer
contamination. Surficial aquifers are particularly
subject to contamination when surface materials
consist of sands and gravels, porous soils, or
fractured clays. Areas of high sensitivity having
organic surface deposits, such as peat, have also
been identified. The sensitivity information has also
been overlain with potential contaminant sources
to produce vulnerability maps.

AQUATIC RESOURCES
The riparian areas of the Beaver River itself and
most of those of the Sand, Medley and Martineau
rivers are considered key wildlife areas with respect
to biodiversity. Other important riverine riparian
environments include smaller tributaries such as the
upper Amisk River as well as Mooselake River,
Jackfish Creek, and Muriel Creek downstream of
Muriel Lake. Particularly important lake areas
include Wolf and Frenchman lakes.
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The Beaver River watershed provides habitat for many
birds and mammals. Lakes, wetlands and streams and
their associated riparian areas support many aquatic
species. Natural and improved pastures adjacent to
wetlands also provide habitat. The variety of living
things and the ecosystems that support them is a
reflection of the biodiversity of the watershed.
Biodiversity also includes the genetic diversity within a
single species and the interaction among species.

Providing protected areas is one part of sustaining
biodiversity. Protected areas are lands identified by
governments as having natural and associated
cultural values. They are managed by legal
instruments or other means to sustain those values.
On the Saskatchewan side of the Cold Lake Air
Weapons Range, some 1700 km2 has been
protected by establishing the McCusker River and
Primrose Lake Ecological Reserves and the Primrose
Lake Wildlife Refuge. The Alberta portion of the
watershed contains Long Lake, Lakeland, Cold Lake
and Moose Lake Provincial Parks, the Lakeland
Provincial Recreational Area, and the White Earth
Valley Natural Area. The provincial parks provide
habitat for many bird and animal species.
Recreational areas also provide some protection.

Biodiversity is threatened by loss of habitat and habitat
fragmentation. Draining of wetlands and loss of old
growth forests through fire, disease or harvesting are
examples of habitat loss. Linear features such as roads
and seismic lines fragment habitat. Road crossings,
either bridges or culverts, may also isolate or fragment
habitat. The southern part of the watershed is
particularly subject to habitat-altering influences
associated with agriculture.

The myriad lakes of the watershed are a key factor in
considering its aquatic resources. Fisheries, wildlife
and water-based recreation all depend on the
sustainability of those lake systems. Traditionally, the
lakes have supported First Nations and Métis
traditional use of the watershed, including domestic
and commercial fisheries.

Wildlife
Large carnivores in the watershed include the black
bear, wolf, and lynx. The most common large
herbivores are elk, mule deer, white-tailed deer,
moose, caribou, and bison. Smaller carnivores
include coyote, least weasel, river otter, badger,
striped skunk, muskrat, marten, and fisher. There
are many rodents, such as the northern pocket
gopher, beaver, woodchuck, Richardson’s ground
squirrel, thirteen-lined ground squirrel, Franklin’s
ground squirrel, least chipmunk, porcupine, eastern
cottontail, and snowshoe hare.

Ducks Unlimited Canada

Fish and Fish Habitat
The streams connecting lakes in the watershed are
generally small, shallow, and slow moving. During the
summer, flows may be intermittent and water
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stagnant with low dissolved oxygen levels that will
not sustain fish populations. The fish species in the
watershed are shown in Table 2.4.46,47,48 Predominant
cold-water species are lake whitefish, cisco and lake
trout – the latter only in Cold Lake. Cool-water species
include walleye, northern pike, yellow perch, burbot,
and suckers. Walleye, northern pike, lake trout, and
yellow perch are most appealing for recreational
interests. Lake whitefish are the primary catch for First
Nations domestic and commercial interests.
Fish populations are sensitive to lake level
fluctuations and their effect on the shallow shoreline
area of the lake. These areas provide spawning and
feeding habitat for adult fish and rearing habitat for
young fish. Low lake levels can lead to loss of habitat
and increase the risk of fish kills in both summer and
winter. Lake fisheries may also be affected by land
use in upland areas that drain into the lake.
Nutrients and other contaminants draining from the
land will affect water quality.
Alberta’s fish and wildlife policy stipulates that the
priorities of fisheries management are, first,
conservation of fish stocks, then domestic use by
First Nations, then resident recreational and
commercial fishing of any surplus stock. Under
adverse lake level conditions, fish populations are
particularly vulnerable to over-harvesting because
the sustainable yield tends to decline with lake
levels. Fisheries management then becomes a
complex lake-by-lake and species-by-species
enterprise. Specific provincial policies are aimed at
managing walleye and northern pike stocks.
Domestic fishing licences are issued to First Nations
and Métis people on request. About 1000 licences
were issued annually in the early 1980s and that
number has declined to about 190 today. There is no
requirement to report annual catch, but it is
understood that a small proportion of the licence
holders catch a large proportion of the annual catch.49
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Table 2.4

Fish Species of the Watershed.

Species Type

Common Name

Coldwater
Species

Lake Cisco (tullibee)
Lake Trout
Lake Whitefish

Coolwater
Species

Burbot
Northern Pike
Walleye
Yellow Perch

Non-game Species
(*rare)

Brook Stickleback
Ninespine Stickleback
Lake Chub
Spottail Shiner
Pearl Dace
Fathead Minnow
Longnose Dace
Emerald Shiner
River Shiner
Finescale Dace
Northern Redbelly Dace
Slimy Sculpin
Spoonhead Sculpin
Trout-perch
Iowa Darter
Logperch*
Longnose Sucker
White Sucker

The watershed is a significant recreational fishery
for the province, accounting for one-quarter of the
annual provincial harvest. Although detailed
information is not available, it is believed that
recreational fishing efforts remain fairly constant
although success has declined. One indicator of
recreational fishing activity is the sale of sport
fishing licences. Sales to residents have declined
from a 1989 peak, while non-resident sales are
steady. Non-resident sales comprise only three
percent of the licences sold.50
There has been a pronounced decline in commercial
fishing activity from 1989, when consistent record
keeping began. The lakes in the southern portion of
the watershed generally are not fished annually. At
present, only seven commercial licences are issued
covering eight lakes in the watershed. Spencer and
Primrose lakes account for most of the commercial
catch. No new licences are available, but existing
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licences can be transferred. The target species for
commercial fishing is lake whitefish, most of which
is processed and sold to the Freshwater Fish
Marketing Corporation. Sports fish caught as
commercial by-catch are usually sold locally.

Waterbirds
The Beaver River Naturalist Society has identified
some 292 bird species in the watershed, including
many waterbirds. The boreal lakes and wetlands
provide many viewing opportunities for waterfowl
and other waterbirds, which contribute to the
aquatic values of the watershed. In particular, the
Beaver River plain is considered nationally
important habitat for ducks and colonial species
such as pelicans and cormorants. The Moostoos
Upland is considered regionally important.51 In the
1980s, assessments of water-based wildlife values
were made at 57 lakes. These assessments were

repeated at 28 of the lakes in 2003. In general, of
the 49 bird species surveyed, increased numbers
were observed for gladwall, eared grebe, Franklin’s
gull, white pelican, double-crested cormorant, and
Canada goose. Decreased populations were noted
for lesser scaup, American coot, and white-winged
scoter. These trends are consistent with those
observed throughout the prairie pothole region.
For the specific lakes surveyed in the watershed, the
presence or abundance of a species was strongly
related to changes in lake level or habitat, or both.
Lakes maintaining the same level showed very little
change in bird populations. Even for lakes showing
significant decreases in level, two quite different
results were evident. Habitat losses led directly to
species decline or, in the case where decreased
water levels resulted in new shallows and increased
emergent vegetation, results proved beneficial for
the birds.
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Water-based Recreation
The watershed contains the highest concentration
of recreational lakes and high-quality beaches in
Alberta. Recreational opportunities include
swimming, fishing, picnicking, canoeing, sailing,
nature study, and general relaxation. Power boating
and water skiing have been joined by other
motorized activities such as personal watercraft
with wake boards. There is increasing use of
mountain bikes and all-terrain vehicles. Winter
recreation, although relatively minor, includes icefishing, snowmobiling and cross-country skiing.
In the upper watershed, Lakeland Provincial Park
and Lakeland Provincial Recreation Area cover some
590 km2. Most of the provincial park, except for
Helena Lake is outside the Beaver River watershed,
while most of the recreation area lies within the
Sand River watershed. The recreation area is the
largest such area in Alberta. Principal lakes include
Touchwood, Pinehurst, Seibert, and Ironwood. Of
these, only Ironwood Lake is not in the Lakeland
watershed. Long Lake Provincial Park and the White
Earth Valley Natural Area also provide outdoor
recreation opportunities in the upper watershed.
Fourteen lakes in the lower watershed have been
studied to identify how water levels may affect
recreational facility development and activity. These
include major lakes, defined as those generating 30
000 user-days of activity a year. These lakes may
feature public facilities, whether provincial (Moose
Lake and Cold Lake) or municipal, private facilities
such as cottage development, institutional
development, or commercial facilities such as
campgrounds or boat rentals. Major recreation lakes
include Cold, Ethel, Marie, Crane (Moore), Moose,
and Muriel lakes.
Secondary lakes have fewer facilities and generate
fewer than 30 000 user-days of activity a year. These
include Angling, Manatokan and Wolf lakes. Minor
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Table 2.5
River

Preferred River Reaches for Canoeing.
Reach

Preferred Discharge
3

Wolf

Wolf Lake to Sand River Confluence

4 to 5 m /s

Sand

Wolf River to Beaver River Confluence

39 to 62 m /s

Beaver

Sand River to Hughway 41 Bridge

3

3

3

40-45 m /s to 80 m /s

lakes have few facilities and user activity is low.
These include May, Reita and Tucker lakes. Two
inaccessible lakes in the Cold Lake Air Weapons
Range, Burnt and Cariboo, were also studied for
comparison purposes. Access to these two for sport
fishing has now been closed for both the public and
military personnel.
There are campgrounds within the three provincial
parks, twelve provincial campgrounds in designated
provincial recreation areas, and six municipal
campgrounds in the watershed. These sites provide
915 campsites.
The sensitivity of recreational opportunities to
water level change of individual lakes will be
discussed later in this report. Low water levels on
Manatokan, Moose and Muriel lakes have clearly
affected recreational values.
Spring canoeing is popular on selected river reaches
in the watershed. These reaches are shown in Table
2.5. The extent of canoeing activity depends on
flow conditions. A canoe circuit comprising both
lakes and stream reaches of the Lakeland Recreation
Area is widely used.

WATERSHED MANAGEMENT
CONCERNS
Several management concerns that affect a
significant portion of the Beaver River watershed have
been identified. Other concerns may affect only a few
of the sub-watersheds and will be discussed later in
this report. Key concerns or vulnerabilities are
identified in this section. The environmental indicators
identified in Chapter 3 will address many of these.
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Landscape and Land Surface

Water Quality

The conversion of the southern part of the
watershed by agricultural operations and other
human activities affects water quantity and water
quality, both surface and groundwater. These
effects can also be seen in loss of wetlands and
alterations to riparian vegetation. The landscape is
affected by construction of linear features such as
roads and seismic lines or by construction of stream
crossings. Much of the northern part of the
watershed and some areas in the south contain
soils and vegetation sensitive to acid precipitation
deposition.

The trophic status of recreational lakes and streams
in the watershed is a concern. Since nutrient
sources are from natural factors and from human
activity, understanding nutrient processes is
complex. Groundwater quality is affected by
naturally occurring substances such as arsenic and
uranium; however, naturally occurring uranium, can
be mobilized by human activity.

Aquatic Ecosystems

A trend to increasing temperature and decreasing
precipitation is evident. Results of this trend are
shown in declining levels of some lakes and
decreasing streamflows. This climate trend affects
surface water supply, groundwater recharge,
recreational values, and aquatic ecosystems.

Aquatic ecosystems are affected by the landscape,
water supply and water quality of the watershed.
Fish and fish habitat are generally noted as
indicators of ecosystem health. The recreational
lake fishery, in particular, is of great interest to basin
residents. There is evidence of depletion of fishing
stocks that can be attributed to both natural factors
and human activity. The potential effects of
bitumen development, arising from air quality and
water quality effects, can also raise concerns.

Water Quantity
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WATERSHED HEALTH
INDICATORS

The State of the Beaver River Watershed

Ducks Unlimited Canada

WATERSHED HEALTH INDICATORS
to reduce stress or improve a condition. The
emphasis in this report will be on pressure and
condition indicators.2,3 Pressure in a watershed may
lead to a change in condition, which may in turn
lead to a management response. It is anticipated
that future reports on the state of the Beaver River
watershed will include response indicators.

The environmental quality of any watershed
represents a complex interaction between natural
conditions and human influences. Watershed
health indicators provide a means of assessing and
monitoring the state of the watershed, of
communicating that information, and of measuring
progress towards agreed goals. By identifying the
condition of a watershed, trends in the condition,
or particular stresses on the watershed, watershed
health indicators assist in revealing the interplay
between natural attributes and human influences.
The AESRD Handbook for State of the Watershed
Reporting provides advice on their selection. They
should be objective, understandable and relevant to
public concerns.1 They should also be relatively easy
and efficient to monitor.

Selection of a watershed health indicator is based on
conditions and pressures present in a watershed or
sub-watershed, as well as on the availability of data
and information to support the indicator. The AESRD
Guide to Reporting on Common Indicators Used in
State of the Environment Reports discusses indicators
widely used in the province. Possible indicators
pertaining to the Beaver River watershed describe the
landscape, water quantity, water allocation, water
quality, and aquatic resources of the sub-watersheds.
These may vary somewhat from sub-watershed to
sub-watershed, depending on conditions and data
availability. In selecting indicators for this report, the
use of certain indicators widely used throughout
Alberta will be taken into account. These include land
use or land cover, riparian health, water availability
and allocation, and nutrient concentrations.4,5

Alberrta Conservation Association

Three broad categories of indicators can be
considered. Condition indicators characterize the
state of the environment at a specified point in
time, or may identify a trend in that condition.
Riparian health, fish community structure, and
water quality indicators are examples. Pressure or
stress indicators identify and measure, where
possible, activities that may degrade environmental
conditions in the watershed. Examples are
population pressures, livestock intensity, and water
allocation. Response indicators illustrate individual
or collective watershed management actions taken

It is exceedingly difficult to devise environmental
indicators that can be applied unambiguously
across a province that has the landscape diversity
of Alberta. Natural conditions vary considerably
from one part of the province to another and a
condition deemed acceptable in one watershed
may be unacceptable in another. For that reason,
the indicators used in this report tend to identify
relative environmental conditions from one subwatershed to another within the Beaver River
watershed. Because indicators provide a relative
assessment and the data used to support a given
indicator may be limited, use of indicators is just
one factor in watershed management. Also, the
indicators should be taken as qualitative rather
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Wetland Classification
A wetland is any land saturated with water
long enough to develop processes associated
with poorly drained soil, plants growing
partially or wholly in water, and biological
activity associated with a wet environment.
Wetlands can be classified as peatlands or
mineral wetlands. These lands can take several
forms:
Bog: A raised peat layer having a high water
table and general lack of nutrients.
Relatively unaffected by inflows or outflows
from surface water or groundwater.
Precipitation is the key driver.
Fen: Also having a high accumulation of
peat, fens tend to be level with a
fluctuating water table influenced by
surface water and groundwater inputs.
Some fens have high nutrient availability.
Marsh: Marshes are flooded periodically by
water from various sources. They tend to
be rich in nutrients. Well-decomposed peat
may be present. Rooted plants are the
dominant vegetation. Marshes tend to have
a saturated mineral soil substrate with little
or no accumulation of peat.
Swamp: May be either peatland or mineral
types. Swamps occur in varying landscapes
but are dominated by woody vegetation.
The water table may fluctuate annually.
Open Water: These are wetlands containing
perennial shallow open water. They contain
submerged or floating aquatic vegetation.
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than quantitative measures of environmental
performance. Comparing environmental indicators
for the Beaver River watershed directly with those
developed for other major Alberta watersheds
should be done with caution.

LANDSCAPE
The landscape of the watershed varies from the
essentially natural forest and wetlands of the Cold
Lake Air Weapons Range in the north to the largely
agricultural Beaver River lowlands in the south. The
northern portion of the watershed lies in Alberta's
green zone, while the southern part lies in the white
zone. Land cover includes forest, wetlands, pasture,
cropland, urban areas, and water. Land cover maps
and, in particular, information indicating changes in
land cover over time can provide insights into land
use and the effects of land use on watersheds and
associated ecosystems.
Agriculture has been a dominant factor in
modifying land cover in the southern part of the
watershed, particularly the Beaver River lowlands.
The result has been conversion of mixedwood forest
and wetlands to improved pasture and cropland.
Other land use pressures in the watershed include
bitumin development and production, urban
development in the vicinity of Cold Lake and
Bonnyville, and recreational development. Smallscale forestry activities may also put pressure on
natural habitat. Land use and land cover is
therefore an important indicator of the condition of
the watershed.
Wetlands are critically important to the lifecycle of
ducks, geese, swans, and other waterfowl. They also
provide food and habitat for fish, shorebirds and
mammals. Wetlands modify effects of hydrologic
events, recharge or receive groundwater, and filter
sediments and contaminants. Wetlands make up a
significant portion of the land surface of the
watershed and are threatened by landscape changes.
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Figure 3.1 Enhanced Wetland Classification for Beaver River Watershed (Ducks Unlimited Canada, 2010).

Wetland conservation programs are aimed at
protecting critical wetlands, mapping other wetlands
and related upland habitat, and identifying best
management practices for resource development.
The recent Ducks Unlimited Canada (DUC) highresolution wetland classification for the watershed
shown in Figure 3.1 can form the basis for identifying
the nature and extent of wetlands by sub-watershed.
Because the 19 enhanced categories selected can be
aggregated upward into the standard wetland
classifications of bogs, fens, marshes, swamps, and

open water, it may be possible to identify wetland
loss by making comparisons with earlier data sets.6,7,8
Unlike the PFRA land classification undertaken in
2000, the DUC classification does not provide detail
on agricultural uses. Similarly, the PFRA classification
does not provide detail regarding wetlands.
Assembling comparable time series of land
classification is therefore a challenge. As well, it
would be useful if the DUC work could be extended
into Saskatchewan to cover the entire watershed that
is of interest to the BRWA.
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Riparian zones along streams and around lakes in
the watershed provide important habitat for many
species. These zones are both a place of refuge and
a source of food. Riparian zones also act as buffers
reducing the movement of sediments and
contaminants from agricultural areas and disturbed
lands into streams and lakes.9 They can act to reduce
erosion of stream channels. Table 3.1 illustrates
several benefits of healthy riparian zones.
An indicator of riparian health presents the current
condition and provides insight into need for
remedial action. The Cows and Fish program in
Alberta has developed an assessment methodology
that scores riparian zones as healthy, healthy with
problems, and unhealthy. Few detailed assessments
have been carried out under this program in the
Beaver River watershed although background
information is available.10 The continuous
photographic record of the entire length of the
Beaver River in Alberta obtained during a helicopter
survey in 2012 will provide an excellent data source
for assessing riparian conditions. Riparian
conditions have been evaluated for six key lakes in
the watershed.
As part of a program aimed at developing an index
of biological integrity (IBI), which will be described
later in this chapter, the Alberta Conservation
Association has assembled information related to
disturbance of the landscape and riparian condition
as they relate to the entire Beaver River, the lower
Amisk River, and the lower Sand River. Road density
and stream bank disturbance were found to be
significant factors in the calculated IBI.11
In addition to IBI scores, the density of linear
features and of stream crossings can be used as
indicators of watershed disturbance. Linear features
include roads, railroads and cutlines, with roads
dominating in the south and cutlines in the north.
The sub-watersheds north of the river tend to have
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Table 3.1 Benefits of Healthy Riparian Zones.
Stream and Rivers

Lakes and Wetlands

Trap sediment

Trap and store sediments; prevent
re-suspension of sediments

Build and maintain banks

Build and maintain shorelines and banks

Reduce flood damage

Reduce damage from high water levels
and wave action

Store water, especially flood water

Store water, especially flood and spring
runoff water; act as a surface reservoir

Extend perennial flows or levels by
recharging underground aquifers

Extend seasonal or long-term levels
through interactions with aquifers

Dissipate flow and ice energy

Dissipate wave and ice energy

High primary production, including
forage and shelter values

High primary production, including
forage and shelter values

Maintain or improve water quality

Maintain or improve water quality

Filter and buffer water, both overland
flow and water from within the channel

Filter and buffer water, both overland
flow and water from within the basin

Maintain biodiversity

Maintain biodiversity
Trap nutrients and sediments to balance
nutrient cycling, in-filling and primary
production

disturbance regimes that are low in the north and
much more significant near the Beaver River.
A single score for these sub-watersheds is therefore
not as meaningful. Data on the number stream
crossings compared to the length of streams have
been produced for the entire watershed.12
In general, landscape-related indicators have a
bearing on environmental performance. Changes in
land use contribute to changes in water quantity,
water quality and aquatic habitat.

SURFACE WATER QUANTITY
The Beaver River and its Alberta tributaries are freeflowing streams. Although a few recreational lakes
have outlet weirs, there are no hydraulic structures
in the watershed that significantly alter the natural
flow pattern. As well, there are no significant water
withdrawals or additions to the stream that affect
the natural hydrologic regime. Because the streams
of the watershed are unregulated, no water
conservation flows or instream flow needs have
been established.
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The Cold River also is unregulated but there are
water uses from the lake that can cause public
concern when Cold Lake levels are low. As stated in
the previous chapter, the Beaver River watershed is
subject to the Prairie Provinces Water Board Master
Agreement on Apportionment. At present, there is
no need to formally apportion the Beaver River itself,
but Cold Lake is formally apportioned. This is a
management response to water use from Cold Lake.
Because of the natural regime of the Beaver River,
water quantity indicators can be fairly straightforward. Indicators can be used to identify the
quantity of water available, the reliability of that
flow, and any trends in streamflow. There is no need
at this time for indicators that express deviations
from the natural regime. Considering water
quantity indicators, the median annual flow for the
period of instrumental record is the preferred
indicator. This is the flow that will occur one year in
two. Streamflow records in the basin exhibit
considerable statistical skew; using average flows as
a basis for a water quantity indicator will overstate
the reliable water supply.
One measure of the reliability of streamflow is to
compare the range in flows with the median flow:
the higher this value, the less reliable the flow. In
general, mountain streams have very reliable flows
while prairie streams have unreliable flows.
Reliability of Beaver River flows falls somewhat in
between. Table 3.2, based on annual values,
provides an example. There is a slightly declining
trend in streamflows for the Beaver River. Although
long-term streamflow trends would be a useful
indicator, few monitoring locations in the
watershed have sufficient record for such analyses.
AESRD has used the existing streamflow data to
produce annual water yield information expressed
as millimetres of runoff on sub-watersheds. This
information can be used to infer available water
supplies.

Table 3.2 Natural Variability of Streamflows in Alberta.
River
Beaver River at
Cold Lake* Reserve
North Saskatchewan
River at Interprovincial
Boundary*

Minimum Median Average Maximum Range as %
(1000 m3) (1000 m3) (1000 m3) (1000 m3) of Median
68 226

555 322 1 918 408

392

4 340 000 6 794 000 7 064 000 12 293 000

117

273 000 1 281 000

570

Red Deer River
near Bindloss*

725 000 1 590 000 1 841 000 5 565 000

305

Bow River at Banff

884 000 1 247 000 1 240 000 1 620 000

58

Battle River at
Interprovincial Boundary*

53 200

471 513

215 000

* Flows have been naturalized. See discussion in the Appendix.

The lakes in the watershed are ecologically
important and provide many opportunities for
water-based recreation. Annual lake levels could be
treated similarly to annual flows. A median annual
lake level can be calculated and the range in values
compared with the median to obtain a reliability
value. Cold Lake, for example has an annual median
level for the period of record of 534 878 m and a
range of 0.854 m. In many cases, the lakes exhibit a
pronounced, usually declining, trend in water levels.
This makes it difficult to produce a lake level
indicator based on statistical analysis of historical
records. A lake level indicator that states whether
lake levels are trending up or down, or are stable, is
the preferred option.

GROUNDWATER QUANTITY
Groundwater quantity must take into account the
generalized movement of groundwater in the
watershed. There are five general flow regimes:
• Wiau - north side of Moostoos Upland to the Wiau
aquifer (in the northern quarter of the watershed)
• Southeast - Cold Lake Hills north to Beaver River
(south of the Beaver River)
• Southwest - Whitefish Upland into the Amisk
River, with some flow to Whitefish Lake (southwest
portion of watershed, south of Beaver River)
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• Northeast - Moostoos Upland to the Sand River,

bedrock before glaciation. Quaternary aquifers are
in sediments deposited during glaciation.13

Cold Lake and Beaver River (east of Sand River
and north of Beaver River)

Regional aquifers can be considered in groups.
Examples of these are:

• Northwest - to Amisk and upper Beaver rivers;

some flow exits the watershed towards Lac La
Biche (north of Beaver River and west of Sand
River)

• Buried Valley Aquifers - Empress 1 and 3,

Muriel Lake formations
• Intermediate Aquifers - Bonnyville and Ethel

In general, good quality groundwater can be found
in the buried valleys and channels above the bedrock
of the watershed. (Bedrock aquifers generally
contain saline or, perhaps brackish groundwater).
These features, illustrated in Figure 2.9, contain
tertiary or quaternary aquifers. Tertiary aquifers are
in the pre-glacial material deposited directly on

Beaver River Watershed

Lake formations
• Shallow Aquifers - Grand Centre and Sand River

formations
Shallow aquifers usually provide only sufficient
groundwater to meet domestic needs. Industrial
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Figure 3.2 Water Well Density in the Beaver River
Watershed.
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and commercial users depend on deeper supplies.
Aquifers may be connected both laterally and
vertically, making determination of groundwater
movement and production difficult. The apparent
simplicity of representations such as Figure 2.9 can
be misleading.
One indicator of groundwater quantity is a
delineation of water well density as presented in
Figure 3.2. The result, however, is a better indication
of groundwater demand than groundwater
availability. Measures of sustainable yield from
aquifers are a better measure of availability. Well
density also provides an indication of the potential
for groundwater contamination.
Groundwater levels in surficial aquifers are
particularly sensitive to both climate factors and
water withdrawal. Trends in water levels monitored
at observation wells provide a good indicator of
groundwater quantity in surficial and deeper
aquifers. AESRD's Groundwater Observation Well
Network (GOWN) wells tend to be associated with
bitumen operations. There is relatively little
coverage of the western portions of the Beaver
River watershed.

WATER ALLOCATION
Natural water availability, whether surface water or
groundwater, should be considered in the context
of water demands for various uses. An indicator of
water demand is water allocation by water use
sector. Figure 2.8 provides an example. As discussed
in Chapter Two, the quantity of water diverted in a
given year is rarely the licensed allocation, and the
quantity of water actually consumed is unlikely to
be the allocated quantity. Except for municipal or
industrial water, consumption information is rarely
available but one can make informed estimates
based on typical water use patterns. Given that an
estimate of water consumption can be made, this
value can be compared with the typical supply in

the watershed as defined by the median annual
flow. Figure 2.9 provides an example. Indicators of
water allocation or consumption indicate potential
stress or pressure on available supplies. For some
lakes, the annual water consumption in the
watershed of the lake can be converted to a
hypothetical annual change in lake level. High water
consumption and a persistent declining trend in
streamflow or water level would be a cause for
concern. A consumption-based indicator for surface
water use must also take into account the reliability
of the water supply.
Although holders of municipal and industrial water
licences are required to report annual withdrawals,
other licensees are not. Determining actual water
consumption can therefore be a challenge. It would
be useful to closely examine the licences issued to
AESRD for lake stabilization – a very large licensed
use in the Beaver River watershed – and adjust the
licences to more closely approximate actual water
consumption. In general the licensed allocation is
believed to be almost ten times too large.
In the case of groundwater consumption, annual
water withdrawal may be compared with the
typical supply in the watershed, as defined by the
sustainable yield of the aquifer. Sustainable yield
calculations for aquifers in the Beaver River
watershed are not readily available. Effects of
pumping and recovery of water levels following the
cessation of pumping are evident in the GOWN
records.

SURFACE WATER QUALITY
Water quality is influenced by the landscape and
geology through which a stream flows, by seasonal
and variable flows, and by human factors.
Determining water quality requires analysis of field
samples for many physical, chemical and biological
constituents. These samples may be obtained
monthly or at less frequent intervals over many
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years as part of a long-term monitoring strategy.
Examples in the watershed include the PPWB
interprovincial monitoring sites on the Beaver and
Cold rivers and the sampling of some recreational
lakes. Industrial water users are required to monitor
waters in the vicinity of their operations as a
condition of their water licences. Municipal water
users also monitor source waters regularly.
Provincial agencies have conducted periodic
intensive water quality surveys of the lakes, streams
and groundwater in the watershed. For example,
baseline surveys of 23 recreational lakes and many
streams like the Beaver and Sand rivers were
conducted in the 1980s. This information has been
supplemented by additional surveys in the 1990s
and, more recently, by the lake quality sampling
under the Alberta Lake Management Society's
Lakewatch program.

Thermal Stratification
Stratification refers to the change in water
temperature with depth of a lake. Lakes stratify
into three layers: the top layer or epilimnion,
the bottom layer or hypolimnion, and a
transition layer known as the metalimnion or
thermocline. Lakes are considered stratified
when the water temperature changes one
degree with a one-metre change in depth.
Water has its maximum density at 4°C.
In larger deep lakes, cool dense water tends to
sink to the bottom of the lake and the water is
not mixed by wind action. The lake remains
stratified until the autumn when cooling at the
water surface causes the lake to turn over then
re-stratify. Stratification tends to have negative
effects on fisheries as the hypolimnion becomes
depleted of oxygen.
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Water quality must be considered in the context of
various water uses. These uses may include source
water for drinking water supplies, water to support
fisheries, water for agriculture, particularly livestock
watering, and water pertaining to fish
consumption. Alberta has produced Water Quality
Guidelines for the Protection of Aquatic Life that
are harmonized with the CCME Canadian
Environmental Quality Guidelines and draw on US
Environmental Protection Agency work.14 The
guidelines provide numerical values or narrative
statements recommended to support and maintain
protection of aquatic life, agriculture, and
recreation and aesthetics. These guidelines cover
ambient water quality but are also used in
reviewing approvals for wastewater discharges. The
guidelines can be used to consider both acute
(maximum) and chronic (continuous) conditions.
Drinking water requirements are covered by Health
Canada's Guidelines for Canadian Drinking Water
Quality prepared by the Federal-Provincial-Territorial
Committee on Drinking Water.15 It is important to
note that guidelines may be exceeded under natural
conditions as well as by human activity.
There is a broad range of indicators that can be
used to consider water quality conditions in the
watershed. Generally, the waters of the Beaver River
watershed are naturally hard as determined by
calcium carbonate concentrations (alkalinity).
Applicable indicators will be constrained by
available data. For example, only the data from the
Beaver River near the interprovincial boundary are
sufficient to produce an overall water quality index
annually. It would be useful in the future to create
a separate nutrient index using the PPWB data from
the same site. This would provide an overall
assessment of influences from non-point sources.
The parameters included would be total
phosphorous, total nitrogen, dissolved nitrite total
ammonia, dissolved oxygen, and pH.
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Several streams in the watershed have been
monitored in the last decade. These include sites on
the Beaver River, Moose Lake and Kehiwin Lake
inflows, and Yelling Creek. With the exception of
the Beaver River itself, there is insufficient data to
develop robust water quality indicators for subwatersheds within the Beaver River watershed.
Extensive data from several sources are sufficient to
identify the trophic status, based on both
phosphorous and chlorophyll-a, for 23 primarily
recreational lakes in the watershed. For a subset of
nine of these lakes, Alberta has monitored water
quality for a sufficient period of time to determine
trends in parameters such as pH, phosphorus and
salinity.16 Lake water quality is also closely linked to
water uses adjacent to the lake and to water levels.
There is a general tendency for lakes in the
watershed to show increases in alkalinity and TDS
over time. An important physical factor in
considering water quality of lakes is whether the
lake thermally stratifies. Water quality remediation
of lakes that thermally stratify is easier to accomplish
than for lakes that are completely mixed.
A key determinant of lake water quality relates to
nutrients. Lakes in the watershed tend to be naturally
nutrient rich and are usually categorized as
mesotrophic or eutrophic, with a few being hypereutrophic. Phosphorus is usually the nutrient of
concern as there are strong relationships between
lake phosphorus concentrations and algal biomass.
Nitrogen concentrations, while not having as
significant an effect as those of phosphorous, in
some cases may also influence biomass production.
The N:P ratio is an important indicator of the
composition of the algal biomass, with low ratios
being associated with development of cyanobacteria,
commonly known as blue-green algae. This bacteria
produces a toxin that can cause skin and eye
infections, liver damage, gastroenteritis, sickness
and, at times, death.

In some cases it may be possible to devise indicators
based on drinking water considerations. Trends in
source water quality for centres such as Cold Lake
and Bonnyville should be evident. Wastewater
production from such centres may also form the
basis for an indicator.
For the streams of the watershed, the Beaver River
near the Saskatchewan boundary is the only site for
which a standard water quality index can be
determined. Lake trophic status and nutrient
concentrations will be used as water quality
indicators.

GROUNDWATER QUALITY
As in the case of surface water quality, groundwater
quality can be compared with the CCME Canadian
Environmental Quality Guidelines and to Health
Canada's Guidelines for Canadian Drinking Water
Quality. A particular challenge of groundwater
management is to avoid contamination. Once
contaminated, it is very difficult to remediate an
aquifer. As groundwater quality indicators,
parameters of particular importance include total
dissolved solids (TDS), major ions, nutrients,
chloride, arsenic, and phenols. Indicators will be
based on available information. As for surface
water, some groundwater quality guidelines may be
exceeded by natural conditions.
TDS in almost all aquifers is naturally high. Measured
values are often in excess of the 500 mg/L guideline
for drinking water. Major ion chemistry reflects a
general pattern of being high in calcium,
magnesium and bicarbonate in recharge areas and
high in sodium and bicarbonate or sulphate in
discharge areas. Natural chloride levels may exceed
guidelines. Arsenic and uranium are also naturally
occurring in the watershed and their release to the
aquatic environment may be enhanced by human
activity. Groundwater samples may contain levels of
arsenic that exceed drinking water, livestock or
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freshwater aquatic life guidelines. Phenols are also
naturally occurring through decay of organic matter.
They are also associated with bitumen production
and produced water. As such, measures of phenols
are sometimes good indicators of groundwater
contamination.17 In general small numbers of water
quality samples have been obtained at GOWN wells.
The number is insufficient to determine trends.

Beaver River Watershed

Another potential indicator of potential
groundwater quality threats is an aquifer sensitivity
map. These generalized maps, based on surficial
geology, indicate areas where aquifers may be
readily contaminated. This potential for
contamination applies not only to shallow aquifers
but also to deeper aquifers that may be connected
to the surface water system.
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AQUATIC ECOSYSTEMS

Muriel Lake is a designated Important Bird Area, the
only one in the watershed. While populations
depend significantly on habitat, an indicator based
on waterbird populations is feasible.

Surveys of fish species of the watershed started as
early as the 1940s. These surveys pertained to the
commercial and recreational values associated
particularly with the lakes. The baseline surveys
carried out by Alberta in the late 1970s and early
1980s covered limnological features, water quality,
and biological characteristics such as aquatic
vegetation, invertebrates and fish. Sufficient
information exists to develop a lake biodiversity
indicator based on number and composition of fish
species.

Invasive species constitute a significant pressure on
biodiversity. Whether plants, animals or microorganisms, they have the ability to spread rapidly
casing habitat loss and to out-compete native
species. The presence of invasive species such as
Himalayan balsam and purple loosestrife is a threat
to indigenous species.

DESIRED INDICATORS FOR BEAVER
RIVER WATERSHED

Alberta classifies its fishery using a four-level scale
based on abundance and size composition of fish.
Trophy Quality means that catch rates are high and
that all sizes are present with an abundance of large
fish. Stable means that catch rates are good but
that there are few large fish. Vulnerable means that
catch rates are fair and that there are no large fish,
few spawners and lots of small fish. Collapsed
means that catch rates are poor and that there are
very few fish of any size.18

Based on the discussion in this chapter, a
reasonable suite of indicators for the Beaver River
watershed and its sub-watersheds can be identified.
These are shown in Table 3.3. The specific measures
associated with each indicator are discussed
following the table. The status of various indicators
can be represented visually using the colours of the
spectrum: red, orange, yellow, green, blue. This
scale can also be considered in descriptive terms as
poor, marginal, fair, good and excellent. As seen in
the previous section, use of a five-point scale is not
universal. Some well-established environmental
indicators use three- or four-point scales.

Similarly, waterbird populations have been studied
in the watershed for many years. There are some
protected areas such as provincial parks and
recreational areas, and additional areas of
importance to waterbirds have been identified.

R.A. Halliday

The Alberta Conservation Association has developed
a fish-based index of biological diversity as a basis
for assessing ecological condition of the Beaver River
and some major tributaries. Thousands of fish were
sampled at 47 locations on the Beaver River itself
and on the Amisk and Sand river tributaries. The fish
sampled comprised 17 species from 6 families. The
species composition and fish size can be related to
watershed factors such as agricultural development
and road density, riparian factors such as bank
disturbance, and water quality factors such as water
chemistry. Figure 3.3 shows the distribution of IBI
scores for the sampled streams in the watershed.19
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Table 3.3 Summary of Indicators Used in this Report.
Category

Indicator

Description

Landuse/land cover Land use and land cover by type
Riparian health

Health estimated through sampling
Condition
of riparian zones of streams and lakes

Linear features

Length of features per unit area

Pressure

Stream crossings

Number of crossings per unit area

Pressure

Reliability

A comparison of the range of
streamflow to the median flow

Condition

Lake level

Trends in lake level

Condition

Water well density

Well density can indicate water
withdrawal demands and potential
for contamination

Pressure

Landscape

Water
quantity

Allocation

Water
quality

Aquatic
Ecosystems

Type
Condition

Groundwater levels Trends in water levels

Condition

Allocation by
category

Licensed water use by category
of use

Pressure

Estimated water
consumption

Comparison of annual consumption
to median flow. In the case of lakes
of concern, a comparison expressed
in depth on the lake surface

Pressure

Water quality index A composite value based on
concentrations of metals, nutrients,
bacteria and pesticides

Condition

Lake trophic status A measure of biological production

Condition

Nutrient
concentration

Values and trends in nutrient
concentrations

Condition

Groundwater
quality

Trends in physical parameters

Condition

Index of
Biological Integrity

A multi-faceted index providing
relative values for the watershed

Condition

Fish

Abundance and diversity of
fish populations

Condition

Waterbirds

Abundance and diversity of
waterbird populations

Condition

Invasive species

Presence of invasive species

Pressure

Landscape
Land cover employs information provided by
Agriculture Canada and Ducks Unlimited Canada. This
indicator provides only a status of land cover,
including wetlands. No trends are included, as there
is not enough comparable data to support a
calculation. In general, there is less-detailed landscape
information for the portion of the watershed area in
Saskatchewan than in Alberta. Where riparian health
values are given, they are consistent with Cows and
Fish three categories of healthy, healthy with
problems and unhealthy. The linear features indicator
uses a four-point scale based on kilometres of linear
feature per square kilometre. Similarly, the crossings
indicator is based on number of crossings per square
kilometre of the sub-watershed.
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Water Quantity
Streamflow reliability is determined by comparing
the range in flows with the median annual flow.
There are relatively few streamflow and lake level
monitoring sites in the watershed, but the number
is sufficient for the spatial scale of the current
report. A four-point relative scale is used. Streams
with low reliability and consistently ephemeral
flows are considered poor, while others not having
ephemeral flows are considered good or fair. Lakelevel reliability also consists of excellent, good, fair,
poor ratings depending on water-level stability over
many years. Within-year fluctuations and year-toyear variations in lake levels are ecologically
important. Optimum flows for the streams or water
levels for the lakes cannot be determined because
of insufficient data.
The water-well-density indicator is based on the
number of wells per square mile. The densities
shown in Figure 3.2 are aggregated over a fivepoint scale.
The groundwater-quantity indicator is based on
trends, if any, in water levels in observation wells.
Declining trends will be identified. Sustainable yield
information is not available.

Water Allocation
Water allocation information based on Alberta
water licences is used as an indicator of water
demand for various uses. This is an extremely good
data set. From the water allocation data set,
estimates of actual water consumption have been
made; these estimates can be compared with the
median flow of a stream or to a lake level. This
calculation has considerable uncertainty as actual
water consumption is not always known and
streamflow records are not always sufficient to
calculate the median flow. Nonetheless, water use
can be related to water availability.
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ENDNOTES

Water Quality
The Beaver River near the interprovincial boundary
is the only site in the watershed where a water
quality index can be calculated. The CCME WQI,
which provides an overall assessment of several
physical and chemical parameters, is used. Lake
trophic status provides a general assessment of a
lake's productivity or fertility. This determination is
based on total phosphorus, chlorophyll a, and
Secchi-disk visibility. It is available for several lakes
in the watershed. Nutrient concentration is an
important consideration for the lakes of the
watershed. Where information on loading trends is
available, it will be used. There is not enough
information concerning sediment quality or
contaminants in fish tissue to enable development
of those indicators. In terms of groundwater
quality, measures of parameters such as TDS, major
ions and chloride at observation wells will be used
as the basis for an indicator. Most of the wells in
AESRD's groundwater observation well network
(GOWN) in the watershed have been sampled for
water quality.

For the principal streams of the watershed, the IBI
provides a good indicator of the relative integrity of
both aquatic habitat and abundance and diversity
of fish populations. The IBI relates to current
conditions, but there is some evidence that
ecological conditions have degraded over time.
Where an IBI is not available, or for many lakes in
the watershed, the results of fish surveys will be
used in a biological index. Abundant and healthy
populations of sport fish can be taken as an
indicator of healthy aquatic systems, the presence
of sports fish as fair, and the absence of sports
fisheries as poor conditions. Waterbird survey
results can be used in similar fashion. The presence
of invasive species is a further indicator of the status
of aquatic ecosystem health.

Alberta Environment 2008. Handbook for State of
the Watershed Reporting: A Guide for Developing
State of the Watershed Reports in Alberta. Alberta
Environment, Edmonton, AB.

2

Alberta Environment 2008. Handbook for State of
the Watershed Reporting: A Guide for Developing
State of the Watershed Reports in Alberta. ibid

3

Saskatchewan Watershed Authority 2006. State of
the Watershed Reporting Framework. Saskatchewan
Watershed Authority, Regina, SK.

4

Coombs, M. 2008. Indicators for Assessing
Environmental Performance of Watersheds in
Southern Alberta. Alberta Environment, Lethbridge,
AB.

5

Alberta Environment and Sustainable Resource
Development 2012. Guide to Reporting on
Common indicators Used in State of the
Environment Reports. Alberta Environment and
Sustainable Resource Development, Edmonton, AB.

6

Smith, K.B., C.E. Smith, S.F. Forest, and A.J. Richard.
2007. A Field Guide to the Wetlands of the Boreal
Plains Ecozone of Canada. Ducks Unlimited Canada,
Western Boreal Office: Edmonton, Alberta.

Ducks Unlimited Canada

Aquatic Ecosystems

1

The State of the Beaver River Watershed

51

Chapter 3 – Watershed Health Indicators

7

8

9

10

11

Stewart, R.E., and H.A. Kantrud. 1971. Classification
of Natural Ponds and Lakes in the Glaciated Prairie
Region. Resource Publication 92, Bureau of Sport
Fisheries and Wildlife, U.S. Fish and Wildlife Service,
Washington, D.C.
National Wetlands Working Group 1997.
The Canadian Wetland Classification System,
Second Edition, Warner, B.G. and C.D.A. Rubec
(eds.). Wetlands Research Centre, University of
Waterloo, Waterloo, ON.
Fitch, L. and B.W.Adams 1998. Can Cows and Fish
Co-exist? Can. J. Plant Sci. 78:191-198
Thompson, William H. and Paul L. Hansen. 2003.
Classification and management of riparian and
wetland sites of Alberta's Parkland Natural Region
and Dry Mixedwood Natural Subregion. Bitterroot
Restoration, Inc. Prepared for the Alberta Riparian
Habitat Management Program. Cows and Fish,
Lethbridge, Alberta.
Cantin, A. and T. Johns 2011. A Fish-based Index of
Biological Integrity for Assessing Ecological
Condition of the Beaver River Watershed. Alberta
Conservation Association. Rocky Mountain House
and Lethbridge, AB.

12

WorleyParsons 2012. Hanging Culvert Assessment
Inventory. Report for the Beaver River Watershed
Alliance. WorleyParsons Canada, Edmonton, AB.

13

Parks, K., Andriashek, L.D., Michael, K., Lemay, T.,
Stewart, S., Jean, G. and Kempin, E. 2005. Regional
Groundwater Resource Appraisal, Cold Lake-Beaver
River Drainage Basin. EUB/AGS Report 74, Alberta
Energy and Utilities Board, Alberta Geological
Survey, Edmonton, AB.

14

Alberta Environment 1999. Surface Water Quality
Guidelines for Use in Alberta. Science and Standards
Branch, Alberta Environment. Edmonton, AB.

15

Health Canada 2008. Guidelines for Canadian
Drinking Water Quality: Summary Table. FederalProvincial-Territorial Committee on Drinking Water.
Health Canada, Ottawa, ON.

16

Casey, R. 2011. Water Quality Conditions and LongTerm Trends in Alberta Lakes. Alberta Environment
and Water. Edmonton, AB.

17

Lemay, T., K. Parks, L.D. Andriashek, K. Michael,
G. Jean, E. Kempin, S. Stewart 2005. Regional
Groundwater Quality Appraisal, Cold Lake-Beaver
River Drainage Basin, Alberta. EUB/AGS Special
Report 73. Alberta Energy and Utilities Board,
Edmonton, AB.

18

Alberta Sustainable Resource Development 2006.
Fish conservation Strategy for Alberta – 2006 - 2010.
Alberta Sustainable Resource Development,
Edmonton, AB.

19

Cantin, A. and T. Johns 2011. A Fish-based Index of
Biological Integrity for Assessing Ecological
Condition of the Beaver River Watershed. ibid

Return to Table of Contents

52

The State of the Beaver River Watershed

CHAPTER FOUR
THE UPPER BEAVER RIVER
SUB-WATERSHED

The State of the Beaver River Watershed

Chapter 4 – Upper Beaver River Sub-watershed

UPPER BEAVER

10

0

10

20

Kilometres

Figure 4.1 Map of Upper Beaver River Watershed.
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THE UPPER BEAVER RIVER SUB-WATERSHED
The upper Beaver River sub-watershed shown in Figure 4.1 could be considered as the watershed
upstream from the confluence with the Sand River. From a hydrological perspective, this distinction can
be made because the Sand River provides a significant proportion of the flow of the Beaver River and
affects the character of both water quantity and water quality downstream of the Sand River
confluence. From a water management perspective, however, the Mooselake River sub-watershed,
which joins the Beaver River some 5 km upstream of the Sand River, has not been considered part of the
upper Beaver River watershed. For the purpose of this report, the Mooselake River sub-watershed will
be discussed in a separate chapter and will not be included in the upper Beaver River sub-watershed.

SUMMARY
Landscape
Streams
Water Quantity

Lakes
Groundwater

Water use
Streams
Water Quality

Lakes
Groundwater
Streams

Aquatic Ecosystems
Excellent

Good

Lakes
Fair

Marginal

Poor

The upper Beaver River sub-watershed lies in the
western part of the Beaver River watershed. The river
itself originates at Beaver Lake near the town of Lac
La Biche. A major tributary, the Amisk River, begins
at the western extremity of the watershed and joins
the Beaver River from the south. The sub-watershed
could be further divided into the portion upstream
of the confluence with the Amisk River and that
downstream of the confluence. The Amisk River subwatershed will be discussed separately in Chapter 5
of this report. The Beaver River itself lies within the
dry mixedwood natural region while its major
tributary, the Amisk River, lies within the central
mixedwood natural region.

The sub-watershed’s terrain is generally level to
gently undulating to strongly rolling, and there are
some hummocky moraine features with large till
knobs and ridges. It is underlain by Upper Colorado
shales covered by the marine shales and ironstone
concretions of the Lea Park Formation. South of the
west-to-east line of the Amisk and Beaver rivers, the
Lea Park Formation is overlain by the Belly River
Group, which consists of a grey to greenish grey
non-marine sandstone or mudstone, also with
ironstone concretions.
Surficial materials consist mainly of low
permeability tills, and the depth of drift over the
bedrock is 50 to 150 m. The thin, sandy grey soils of
the well-drained uplands sustain aspen forests with
balsam poplar occurring in moister sites in lowlying areas and along streams. White spruce stands
occur infrequently and jackpine grow in welldrained sandy locations. During the normal process
of vegetation succession, white spruce and
eventually balsam fir can be expected to replace the
deciduous forest. Frequent forest fires seldom allow
that to happen.
The forests of the upper Beaver River sub-watershed
support numerous species of birds with the most
species-rich habitat being the mixedwoods and
riparian shrublands. Terrestrial mammals include
moose, bear and wolf.
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The 56.7 km2 Beaver Lake Cree Nation Reserve lies
on the south shore of Beaver Lake. Chief Peeaysis
(François Desjarlais) signed Treaty No. 6 in 1876; the
Reserve was established in 1911. The Amisk River
sub-watershed contains the Whitefish Lake First
Nation Reserve as well as the Buffalo Lake and
Kikino Métis Settlements.
Water-based recreation is focused on the lakes of
the sub-watershed. There are provincial recreation
areas at Beaver, Ironwood and Fork lakes. These
offer camping and other recreational facilities.
Elinor Lake features rental cabins. The Amisk River
sub-watershed contains Long Lake and Garner Lake
provincial parks.

WATER QUANTITY
Surface Water
The Beaver River originates as the outflow from the
west end of Beaver Lake at an elevation of 560 m.
The lake is fed by small streams from Elinor Lake
and Lac la Croix. The river flows generally south
picking up tributary inflow from Missawawi Lake
further west before turning to the southeast where
it is joined by the Amisk River. Fork Creek, which
drains Fork Lake, joins the river from the north as
does a tributary connecting a line of lakes including

56

6
5

Discharge (m3/s)

Water and wetland features account for 23 percent of
the sub-watershed’s surface area. Of these features,
open water is 32 percent; swamps, 34 percent; fens,
25 percent; marshes, 6 percent; and bogs, 3 percent.
Generally there is a greater percentage of wetland
features in the Amisk River watershed than in the
remainder of the upper Beaver River watershed. The
landscape has been altered by human activity and
significant portions of the sub-watershed, particularly
in the Beaver River lowlands adjacent to the river, have
been cleared for agriculture. Agricultural operations
comprise mixed farms that feature some annual
cropland and livestock production. Perennial cropland
and pasture are common.

4
3
2
1
0
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Figure 4.2 Median Daily Discharge of the Upper Beaver
River for the Period of Record.

Elinor, Ironwood and Rich lakes. Columbine Creek
enters from the south before the river’s confluence
with the Mooselake River.
The drainage area of the entire upper Beaver River
sub-watershed is 5146 km2, some 2627 km2 of
which is in the Amisk River sub-watershed. There is
significant non-contributing drainage southeast of
Beaver Lake, as well as in the vicinity of North Buck
Lake and the upper reaches of the Whitefish Creek
watershed within the Amisk River sub-watershed.
The median annual flow of the upper Beaver River
for the March to October period is 2.48 m3/s. Figure
4.2 illustrates the typical runoff pattern. Annual
water yield in this sub-watershed is relatively low;
the yield from the Amisk sub-watershed is a little
higher. The river generally maintains a small flow
throughout the winter then rises to an April peak
with spring runoff. Summer rains will lead to
increases in flow. The Columbine Creek tributary
typically delivers most of its flow in April and often
has no flow later in the year.
Table 4.1

Annual Streamflow Reliability of the Upper
Beaver River.

River

Minimum
(1000 m3)

Median
(1000 m3)

Maximum Range as %
(1000 m3) of Median

Beaver River near Goodridge

146

52 554

478 230

Amisk River at Hwy 36

456

29 097

188 320

646

Sand River at the Mouth

41 072

247 590

1 016 954

394

Beaver River at
Cold Lake Reserve

68 226

471 513

1 918 408

392
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Table 4.2
Lake

Physical Characteristics of Lakes in the Upper
Beaver River Sub-watershed.
Drainage Surface Volume
Depth (m) Residence
Water
Area
Area
(1000 m3)
Time
Level
2
2
Mean Max
(km )
(km )
(Years) Condition

Beaver

321

39

234 000

7.1

15.0

12.2

declining

Kinosiu

insufficient
data

Missawawi

declining

Helena

38.2

7.1

9.5

16,2

no data

Ironwood

99.4

9.8

8.5

16.0

declining

1.2

6.1

15.2

declining

Fork

Table 4.1 displays the annual reliability of flows of
the upper Beaver and Amisk rivers in comparison to
the Sand River and the lower Beaver River.
Although both streams have unreliable flows, the
flow of the upper Beaver River is typically even less
reliable than that of its Amisk River tributary. The
Amisk River tends to have a greater number of
lakes that naturally regulate its flow.
The physical characteristics of Beaver and Fork
lakes are shown in Table 4.2.1,2, These are the only
lakes in the upper Beaver River watershed (other
than some in the Amisk River watershed) for which
data exist.

589

Fork
Ironwood

588

Missawawi
Beaver

587
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Figure 4.3 Lake Levels in the Upper Beaver Watershed.

Lake levels, while generally stable in the 1970s,
declined steadily through the 1980s and have
tended to stabilize, albeit at a relatively low level, in
recent years. An interim peak around 1998 is a
common occurrence. Lake elevations for the period
of record are shown in Figure 4.3. The short period
of recent water levels for Kinosiu Lake parallels that
of the other lakes.
The Water Survey of Canada currently operates one
flow gauging station on the Beaver River at
Goodridge and one on the Amisk River under
arrangements with Alberta. Some records are
available from a now discontinued station on
Columbine Creek. AESRD monitors the levels of Fork
Lake and periodically surveys water levels of the
other lakes shown in Table 4.2. Water level
information for several lakes in the Amisk River subwatershed is also available.

Groundwater
Buried bedrock paleovalleys and channels contain
most of the groundwater resources of the area. The
Helina Valley, which runs roughly parallel to the
Beaver River itself, has the highest groundwater
yields from the Empress formation. The Muriel Lake
Formation, which also lies in buried valleys, is a
significant groundwater resource as well. No water
is allocated from the deep aquifers of this watershed
and the yield from surficial aquifers is sufficient only
for domestic and livestock uses. There are two longterm groundwater GOWN stations in confined
aquifers within the Helina Valley northwest of Rich
Lake. One deep well monitors groundwater
elevations in the Empress Unit 3 aquifer and an
intermediate depth well monitors the Muriel Lake
aquifer.3 There is also one intermediate depth well
set in a confined aquifer in the Empress 3 Formation
in the Helina Valley at Truman, just north of the
Beaver River. The records shown in Figure 4.4 and
4.5 indicate generally declining water levels.
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Rich Lake 2095E: Longer-term Recorded Water Levels from 1990 to 2010 (Full Record Begins 1985)
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Rich Lake 2094E (South): Longer-term Recorded Water Levels from 1990 to 2010 (Full Record Begins 1985)
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Figure 4.4 Water Levels at Rich Lake Observation Wells.

Truman 84-2: Longer-term Recorded Water Levels from 1990 to 2010 (Full Record Begins 1985)
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Figure 4.5 Water Levels at Truman Observation Well.

WATER USE
Allocation of surface water and groundwater is
shown in Table 4.3. Exclusive of the Amisk River
watershed, there are 37 surface water licences and
1251 registrations in the upper Beaver River subwatershed. The quantity of water allocated annually
is 3 659 361 m3. Four-fifths of that allocation is used
for water management purposes for stabilizing Fork
and Huppie lake levels. The next largest allocation of
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surface water is in municipal supplies. As discussed
in Chapter 2, no more than ten percent of the water
allocated for lake stabilization is considered
consumed by evaporation. The water used for
municipal purposes is returned to the surface water
system. Water allocation from surface water is
shown in Figure 4.6.
Water consumption from the upper Beaver River
sub-watershed is about one percent of the median
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Table 4.3

Allocation from Surface and Groundwater
(m3).

Purpose

Surface Water

Municipal

302 829

19 740

Agriculture

33 962

180 900

Commercial

16 030

0

Industrial
Other
Registration
Totals

Surface Water Allocation

Groundwater

0

0

2 941 860

5022

364 681

278 858

3 659 362

484 520

Municipal

annual flow. Most of this water use, however, is
upstream of the confluence with the Amisk River. As
noted previously, the upper Beaver River flows are
very unreliable so in an extreme low flow year like
1992 not all water demands may be met.

Industrial

Other

Commercial
Registration

Figure 4.6 Allocation from Surface Water in the Upper
Beaver Watershed.

WATER QUALITY
There is little historical water quality sampling of the
upper Beaver River itself. In recent years the Alberta
Conservation Association has obtained some
samples as part of its program aimed at developing
an index of biological integrity for the river. Based on
lake quality data, the Beaver River can be assumed to
have relatively high natural levels of calcium and
bicarbonate. The water is considered hard because
of high levels of calcium carbonate.

Alberta Conservation Association

There are 46 licences from groundwater and 191
registrations in the upper Beaver River sub-watershed.
The total quantity of water allocated, almost all of
which is for domestic and agricultural purposes, is
484 520 m3. All of the groundwater licensed is drawn
from unnamed, presumably surficial, aquifers. With
the exception of the small quantity devoted to
municipal purposes, the groundwater withdrawn can
be considered as being entirely consumed.

Agriculture
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The village of Glendon draws its municipal supply
from groundwater wells located in the Mooselake
River watershed. Treated effluent from the village’s
sewage lagoon is discharged annually into
Columbine Creek and thence to the Beaver River.

Table 4.4
Lake

Water Quality of Lakes in the Upper Beaver
River Sub-watershed.
Trophic
Status

Elinor

eutrophic

Beaver

mesotrophic

Total P
(µg/L)

Chlorophyl
(µg/L)

41.5

14

Helena

The lakes of the upper Beaver River sub-watershed
contain water that is fresh, hard and well buffered.
The dominant ions are bicarbonate, calcium and
sulphate. Water quality sampling has been
conducted on Beaver Lake from 1986 through 2008.
In the last decade, the Alberta Lake Management
Society’s Lakewatch program has sampled Beaver
and Fork lakes. Fork Lake was sampled only in 2005.
The results are shown in Table 4.4.4,5
Beaver Lake usually thermally stratifies in summer.
Fork Lake exhibits weak thermal stratification. While
the monitoring data are sufficient to characterize
the major ion chemistry, and trophic status, the
number of samples available is insufficient to
perform detailed statistical analyses.
Like the surface water of the sub-watershed, the
groundwater has relatively high natural levels of
calcium and bicarbonate. The water is considered
hard because of high levels of calcium carbonate.
Total dissolved solids tend to exceed the aesthetic
objective of 500 mg/L. Chloride concentrations
tend to be below the objective of 250 mg/L.
Concentrations of iron can also be found.
There are no long term monitoring sites for either
surface or groundwater quality in the watershed.
A small number of samples have been obtained at
the GOWN wells.

AQUATIC RESOURCES
The Alberta Conservation Association, with the
BRWA, has produced an Index of Biological Integrity
(IBI) for streams in the Beaver River watershed,
including the entire Beaver River. The IBI is based on
fish community composition, water chemistry and
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227

Water Quality
Condition

stable

115

Ironwood
Fork

TDS
(mg/L)

184
eutrophic

40

20

183

Commercial Fishing
Alberta lakes have been fished commercially
since the late 1800s. Licences were first issued
in 1910 and catches have been regulated since
1917. The usual target was lake whitefish and
goldeye. Lake whitefish had particularly high
value because of its excellent quality when
dried.
In 1999-2000 the commercial gill-net fishery
in the province produced 2.2 million kilograms
of fish valued at $3.2 million. About 85
percent of this harvest consists of lake
whitefish and cisco (tullibee). The catch is sold
through the Freshwater Fish Marketing
Corporation. Forty percent of sales are within
Alberta.
Commercial fishing was an important area
industry in the Beaver River watershed. By
1936 three large fish packing plants operated
at Moose Lake. In the 1930s and 1940s many
mink farms operated in the area using
commercially caught cisco as a food supply.
The fur industry declined through the 1960s
and 1970s and was gone by the early 1980s.
Currently about 20 lakes in the watershed are
commercially fished for lake whitefish. The
number of licences issued each year is
declining and some are not fished every year.
Gill nets and occasionally trap nets are used.
The commercial fishery provides supplemental
income primarily for aboriginal residents.
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Table 4.5

Present conditions are the result of natural factors,
as well as human disturbances such as agricultural
activity and linear features such as roads. There are
675 stream crossings in the entire upper Beaver
watershed, including the Amisk River. The number
of stream crossings compared to the length of
stream channel is less than for the southern
tributaries of the Beaver River further downstream.7
Detailed information concerning the status of
riparian zones is not available.

Fish Species in the Lakes of the Upper Beaver
River Watershed.

Species

Elinor

Beaver

Helena

Ironwood

Fork

Lake Whitefish
Burbot
Northern Pike
Walleye
Yellow Perch
Brook Stickleback
Ninespine Stickleback
Spottail Shiner
Iowa Darter
Longnose Sucker

Fish surveys have been conducted for lakes in the
upper Beaver River watershed.8,9 Species found in the
lakes are shown in Table 4.5. Lakes currently fished
commercially include Elinor, Beaver, Ironwood,
Helena, and Fork. The target species is lake whitefish.
The available quota for Beaver Lake is by far the
largest and the fishing season is three months long.
The fishing season for the other lakes tends to be two
weeks or less.

White Sucker

local habitat features.6 The methodology is
described in Chapter 3. Fourteen sites on the upper
Beaver River, upstream and downstream of the
confluence with the Amisk River, have been
surveyed. Calculated IBI values for the Upper Beaver
River range from 0 to 13. Although slightly better
than those for the Amisk River, these values are
considered relatively poor. The values tend to be
low as the river is small, velocities are low, and
nutrient concentrations are relatively high. Fish
species present, mainly white sucker and some
minnow species, are tolerant of degraded habitat.
More sensitive species such as walleye, northern
pike and spottail shiner are not present, although
they may have been present in the 1950s.

Beaver Lake is managed for domestic, commercial
and sport fisheries. The Cree people living on Beaver
Lake Reserve have traditionally fished the lake. The
commercial catch peaked in the 1940s.10 The sport
fishery for walleye was classed as vulnerable in the
1990s but could now be considered stable, while
that for pike is classed as stable. Angling pressure is
lower now than it was in the 1990s.11

Alberta Conservation Association

Fork Lake is managed for commercial and sport
fisheries. The commercial fishery season is short,
lasting only a few days at the end of September. The
pike caught in the sport fishery tend to be small.12
Beaver and Elinor lakes provide habitat for the
trumpeter swan, designated as threatened under
the Alberta Wildlife Act. A buffer zone has been
declared around the two lakes to protect habitat for
the species.13 The upper Beaver River sub-watershed
is considered regionally important for migratory
birds. Sites on Huppie, Little Beaver, Rich, and
Missawawi lakes provide locally important staging
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habitat for ducks. Beaver Lake has regionally
important breeding habitat for great blue heron as
well as locally important populations of white
pelican. Ironwood Lake is noted for regionally
important populations of common tern.14
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Figure 5.1 Map of Amisk River Sub-watershed.
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THE AMISK RIVER SUB-WATERSHED
The Amisk River sub-watershed shown in Figure 5.1 lies primarily in the Whitefish Upland of the
southwestern part of the Beaver River watershed. The river originates in a former glacier outwash
channel at Long Lake at the western extremity of the sub-watershed and drains several significant lakes.
It is a major tributary of the upper Beaver River, joining near the crossing of Highway 866. The subwatershed is almost entirely within the central mixedwood natural subregion.

and jackpine grow in well-drained sandy locations.
During the normal process of vegetation succession,
white spruce and eventually balsam fir can be
expected to replace the deciduous forest. Frequent
forest fires seldom allow that to happen.

SUMMARY
Landscape
Streams
Water Quantity

Lakes
Groundwater

Water use
Streams
Water Quality

Lakes
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The sub-watershed’s terrain is generally level to
gently undulating, with some hummocky moraine
features with large till knobs and ridges. The subwatershed is underlain by the marine shales and
ironstone concretions of the Lea Park Formation. In
the portion of the sub-watershed generally south of
the Amisk River, the Lea Park Formation is overlain
by the Belly River Group. This formation consists of
a grey to greenish grey non-marine sandstone or
mudstone, also with ironstone concretions.
Surficial materials consist of low permeability tills,
with the depth of drift over the underlying bedrock
measuring 50 to 150 m. The thin, sandy grey soils of
the well-drained uplands sustain aspen forests with
balsam poplar occurring in moister sites in low-lying
areas and along streams. White spruce stands occur

The forests of the Amisk River sub-watershed
support numerous species of birds with the most
species-rich habitat being the mixedwoods and
riparian shrublands. Terrestrial mammals include
moose, bear and wolf. As the name implies, beaver
are a common aquatic mammal.
Less that one-quarter of the sub-watershed consists
of lakes and wetlands, the dominant wetlands being
swamps and fens. The landscape of the subwatershed has been altered by human activity. The
conversion to an agricultural landscape is
particularly evident in the very south of the
watershed in the Whitefish Creek sub-watershed
and in the Beaver River lowlands near the confluence
with the Beaver River.
The sub-watershed contains the 50 km2 Whitefish
Lake First Nation Reserve on the shoreline of
Whitefish and Goodfish lakes. The area became a
reserve for Chief Pakan’s (James Seenum) band
following his signing of Treaty 6 in 1876. The subwatershed also contains two Métis Settlement
areas. The Buffalo Lake Métis Settlement lies south
of the Amisk River and shares a common boundary
with the Kikino Métis Settlement, which straddles
the river. Buffalo Lake Settlement is some 353 km2
in area while Kikino Settlement is 447 km2.
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3.0

Métis Settlements of Alberta

Farm colonies were first set aside for 12 Métis
Settlement Associations in 1938. In 1985 the
Alberta government passed a resolution aimed
at transferring title to the Métis people. This
was affirmed by the Métis Settlement Act in
1990. The act established local municipal and
traditional self-government in eight areas as
well a Métis Settlements General Council. It also
provides for co-management of subsurface
resources.

Water-based recreation in the sub-watershed is
focussed on its lakes. Long Lake Provincial Park
features camping and recreation. Skiing facilities
are nearby. The White Earth Valley Natural Area lies
adjacent to the park. Garner Lake Provincial Park
offers camping and recreation facilities. North Buck
and Lower Mann Lake Provincial Recreation areas
offer camping and recreation facilities. Skeleton
Lake has extensive cottage development. The
1.62 km2 Upper Mann Lake Natural Area contains a
variety of riparian habitats on the peninsulas and
islands of the lake.

WATER QUANTITY
Surface Water

2.0
1.5
1.0
0.5
0
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Figure 5.2 Median Daily Discharge of the Amisk River
for the Period of Record.

Whitefish Creek flowing from Whitefish Lake is a
major southern tributary that joins the Amisk River
before it reaches the Beaver River. The elevation of
Long Lake is about 620 m while the elevation of the
Amisk River at its confluence with the Beaver River is
about 543 m. The Whitefish Creek sub-watershed
contains several other lakes such as Goodfish,
Garner, and Mann lakes.
The Amisk River sub-watershed has an area of
2627 km2. It contains significant areas of noncontributing drainage in the vicinity of North Buck
Lake and in the upper reaches of the Whitefish
Creek watershed.
The median annual flow of the Amisk River is about
0.5 m3/s. The annual water yield is a somewhat
higher than that of the upper Beaver River, but is still
considered low. Figure 5.2 shows the typical flow.
The river has little or even no winter flow and rises
to a late April peak during the spring snowmelt. The
discharge then recedes to near zero by the autumn.
Summer rains in most years lead to flow increases.
Table 5.1

The Amisk River originates at Long Lake and flows
generally north to Amisk Lake before turning east. It
then flows east and south before joining the Beaver
River. At Amisk Lake, the river is joined by tributary
flow from Skeleton Lake, and, downstream of Amisk
Lake, by tributary flow from North Buck Lake.
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Discharge (m3/s)

The Métis Settlements of Alberta are a unique
Canadian institution. The Settlements, two of
which are entirely in the Beaver River watershed
provide a constitutionally-protected land base of
some 5000 km2 in the northern part of Alberta.

2.5

Annual Streamflow Reliability of the Amisk
River.

River

Minimum
(1000 m3)

Median
(1000 m3)

Maximum Range as %
(1000 m3) of Median

Amisk River at Hwy 36

456

29 097

188 320

646

Beaver River near Goodridge

146

52 554

478 230

910

Sand River at the Mouth

41 072

247 590

1 016 954

394

Beaver River at
Cold Lake Reserve

68 226

471 513

1 918 408

392
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Table 5.1 displays the annual reliability of the flows
of the Amisk River in comparison to that of the
Beaver and Sand rivers. The Amisk River flows are
more reliable than those of the upper Beaver River
as the lakes in the Amisk watershed tend to stabilize
the flows.
The physical characteristics of the lakes in the Amisk
River watershed for which data exist are shown in
Table 5.2 and representative hydrographs are
shown in Figures 5.3 and 5.4.2,3
The two lakes on the main stem of the Amisk River
show no trend in water level, although the two lakes
on tributary streams do show slightly declining
Table 5.2
Lake

Physical Characteristics of Lakes in the Amisk
River Sub-watershed.
Drainage Surface Volume
Depth (m) Residence Water
Area
Area (1000 m3)
Time
Level
2
2
Mean
Max
(km )
(km )
(Years) Condition
AMISK SUB-WATERSHED

625
624
623

Water Level (m)

622
621
620
613
612
611

Skeleton
Long

610

Amisk
North Buck

609
608
607
1965

1970

1975

1980

1985

1990

1995

2000

2005

2010

Figure 5.3 Water Levels of Lakes in the Amisk River
Portion of the Sub-watershed.
618
616
614
612

Water Level (m)

The flow of the Amisk River is unaffected by dams or
significant diversions. In 1949, Ducks Unlimited
Canada constructed a weir at the outlet of Amisk Lake
as a means of stabilizing lake levels for waterfowl
production. The weir is no longer maintained and is
now covered by a gravel pad that serves as a roadway.
A weir constructed in 1989 by Alberta Forestry, Lands
and Wildlife at the outlet of Greenstreet Lake in the
Whitefish Creek sub-watershed may influence water
levels of Lower Mann Lake, but upstream water levels
are now lower than the sill elevation of the weir.1

608

Upper Mann
Lower Mann
Chappell

Garner
Whitefish
Floatingstone
Goodfish
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602
583
581
579
577
575
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Figure 5.4 Water Levels of Lakes in the Whitefish Creek
Portion of the Sub-watershed.

trends. The lakes in the Whitefish Creek subwatershed all exhibit a characteristic long-term
decline and a short-term peak in the late 1990s.

43

7

51 400

6.5

17.0

14.6

declining

North Buck

119

19.0

47 300

2.5

6.1

40.5

declining

The Water Survey of Canada currently operates one
flow gauging station on the Amisk River under
arrangements with Alberta. AESRD carries out waterlevel observations for the lakes shown in Table 5.2.

Garner

31.7

6.19

50 100

8.1

15.2

>100

declining

Groundwater

Upper Mann

123

2

26 100

5.7

9.1

37.4

declining

Lower Mann

37.1

5.10

20 300

4.0

6.1

21

declining

Long

88.2

5.84

29 300

4.3

9.0

7.5

stable

Amisk

251

2

54 600

19.4

60.0

12.5

stable
(regulated)

Skeleton

WHITEFISH SUB-WATERSHED

Chappell

declining

Floatingstone

declining
declining

Goodfish
Whitefish

3.09

13.3

42.7

declining

The paleovalleys and buried bedrock channels
containing sands and gravels contain most of the
groundwater resources of the area. The buried
Kikino Valley crosses the Amisk River sub-watershed
roughly parallel to Whitefish Creek, and the Beverly
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Mann Lakes 2708E: Longer-term Recorded Water Levels from 1993 to 2010 (Full Record Begins 1985)
603.0

Water Level Elevation
in Observation Well (m)

602.5
602.0
601.5
601.0
600.5
600.0
599.5

1990

1991

1992

1993

1994

1995

1996

1997

1998

1999

2000

2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

Figure 5.5 Water Levels at Mann Lakes Observation Well.

Valley crosses the extreme south of the watershed.
These buried valleys provide the highest
groundwater yields. There is one deep GOWN
monitoring well on the watershed boundary south
of the Mann Lakes in a confined aquifer within the
Beverly Valley’s Empress Unit 3 Formation.4 The
water level record as shown in Figure 5.5 indicates
a decline since the beginning of this century.

WATER USE
The allocation of surface and groundwater in the
Amisk River sub-watershed is shown in Table 5.3
and Figure 5.6. There are 34 licences and 1162
registrations from surface water. The quantity of
water allocated is 5 084 251 m3, more than onehalf of that being for stabilization of Greenstreet
Lake in the Whitefish Creek sub-watershed. Since
Greenstreet Lake has fallen below the natural sill
elevation, calculated water consumption due to
additional evaporation is effectively zero. Other lake
Table 5.3
Purpose

Water Allocation from Surface and
Groundwater (m3).
Surface Water
AMISK

WHITEFISH

AMISK

WHITEFISH

Municipal

290 020

199 828

58 630

0

Agriculture

66 600

116 960

6818

65 336

Commercial

0

191 000

0

0

Industrial

0

0

0

0

Other

0

3 819 750

13 570

1110

47 392

352 701

14 413

54 854

595 012

4 489 239

93 431

119 300

Registration
Totals
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Groundwater

stabilization licences include those for Chappell,
Bunder and Norberg lakes. As discussed in
Chapter 2, water consumption associated with
these stabilization licences is no more than ten
percent of the licensed quantity and municipal uses
tend to be non-consumptive.
Similarly there are 32 licences and 58 registrations
for groundwater in the sub-watershed. Most of the
water consumption is in the Whitefish Creek subwatershed. Groundwater is drawn from unnamed,
presumably surficial, aquifers. The quantity of water
allocated is 212 731 m3 and the dominant use is
agriculture, although there is one large licence from
the Amisk River for municipal purposes for the
Buffalo Lake Métis Settlement.
Considering water consumption in the subwatershed, the only surface water licences that
assume some return flow to surface water are those
related to municipal uses. The assumed return flow
is about one-half of the licensed quantity, which is
low. As noted above, only a small percentage of the
water allocated to lake stabilization can be
considered consumed. Water allocated to livestock
and to registrations is assumed to be consumed.5
Taking these factors into account, surface water
consumption in the Amisk River watershed is about
four percent of the median annual flow. Other uses,
that is, the evaporative loss associated with lake
stabilization and wildlife habitat enhancement,
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Figure 5.6 Allocations from Surface and Groundwater in the Amisk River Watershed.

WATER QUALITY

comprise the largest single consumptive use. Given
the unreliable flows of the Amisk River, some water
users may experience shortages in low flow years.
The low water use from groundwater can be
considered entirely as consumption, although some
of the groundwater used for municipal purposes
may return to the surface water system.

The Amisk River has relatively high natural levels of
calcium and bicarbonate. The water is considered
hard because of high levels of calcium carbonate.

Alberta Conservation Association

A single water quality sample was obtained at three
locations on the Amisk River in May 1984. This was
followed by one additional sample taken near the
hydrometric station in February 1985. Analytical
results are available for physical characteristics,
major ion chemistry, nutrients, and bacteria.
Analyses for metals were performed only for the
site near the hydrometric station. There is
insufficient data to draw any conclusions
concerning water quality of the river. In recent years
the Alberta Conservation Association has obtained
some water quality samples as part of its program
aimed at developing an index of biological integrity
for the river.
The lakes of the Amisk River sub-watershed all
contain water that is fresh, hard and well buffered.
Like the river, the dominant ions are calcium and
bicarbonate. Water quality sampling has been
conducted on six lakes, shown in Table 5.4. Alberta
Environment conducted detailed surveys particularly
in 1986-87. In the last decade, the Alberta Lake
Management Society’s Lakewatch program has
sampled Long, Skeleton and Whitefish lakes.6,7,8,9
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Table 5.4
Lake

Water Quality of Lakes in the Amisk River
Sub-watershed.
Trophic
Status

Total P Chlorophyl
(µg/L)
(µg/L)

TDS
(mg/L)

Water Quality
Condition

Long

eutrophic

41

18.8

207

Amisk

eutrophic

40

15

220

Skeleton

eutrophic

38/47

10/20

181/191

North Buck

eutrophic

31.3

8

181

degrading
degrading

mesotrophic

42

11

575

Upper Mann

hypereutrophic

45

22.9

239

Lower Mann

hypereutrophic

121

103

242

mesotrophic

25

5

275

Garner

Whitefish

degrading

stable

stable

The lakes exhibit weak and rare thermal stratification,
with the exception of Amisk Lake, Long Lake, the
north basin of Skeleton Lake, and Whitefish Lake. At
times water in the deepest portions of Amisk,
Skeleton and Whitefish lakes will be devoid of
oxygen. While monitoring data are sufficient to
characterize the major ion chemistry and trophic
status, the number of samples available is insufficient
to perform detailed statistical analyses. Long Lake is
the only lake in the watershed where significant
monitoring has been conducted, with the earliest
samples being taken in 1983 and the latest in 2005.10
Over the last two decades, the conductivity (salinity)
of Long Lake has increased. Major ions that have
increased in concentration include bicarbonate,
chloride, sodium, potassium and magnesium. There
are moderate increases in alkalinity and TDS over the
long term. It is not clear whether changing
hydrological conditions or external inputs from
residential, agricultural and industrial activities have
contributed to the moderate increases observed in
Long Lake. Garner and North Buck lakes exhibit
similar changes in major ion concentrations.
Alkalinity and TDS values show significant increases
for both lakes. Garner Lake is considered slightly
saline.11 North Buck Lake data also show an increase
in transparency and a decrease in chlorophyll.
Like the surface water of the watershed, the
groundwater has relatively high natural levels of
calcium and bicarbonate. The water is considered
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hard because of high levels of calcium carbonate.
Total dissolved solids tend to exceed the aesthetic
objective of 500 mg/L and chloride concentrations
tend to be below the objective of 250 mg/L. A very
small number of water quality samples have been
taken at the GOWN well.

AQUATIC RESOURCES
The Alberta Conservation Association, with the BRWA,
has produced an Index of Biological Integrity (IBI) for
streams in the Beaver River watershed, including the
Amisk River. The IBI is based on fish community
composition, water chemistry and local habitat
features.12 The methodology is described in Chapter 3.
Two sites on the lower Amisk River were surveyed: at
Hwy 36 and near the confluence with the Beaver
River. Calculated IBI values for the Amisk River range
from 0 to 10, values that can be considered relatively
poor. The values tend to be low because the river is
small, velocities are low, and nutrient concentrations
are relatively high. Fish species present, mainly white
sucker and minnows, are tolerant of poor habitat.
More sensitive species such as walleye northern pike
and spottail shiner are not present although they may
have been in the 1950s. The poor habitat is the result
of natural factors, as well as human influences such as
agricultural development and linear features such as
roads. There are a large number of stream crossings
in the watershed. Detailed information concerning
the status of riparian zones is not available.
Fish surveys have been conducted for lakes in the
Amisk River watershed. Species found in the lakes
are shown in Table 5.2. Lakes that may be fished
commercially include Amisk, Skeleton, North Buck,
and Goodfish. Quotas are small and only North
Buck Lake has a declared season. The target species
is lake whitefish.
Long Lake is managed as a sport fishery. The most
popular species are walleye, northern pike and
yellow perch. The lake had a commercial fishery
from 1943 to 1961, primarily for pike and cisco.
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Amisk Lake is managed for commercial and sport
fisheries. In the early days of the commercial fishery
the primary focus was on cisco for use as mink
food. As that industry declined the focus shifted to
whitefish. From a sport fishery perspective, the lake
is particularly attractive for yellow perch. Perch and
pike populations are skewed towards younger fish
and the quantities of fish harvested likely exceed
annual production.
Skeleton Lake is managed for both commercial and
sport fisheries. Like other lakes in the watershed,
the commercial fishery originated as a cisco fishery
then made a transition to lake whitefish. Both cisco
and whitefish are heavily infested with tapeworm
cysts and the fish are not used for human
consumption. The lake has an important and
popular sport fishery with pike and perch being the
main species. Fish caught are of average size.
North Buck Lake is managed for commercial,
domestic and sport fisheries. A commercial fishery
has operated since 1917, with lake whitefish being
the main catch. A short season operates during the
first two weeks of October. Pike and perch are the
most sought after sport fish. The lake experiences
heavy angling pressure and is known for small pike
and large perch.
Garner Lake is managed for its sport fishery. In the
1940s the lake was fished commercially for pike and
perch and these are still the main recreational
catches. The lake was stocked with walleye in the
1970s.
The Mann Lakes support an erratic sport fishery for
pike and perch. Fish are subject to winterkill, but
restock naturally. The lakes were stocked with
walleye in the 1980s. They were commercially fished
for pike and perch for a short time in the 1940s.
Whitefish Lake supports a sport fishery for pike,
walleye and perch. The walleye fishery was
classified as stable in 1995.13 Goodfish Lake is fished

Table 5.2

Fish Species in the Lakes of the Amisk River
Watershed.

Species

Long

Amisk Skeleton

North
Buck

Garner

Mann

Whitefish

Lake Cisco (Tullibee)
Lake Whitefish
Burbot
Northern Pike
Walleye
Yellow Perch
Brook Stickleback
Ninespine Stickleback
Spottail Shiner
Iowa Darter
White Sucker

commercially for lake whitefish. The lake also
supports a sport fishery for perch, pike and walleye.
The walleye population is currently classified as
stable, but the age class structure is narrow and
unstable.14
Kerr Lake provides habitat for the trumpeter swan,
designated as threatened under the Alberta Wildlife
Act. A buffer zone has been declared around the
lake to protect habitat for the species.15 The Amisk
River sub-watershed is considered regionally
important for migratory birds, offering nationally
important staging habitat for ducks and nationally
important breeding habitat for several colonial
water birds at several lakes in the Whitefish Creek
sub-watershed. There is locally important staging
habitat for white pelican16 at Garner Lake.
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Figure 6.1 Map of Mooselake River Sub-watershed.
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THE MOOSELAKE RIVER SUB-WATERSHED
The Mooselake River sub-watershed shown in Figure 6.1 extends from the very south of the Beaver
River watershed to the confluence of the Mooselake River with the Beaver River, a few kilometres
upstream of the Sand River confluence. The watershed is characterized by a number of long, thin,
shallow lakes within glacial outwash channels. Streams within these channels eventually flow north
as the Thinlake River to join Moose Lake.

comprised of non-marine sandstones and mudstones
that also contain ironstone concretions. The depth of
drift over the bedrock is 50 to 100 m.

SUMMARY
Landscape
Streams
Water Quantity

Lakes
Groundwater

Water use
insufficient data

Water Quality

Streams
Lakes
Groundwater
Streams

Aquatic Ecosystems
Excellent

Good

Lakes
Fair

Marginal

Poor

The name Moose Lake is a translation of the French
name for the lake. In 1768 the first European,
William Pink, visited the area for the Hudson’s Bay
Company. An early settlement was Fort Lac d’Orignal
(Shaw House), established by Angus Shaw of the
North West Company in 1789 on the northwest
shore of the lake. This is often considered the earliest
such settlement in Alberta.
The terrain is level to gently rolling near Moose Lake
and generally undulating elsewhere. There are some
moderately rolling hills in the southern portion of the
watershed. Most of the watershed is underlain with
the marine shales and ironstone concretions of the
Lea Park Formation. For the portion of the watershed
roughly south and west of the Kehiwin Creek and the
Thinklake River, the Lea Park formation is overlain by
the Belly River Group. The Belly River Group is

The sub-watershed lies entirely within the dry
mixedwood natural region. Surficial deposits
generally consist of sands and gravels. Thin grey soils
dominate the sub-watershed and are not conducive
to intensive agricultural development. They are also
sensitive to acidification from oxides of nitrogen and
sulphur associated with airborne contamination.1
More than 60 percent of the watershed has been
cleared for agricultural purposes, primarily cattle
grazing.2 Farms are generally mixed farms with some
crop production near the south shore of Moose
Lake. The remaining forested portions, usually in
stream valleys, consist of a mixture of aspen, balsam
poplar, white birch, white spruce, and balsam fir.
Wetlands in the watershed tend to be in the
southwest adjacent to Bentley and Chickenhill lakes
and immediately north of Moose Lake.
The 82.25 km2 Kehewin Cree Nation Reserve
straddles the land between Kehiwin Lake and Muriel
Lake to the east. Chief Kehewin was a signatory to
Treaty 6 in 1876.
Moose Lake is the focus for much of the waterbased recreation in the sub-watershed. Moose Lake
Provincial Park, and Franchere Bay and Eastbourne
Provincial Recreation Areas on Moose Lake offer
many facilities. Minnie, Kehiwin and Chickenhill
lakes also contain recreational areas. Minnie Lake
has a small cottage subdivision.
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WATER QUANTITY

Table 6.1

Surface Water
The The Mooselake River sub-watershed originates
at Kehiwin Lake and its tributary streams in the
uplands of the southern margin of the Beaver River
watershed. The lake is just one of a chain of lakes in
a glacial outwash channel. Kehiwin Creek flows
generally north from the outlet of the Kehiwin Lake
to Bangs Lake. Thinlake River flows from the outlet
of Bangs Lake through Thin Lake to Moose Lake.
Chatwin Lake is a small relatively deep lake adjacent
to Moose Lake. The Mooselake River then flows
from Moose Lake to join the Beaver River. To the
west of Kehiwin Lake lies another glacial outwash
channel containing Bentley and Chickenhill lakes.
Chickenhill Creek, the outflow from Chickenhill
Lake, joins Yelling Creek, a western tributary of the
Thinlake River, just downstream of Bangs Lake.
Minnie Lake is the origin of another tributary that
joins the Thinlake River from the west.
The drainage area of the Mooselake sub-watershed
is 932 km2. There is significant non-contributing
drainage to the east of Bentley and Chickenhill lakes
and north of Moose Lake. The median annual flow
of the Mooselake River is very small, particularly as
the flows are regulated by the weir near the Moose
Lake outlet. Indeed, in low flow years the flow at
the outlet of Moose Lake will be zero. Figure 6.2
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Figure 6.2 Average Daily Discharge of the Mooselake
River for the Period of Record.
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displays the typical runoff pattern based on the
average flow. (Median flows are near zero. The
annual water yields from this sub-watershed and
the adjacent Muriel Creek sub-watershed are the
lowest in the Beaver River watershed.) The record
indicates a double peak in the spring because of
timing differences in flows from the upper
watershed. The flow period extends into June on
account of the stabilizing influence of upstream
lakes. Flows are very unreliable, and watershed
fragmentation and ecological isolation will occur in
some years.
The physical characteristics of the lakes in
the Mooselake River watershed are shown in
Table 6.1.3,4,5,6
As illustrated in Figure 6.3, Kehiwin Lake, the origin
of the Mooselake River, has maintained a constant
water level for decades. With the exception of a

Water Level (m)

Discharge (m3/s)

0.05

0.71

Chatwin

0.20

0.10

Drainage Surface Volume
Depth (m) Residence Water
Area
Area (1000 m3)
Time
Level
Mean Max
(km2)
(km2)
(Years) Condition

Kehiwin

0.25

0.15

Physical Characteristics of Lakes in the
Mooselake River Sub-watershed.
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Figure 6.3 Water Levels of Watershed Lakes.
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minor peak in the late 1990s, the levels of
Chickenhill Lake, another headwaters lake, and
Minnie Lake have been steadily declining since
records began more than 30 years ago. The desired
level of Minnie Lake is 554.5 m, some 3 m higher
than the current level.7
In 1951 the provincial government installed a sheetpiling weir 6.4 km downstream of the outlet of
Moose Lake. The weir was intended to regulate the
lake level for fish, wildlife, recreational, and
municipal water supply purposes. The structure
deteriorated over the years and became ineffective.
In 1986 a new concrete weir was installed at the
same location. The new structure contains a vertical
slot fishway to allow fish passage upstream into
Moose Lake. The target elevation for the weir
operation is 533.23 m but for many years the lake
has been below that level. The overall effectiveness of
the structure in meeting water management and
fisheries objectives cannot, therefore, be determined.
The Water Survey of Canada operated a flow
gauging station on the Mooselake River in the
1980s and early 1990s. The record is insufficient to
calculate streamflow statistics. AESRD monitors the
levels of Kehiwin and Moose lakes and takes
periodic measurements of levels of Chickenhill and
Minnie lakes.

Groundwater
The buried paleovalleys and buried bedrock
channels containing sands and gravels provide most
of the groundwater resources of the area. The
Beverly Valley crosses the Mooselake sub-watershed
at Moose Lake, and the Kehiwin Channel runs
roughly parallel to the upper Mooselake River. The
aquifers contained in these channels are a reliable
source of good quality water. The Muriel Lake and
Marie Creek formations, which underlay all but the
southern portion of the watershed, contain
significant groundwater resources.

There are two GOWN monitoring locations in the
watershed. An intermediate depth well and a deep
well were installed in surficial aquifers in 2007
adjacent to Moose Lake Provincial Park and south of
Kehiwin Lake, respectively. The records are too short
to identify trends, although there are indications of
declining levels at the Moose Lake well.

WATER USE
Allocations from surface and groundwater are
shown in Table 6.2. There are 26 surface water
licences and 238 registrations in the Mooselake
River sub-watershed. The quantity of water
allocated is 3 633 613 m3 and the dominant water
use is for municipal purposes for Bonnyville and for
the Kehewin Cree Reserve. Other water uses include
agricultural, both irrigation and livestock, and
commercial. The distribution of surface water
licences is shown in Figure 6.4.
Moose Lake provides the water supply for
Bonnyville and Kehiwin Lake, the supply for the
Kehewin Cree Nation. Minnie Lake has a licence for
water supply for the village of Glendon but that use
was discontinued in the late 1980s because of
concerns related to declining lake levels. In response
to public concern, a Minnie Lake Stabilization Plan
was drawn up in 1986 calling for a halt to municipal
withdrawals and for a desired elevation of 554.6 m.
The village now obtains its water supply from
groundwater.
Table 6.2

Water Allocation from Surface and
Groundwater (m3).

Purpose

Surface Water

Groundwater

3 332 860

165 300

Agriculture

150 734

446 210

Commercial

80 000

2460

Municipal

Industrial

0

0

Other

0

11 100

70 019

154 963

3 633 613

780 033

Registration
Totals

The State of the Beaver River Watershed

77

Chapter 6 – Mooselake River Sub-watershed

Surface Water Allocation

livestock watering. Almost one-quarter of the
licensed allocation is for urban supply for the village
of Glendon, which is in the upper Beaver River subwatershed. Although little of that water is
consumed, treated effluent returns to surface
water, not to the groundwater system.

WATER QUALITY
Municipal
Industrial

Agriculture
Other

Commercial
Registration

Figure 6.4 Surface Water Allocation in Mooselake River
Sub-watershed.

The surface water licence for Bonnyville is very
large, but the licence also assumes that about 70
percent of the water withdrawn will be returned to
the environment. In practice, Bonnyville typically
withdraws only about one-third of the licensed
allocation each year and returns almost all of that
water, but not to Moose Lake. Treated effluent from
the Bonnyville lagoons is released to Charlotte Lake
in the Muriel Creek sub-watershed.
Water consumption from Moose Lake can be
calculated as equivalent to 25 mm on the surface of
the lake annually. The city has taken important
steps to conserve water use. Water withdrawals
from Moose Lake are metered, as are residential
and public buildings. Commercial and residential
consumers pay identical water rates. The rate
structure, however, is based on a declining block.
An increasing block structure is the preferred
approach. That is, the first block of water used has
the lowest price for a cubic metre and the price for
a cubic metre increases as use increases.
There are 48 groundwater licences and 95
registrations allocating 780 033 m3 in the
Moooselake River sub-watershed. Water is
withdrawn from unnamed, presumably surficial
aquifers. Most of the water consumed is for

78

Six water quality samples for the Mooselake River
were taken in spring and summer 1983 to
determine physical attributes, major ion chemistry,
bacteria, and nutrients. Four of these were analyzed
for metals as well. In the last decade, Valere Creek,
the inflow to Moose Lake at Vezeau Bay, has been
monitored as have other inflows to the lake at
Bonnyville Beach. Some urban runoff flows into
Moose Lake from Valere Creek.
From 2004 to 2007, an extensive monitoring
program examined the water quality of the inflows
to Kehiwin Lake, connecting streams such as
Kehiwin Creek and the Thinlake River, and other
tributaries such as Yelling Creek. Analytical results
are available for physical attributes, major ion
chemistry, bacteria, and nutrients. Some results are
available for metals and pesticides as well. No
overall water quality assessment based on the data
has been produced.
The lakes of the Mooselake River sub-watershed
contain water that is fresh, hard and well buffered.
The dominant ions are bicarbonate, calcium and
sulphate. Water quality sampling was first conducted
on Moose Lake in 1973-74 by University of Alberta
researchers. Alberta Environment initiated water
quality programs in the 1980s. In the last decade, the
Alberta Lake Management Society’s Lakewatch
program has sampled Moose and Chickenhill lakes.
The results are shown in Table 6.3.8,9,10,11
Moose Lake may exhibit weak thermal stratification
in the summer. While the monitoring data are
sufficient to characterize the major ion chemistry,
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Table 6.3
Lake

Kehiwin Lake borders on being hypereutrophic
and Chatwin Lake is hypereutrophic. Nutrient
concentrations are affected by agricultural activity,
and dissolved oxygen levels are low.

Water Quality of Lakes in the Mooselake
River Sub-watershed.
Trophic
Status

Total P Chlorophyl
(µg/L)
(µg/L)

Kehiwin

eutrophic

134.1

37

Moose

eutrophic

43.9

21

Chatwin

hypereutrophic

Chickenhill

mesotrophic

30.1

6.9

Minnie

mesotrophic

33.5

5

TDS
(mg/L)

Water Quality
Condition

389
degrading

Like the surface water of the sub-watershed, the
groundwater has relatively high natural levels of
calcium and bicarbonate. The water is considered
hard because of high levels of calcium carbonate.
Total dissolved solids tend to exceed the aesthetic
objective of 500 mg/L and chloride concentrations
tend to be below the objective of 250 mg/L. A small
number of water quality samples have been taken
at the GOWN wells.
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and trophic status, the number of samples available
is insufficient to perform detailed statistical analyses.
In general, concentrations of major ions such as
magnesium and potassium are increasing. Most of
the phosphorous in the lake originates from runoff
or from bottom sediments. It has been estimated
that cleared and agricultural land contributes 56
percent of the external phosphorous load to the
lake.12 Moose Lake data show increasing values in
alkalinity, TDS and pH.13,14

AQUATIC RESOURCES

R.A. Halliday

Low flows in the Mooselake River sub-watershed
have led to decreased movement of fish between
lakes and to fish kills. This fragmented habitat
means that fish passage from the Beaver River to
the upper Mooselake River sub-watershed is rarely
possible. Land use practices adjacent to the
streams have affected riparian zones and degraded
water quality. The Alberta Conservation Association
has assessed the Moose Lake shoreline riparian
habitat as 61 percent healthy, 13 percent
somewhat impaired, and 26 percent highly
impaired. The results are shown in Figure 6.5. A
Cows and Fish assessment of riparian zones of the
Moose Lake tributaries, Valere Creek, Thinlake River
and Yelling Creek, based on 19 samples, found
63 percent healthy, 16 percent healthy but with
problems, and 21 percent unhealthy.15 Invasive
plants and stream bank alterations were among
the greatest concerns.
There are 116 stream crossings in the subwatershed. The ratio of 0.321 crossings for each
kilometre of stream length is relatively high.16 An
assessment of density of linear features of the
Beaver River watershed indicates these values are in
the mid-range.
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Figure 6.5 Riparian Health at Moose Lake (CPP Environmental Corp.).

Fish species in the sub-watershed are shown in
Table 6.4.17,18 Moose Lake is managed for
commercial, domestic and sport fisheries, with
about 20 domestic licences issued annually.
A commercial fishery has operated since the early
1900s. The current target species has been lake
whitefish, although historically lake cisco were
caught. Although a short season is scheduled for
mid-October, no commercial activity has taken
place since 2006. The sport fishery focuses on
perch, pike and walleye. The population status of
pike and walleye is considered vulnerable although
critical habitat is considered good. There are issues,
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however, with shoreline alteration for recreational
and subdivision development. There are some
doubts concerning the ability of the fishway in the
outlet weir to allow fish movement.19
In 1962 Chatwin Lake was treated with toxaphene
to eliminate native fish populations. For many years
thereafter it was stocked with rainbow trout. This
was not successful and ceased in 2000. Attempts
have been made to establish a self-reproducing
population of yellow perch, although the
population is low. Angler access is restricted by low
water levels. There is no history of domestic or
commercial fisheries at this lake.
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Table 6.4

Fish Species in the Lakes of the Mooselake
River Watershed.

Species

Moose

Chatwin

Kehiwin Chickenhill
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Figure 7.1 Map of Sand River Sub-watershed.
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THE SAND RIVER SUB-WATERSHED
The Sand River sub-watershed shown in Figure 7.1 lies in the northwest part of the Beaver River
watershed, much of it located in the Cold Lake Air Weapons range. The river itself is a major tributary
of the Beaver River. The Wolf River sub-watershed is an important tributary basin. The upper part of the
sub-watershed lies in the central mixed wood natural subregion, while the lower part is in the dry
mixedwood subregion.

swamps, 15.5 percent; open water, 12 percent; bogs
5 percent; and swamps, 2 percent.1

SUMMARY
Landscape
Streams
Water Quantity

Lakes
Groundwater

Water use
Streams
Water Quality

Lakes
insufficient data

Streams

Aquatic Ecosystems
Excellent

Good

Groundwater
Lakes

Fair

Marginal

Poor

The entire Sand River sub-watershed is underlain by
the dark grey and silty marine shales with ironstone
concretions of the Lea Park Formation. Surficial
materials some 30 to 300 m in thickness cover the
bedrock. The deepest drift is at the northern part of
the sub-watershed. The sandy mineral soils, which
originated as glaciofluvial deposits, are overlain
with a thin layer of organic soils. The landscape is
largely hummocky, undulating, with typical knob
and kettle formations; it is underlain by oil-bearing
sands and shales.
Some of the landscape is well-drained, but poorlydrained fens and swamps are common, particularly in
the upper basin. In fact, water and wetland features
account for 45 percent of the surface area of the subwatershed. Of this, fens comprise 65.5 percent;

The dominant vegetation is deciduous shrub and
treed muskeg. Aspen poplar is the dominant species
in mixedwood sites with occurrences of white
spruce and balsam fir. Jackpine is common in dry
sandy areas and black spruce or tamarack in poorly
drained areas. There is some white spruce-aspen or
aspen-white spruce mixedwood old-growth forest
in the sub-watershed. Smaller amounts of black
spruce or aspen old growth forest also occur.
Animal species in the sub-watershed include large
mammals such as moose, white-tailed deer and
woodland caribou, a threatened species in Alberta.
Furbearers include bear, wolf, beaver and river otter.
Bird species include grouse, songbirds, waterfowl,
and birds of prey.
Most of the sub-watershed is Crown land with
privately-held lands occurring only in the southern
part near the Beaver River. Most of the Lakeland
Provincial Recreation Area lies in the sub-watershed;
this area is discussed in detail in Chapter 8.
Recreational developments in the provincial
recreational area and some farmsteads near the
confluence with the Beaver River constitute the
human occupancy of the sub-watershed.
Recreational use of the sub-watershed also includes
canoeing, boating and fishing on the Wolf and
Sand rivers as well as hunting and off-roading in the
area south of the weapons range. Some trapping
also occurs in this area.
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WATER QUANTITY
Surface Water
The Sand River originates in a number of very small
lakes within the Cold Lake Air Weapons Range and
flows generally south and west entering Caribou
Lake. Tributaries joining the river within the
weapons range include the Ipiatik River, which
flows from Ipiatik Lake and joins the Sand River
from the west, and the Fisher River, which flows
from the east. The Wolf River, much of whose
731 km2 sub-watershed lies in the air weapons
range, is the principal tributary joining the river
from the east. Wolf Lake, which lies just to the
south of the weapons range, is a prominent feature
of the Wolf River sub-watershed. The river then
continues south, where it is joined by western
tributaries flowing from the Pinehurst Hills. An
unnamed creek flows from Seibert Lake and Punk
Creek, which drains Touchwood and Pinehurst lakes
to join the Sand River. The Sand River turns to the
east just before its confluence with the Beaver River.
The river drops 150 m from its origin to the Beaver
River. This sub-watershed has a drainage area of
5039 km2. Drainage considered to be noncontributing constitutes only 181 km2 of the subwatershed. Almost all of this is made up of
wetlands in the Wolf River sub-watershed within
the air weapons range.
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Landscape disturbance in the sub-watershed is
almost exclusively due to oil exploration and
development. This has led to an increase in cleared
areas in the Wolf River sub-watershed and in the
Sand River sub-watershed from 1976 to 2002.2
There are no significant forestry operations.
Additional disturbances include some road
development south of the air weapons range and
small-scale agricultural development, primarily
grazing and forage production, near the confluence
with the Beaver River.
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Figure 7.2 Median Daily Flow of the Sand River for the
Period of Record.

The median annual flow of the Sand River is 11.2 m3/s
while that of the Wolf River and Punk Creek tributaries
is 0.763 and 0.888 m3/s, respectively. Overall the
annual water yield in the Sand River sub-watershed
is the highest in the Beaver River watershed. Water
yield from the Lakeland tributaries is lower than that
from the remainder of the sub-watershed but is
relatively high. Figure 7.2 shows the typical flow for
the Sand River for the period of record. The stream
rises to a peak near the end of April, due to local
runoff in the southern part of the sub-watershed,
and is then sustained by spring runoff from the
more northerly tributaries as snowmelt moves
northward. Flows also are stabilized by outflows
from some of the larger lakes and by summer rains.
There are no dams or diversions affecting river flow
or water levels of the lakes of the sub-watershed.
In the mid-1980s a Sand River Reservoir was studied
as one means of providing a reliable industrial
water supply of 2.75 m3/s.3 An option was a dam
just upstream of the Wolf River confluence.
As one might expect because the Sand River is a
major contributor to the flow of the Beaver River,
the reliability of its annual flow is almost identical
to that of the Beaver River. As shown in Table 7.1,
the annual flow of the two tributary streams, Wolf
River and Punk Creek, is less reliable.
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Table 7.1

Annual Streamflow Reliability in the Sand
River Sub-watershed.
Minimum
(1000 m3)

Median
(1000 m3)

597.6

Maximum Range as %
(1000 m3) of Median

Beaver River at
Cold Lake Reserve

68 226

471 513

1 918 408

392

Sand River at the Mouth

41 072

247 590

1 016 954

394

Wolf River at Outlet of
Wolf Lake

92

17 560

105 000

441

Punk Creek

94

24 450

117 838

481

597.5
597.4

Water Level (m)

River

597.7

597.3
597.2
597.1
597.0
596.9
596.8

The physical characteristics of the lakes in the subwatershed for which data exist are shown in
Table 7.2.4 Lakes within the Lakeland Provincial
Recreation Area include Touchwood, Pinehurst and
Siebert lakes. Other larger lakes that lie completely
or partially in the Cold Lake Air Weapons Range,
such as Loseman Lake in the Wolf River subwatershed or Ipiatik Lake in the Ipiatik River subwatershed, or Caribou and Spencer lakes, have not
been studied.

596.7
1970

1985

1990

1995

2000

2005

2010

Groundwater
Buried paleovalleys and buried bedrock channels
containing sands and gravels contain most of the
groundwater resources of the area. The Helina Valley
crosses the Sand River near the confluence with the
Beaver River, while the Sand River and Sinclair Valley
buried channels are roughly parallel to the lower
Sand River. The buried pre-glacial channels, which
contain the Empress and Durlingville aquifers, have
the highest groundwater yields. Groundwater from
the Durlingville Aquifer is a significant contributor to
the flow of the lower Sand River. This is evident from
changes in water quality.

The Water Survey of Canada currently operates flow
gauging stations on the Sand River at the mouth,
the Wolf River at the outlet of Wolf Lake, and a
water level station on Wolf Lake itself under
arrangements with Alberta. AESRD monitors water
levels of Touchwood and Pinehurst lakes. The flows
of other streams and the levels of other lakes in the
sub-watershed are not monitored.
Physical Characteristics of Lakes in the Sand
River Sub-watershed.
Drainage Surface Volume
Depth (m) Residence Water
Area
Area (1000 m3)
Time
Level
Mean Max
(km2)
(km2)
(Years) Condition

Spenser

99.9

17.1

Seibert

105

38

4.1

7.0

263 000

6.9

11.0

>100

Touchwood

140

Pinehurst

326

29

430 000

14.8

40.0

20.0

41

496 000

12.2

21.3

36.5

Wolf

717

stable

31

289 000

9.2

38.3

10.1

stable

no data
no data

rising/stable

Alberta Conservation Association

Lake

1980

Figure 7.3 Water Levels for Wolf Lake.

More information on the four lakes in the recreation
area will appear in Chapter 8. The water level record
for Wolf Lake is shown in Figure 7.3. The water
levels vary within a one metre range.

Table 7.2

1975
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Fisher Creek: Longer-term Recorded Water Levels from 1989 to 2009 (Full Record Begins 1984)

Water Level Elevation
in Observation Well (m)

652
651
650
649
648
647
1989

1990

1991

1992

1993

1994

1995

1996

1997

1998

1999

2000

2001

2002

2003

2004

2005

2006

2007

2008

2009

2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

Sinclair Lake: Longer-term Recorded Water Levels from 1990 to 2010 (Full Record Begins 1982)

Water Level Elevation
in Observation Well (m)

638
636
634
632
630
628
1990

1991

1992

1993

1994

1995

1996

1997

1998

1999

2000

Figure 7.4 Water Levels at Fisher Creek and Sinclair Lake Observation Wells.

There are two GOWN monitoring wells in the subwatershed, one adjacent to Fisher Creek, a Sand River
tributary, and one west of Sinclair Lake in the Wolf
River sub-watershed. The Fisher Creek site monitors
levels in the Sand River aquifer while the Sinclair Lake
site monitors levels in the Muriel Lake aquifer. As
shown in Figure 7.4, the long-term records from
both sites indicate declining water levels.

WATER USE
Water use in the Sand River sub-watershed is
minimal, as shown in Table 7.3. There are 122
surface water registrations for 11 602 m3 and 9
groundwater registrations for 10 171 m3. Almost all
the registrations are in the lower Sand River; very
few are in the Wolf River sub-watershed. There are
five surface water licences totalling 97 400 m3 and
17 groundwater licences totalling 6 355 392 m3.
The licences support petroleum operations. Cenovus
Energy Inc. licences in the Sand River sub-watershed
account for almost all of the groundwater licences,
while Canadian Natural Resources Ltd. licences
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account for all of the water allocation in the Wolf
River sub-watershed.
The surface and groundwater associated with these
licences can be deemed to be consumed. Surface
water consumption in the Sand River subwatershed is very small in comparison to available
supply. Even under the assumption that all of the
water allocated is consumed each year, the annual
consumption from surface water is a fraction of one
percent of the minimum flow of the Sand River. The
quantity of surface water consumed in this subwatershed is therefore not a concern.
Table 7.3

Water Allocation from Surface and
Groundwater (m3).

Purpose

Surface Water

Groundwater

Municipal

0

Agriculture

0

0

7500

12 496

89 900

6 097 650

Commercial
Industrial
Other
Registration
Totals
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244 755

0

491

11 602

10 171

109 002

6 365 563
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WATER QUALITY
The Sand River is considered a brown-water stream
having relatively high natural levels of calcium and
bicarbonate. The water is considered hard because
of high levels of calcium carbonate. Total dissolved
solids are moderate to low but turbidity can be high
during high flow events. Dissolved oxygen levels are
near saturation except during winter ice cover when
they approach zero. The Wolf River is similar to the
Sand River in dissolved constituents, but is better
oxygenated in winter and less turbid.5
A single water quality sample was obtained on the
Sand River eight kilometres downstream of the
confluence with the Wolf River in February 1954.
Intensive water quality sampling was performed in
the 1980s during the investigation of reservoir sites
on the Sand River, with the most recent samples
being in 1986. Sampling locations included the
Wolf River at the outlet of Wolf Lake and upstream
of the confluence with the Sand River. Sampling
locations on the Sand River included sites upstream
and downstream of the confluence with the Wolf
River and near the confluence with the Beaver River.
Sample results are available for physical
characteristics, major ion chemistry, nutrients, and
bacteria. Analyses for metals were performed only
for the site near the confluence with the Beaver
River at Hwy 55. As part of the development of an
index of biological integrity, water quality samples
were obtained in the summers of 2009 and 2010.
Samples were analysed for physical attributes,
nutrients and major ions.
The water quality of the sub-watershed’s streams can
be considered natural but there is insufficient data to
calculate water quality trends. The quality of the Sand
River is very significant for that of the Beaver River
downstream of the confluence because the Sand
River comprises over 50 percent of the annual flow of
the Beaver River at the interprovincial boundary.

The lakes of the Sand River sub-watershed all
contain water that is fresh, hard and well buffered.
Like the streams, the dominant ions are calcium and
bicarbonate. Water quality sampling has been
conducted on Seibert, Touchwood, Pinehurst, and
Wolf lakes. Alberta Environment conducted detailed
surveys particularly in 1986-87. The lakes monitored
exhibit strong thermal stratification. At times, water
in the deepest portions of the lakes will be devoid
of oxygen.6
In the last decade, the Alberta Lake Management
Society’s Lakewatch program has sampled
Touchwood and Wolf lakes.7,8 These sampling
programs have included analyses for many metals.
The results can be compared to CCME Guidelines
for the Protection of Freshwater Aquatic Life. In
some cases, other CCME guidelines are used as the
basis of comparison. The results indicate no
excedances of the selected guideline.
While the monitoring data are sufficient to
characterize the major ion chemistry, trophic status
and occurrence of metals in lake water, the number
of samples available is insufficient to perform
detailed statistical analyses. Table 7.4 provides an
overview of the quality of each lake sampled.2,9
Much of the water quality information for this subwatershed relates to the area outside the air
weapons range. A small number of water quality
samples have been obtained at the GOWN wells.
Like the surface water of the sub-watershed, the
groundwater has relatively high natural levels of
Table 7.4
Lake

Water Quality of Lakes in the Sand River Subwatershed.
Trophic
Status

Spenser

n/a

Seibert

n/a

Touchwood

mesotrophic

Total P Chlorophyl
(µg/L)
(µg/L)

TDS
(mg/L)

Water Quality
Condition

174

n/a

9

n/a

318

n/a

17.7

4

154

stable

Pinehurst

eutrophic

46

14.6

160

n/a

Wolf

eutrophic

25

7.9

165

stable
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calcium and bicarbonate. The water is considered
hard because of high levels of calcium carbonate.
Total dissolved solids tend to exceed the aesthetic
objective of 500 mg/L. Chloride concentrations tend
to be below the objective of 250 mg/L.

AQUATIC RESOURCES
The Sand River sub-watershed supports 15 species
of fish, including 11 in the river itself. Sport fish
populations within the river itself are naturally small.
In recent years, increased angling and land use
changes in the lower portion of the sub-watershed
have affected the health of fish populations. Low
flows in some years lead to shallow and infrequent
pools and naturally low oxygen levels in the winter
that limit capacity to support a sports fishery.10
Surveys of the Sand River by the Alberta
Conservation Association in 2009-2010 found white
sucker, lake chub, and longnose sucker to be the
dominant species. Low numbers of walleye were
also encountered. Many of the suckers and walleye
had infections and parasites (fish lice), often
associated with stressed populations. These results
can be compared to those from field studies of the
fishery carried out in 1984.11 A survey in late April of
that year examined spawning populations. Fish
movements were monitored at sites on the Wolf
River and the Sand River above the Wolf River
confluence. Longnose sucker accounted for more
than 80 percent of the fish enumerated. Other
species included white sucker, northern pike, and
single specimens of walleye and burbot. A summer
survey in July encountered suckers and minnows.
The only sport fish encountered in the Sand River
was a single yellow perch. Juvenile northern pike
and yellow perch were found in the Wolf River.
Historically walleye has occurred in the lower Sand
River. Physical conditions and low flows limit the
suitability of the river for walleye spawning and
northern pike spawning and rearing.
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The Alberta Conservation Association, with the
Beaver River Watershed Alliance, has produced an
Index of Biological Integrity (IBI) for streams in the
Beaver River watershed, including the Sand River.
The IBI is based on fish community composition,
water chemistry and local habitat features.12 The
methodology is described in Chapter 3. Twelve sites
on the Sand River were surveyed. The sites extend
from within the Cold lake Air Weapons Range to the
confluence with the Beaver River. Calculated IBI
values for the Sand River range from 16 to 39. These
values can be considered moderate to poor, but
better than those observed on the Amisk River or
most of the Beaver River.
The IBI values tend to be higher as there is little
human disturbance in the sub-watershed. Riparian
zones tend to be healthier as the density of roads
and other linear features is generally low. There are
46 stream crossings in the Sand River subwatershed: 16 of these are in the Wolf River subwatershed and 9 in Lakeland. The ratio of crossings
to stream length is by far the lowest in the entire
Beaver River watershed.13 The percentage of the
sub-watershed devoted to cropland or cattle is low.
Very little land clearing has occurred since the mid1970s except for the area south of the confluence
with Punk Creek. Clearing in this area has been
significant.14
Fish surveys have been conducted for four lakes in
the Sand River sub-watershed. The species collected
are shown in Table 7.5. Lakes in the sub-watershed
currently fished commercially include Ipiatik,
Spencer, Wolf and Touchwood lakes. In all cases, the
target species is lake whitefish. Fishing seasons are
short. Ipiatik Lake, the origin of the Ipiatik River – a
Sand River tributary in the air weapons range – is not
fished annually. Details of the fishery for Seibert,
Touchwood and Pinehurst lakes are provided in
Chapter 8.
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Table 7.5

usual recreational species sought by anglers.15 In
1995, due to recreational overfishing, the walleye
fishery was classified as collapsed and catch-andrelease regulations implemented.16 Since that time,
the populations of walleye have recovered and the
lake is now managed with a novel Special Harvest
Licence, a draw for anglers similar to hunting draws
in Alberta. Successful applicants receive a licence
with a limited number of tags to harvest walleye.
These measures to manage recreational activity
have maintained a high quality recreational walleye
fishery. The pike fishery is considered vulnerable.

Fish Species in the Lakes of the Sand River
Sub-watershed.

Species

Spenser

Seibert

Touchwood Pinehurst

Wolf

Lake Cisco (Tullibee)
Lake Whitefish
Burbot
Northern Pike
Walleye
Yellow Perch
Brook Stickleback
Ninespine Stickleback
Spottail Shiner
Pearl Dace

Northern Redbelly Dace
Iowa Darter

A considerable portion of the Sand River subwatershed lies in the Moostoos Upland. The subwatershed is considered regionally important for
migratory birds. It offers staging habitat for ducks,
regionally important breeding habitat for several
colonial birds, and locally important staging habitat
for pelican. Wolf Lake supports regionally important
colonies of western grebe.17 For the most part,
migratory bird habitat in the Sand River subwatershed has been unaffected by human activity.

Longnose Sucker
White Sucker

Wolf Lake is managed for domestic, commercial
and sport fisheries, with an average of 19 domestic
licences issued annually. The size and species
composition of the domestic catch is not known.
A commercial fishery has existed on Wolf Lake since
at least 1942. The commercial harvest is less than
the set quota. Northern pike and walleye are the

Alberta Conservation Association
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Figure 8.1 Map of Lakeland
Sub-watershed.
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THE LAKELAND SUB-WATERSHED
The Lakeland sub-watershed shown in Figure 8.1 lies in the northwest part of the Beaver River watershed.
This 698 km2 area consists of the western tributaries of the lower Sand River, an important Beaver River
tributary. The 443 km2 Lakeland Provincial Recreation Area is almost entirely within this sub-watershed.
The sub-watershed lies in the Pinehurst Hills, part of the central mixed wood natural subregion, with a
small portion located within the Cold Lake Air Weapons Range. Lakeland features high hummocky hills,
gently rolling terrain, and lakes with sandy beaches.
species like moose, deer and woodland caribou, and
fur bearing animals such as river otter, wolf, lynx,
beaver and wolverine. Bird species range from
breeding waterfowl and birds of prey to songbirds.

SUMMARY
Landscape
Streams
Water Quantity

Lakes
Groundwater

Water use
Streams
Water Quality

Lakes
Groundwater
Streams

Aquatic Ecosystems
Excellent

Good

Most of the sub-watershed and almost all of the
recreational area is Crown land. Recreational
developments in the provincial recreational area
and some farmsteads near the Sand River constitute
the human occupancy and the sub-watershed
serves as an important recreational area for the
entire province of Alberta.

Lakes
Fair

Marginal

Poor

The entire sub-watershed is underlain by the dark
grey and silty marine shales with ironstone
concretions of the Lea Park Formation. Surficial
materials consisting of tills some 30 to 100 m in
thickness cover the bedrock. The sandy mineral
soils, which originated as glaciofluvial deposits, are
overlain with a thin layer of organic soils.
There is considerable white spruce-aspen or aspenwhite spruce mixedwood old-growth forest in the
sub-watershed. Smaller amounts of black spruce or
aspen old growth forest also occur. Jackpine occurs
in dry sandy areas and black spruce or tamarack in
poorly drained areas. There are few wetlands in the
sub-watershed because of the hilly topography.
The boreal mixedwood and old growth forest
supports a wide variety of wildlife that includes large

Lakeland Provincial Recreational Area
Lakeland Provincial Park and Lakeland
Provincial Recreation Area covers 590 km2.
Most of the provincial park, except for Helena
Lake, is outside the Beaver River watershed,
while most of the recreation area lies within
the Lakeland sub-watershed. The recreation
area, the largest such area in Alberta, provides
outdoor recreation opportunities while
affording some protection of natural
landscapes. Limited oil and gas extraction is
allowed in the recreation area. Selective
timber harvesting is also allowed. Much of the
recreation area is considered “backcountry.”
Principal lakes include Touchwood, Pinehurst,
Seibert, and Ironwood. Of these, only
Ironwood Lake is not in the Lakeland subwatershed.
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An interior lakes canoe circuit also provides
recreational opportunities. The 38 km circuit includes
Jackson, Kinnaird, Blackett, and McGuffin lakes and
is equipped with canoe carts. Roughed-in trails
provide connections to other lakes.
Landscape disturbance is almost exclusively due to
bitumen exploration. This has led to a slight
increase in cleared areas in the sub-watershed from
1976 to 2002.1 There are currently no forestry
operations. Additional disturbances include some
road development and small-scale agricultural
development, primarily grazing and forage
production, near the Sand River. There are only nine
stream crossings on access roads leading into the
recreational area.

WATER QUANTITY

0.12
0.10

Discharge (m3/s)

Lakes here provide many opportunities for waterbased recreational use. The focus for this use
includes a small portion of Lakeland Provincial Park
and most of Lakeland Provincial Recreational Area.
The recreation area has campsites and boat
launches at Touchwood, Pinehurst, Seibert and
Ironwood lakes, but no residential developments.
There are a small number of back-country campsites
at Touchwood, Pinehurst and Spencer lakes. The
only developed beach is on Touchwood Lake.

0.08
0.06

0.04
0.02
0
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Figure 8.2 Median Daily Flow of the Punk Creek for the
Period of Record.

local runoff and is then sustained by runoff from
the upper sub-watershed. Flows are stabilized by
outflows from the large lakes.
As shown in Table 8.1, the annual flow of Punk Creek
is less reliable than that of the Wolf River, an eastern
tributary of the Sand River. Flows of the Sand River
itself are much more reliable that the tributary flow.
The physical characteristics of the lakes in the subwatershed for which data exist are shown in Table 8.2.2
Although they are not in the Lakeland sub-watershed,
Helena and Ironwood lakes are included as they are in
the provincial park and in the recreation area,
Table 8.1

Surface Water

River

The 699 km2 Lakeland sub-watershed consists of
western tributaries flowing from the Pinehurst Hills.
Several intermittent streams flow into Spencer Lake
and an unnamed creek flows from the lake to the
Sand River. The situation concerning Siebert Lake is
identical. Punk Creek, which drains Touchwood and
Pinehurst lakes, joins the lower Sand River.
The median annual flow of Punk Creek is only
0.888 m3/s. Figure 8.2 shows the typical flow of the
creek for the short period of record. The stream
rises to a peak near the beginning of April due to
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Annual Streamflow Reliability in the Sand
River Sub-watershed.
Minimum
(1000 m3)

Median
(1000 m3)

Maximum
(1000 m3)

Sand River at the Mouth

Range as %
of Median

41 072

247 590

1 016 954

394

Wolf River at Outlet of
Wolf Lake

92

17 560

105 000

441

Punk Creek

94

24 450

117 838

481

Table 8.2
Lake

Physical Characteristics of Lakes in the
Lakeland Sub-watershed.
Drainage Surface Volume
Depth (m) Residence Water
Area
Area (1000 m3)
Time
Level
Mean Max
(km2)
(km2)
(Years) Condition

Spencer

99.9

17.1

4.1

7.0

Seibert

105

38

263 000

6.9

11.0

>100

no data

rising/stable

no data

Touchwood

140

29

430 000

14.8

40.0

20.0

Pinehurst

326

41

496 000

12.2

21.3

36.5

Helena

38.2

7.1

9.5

16.2

no data

Ironwood

99.4

9.8

8.5

16.0

declining
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Groundwater
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Figure 8.3 Levels of Lakeland Recreational Area Lakes.

respectively. Spencer Lake is also included but almost
all of the lake lies within the air weapons range.
Historical trends in lake levels are shown in Figure 8.3.
It is interesting to note that the level of Touchwood
Lake is rising slightly and that of Pinehurst Lake is
stable. The level of Ironwood Lake, which lies in the
upper Beaver sub-watershed, is decreasing.

WATER USE
Water use in the Sand River sub-watershed itself is
minimal, as shown in the previous chapter. There
are no water licences issued in the Lakeland subwatershed and only two surface water registrations
for 266 m3. Even under the assumption that all the
water allocated by registrations is consumed each
year, the annual water consumption is very small
compared to available supply. The quantity of water
consumed in this sub-watershed is not, therefore, a
concern.

Ducks Unlimited Canada

AESRD monitors water levels of Touchwood and
Pinehurst lakes. Streamflows and the levels of other
lakes in the sub-watershed are not monitored.

Buried paleovalleys and and buried bedrock
channels containing sands and gravels provide most
of the groundwater resources of the area. The Sand
River Channel closely parallels the Sand River and
lies at the eastern boundary of the Lakeland subwatershed and the Helina Valley passes to the
south. The shallow aquifers of the sub-watershed
meet domestic and livestock needs. There are no
groundwater monitoring wells in the Lakeland subwatershed.
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WATER QUALITY

Table 8.3

No samples for water quality analysis have been
taken for Punk Creek or any of the other small
streams in the Lakeland sub-watershed. The lakes all
contain water that is fresh, hard and well buffered.
As with the streams, the dominant ions are calcium
and bicarbonate. Water quality sampling has been
conducted on Seibert, Touchwood, and Pinehurst
lakes. AESRD conducted detailed surveys,
particularly in 1986-87. The lakes monitored all
exhibit strong thermal stratification. At times water
in the deepest portions of the lakes will be devoid
of oxygen.
In the last decade the Alberta Lake Management
Society's Lakewatch program has sampled
Touchwood Lake.3 This sampling program has
included analyses for physical attributes, nutrients
and metals. The results can be compared to CCME
Guidelines for the Protection of Freshwater Aquatic
Life. In some cases other CCME guidelines may be
used as the basis of comparison. The results
indicate no exceedances of the selected guideline.
While the monitoring data are sufficient to
characterize the major ion chemistry, trophic status
and occurrence of metals in lake water, the number
of samples available is insufficient to perform
detailed statistical analyses. Table 8.3 provides an
overview of the quality of each lake sampled.

Water Quality of Lakes in the Lakeland Subwatershed.4,5,6

Lake

Trophic
Status2

Spencer

n/a

Seibert

n/a

Touchwood

mesotrophic

Water Quality
Condition

174

n/a

9

n/a

318

n/a

17.7

4

154

stable

46

14.6

160

n/a

115

n/a

Ironwood

184

n/a

Pinehurst

eutrophic

AQUATIC RESOURCES
Fish surveys have been conducted for three lakes in
the sub-watershed. Table 8.4.7,8 shows the species
collected. Spencer and Touchwood lakes are
currently fished commercially; the target species is
lake whitefish.
Seibert Lake supported a small, intermittent
commercial fishery from the early 1900s to 1957 but
is currently managed as a domestic and sport
fishery. During the days of commercial fishing, cisco
and lake whitefish were commonly harvested. Cisco
is no longer found in the lake. Its main commercial
use in the sub-watershed was as animal food for
mink ranches in the Lac La Biche region. As the mink
ranching industry declined so did the cisco harvest.
The principal recreational fish harvested are
northern pike and walleye. Seibert Lake has a special
Table 8.4

Fish Species in the Lakes of the Lakeland
Sub-watershed.
Spencer

Seibert Touchwood Pinehurst

Lake Cisco (Tullibee)
Lake Whitefish
Burbot
Northern Pike
Walleye
Yellow Perch
Brook Stickleback
Ninespine Stickleback
Spottail Shiner
Iowa Darter

Longnose Sucker
White Sucker
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TDS
(mg/L)

Helena

Species

Like the surface water of the sub-watershed, the
groundwater has relatively high natural levels of
calcium and bicarbonate. The water is considered
hard because of high levels of calcium carbonate.
Total dissolved solids tend to exceed the aesthetic
objective of 500 mg/L, while chloride concentrations
tend to be below the objective of 250 mg/L.
Groundwater quality is not monitored in this subwatershed.

Total P Chlorophyl
(µg/L)
(µg/L)
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regulation for pike requiring all fish less than 90 cm
in length to be released. Prior to 1975, walleye was
considered abundant. Today fishing pressure has
increased and the population is considered
vulnerable.9 Lake whitefish are sometimes caught,
but are heavily infested with cysts.

migratory bird habitat in the sub-watershed has
been unaffected by human activity.12 The old
growth forests contain a diverse breeding stock of
boreal forest species, including 16 species of
warblers plus other neotropical landbirds.

Pinehurst Lake is managed for domestic and sports
fisheries. The target species for the small domestic
net fishery is lake whitefish. The commercial net
fishery essentially ceased with the 1972-73 harvest.
No licences were issued after 1976-77.11 Northern
pike and yellow perch are the usual sport fishery
species. The lake is intensely fished and there are
indications of overfishing with a trend to younger,
smaller fish.
The entire Lakeland sub-watershed lies in the
Pinehurst Hills and is recognized internationally as
an Important Bird Area. The sub-watershed is
considered important for its breeding stock of rednecked grebes, which comprises two percent of the
North American population. Touchwood Lake is
known for fall concentrations of loons and breeding
stocks of osprey and bald eagles. Siebert Lake is
known for large numbers of common mergansers
as well as for yellow-headed blackbirds and
common terns. Other water birds in Lakeland
include double-crested cormorants, American white
pelicans and Forsters terns. For the most part,

Ducks Unlimited Canada

Touchwood Lake is managed for domestic,
commercial and sports fisheries. Lake trout were
abundant before 1927, but they were eliminated by
the commercial fishery. Stocking proved unsuccessful.
Cisco is no longer harvested commercially. Walleye
and northern pike are the species most highly sought
by sport anglers. The walleye fishery was categorized
as collapsed in 1994. The fishery is now recovering,
showing characteristics of both a vulnerable and
stable fishery.10
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Figure 9.1 Map of Manatokan and
Jackfish Creek Sub-watersheds.
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THE MANATOKAN AND JACKFISH CREEK
SUB-WATERSHEDS
The Manatokan and Jackfish Creek sub-watersheds shown in Figure 9.1 are relatively small subwatersheds that rise in the Moostoos Upland near the southern boundary of the Cold Lake Air Weapons
Range and extend south to the Beaver River. The 431 km2 Manatokan sub-watershed is nestled among the
Sand River to the west, the Wolf River to the north and Jackfish Creek to the east. It begins in the high
hills south of Wolf Lake. The 553 km2 Jackfish Creek sub-watershed begins just within the air weapons
range. Both sub-watersheds extend south to the Beaver River.

SUMMARY
Landscape
Streams
Water Quantity

Lakes
Groundwater

Water use
Streams
Water Quality

Lakes
Groundwater
Streams

Aquatic Ecosystems
Excellent

Good

Lakes
Fair

Marginal

Poor

The terrain of both sub-watersheds is flat to
undulating to gently rolling. There are minor ridges
and knobs as well as numerous small swamps and
fens. Most of each one is underlain with the marine
shales and ironstone concretions of the Lea Park
Formation. The depth of till in the upper Manatokan
sub-watershed is 150 m while that in the upper
Jackfish Creek sub-watershed is 200 m. Closer to
the Beaver River the depths are about 50 m.
The headwaters are in the central mixedwood natural
region and the southern portions in the dry
mixedwood natural region. Thin grey soils dominate
the upper sub-watersheds. These soils are not
adequate for intensive agricultural development.

They are also sensitive to acidification from oxides of
nitrogen and sulphur associated with airborne
contamination.1 The lower portions of the subwatershed adjacent to the Beaver River features dark
grey to grey soils that are well-drained. The dominant
vegetation in the dry mixedwood natural region is
trembling aspen while both trembling aspen and
balsam poplar dominate to the north. Jack pine
grows in well drained sandy soils while white spruce
grows in imperfectly drained soils. Black spruce,
willows and sedges grow in poorly drained soils.
The Wolf Lake Provincial Grazing Reserve is a
119 km2 community pasture that lies mainly in the
Manatokan sub-watershed. It contains 56 km2 of
improved pasture, with the remainder being native
upland forest. Water bodies within the pasture
include Marguerite Lake and Osborne Creek. Only
the improved pastures in the reserve are fenced and
the development sets aside large areas for
watershed protection and wildlife habitat for
waterfowl, upland game birds and deer. The pasture
will support approximately 1972 cow-calf pairs, 190
yearlings and 57 bulls in a typical year. Development
of this former provincial reserve began in 1979; it
was privatized in 1998. Both recreationalists and
industrial heavy oil operations are allowed access to
the reserve under certain conditions.
There is a provincial recreational facility at Tucker
Lake. It is not well used because of relatively difficult

The State of the Beaver River Watershed

103

Chapter 9 – Manatokan and Jackfish Creek Sub-watersheds

Much of the Manatokan sub-watershed, with the
exception of the upper portion near Wolf Lake, has
been disturbed by human activity. Considerable land
clearing has occurred since the mid-1980s and only
one-half of the sub-watershed remains forested. The
Jackfish Creek sub-watershed north of Tucker Lake
retains its natural forest, while the areas closer to the
Beaver River have been cleared, much since the mid1980s. About three-quarters of the sub-watershed
remains forested.5

WATER QUANTITY
Surface Water
Manatokan Creek originates in the Wolf Lake
Provincial Grazing Reserve and flows generally
south as Osborne Creek before becoming
Manatokan Creek on leaving Manatokan Lake. The
creek then joins the Beaver River downstream of the
Sand River confluence. There are a few shallow
lakes in the sub-watershed such as Barbara Lake,
Osborne Lake and Manatokan Lake itself. A very
small stream draining Keith and Conn lakes joins
Manatokan Lake from the west. There are relatively
large areas of non-contributing drainage on the
east side of the creek, both in the headwaters and
near the Beaver River. Manatokan Creek runs briefly
in the spring, having minimal, if any, flow at other
times of the year. In 1988 it did not flow at all. The
streamflow record for Manatokan Creek is
insufficient to perform any analysis. Even in 1981,
the highest flow year in the record, the monthly
mean flow was less than 1 m3/s.
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access. Bourque Lake can now be accessed from
well-site roads and rough trails, but it has been used
in years past as a fly-in fishing camp for armed
forces personnel.2,3 There are two campgrounds on
the lake, one on the western shore and one on the
north shore. Many bitumen production pads are in
the vicinity of the lake, but none are within 300 m.4
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Figure 9.2 Median Flow of Jackfish Creek for the Period
of Record.

The Jackfish Creek system originates at the southern
boundary of the Cold Lake Air Weapons Range and
flows generally south to the Beaver River. The creek
flows through two lakes, Bourque Lake and Tucker
Lake and the flow is regulated to some extent by
those lakes. Jackfish Creek itself starts at Bourque
Lake; the lake’s tributaries are unnamed. There is
significant non-contributing drainage in the
Marguerite Lake area to the west of the Jackfish
Creek; much of the sub-watershed to the east of the
creek is also non-contributing, although a rivulet
from Leming Lake joins Tucker Lake, also known as
Little Jackfish Lake. Jackfish Creek, like Manatokan
Creek, is a very small stream. Figure 9.2 represents
the flow hydrograph for a median year. The creek
rises to a peak in late April and recedes throughout
the rest of the spring. Summer rains will lead to
increases in runoff, but winter flow is minimal.
Table 9.1 displays the reliability of Jackfish Creek
streamflow in comparison to other streams. The
flow is relatively reliable for such a small stream
because of the regulating effect of upstream lakes.
Annual water yield in these sub-watersheds is
relatively low, similar to that for the upper Beaver
sub-watershed.
Table 9.2 shows the physical characteristics of major
lakes. Bourque Lake is a sickle-shaped lake almost
30 m in depth. Tucker and Manatokan lakes are
much shallower.
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Table 9.1

Annual Streamflow Reliability of Jackfish
Creek.

River

Minimum
(1000 m3)

Median
(1000 m3)

Maximum Range as %
(1000 m3) of Median

Jackfish Creek near Le Corey

148

11 117

46 464

417

Beaver River near Goodridge

146

52 554

478 230

910

68 226

471 513

1 918 408

392

Beaver River at Cold Lake
Reserve

Table 9.2

Lake

Physical Characteristics of Lakes in the
Manatokan and Jackfish Creek Subwatersheds.
Drainage Surface Volume
Depth (m) Residence Water
Area
Area (1000 m3)
Time
Level
Mean Max
(km2)
(km2)
(Years) Condition
6.7

Manatokan

4.38

Bourque

4.97

42 000

8.4

27.4

6.3

19 000

2.9

8.2

310

Tucker

regulated
stable
2.8

stable

Ducks Unlimited Canada and the province built a
fixed crest timber weir at the outlet of Tucker Lake
in 1952. The intent was to raise the lake level by
0.3 m and use the storage to enhance downstream
marshes. By the early 1980s, the weir was in a state
of disrepair and DUC withdrew its interest in the
project. The levels of Tucker Lake are believed to be
stable, but are not routinely monitored. The lake is
considered to be one that gains water from
groundwater. Bourque Lake in the headwaters
neither gains nor loses water from groundwater.
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Figure 9.3 Water Levels of Manatokan Lake.

2000

Figure 9.3 depicts the water levels of Manatokan
Lake for the period of record. Despite the rebound
in levels in 1998 – a characteristic of many lakes in
the Beaver River watershed – there is a general
decreasing trend. There is a DUC control structure
with a fish-way near the lake outlet, but its
effectiveness requires evaluation.
The Water Survey of Canada monitors Jackfish Creek
under arrangements with Alberta. Streamflow data
were obtained for Manatokan Creek in the 1980s.
AESRD obtained levels of Manatokan Lake for many
years and recently began observations of Harold
Lake, which lies in non-contributing drainage in the
lower Jackfish Creek sub-watershed.

Groundwater
Buried paleovalleys and buried bedrock channels
containing sands and gravels contain most of the
groundwater resources of the area. The Helina
Valley, a buried pre-glacial channel, crosses the
upper portions of the sub-watersheds. The Sinclair
Channel, a tributary to the Helina Valley, runs
roughly parallel to Jackfish creek. Significant
groundwater sources include the Empress Unit 3,
the Muriel Lake, the Sand River and the Bonnyville
Unit 1 formations.
There are two GOWN long-term monitoring sites in
the Manatokan Creek sub-watershed and one in the
Jackfish Creek sub-watershed. One of the
Manatokan sub-watershed sites is south of
Marguerite Lake and the other is near Iron River
west of Manatokan Lake. The Jackfish subwatershed site is southeast of Bourque Lake. The
Marguerite Lake wells consist of an intermediate
depth well in the Muriel Lake aquifer and a deep
well in the Empress 3 Formation within the Sinclair
Channel. Both are confined aquifers. The Iron River
wells consist of an intermediate depth well set in
the Muriel Lake aquifer and a deep well in the

The State of the Beaver River Watershed

105

Chapter 9 – Manatokan and Jackfish Creek Sub-watersheds

Iron River: Longer-term Recorded Water Levels from 1990 to 2010 (Full Record Begins 1985)

Water Level Elevation
in Observation Well (m)
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Iron River: Longer-term Recorded Water Levels from 1990 to 2010 (Full Record Begins 1982)
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Figure 9.4 Water Levels at Iron River Observation Wells.

Empress 3 Formation within the Helina Valley.
Figure 9.4 displays water levels for the Iron River
wells; the levels at the Marquerite Lake site are very
similar. The Bourque Lake wells consist of an
intermediate depth well in the Muriel Lake aquifer
and a deep well and a deep well in the Empress 1
Formation within the Helina Valley. An additional
GOWN deep well was installed more recently north
of Manatokan Lake in the Empress 3 Formation.
There are also six groundwater monitoring wells in
surficial aquifers, four in the Sand River Formation
and one in the Bonnyville Formation. These are
operated by industry.

WATER USE
Water allocation in the sub-watershed is shown in
Table 9.3. There are 13 surface water licences
allocating 11 412 090 m3 and 164 registrations
allocating 38 865 m3 in the Manatokan Creek subwatershed. In addition, there are 11 licences
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allocating 342 026 m3 and 86 registrations allocating
18 068 m3 in the Jackfish Creek sub-watershed.
About 96 percent of the water allocated relates to
stabilization of Barbara and Manatokan lakes for
Ducks Unlimited Canada projects in the Mantokan
Creek watershed. A much smaller lake stabilization
licence uses Jackfish Creek water to stabilize Two Mile
Lake. As discussed in Chapter Two, consumption
attributable to the lake stabilization licences is much
lower than the allocation. The total consumption
would be no more than 535 000 m3, which would
still constitute the largest single surface water use in
the two sub-watersheds. About 100 000 m3 of water
is used in commercial and industrial activities related
to bitumen production and is considered consumed.
Water provided through registrations is also
consumed. Based on these quantities, water
consumption in the Jackfish Creek sub-watershed is
no more than five percent of the median flow. Since
1985 provincial policy has not allowed licensed
withdrawals from Manatokan and Tucker lakes.
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Table 9.3
Purpose

Water Allocation from Surface and
Groundwater (m3).
Surface Water
MANATOKAN

Municipal
Agriculture

Groundwater

JACKFISH

MANATOKAN

JACKFISH

0

0

4940

7300

17 200

0

38 240

29 620

Commercial

0

44 400

0

0

Industrial

0

63 266

0

2 920 000

11 394 890

234 360

91

0

38 865

18 068

30 913

19 738

11 450 955

360 094

74 184

2 976 658

Other
Registration
Totals

There are 10 groundwater licences allocating
43 271 m3 in the Manatokan Creek sub-watershed
and 16 licences allocating 2 956 920 m3 in the
Jackfish Creek sub-watershed. There are 32
registrations allocating 30 913 m3 in the Manatokan
Creek sub-watershed and 24 registrations allocating
19 738 m3 in the Jackfish Creek sub-watershed.
Groundwater use is dominated by a 2 920 000 m3
licence granted to Imperial Oil. The licence covers a
five-year period ending in 2016. The groundwater
withdrawals are all from unnamed aquifers.

WATER QUALITY
Manatokan Creek was sampled in 1983-84 near its
confluence with the Beaver River. Analyses were
completed for physical attributes, major ions,
bacteria, nutrients and metals. Alberta Environment
sampled Jackfish Creek at the outlet of Tucker Lake in
1979-81, at the outlet of Bourque Lake in 1981, and
near the confluence with the Beaver River in 1983-84.
Analyses were completed for physicals, major ions,
bacteria, and nutrients. In addition, analyses for
metals were obtained near the Beaver River
confluence. In 1997, the province sampled Jackfish
Creek upstream of Tucker Lake and analysed for
metals, pesticides and organic compounds in addition
to the usual analyses.
As part of the environmental monitoring associated
with its Cold Lake operations, Imperial Oil Resources
carries out a program of streamflow measurement

and water quality sampling in the vicinity of Bourque
Lake. Sampling locations include four sites on
tributary streams to Bourque Lake, the north and
south basins of the lake, Jackfish Creek at the outlet
of the lake, and Jackfish Creek downstream of
Imperial’s Mahihkan Plant. The results of the
monitoring indicate no effects on water quality from
Imperial’s operations. There are, however, elevated
levels of phosphorus, iron and manganese in the
tributaries leading into Bourque Lake. Based on 10
years of analytical results, there are no detectable
trends in the water quality of Jackfish Creek.6
The permanent lakes of the two sub-watersheds
contain water that is fresh, hard and well buffered.
The only lake in the Manatokan sub-watershed
where water quality samples have been obtained is
Manitokan Lake. Only one sample was obtained in
1993 and analysed for physical components and
major ion chemistry. There are concerns about
increasing nutrient concentrations in the lake due to
upstream agricultural activity.7,8
Bourque Lake was extensively sampled from 1979 to
1984; the lake is currently monitored as part of the
Imperial Oil monitoring described earlier. It strongly
stratifies each year, is fairly turbid, and has elevated
levels of manganese. Analytical results based on 10
years of sampling indicate an increase in pH over the
last decade and a decrease in total nitrogen.9
Tucker Lake was sampled extensively from 1979 to
1982 and sporadically from 1986 to 2006.
The dominant ions are bicarbonate, calcium,
magnesium, and sodium. The data show increases in
alkalinity and pH values. The arsenic level of Tucker
Lake approaches CCME Guidelines in some years. As
stated earlier, the lake is one that gains water from
groundwater and the groundwater of the subwatershed contains elevated concentrations of
arsenic. The trophic status of a few lakes is shown in
Table 9.4. Tucker Lake weakly stratifies in some
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Table 9.4
Lake
Manatokan

Water Quality of Lakes in the Manatokan and
Jackfish Creek Sub-watersheds.
Trophic
Status

Total P Chlorophyl
(µg/L)
(µg/L)

mesotrophic

Leming

eutrophic

Tucker

eutrophic

Transparency
(m)

172

eutrophic

Bourque

TDS
(mg/L)

22.2

7

187

3.5

70.6

26

210

1.1

summers.10 The phosphorous budget was determined
in 1982. At that time, 75 percent of the lake’s
phosphorous originated from internal sources, largely
through re-suspension of sediments.
A small number of water quality samples have been
obtained at the GOWN wells in the subwatersheds. Like the surface water of the subwatershed, the groundwater has relatively high
natural levels of bicarbonate, sodium and sulphate.
Total dissolved solids tend to exceed the aesthetic
objective of 500 mg/L. Chloride concentrations
tend to be below the objective of 250 mg/L. The
water is considered hard because of high levels of
calcium carbonate. Groundwater quality is not
routinely monitored in the Manatokan Creek subwatershed.
A 2009 study examined increasing uranium
concentration in shallow wells in the Jackfish Creek
sub-watershed. A similar study was also conducted in
the Muriel Creek sub-watershed near Bonnyville. Wells
at both study areas have been found to contain
uranium concentrations in excess of Canadian
Drinking Water Quality Guidelines. Uranium occurs
naturally in the earth’s crust and can enter the aquatic
environment through weathering and erosion.
Uranium exists in two states and is many times more
soluble in water in its oxidized state. The primary
source of uranium in the groundwater wells was
found to be natural, that is weathering of clay and till
deposits. Possible sources such as produced water or
fertilizers were found to be unlikely. The increasing
concentrations of uranium in water from the deeper
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wells are the result of poorly completed wells that
allow oxygen-bearing water from shallow wells to mix
with water from deeper wells. This oxygen then leads
to conversion of existing uranium into the more
soluble form. The problem can be considered a
regional, not just local, problem.11 A comprehensive
study examining the source, extent and mobility of
uranium has been completed.

AQUATIC RESOURCES
Low flows in Manatokan Creek and to a lesser extent
in Jackfish Creek lead to isolated spawning habitat
for sportfish species. In general, the streams of these
sub-watersheds currently have low fish productivity
and there is little or no sport fishing. In high water
years, these streams are essential to maintaining
biodiversity of the Beaver River watershed as they
are used to spawn and rear infrequent but highly
important year classes of fish.
Riparian values in the Manatokan Creek subwatershed are impaired by cattle grazing. The two
sub-watersheds have a relatively low number of
stream crossings for each kilometre of stream
length. The value for the Manatokan Creek subwatershed is 0.158 and that for the Jackfish Creek
watershed is 0.181. Several culverts in the
Manatokan Creek sub-watershed are undersized and
four are a concern for fish passage. Similarly a few
culverts in the Jackfish Creek sub-watershed are
undersized and three culverts and two bridges are a
concern for fish passage.12
In 2006, the Lakeland Industry and Community
Association (LICA) and the Alberta Conservation
Association (ACA) carried out a riparian zone
assessment of Tucker Lake. Video footage of each
lake’s shoreline obtained by aircraft was assessed
using pre-determined criteria. The results indicated
that over 99 percent of the lake’s riparian zone was
considered healthy.13
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There are other pressures on the land base,
particularly in the Jackfish Creek sub-watershed, from
activities such as random camping, unpermitted
firewood cutting, and use of off-road vehicles. The
region between Tucker Lake and Crane Lake in the
Cold Lake sub-watershed is particularly prone to
ecological damage from off-road vehicles. These
activities are significant enough to raise concerns for
the land and for potential effects on aquatic
ecosystems.

Table 9.5

Fish Species in the Lakes of the Manatokan
and Jackfish Watersheds.

Species

Manatokan

Bourque

Tucker

Lake Cisco (Tullibee)
Lake Whitefish
Burbot
Northern Pike
Walleye
Yellow Perch
Spottail Shiner
Brook Stickleback

Ninespine Stickleback

Fish species in the lakes of the two sub-watersheds
are shown in Table 9.5. Manatokan Lake is used only
for sport fishing, with yellow perch being the target
species. Physical habitat for perch and pike is
considered poor during years with low water levels.
Fish passage during high water from the Beaver River
to the lake is impaired by poor culvert placement and
a Ducks Unlimited Canada (DUC) control structure
near the lake outlet. The lake experienced a major
fish kill in the mid-1990s. Since that time it has been
re-stocked and managed only for yellow perch. The
pike fishery is considered collapsed.14

Fathead Minnow

Lake Chub
Iowa Darter

Longnose Dace
White Sucker

Bourque Lake has a domestic fishery and a
recreational fishery. Physical habitat is considered
reasonably good although the landscape has been
fragmented by bitumen development. Only three
domestic licences are issued annually. Commercial
fishing ceased in 1990 as there was too much
unintended bycatch of sportfish by gill-nets. Since
2006 the walleye fishery has recovered to vulnerable
status.15 The pike fishery is also considered
vulnerable. There are relatively few perch in the lake.

Ducks Unlimited Canada

Tucker Lake is currently managed for its sport
fishery. Typically only one domestic fishing licence is
issued each year. Commercial fishing ceased in 1990
because of conflicts with the recreational fishery.
The physical condition of pike and perch habitat is
considered good. The former DUC control structure at
the lake outlet has been replaced with a more natural
rockfill sill that allows fish passage. The pike fishery is
considered vulnerable.
Manatokan Lake is regionally important for eared
grebe breeding habitat.16 This habitat is becoming
degraded because of increased land clearing and
lower water levels. Habitat is stable at Tucker Lake.
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THE MARIE CREEK SUB-WATERSHED
The Marie Creek sub-watershed originates in the Moostoos Upland within the Cold Lake Air Weapons
Range and extends generally south to join the Beaver River at Canadian Forces Base (CFB) – Cold Lake.
Marie Lake, just west of Cold Lake, is a dominant feature of the sub-watershed, shown in Figure 10.1.

areas of the central mixedwood region. During the
normal process of vegetation succession, white
spruce and eventually balsam fir can be expected to
replace the deciduous forest.

SUMMARY
Landscape
Streams
Water Quantity

Lakes
Groundwater

Water use
Streams
Water Quality

Lakes
Groundwater
Streams

Aquatic Ecosystems
Excellent

Good

Lakes
Fair

Marginal

Poor

The sub-watershed topography is flat and
depressional to gently rolling, with minor ridges
and knobs. Most of it is underlain by the marine
shales and ironstone concretions of the Lea Park
Formation. Surficial materials consist of low
permeability tills. The depth of till over the bedrock
is generally about 50 to 100 m. In the vicinity of
Marie Lake it may be up to 150 m in depth.
Much of the sub-watershed lies in the central
mixedwood natural region. South of Marie Lake, the
sub-watershed is in the dry mixedwood natural
region. The thin, sandy grey soils of the well-drained
uplands sustain aspen forests, with balsam poplar
occurring in moister sites in low-lying areas and along
streams. White spruce stands occur infrequently and
jackpine grows in well-drained sandy locations. Black
spruce or tamarack are common in poorly drained

The sub-watershed contains significant areas of
fens and open water. The upland is forested for the
most part, although there is some land clearing for
agriculture near the Beaver River. This clearing has
increased since 1984 but, even now, the quantity of
cleared land is less than 20 percent of the area of
the sub-watershed.1
There is a 20 km2 Cold Lake First Nations Reserve on
the west shore of Cold Lake that extends into the
Marie Creek sub-watershed. This reserve is considered
as compensation for reserve lands taken for the
establishment of Canadian Forces Base (CFB) – Cold
Lake. Marie Creek flows through the base to its
confluence with the Beaver River.
The base and, indeed, most of the City of Cold Lake
lie in the sub-watershed. The city was formed by the
merger of the towns of Cold Lake, Grand Centre and
Medley (CFB – Cold Lake) on October 1, 1996. The city
is the largest community in the entire Beaver River
watershed. Its economy is sustained by CFB – Cold
Lake and by oil and gas exploration and production.
Marie Lake and Hilda Lake are part of Imperial Oil
Resources Cold Lake Operations area. Canadian
Natural Resources and Shell also operate in the area.
There is some recreational use of May Lake but
access is difficult. Marie Lake offers several private
campgrounds and other water-based recreation
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opportunities. Crane (Moore) and Ethel lakes offer
camping and water-based recreation. There are
small cottage and campsite developments on Hilda
and Ethel lakes. The very high recreational values of

these lakes, combined with intensive bitumen
operations in the sub-watershed, has the potential
to lead to environmental and water use conflicts.

WATER QUANTITY
Surface Water

Canadian Forces Base – Cold Lake
In 1952, the Royal Canadian Air Force chose a
new site for an air base that was to become
4 Wing Cold Lake. Considerations in choosing the
site included factors such as population density,
accessibility, weather, possible future development of resources, and suitability of land for
aerodrome construction. The site near the former
town of Grand Centre was finally chosen because
of its advantages of adequate drainage, flat terrain, nearby gravel deposits and weather. The
base became operational on March 31, 1954.
In 1953, the federal government signed a lease
agreement with the provinces of Alberta and
Saskatchewan for the use of a 180 km by 65 km
tract of land as an air weapons range. The Cold
Lake Air Weapons Range (CLAWR) has evolved to
the point where it is considered to be one of the
finest facilities of its kind in the world. Several
factors unique to the CLAWR make it an ideal
choice for combined air operations training. The
heavily forested terrain with numerous lakes
resembles European topography and differs from
conditions elsewhere in North America.
Currently, the base is home to 2000 military
and 500 civilian personnel.
Table 10.1 Physical Characteristics of Lakes in the Marie
Creek Sub-watershed.2
Lake

Burnt

4.38

3.7

9.1

May

3.0

5.6

14.5

declining

500

37.0

484 000

14.0

26.0

13.1

stable

53

9.9

77 400

8.3

25.9

11.4

regulated

Hilda

90

3.4

22 600

4.4

12.2

11.3

stable

Ethel

634

4.7

32 200

6.6

30.0

7.0

regulated

Marie

Crane (Moore)
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Drainage Surface Volume
Depth (m) Residence Water
Area
Area (1000 m3)
Time
Level
Mean Max
(km2)
(km2)
(Years) Condition

The 834 km2 Marie Creek sub-watershed originates
with Burnt Lake and its tributary streams in the air
weapons range. It then flows generally south through
May Lake to Marie Lake. Several small tributaries flow
directly into Marie Creek from the northeast. The
creek then flows through Ethel Lake on the way to the
confluence with the Beaver River. A significant
tributary beginning at Crane Lake and flowing
through Hilda Lake joins Ethel Lake from the west.
Streamflow records for Marie Creek are minimal.
Based on limited information, the creek rises to a
peak in April then recedes through the remainder of
the year. Summer rains will lead to increased flows.
Annual water yield tends to be similar to that for
adjacent Jackfish Creek; that is, it is relatively low.
Not enough data are available to describe the
reliability of the annual flow. Like Jackfish Creek,
storage provided by the lakes in the Marie Creek
sub-watershed, particularly those on the main stem
of the river, will improve streamflow reliability. The
situation would change dramatically should the
lake water level drop below the outlet sill of the lake
during a series of dry years.
The physical characteristics of lakes in the subwatershed are shown in Table 10.1. Burnt Lake in
the headwaters is considered as losing water to
groundwater, as is Marie Lake. Crane, Hilda and
Ethel lakes are considered gaining lakes.
The annual hydrographs for the lakes in the lower
portion of the sub-watershed are shown in Figure
10.2. Marie Lake is a large lake having a long
residence time and exhibits generally stable water
levels. Crane Lake is regulated and has fairly stable

The State of the Beaver River Watershed

Chapter 10 – Marie Creek Sub-watershed

Water Level (m)

576
575
574
573
572
551
550
549
548
547
546
543
542
541
540
539
1980

Marie
Crane

1985

1990

1995

2000

2005

Hilda
Ethel

watershed near Marie Lake. The Sinclair buried
channel, a tributary to the Helina Valley, runs roughly
parallel to Marie Creek. Groundwater sources include
the Empress Unit 3, Muriel Lake, which lies within the
buried valleys and channels, and the Bonnyville
Unit 1 and Sand River formations. These aquifers are
productive and can sustain large industrial uses. The
surficial aquifers of the sub-watershed tend to be
suitable only for domestic needs. Groundwater flows
tend to be east towards Cold Lake.

2010

Figure 10.2 Water Levels in the Lower Marie Creek Subwatershed.

levels. In 1952 Ducks Unlimited Canada (DUC) and
the provincial government constructed a rock and
timber weir at the outlet of the lake to improve
duck breeding habitat and to ensure year-round
flow downstream. By 1982, the weir had fallen into
disrepair and DUC replaced it with an earthen
structure at elevation 549.5 m.3 Modifications have
since been made to enable fish passage.
In 1980, Imperial Esso constructed a weir at the
outlet of Ethel Lake to raise water levels over their
water intakes. AESRD replaced this weir in 1986
with a sheet-piling structure with a higher sill
elevation. The new weir was also equipped with a
Denil II fishway. That weir has since been lowered.
Levels of Ethel Lake can also be affected by beaver
dams downstream on Marie Creek.
AESRD monitored the flow of Marie Creek at the
outlet of Ethel Lake in 1981-82. The Water Survey of
Canada monitors the levels of Marie, Crane, Hilda,
and Ethel lakes under arrangements with Alberta.

Groundwater
The paleovalleys and buried bedrock channels
containing sands and gravels provide most of the
groundwater resources of the area. The Helina Valley,
a buried pre-glacial channel, crosses the sub-

AESRD’s GOWN network has long-term sites on
both the west and east sides of Marie Lake. The
west site, known as the Esso Seismic site, has a

Bitumen Recovery
The Beaver River watershed contains considerable
hydrocarbon resources. In the southern part of
the watershed, oil can be recovered using
conventional cold flow methods. The principal
resource, however, is the bitumen associated
with oil sands. These sands are found in the
Clearwater Formation several hundred metres
below the surface. The recovery process requires
considerable quantities of water to produce
some 315 000 barrels a day of bitumen.
Water is used to make steam, which is used to
heat bitumen so that it can be pumped to the
surface. Two methodologies are used: cyclic
steam stimulation or steam-assisted gravity
drainage. Producing one barrel of oil requires
about 0.7 barrel of water. Water efficiency
measures by the industry have led to only 10 to
20 percent of that water being fresh water. Other
water used includes produced water – a byproduct of the recovery process – and brackish or
saline water from deep aquifers below the level
of the oil-producing sands. A proposed project
north of Cold Lake will not use any fresh water
for steam generation.
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Marie Lake: Longer-term Recorded Water Levels from 1990 to 2010 (Full Record Begins 1985)
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Figure 10.3 Water Levels at Marie Lake Observation Wells.

deep well in the upper Muriel Lake confined
aquifer within the Helina Valley. The east site,
known as Marie Lake, also has one deep well in the
Empress 1 Formation – a confined aquifer in the
Helina Valley – and a second at an intermediate
depth in the Muriel Lake confined aquifer. As
shown in Figure 10.3, the long-term record at
Marie Lake indicates stable water levels. Levels at
the sites west of Marie Lake are also stable.

There are seven groundwater observation wells in
the surficial aquifers near Ethel Lake, five in the
Ethel Lake formation near Marie and Ethel lakes,
eight in the Bonnyville Unit 1 Formation, many in
the Muriel Lake and Empress 1 and 3 formations,
and several deep wells in bedrock. These are
operated by industry.

Ducks Unlimited Canada

WATER USE
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There are 14 water licences and 44 registrations
allocating 778 828 m3 in the Marie Creek subwatershed. More than one-half of the water
allocated is for Maloney Lake stabilization. A further
20 percent of the water allocated is for a DUC
wetlands enhancement project at Hilda Lake. The
remaining surface water uses relate to the bitumen
operations. There has been a moratorium on new
water licences from May Lake since 1985. As
discussed in Chapter Two, no more than one tenth
of the water allocated to lake stabilization can be
considered as consumed. Assuming all of the other
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Table 10.2 Allocation from Surface and Groundwater
(m3).
Purpose

Surface Water

Groundwater

Municipal

0

0

Agriculture

0

4940

Commercial

0

2460

Industrial

185 100

40 000

Other

583 620

41 975

10 108

12 719

778 828

102 094

Registration
Totals

allocated surface water is consumed, this
consumption is equivalent to a few millimetres from
the surface of Marie Lake.
There are 7 groundwater licences and 15 registrations
allocating 102 094 m3 in the Marie Creek subwatershed. Almost all of this allocation relates to
two contingency licences for steam injection for use
by Imperial Oil when Cold Lake water levels are
below 534.62 m. Allocations from surface and
groundwater are shown in Table 10.2.

WATER QUALITY
Alberta Environment sampled several locations in
the Marie Creek sub-watershed in 1979 to 1981.
The sites included the May Lake outlet in the upper
portion, the Marie Lake outlet, the outlets of Moore
(Crane) and Hilda lakes, and the inlets to Ethel Lake
from both Marie Creek and from Hilda Lake. Marie
Creek above Ethel Lake has been sampled in the
1990s and Marie Creek near its confluence with the
Beaver River was sampled from 1983 through 2004.
As part of its water quality monitoring program for
its Cold Lake operations, Imperial Oil has obtained
samples from Marie Creek, several tributaries and
from several lakes in the sub-watershed.
Analytical results are available for major ion
chemistry, physical attributes, nutrients, and
bacteria. Analyses were completed for metals,
pesticides and organic compounds for Marie Creek
above Ethel Lake. The streams have relatively high
natural levels of calcium and bicarbonate. The

water is considered hard because of high levels of
calcium carbonate. Generally, the monitored
streams in the sub-watershed exhibit frequent
exceedances of iron and manganese guidelines and
occasional exceedances of other guidelines. There
are statistically significant decreasing trends in TDS,
total nitrogen and organic carbon in Marie Creek
downstream of Ethel Lake.4
The lakes of the sub-watershed contain water that
is fresh, hard, and well buffered. The dominant ions
are bicarbonate and calcium. May Lake was
sampled in 1979-80 and again in 1986, Marie Lake
in 1979-2008, Crane Lake in 1979-2007, Hilda Lake
in 1979-2006, and Ethel Lake in 1979-83. Analytical
results are available for major ion chemistry,
physical attributes, and nutrients. Results are
summarized in Table 10.3. Crane and Hilda lakes
have shown increases in total dissolved solids and
have become more saline over the years. Crane Lake
has increases in alkalinity, pH, TDS, and
transparency and a decrease in chlorophyll. On the
other hand, Ethel Lake shows decreases in TDS and
in salinity.5 Arsenic concentrations in Crane Lake are
higher than those within other lakes in the subwatershed, but are still lower than CCME
Guidelines.6 This could be attributed to an
increasing proportion of inflow from groundwater.
May, Marie, Hilda, and Ethel lakes thermally stratify.
As part of the environmental monitoring associated
with its Cold Lake operations, Imperial Oil Resources
conducts a program of streamflow measurement
and water quality sampling in the Marie Creek subTable 10.3 Water Quality of Lakes in the Marie Creek
Sub-watershed.
Lake

Trophic
Status

Total P Chlorophyl
(µg/L)
(µg/L)

TDS
(mg/L)

Transparency
(m)

Water Quality
Condition

May

mesotrophic

30.0

12.0

137

2.3

stable

Marie

mesotrophic

15.7

5.0

148

4.0

stable

Crane

eutrophic

24.2

7.0

500

3.0

stable

Hilda

mesotrophic

24.0

7.0

500

2.5

stable

Ethel

mesotrophic

25.0

8.0

172

3.0

improving
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watershed. Sampling locations include May, Marie,
Hilda, and Ethel lakes as well as 12 sites on streams
leading into and out of these lakes. There are,
however, elevated levels of iron and manganese in
the tributary streams. Analytical results from the
lake samples indicate an increase in total dissolved
solids and decreasing trends in total nitrogen and
total organic carbon in May Lake. There are
increases for alkalinity and TDS and decreases in
chlorophyll for Marie Lake. There is an increasing
trend in alkalinity and TDS for Hilda Lake and
decreases in phosphorous and chlorophyll. There
are decreasing trends in alkalinity, TDS, total
nitrogen, chlorophyll, and phenols and increases in
pH at Ethel Lake.7 Water quality in the subwatershed does not appear to be affected by
bitumen recovery operations.8
The phosphorous load to Ethel Lake originates
largely from internal sources such as re-suspension
of sediments. This accounts for 69 percent of the
load, atmospheric sources 15 percent, residential
areas 12 percent, and inflow from other lakes
5 percent.
A small number of water quality samples have been
obtained from GOWN wells. Sampling has also
been carried out at industry wells. Like the surface
water of the sub-watershed, the groundwater has
relatively high natural levels of calcium and
bicarbonate. The water is considered hard because
of high levels of calcium carbonate. Concentrations
of iron are also present in the groundwater of the
sub-watershed. Groundwater quality can be
considered good and generally unchanging.
Table 10.4 Riparian Health of Marie, Crane, Hilda and
Ethel Lakes (percent).
Lake
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Healthy

Moderately Impaired

Highly Impaired

Marie

82

9

9

Crane

79

7

14

Hilda

78

13

9

Ethel

80

11

9

AQUATIC RESOURCES
Marie Creek provides an important pathway for fish
and fish genetic flows between several lakes in the
sub-watershed. It also provides essential spring
spawning habitat for several species such as
walleye, northern pike and white sucker. In some
years, low flows can lead to watershed
fragmentation and isolated spawning habitat.
There are 49 stream crossings in the sub-watershed,
all but three of them downstream of Marie Lake.
Overall, the number of crossings for a kilometre of
stream length is 0.151.
There are pressures on the land base from activities
such as random camping, unpermitted firewood
cutting and use of off-road vehicles. The region
between Crane Lake and Tucker Lake in the Jackfish
Creek sub-watershed is particularly prone to
ecological damage from off-road vehicles. In situ
bitumen development and agricultural development
in the lower part of the sub-watershed add to
pressures on the landscape. These activities are
significant enough to raise concerns for the land and
for potential effects on aquatic ecosystems.
Oxygen depletion during low flows impairs habitat.
The riparian habitat upstream of Ethel Lake can
generally be considered healthy. There are impaired
riparian areas in the lower sub-watershed where
grazing has been established. In 2006 the Lakeland
Industry and Community Association (LICA) and the
Alberta Conservation Association (ACA) carried out
a riparian zone assessment of four lakes. Video
footage of each lake’s shoreline obtained by aircraft
was assessed using pre-determined criteria. Results
for each lake are summarized in Table 10.4.9
The impaired riparian areas of the Marie Lake
shoreline are fairly evenly distributed along the
lake’s shoreline. Those of Crane Lake are associated
with recreational developments at the western end
of the lake along the southern shoreline. The
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northern shorelines of both Hilda and Ethel lakes
contain most of their impaired areas.
The fish species in several lakes of the subwatershed are shown in Table 10.5.

Table 10.5 Fish Species in the Lakes of the Marie Creek
Sub-watershed.
Species

Burnt

May

Marie

Crane

Hilda

Ethel

Lake Cisco (Tullibee)
Lake Whitefish
Burbot

There is no recreational fishery in Burnt Lake owing
to restrictions imposed because it lies within the
Cold Lake Air Weapons Range. At present, the First
Nations domestic fishery requires only one licence a
year. The lake is fished commercially every second
year, with lake whitefish being the target species.
Walleye and pike populations are considered stable
and habitat is good.
May Lake is managed for domestic and sport
fisheries. There are only two active domestic licences.
The walleye fishery is considered collapsed and the
pike fishery vulnerable. A trophy pike designation
was removed in 1999. Low flows in connecting
streams have led to habitat fragmentation and
affected the use of streams as fish travel corridors.
Marie Lake has been managed for domestic,
commercial and sport fisheries, and has been
stocked with walleye from time to time. There are
fewer than nine domestic licenses issued in a typical
year. The commercial fishery has not been active
since 1981 and a season is no longer scheduled. The
walleye and pike fisheries are now both considered
vulnerable. In 2004 the pike fishery was considered
stable.10 The physical condition of pike, perch and
walleye habitat is considered good.
Ethel Lake has been managed for domestic,
commercial and sport fisheries. Only about seven
domestic licences are currently being used. The
commercial fishery was opened in 1944-45. Initially,
the target species was cisco but more recently has
been whitefish. The fishery was suspended in 2003-04
for several years. Currently, the lake is opened to
commercial fishing every second year but there are
few participants. The walleye fishery is considered

Northern Pike
Walleye
Yellow Perch
Brook Stickleback
Ninespine Stickleback
Lake Chub
Spottail Shiner

Pearl Dace
Fathead Minnow

Longnose Dace
Finescale Dace

Northern Redbelly Dace
Trout-perch

Iowa Darter
Longnose Sucker

Logperch
White Sucker

collapsed while the pike fishery is vulnerable. Habitat
is naturally limited for some species because of the
size of the lake. Some shoreline change arising from
recreational and agricultural development has
occurred along the lakeshore.
Crane Lake is managed as a domestic and
recreational fishery although no domestic licences
have been issued in recent years. The lake was
fished commercially more than 50 years ago. The
perch fishery is considered moderate and comprises
most of the recreational catch. The pike and walleye
fisheries are considered vulnerable and collapsed,
respectively. Physical habitat is considered good for
pike and perch and poor for walleye. Shoreline
cabin development is creating some pressure.
Hilda Lake has been managed for domestic and
sport fisheries although domestic licences are rarely
issued. Recreational use is considered moderate to
high. A mercury warning limiting consumption of
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pike and walleye was issued in 1985. The pike and
walleye fisheries are considered vulnerable. Pike
habitat is considered good, while walleye habitat is
considered poor.
Both the Moostoos Upland of the upper subwatershed and the Beaver River Plain of the lower
sub-watershed provide habitat for ducks and
colonial birds. Bird populations and species counts
for Crane, Hilda, Ethel, and Marie lakes are
considered stable.

ENDNOTES
1

Komex International Limited 2004. Lakeland Region
Watershed Study: Phase II Beaver River Basin
Landcover and Hydrology Study. Komex International
Limited, Calgary, AB.

2

Prepas, E. and P. Mitchell 1990. Atlas of Alberta
Lakes. University of Alberta Press, Edmonton, AB.
Accessed on-line.

3

Prepas, E. and P. Mitchell 1990. Atlas of Alberta
Lakes. ibid

4

Amec 2011. 2010 Regional Surface Water Quality
Monitoring Program and Trend Analysis: Cold Lake
Operations. Report to Imperial Oil Resources. Amec
Earth & Environmental, Calgary, AB.

5

Casey, R. 2011. Water Quality Conditions and LongTerm Trends in Alberta Lakes. Alberta Environment
and Water, Edmonton, AB.

6

Alberta Lake Management Society 2009. Crane
(Moore) Lake 2009 Report. Alberta Lake Management
Society, Edmonton, AB.

7

Casey, R. 2011. Water Quality Conditions and LongTerm Trends in Alberta Lakes. ibid

8

Amec 2011. 2010 Regional Surface Water Quality
Monitoring Program and Trend Analysis: Cold Lake
Operations. supra

9

LICA 2007. LICA Annual Report 2006. Lakeland
Industry and Community Association, Bonnyville, AB.

10

Patterson, B. and M. Blackburn 2004. Status of
Walleye and Northern Pike Sport Fisheries at Marie
Lake, Alberta, 2004. Alberta Conservation
Association, Edmonton, AB.

Return to Table of Contents

120

The State of the Beaver River Watershed

CHAPTER ELEVEN
THE MURIEL CREEK
SUB-WATERSHED

The State of the Beaver River Watershed

Chapter 11 – Muriel Creek Sub-watershed

5

0

5

10

Kilometres

MURIEL
CREEK
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THE MURIEL CREEK SUB-WATERSHED
The Muriel Creek sub-watershed shown in Figure 11.1 extends from the very south of the Beaver Lake
watershed to near the confluence of Marie Creek with the Beaver River, adjacent to the Canadian
Forces Base at Cold Lake. Muriel Lake is the dominant feature of the sub-watershed. To the west of
the lake lies Sinking Lake, a large non-contributing portion of the sub-watershed. Indeed, several of
the streams of the Muriel Creek sub-watershed could be considered ephemeral.

SUMMARY
Landscape
Streams
Water Quantity

Lakes
Groundwater

Water use
Streams
Water Quality

Lakes
Groundwater
Streams

Aquatic Ecosystems
Excellent

Good

Lakes
Fair

Marginal

Poor

The terrain is level to gently rolling north of Muriel
Lake, and a rolling plain with minor ridges and
knobs elsewhere. Small swamps and marshes are
found in the sub-watershed, and some moderately
rolling hills in the southern portion. Most of the
sub-watershed is underlain with the marine shales
and ironstone concretions of the Lea Park
Formation. The depth of drift over the bedrock is
generally 50 m, except for the Frog Lake Upland in
the very south, where depths are 100 to 150 m.
The sub-watershed lies almost entirely within the dry
mixedwood natural region. Only the headwaters
south of Muriel Lake are in the central mixedwood
natural region. Thin grey soils dominate the upper
sub-watershed. These are not satisfactory for

intensive agricultural development and are sensitive
to acidification from oxides of nitrogen and sulphur
associated with airborne contamination.1 The lower
sub-watershed adjacent to the Beaver River features
well-drained dark grey to grey soils More than onehalf of the sub-watershed has been cleared for
agricultural purposes. Forested portions consist of a
mixture of aspen, balsam poplar, white birch, white
spruce, and balsam fir.
The 82.25 km2 Kehewin Cree Nation Reserve
straddles the land between Muriel Lake and
Kehiwin Lake to the west with Sinking Lake to the
north. Chief Kehewin was a signatory to Treaty 6 in
1876.
Bonnyville is the principal community in the subwatershed, although part of that community lies in
the Mooselake River sub-watershed. Settlers first
came to the Bonnyville area in 1907, and a store,
post office and sawmill were established about
10 km east of Bonnyville in 1908. Eventually, two
sawmills were located at Muriel Lake, one at the
northeastern tip and the other on the large
island/peninsula on the eastern shore. The great
fire of 1919 destroyed the local forests and the
economic base switched to agriculture. Mixed
farms support the agricultural base, with grazing
as the dominant land use.2 There has been a
decrease in forested area and a similar increase in
cleared area in recent decades, particularly since
the mid-1980s.3
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The first cottage subdivisions were established on
Muriel Lake in the mid-1960s, and there are now
hundreds of cottages adjacent to the lake in 11
registered cottage subdivisions. There are extensive
facilities for water-based recreation, the largest
being Muriel Lake Park, operated by the Municipal
District of Bonnyville. There are also recreation areas
on Beartrap and Ernestina lakes. Current low water
levels of Muriel Lake have led to decreased
recreational opportunities.

WATER QUANTITY
Surface Water
The 951 km2 Muriel Creek sub-watershed originates
with Bluet Lake and its tributary streams in the
forested upland at the very south of the Beaver Lake
watershed. Bluet Lake is also known as Little
Garnier, Garnier South or Upper Garnier Lake.4 The
stream leaving Bluet Lake flows north to Garnier
Lake then on to Muriel Lake. Sinking Lake, which is
just west of Muriel Lake, is an 80 km2 closed basin
that has not overflowed into Muriel Lake in
recorded time. Although Muriel Creek starts at
Muriel Lake, the lake’s water level has been below
the spill elevation of 559.7 m since the early 1980s
and so no longer overflows into the creek. Muriel
Creek flows into Charlotte Lake, as does the stream
from Jessie Lake. Streams from Beartrap and
Ernestina lakes also lead into Charlotte Lake, but no
flow has been observed for several years. Charlotte
Lake has a history of drying up from time to time.
From Charlotte Lake, the Muriel Creek channel
heads north and east, eventually to join the Beaver
River downstream of the Marie Creek confluence.
Streamflows in the sub-watershed have never been
monitored. Given their ephemeral nature, they are
likely to produce flow during the spring and then
only for a short period of time. Annual water yields
are the lowest of any sub-watershed in the entire
Beaver River watershed.
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The physical characteristics of lakes in the subwatershed are shown in Table 11.1. There is a longterm trend in this area to declining water levels.
Water levels for Muriel Lake and some of the other
lakes are shown in Figure 11.2. With rare and brief
exceptions since the very wet year in 1974, the lake
has declined steadily since records began in 1967.
The level of a lake in a basin having no outlet
stream, as is now the case for Muriel Lake,
represents a balance of three processes: runoff from
the sub-watershed into the lake, precipitation
directly on the lake, and evaporation from the lake
surface.5
Annual runoff is sensitive, therefore, to both
climate and land use. As shown in Chapter 2 of this
report, there has been a trend to declining
precipitation in the entire Beaver River watershed
over the last several decades. On the other hand,
there is some evidence of declines in gross
evaporation in recent decades.6 Although neither
precipitation nor runoff into Muriel Lake has been
monitored, land use changes over the last 30 years
may have led to decreased runoff. Such changes
could include maturing of forest stands, conversion
of cropped land to pasture, or local road
construction blocking runoff to the lake. The
current state of hydrologic fragmentation means
that several years of above average water supply
would be needed to replenish the lake.
Table 11.1 Physical Characteristics of Lakes in the Muriel
Creek Sub-watershed.
Lake

Drainage Surface Volume
Depth (m) Residence Water
Area
Area (1000 m3)
Time
Level
2
2
Mean
Max
(km )
(km )
(Years) Condition

Bluet

11

1

Garnier North

26

2

456

69

Muriel

7.0

declining

6.5
424 000

6.6

declining
10.7

Sinking

9.9

declining
declining

Beartrap

1.27

Ernestina

3.06

11.0
10 700

Jessie
Charlotte
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Groundwater

Water Level (m)

575
574
573
572
561
560
559
558
557
556
551
550
549
548
547
546
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Muriel

1970

1975

1980

1985

1990

1995

2000

Jessie
Charlotte

2005

2010

Figure 11.2 Water Levels in Muriel Creek Sub-watershed.

Anecdotal evidence indicates that Muriel Lake was
also at a very low level in the 1930s and early 1940s.
The surface area of Muriel Lake is relatively large
compared to the area of its watershed, a
characteristic shared by many of the declining lakes
of the Beaver River watershed. For these lakes
evaporation from the lake surface plays an
important role in the water balance. Determining
the water balance for Muriel Lake would require
monitoring parameters such as precipitation,
evaporation and streamflow, none of which are
currently being measured.
There is some concern among local residents that a
portion of the headwaters of Muriel Lake may have
been diverted in the 1960s. The hypothesis is that a
stream from Reita Lake flowed naturally towards
Muriel Lake, but channel improvements led to the
outflow from the lake being diverted to Angling
Lake in the Reita Creek sub-watershed. Field surveys
for Alberta Environment in 2008 confirmed that the
natural overflow of Reita Lake has always been to
Angling Lake.7,8,9,10
The Water Survey of Canada has monitored Muriel
Lake levels since 1981 under arrangements with
Alberta. AESRD measures water levels of Beartrap,
Jessie, and Charlotte lakes periodically.

Paleovalleys and buried bedrock channels
containing sands and gravels provide most of the
groundwater resources of the area. The Holyoke
buried channel crosses the Muriel Creek subwatershed from southeast to northwest. The Muriel
Lake Formation, which underlays all but the
southern portion of the sub-watershed and, to a
lesser extent, the Ethel Lake Formation, contain
significant groundwater resources. Both Muriel and
Charlotte lakes are classified as lakes that gain
water from groundwater.11,12
Three groundwater observations wells were
installed in or near the sub-watershed in 2007 as
part of AESRD’s GOWN network. A shallow well is
located on the west side of Muriel Lake and two
others, one shallow, one deep, were installed near
Fort Kent in the Beaver River lowlands north of the
sub-watershed, both of which monitor surficial
aquifers. Records for all three wells are too short to
draw conclusions, although water levels appear
stable. There are long-term GOWN wells outside the
sub-watershed in the Muriel Lake Formation at
Bourque Lake and at Iron River, 60 km north and
40 km north of Muriel Lake, respectively. Although
the wells are affected by periodic pumping, they
show no trends in water level.13

WATER USE
There are 17 surface water licences and 261
registrations allocating 2 068 412 m3 in the Muriel
Creek sub-watershed. In addition, there are 37
registrations allocating 4497 m3 in the noncontributing Sinking Lake sub-watershed. All the
water licences are drawn from the watershed
downstream of Muriel Lake. More than 90 percent
of the water allocated is devoted to a lake
stabilization project at Charlotte Lake. As discussed
in Chapter 2, this project is considered to consume
no more than 10 percent of the water allocated.
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Livestock watering and other agricultural uses
account for almost all the remaining licences,
although there is one commercial licence related to
a tree nursery. Of the surface water allocated, no
more than 15 percent is consumed. Assuming that
all surface water consumed was withdrawn from
Muriel Lake, this would be equivalent to an annual
decrease in water level of less than half a
centimetre. There has been a moratorium on new
water licences from Muriel Lake since 1985. One
large industrial licence allowed water withdrawal
for a brief period in the early 1980s. The quantity of
water consumed was less that 10 percent of that
permitted by the licence.
There are 25 groundwater licences and 70
registrations allocating 181 268 m3 in the Muriel
Creek sub-watershed. In addition, there are eight
licences and six registrations allocating 50 265 m3
in the non-contributing Sinking Lake subwatershed. The licences are almost exclusively for
agricultural purposes. Almost all the groundwater
licences and registrations are in the portion of the
sub-watershed north of Muriel Lake.
The treated effluent from the town of Bonnyville is
stored in lagoons and released to Charlotte Lake.
This represents an addition to the surface water of
the Muriel Creek sub-watershed as Bonnyville draws
its surface water supply from Moose Lake in the
adjacent Mooselake River sub-watershed.
Table 11.2 Water Allocation in the Muriel Creek Subwatershed.
Purpose

Surface Water

Groundwater

MURIEL CREEK SINKING LAKE MURIEL CREEK SINKING LAKE
Municipal

0

0

110

0

Agriculture

34 180

0

89 210

36 220

Commercial

11 100

0

0

0

0

0

0

0

Industrial
Other
Registration
Totals
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1 941 500

0

0

0

81 632

4497

91 948

14 045

2 068 412

4497

181 268

50 265

WATER QUALITY
Five water quality samples for Muriel Creek near its
confluence with the Beaver River were obtained in
1983-84. Analytical results are available for physical
attributes, major ion chemistry, bacteria, and
nutrients. Four were analyzed for metals.
The lakes of the Muriel Creek sub-watershed contain
water that is fresh, hard and well buffered. Dominant
ions are bicarbonate, calcium and sulphate. Current
water quality conditions are summarized in Table 11.3.
Bluet and Garnier lake were sampled in 1979 and in
2002 to 2005. Analytical results are available for
physical attributes, major ion chemistry, nutrients,
and metals. Bicarbonate, sulphate and calcium are
the dominant ions, while sodium and magnesium
concentrations are not as high as elsewhere in the
sub-watershed. The waters could be considered as
fresh, hard and well buffered, and the lakes tend to
weakly stratify during parts of the summer.14,15
Muriel Lake was first sampled by Alberta Environment
in 1978. Since that time samples have been obtained
in many years between 1988 to 2009. Analytical
results are available for physical attributes, major ion
chemistry, nutrients, and metals. The lake water has
naturally high levels of bicarbonate and sulphate and
sodium and magnesium concentrations are high. The
lake is well mixed and does not usually thermally
stratify in the summer.16
The quality of Muriel Lake water is degrading and
this is consistent with effects associated with
declining water levels. That is, concentrations of
dissolved substances such as major ions increase as
the volume of the lake decreases. Measures of major
ion concentrations, such as conductivity and total
dissolved solids, show an increase.17 Although the
salinity of the lake has increased, it is still considered
to be only slightly saline. This latter increase is not
entirely attributable to decreasing water levels, as
inputs of groundwater high in sodium chloride may
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Table 11.3 Water Quality of Lakes in the Muriel Creek
Sub-watershed.
Lake

Trophic
Status

Total P Chlorophyl
(µg/L)
(µg/L)

TDS
(mg/L)

Transparency
(m)

mesotrophic/eutrophic

27.0

9

517

2.5

Garnier21

mesotrophic

22.2

5

478

3.0

Muriel22

hypereutrophic

44.6

8

1550

1.3

Beartrap23

eutrophic

33.5

5

710

1.3

Ernestina

eutrophic

Bluet20

be a factor. The effect of declining lake levels on
nutrient concentrations is harder to determine
because of nutrient interactions with sediments. As
lake levels drop, so do winter dissolved oxygen
concentrations. This is a concern for the viability of
the lake fishery.18 The fishery is also affected by high
pH values. Cattle grazing and manure runoff also
contribute to poor water quality.
The water of Beartrap Lake is fresh, hard and well
buffered. The dominant ions are bicarbonate and
carbonate and concentrations of sodium and
magnesium tend to be high. Concentrations of
arsenic in the lake are at the CCME guideline for
protection of aquatic life. The lake is deep enough
to thermally stratify in the summer.19 Cattle grazing
along the shoreline contributes to eutrophication.
A small number of water quality samples have been
taken at GOWN wells in or near the sub-watershed.
As for surface water, the sub-watershed’s
groundwater has relatively high natural levels of
bicarbonate, sodium and sulphate. The water is
considered hard because of high levels of calcium
carbonate. Total dissolved solids tend to exceed
the aesthetic objective of 500 mg/L. Chloride
concentrations tend to be below the objective of
250 mg/L. Groundwater quality is not routinely
monitored in the sub-watershed.
A 2009 study examined increasing uranium
concentration in groundwater at wells in the Muriel
Creek area due east of Bonnyville. A similar study was
conducted near the mouth of Jackfish Creek. Wells at

both study sites were found to contain uranium
concentrations in excess of Canadian Drinking Water
Quality Guidelines. Uranium occurs naturally in the
earth’s crust and can enter the aquatic environment
through weathering and erosion. Uranium exists in
two states and is many times more soluble in water
in its oxidized state. The primary source of uranium
in the groundwater wells was found to be natural:
that is, the result of weathering of clay and till
deposits. Other sources such as produced water or
fertilizers were found to be unlikely. The increasing
concentrations of uranium in water from the deeper
wells are the result of poorly completed wells that
allow oxygen-bearing water from shallow wells to
mix with water from deeper wells. This oxygen then
leads to conversion of existing uranium into the more
soluble form. The problem can be considered a
regional, not just a local, problem.24

AQUATIC RESOURCES
Ephemeral flows in the Muriel Creek sub-watershed
have led to isolated spawning habitat and some
seasonal summer and winter fish kills. There are 152
stream crossings in the Muriel Creek sub-watershed,
including the Sinking Lake portion. The number of
stream crossings for a kilometre of stream length at
0.348 is the highest of any sub-watershed in the
entire Beaver River watershed.25 Poor culvert
placement is a factor in fragmenting habitat even if
flows are sufficient to otherwise permit fish
movement.
In 2006 the Lakeland Industry and Community
Association (LICA) and the Alberta Conservation
Association (ACA) carried out a riparian zone
assessment of Muriel Lake. Video footage of each
lake’s shoreline obtained by aircraft was assessed
using pre-determined criteria. Results indicated that
none of the lake’s riparian zone could be considered
healthy. Twenty-four percent of the lake’s shoreline,
particularly the northern shoreline at the west end
of the lake, was considered highly impaired with
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MURIEL LAKE
Riparian Health
Good = 0% of shoreline
Fair = 76% of shoreline
Poor = 24% of shoreline
Data Source: Alberta Conservation Association

Sinking

Muriel Lake

Lake

1

0

1

2

Kilometres

Figure 11.3 Riparian Health of Muriel Lake
(CPP Environmental).

the remaining shoreline considered moderately
impaired.26 The results are shown in Figure 11.3.

Fish species of the lakes in the sub-watershed are
shown in Table 11.4. Muriel Lake has been managed
for domestic, commercial and sport fisheries.
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The shoreline of Jessie Lake is impaired by growth
of Himalayan balsam. This is an annual ornamental
plant that reproduces by seed only. Urban runoff
from Bonnyville is believed to be the source of the
infestation. It is considered a prohibited noxious
weed in Alberta.

Himalayan Balsam
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Although the lake is not currently fished
commercially, the usual target species has been
whitefish. The domestic fishery has decreased
considerably from a 1983 peak, and only two
domestic fishing licences are issued each year.27 The
northern pike sport fishery is classed as vulnerable,
while the walleye fishery has collapsed. Recent
index netting of the lake indicates that perch,
walleye and whitefish may have been extirpated in
the winter of 2010-11.28 About one-half of the
shoreline is taken up by recreational developments.

Table 11.4 Fish Species in the Lakes of the Muriel Creek
Sub-watershed.

Beartrap Lake has a limited sport fishery. Low
natural water levels have led to poorer water quality
and reduced fish access to connecting streams. The
pike population is considered collapsed and the
perch population is considered low. Ernestina Lake
is not fished because the habitat is no longer
suitable for sport species due to low lake levels.

ENDNOTES

The number of bird species, and the populations
themselves, have remained fairly stable in the Muriel
Creek sub-watershed. Receding water levels of many
of lakes have led in some cases to improved bird
habitat and increased populations. Bird populations
are subject to habitat fragmentation due to land
clearing, roads and oil field development, with
grazing also a pressure.
Regionally important duck breeding and moulting
habitat is found on the Beaver River Plain. Muriel
Lake is considered an Important Bird Area as it
supports a large population of nesting colonial
waterbirds, primarily gulls and cormorants, and a
small population of the endangered piping plover.
It provides important summer habitat for American
white pelican.29 Charlotte and Jessie lakes are
regionally and nationally important for breeding of
eared grebe. Jessie Lake has regionally important
summer habitat for gulls and terns.30 The lake is an
important staging area for waterbirds, with high
densities of birds in evidence during spring and fall
migrations.

Species

Bluet

Garnier

Muriel

Beartrap

Ernestina

Lake Whitefish
Burbot
Northern Pike
Walleye
Yellow Perch
Brook Stickleback
Spottail Shiner
Iowa Darter

White Sucker
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Figure 12.1 Map of Lower Beaver River Creek Sub-watershed.
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THE LOWER BEAVER RIVER SUB-WATERSHED
For the purpose of this report, the lower Beaver River sub-watershed shown in Figure 12.1 includes
the Beaver River lowlands from the confluence with the Sand River to the interprovincial boundary.
The sub-watershed also includes the Reita and Redspring creek sub-watersheds. Portions of the
Redspring Creek sub-watershed lie in Saskatchewan.

SUMMARY
Landscape
Streams
Water Quantity

Lakes
Groundwater

Water use
insufficient data

Water Quality

Streams
Lakes
Groundwater

Aquatic Ecosystems

insufficient data

Streams

insufficient data

Lakes

Note: Data from the Beaver River are excluded.

Excellent

Good

Fair

Marginal

Poor

The lower Beaver River sub-watershed is level to
undulating near the Beaver River and undulating to
moderately rolling in the headwaters of Reita and
Redspring creeks. Most of the sub-watershed is
underlain with the marine shales and ironstone
concretions of the Lea Park Formation. The Bronson
buried channel and Vermillion buried valley lie in
the southern part of the area. The thickness of
glacial drift over the bedrock ranges from 200 m in
the south to 50 m near the Beaver River.
The sub-watershed lies entirely within the dry
mixedwood natural region. Surficial deposits
generally consist of sands and gravels. Thin grey
soils dominate the sub-watershed and are not
adequate for intensive agricultural development.

There are some well-drained grey and dark grey
soils in the area from Angling Lake to the Beaver
River. Roughly one-half of the sub-watershed has
been cleared for agricultural purposes. Farms are
generally mixed farms with some crop production
near Angling Lake. Forested portions of the subwatershed consist of a mixture of aspen, balsam
poplar, white birch, white spruce, and balsam fir.
Eighteen percent of the sub-watershed in Alberta
consists of water and wetland features. Of this,
swamps comprise 48 percent, marshes 17 percent,
fens 14 percent, bogs 1 percent, and open water
20 percent.1 Significant wetlands lie in the Beaver
River lowlands in the lower Reita Creek area and
adjacent to Bates Lake.
The 145 km2 Cold Lake First Nations Reserve lies
south of the Beaver River and straddles lower Reita
Creek. The Elizabeth Métis Settlement, which is
bounded on the north by the reserve, lies almost
entirely within the lower Beaver sub-watershed.
There is also an extremely small portion of the
Fishing Lake Métis Settlement within the subwatershed.
The first fur-trading post in the area was established
in 1781 by the North West Company near the
present-day hamlet of Beaver Crossing, near the
confluence with the Reita Creek.
The only water-based recreational facility within this
sub-watershed is a recreational area on Angling
Lake.
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WATER QUANTITY

40

Surface Water

35
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Discharge (m3/s)

For the purpose of this report, the lower Beaver River
sub-watershed includes the main stem from the Sand
River confluence to the Saskatchewan boundary plus
tributaries not discussed earlier in this report, that is
Reita and Redspring creeks. This includes Harold and
Edward lakes, which lie north of the river.
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Redspring Creek originates at Redspring Lake in the
southern part of the Beaver River watershed and
flows generally north to join the Beaver River just
inside the Saskatchewan boundary. Some tributaries
originate in Saskatchewan and flow into Alberta.
Much of the Alberta portion of the sub-watershed
lies within the Elizabeth Métis Settlement. The only
other notable lakes in the Alberta portion of the subwatershed are Chandler Lake and Soars Lake.
The typical runoff for the lower Beaver River is
shown in Figure 12.2. The Beaver River is subject to
the Prairie Provinces Water Board Master Agreement
on Apportionment. Under the agreement, Alberta is
entitled to divert one-half of the natural flow of this
eastward flowing stream for its own use, allowing
the other half to flow into Saskatchewan. Since the
Beaver River is a Churchill River tributary,
Saskatchewan is entitled to divert one-half of the
water it receives from Alberta and must allow the
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Figure 12.2 Median Daily Discharge for the Beaver River
at Cold Lake Reserve.

other half to flow into Manitoba. As discussed in
Chapter 2, the flows of the Beaver River are not
formally apportioned as overall water consumption
in the entire watershed is low.
The typical flow for Reita Creek is shown in Figure
12.3. The creek rises to a peak with spring runoff in
April. Flows are maintained by lake storage in the
upper sub-watershed through June. Reita Creek flows
vary considerably from year to year and are deemed
unreliable, although streamflow records are
insufficient to all detailed calculations. Flow records
for Redspring Creek are unavailable, but given the few
lakes in the sub-watershed, the flows of the creek are
likely to be even more unreliable than those of Reita
Creek. Overall, the annual water yield of the tributary
streams in the lower Beaver River sub-watershed is
relatively low.
0.35
0.30

Discharge (m3/s)

The 293 km2 Reita Creek sub-watershed rises at the
southern boundary of the Beaver River watershed at
Cushing Lake and its tributaries. The creek flows
generally north through Reita and Angling lakes to
join the Beaver River near Beaver Crossing. Other lakes
in the sub-watershed include the Thompson Lakes.
There is extensive non-contributing drainage in the
Reita Creek sub-watershed extending north from
Cushing Lake through Reita Lake and along the west
side of lower Reita Creek. There is additional noncontributing drainage in the Willow Lake region on
the Cold Lake First Nations Reserve to the east of
lower Reita Creek.
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Figure 12.3 Median Daily Discharge of Reita Creek for
the Period of Record.
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The Water Survey of Canada operates a long-term
flow monitoring station on the Beaver River at Cold
Lake Reserve and operated a station on Reita Creek
for 10 years beginning in 1981. AESRD surveys water
levels of Harold, Reita and Angling lakes several
times a year. Cushing Lake has not been monitored.
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Figure 12.4 Levels of Angling Lake for the Period of
Record.

Only one groundwater monitoring location operates
in the sub-watershed. Two GOWN observation wells
are on the east side of Cushing Lake: in a confined
aquifer in the Empress Unit 1 Formation deep in

Alberta Conservation Association

Angling Lake in the Reita Creek sub-watershed is
the only one in the lower Beaver River watershed for
which detailed information is available. The lake has
a drainage basin of about 229 km2 and a surface
area of 5.6 km2. It is a glacier excavated lake and
has a maximum depth of 9.1 m. Residence time is
only 1.7 years. Lake levels respond rapidly to current
runoff conditions and exhibit a decreasing trend as
shown in Figure 12.4.

The Vermillion paleovalley extends north beneath the
Redspring sub-watershed toward the Beaver River,
while the Bronson Channel runs roughly northwest to
southeast beneath both sub-watersheds. The buried
valleys and bedrock channels contain sands and
gravels that provide most of the groundwater
resources of the area. The Muriel Lake formation,
which underlays much of the sub-watershed,
contains significant groundwater resources. The Sand
River formation underlies the lower Beaver River itself.
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Cushing Lake: Longer-term Recorded Water Levels from 1990 to 2010 (Full Record Begins 1987)
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Figure 12.5 Water levels at Cushing Observations Wells.

the Bronson Valley and in a surficial aquifer at
intermediate depth. Monitoring began at this site in
1987. As shown in Figure 12.5, water levels are stable
in the shallow well and declining in the deep well. A
former deep well monitoring site lies adjacent to the
interprovincial boundary near Soars Lake.2

WATER USE
Water allocation in this sub-watershed within
Alberta is shown in Table 12.1. Six surface water
licences allocate 320 710 m3 and 205 registrations
allocate 54 922 m3 in the lower Beaver River subwatershed. Most of the water licensed is for two
Ducks Unlimited Canada projects, with the
remainder used in irrigated agriculture. There are
four surface water licences allocating 17 310 m3 for
agricultural purposes and 100 registrations
allocating 33 957 m3 in the Reita Creek subwatershed. Nine licenses allocate 7674 m3 and 134
registrations allocate 32 357 m3 in the Redspring
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Creek sub-watershed. Cushing Lake in the Reita
Creek headwaters and Reita Lake are commonly
used water sources for registered users.
A moratorium on new water licences from Reita
Lake has been in effect since 1985.
There are 17 groundwater licences allocating
63 468 m3 and 82 registrations for 84 470 m3 in the
lower Beaver River portion of the sub-watershed.
There are two groundwater licences allocating
3204 m3 and eight registrations for 5540 m3 in the
Reita Creek sub-watershed. There are 6 licences
allocating 49 202 m3 and 34 registrations for
34 376 m3 in the Redspring Creek sub-watershed. A
municipal licence supports a regional water supply
system servicing the Elizabeth Métis Settlement. The
water withdrawn returns to the surface water
system. All the water allocated is drawn from
unnamed aquifers. Livestock watering is the single
largest consumer of groundwater in the entire subwatershed.

The State of the Beaver River Watershed

Chapter 12 – Lower Beaver River Sub-watershed

Table 12.1 Allocation from Surface and Groundwater
(m3).
Purpose

Surface Water

Groundwater

LOWER
BEAVER

REITA
0

0

4730

0

35 770

35 770

17 310

7674

58 538

3204

12 202

Commercial

0

0

0

1230

Industrial

0

0

0

0

0

0

0

0

Municipal
Agriculture

Other
Registration
Totals

284 940

REDSPRING

LOWER
BEAVER

REITA

REDSPRING

54 922

33 957

32 357

84 470

5540

34 376

375 632

51 267

40 031

147 938

8744

83 578

WATER QUALITY
As discussed in previous chapters, the natural water
quality of the lower reaches of the Beaver River is
strongly influenced by the quality of the Sand River.
The lower Beaver River has relatively high natural
levels of calcium and bicarbonate, and the water is
considered hard because of high levels of calcium
carbonate.
Monitoring of water quality in the lower Beaver River
began in the spring of 1983. Samples have been
taken on the lower Beaver River itself at many
locations, including sites in Saskatchewan. Three
samples were obtained on Palm Creek adjacent to
the Canadian Forces Base – Cold Lake and 14 on Reita
Creek near the confluence with the Beaver River
during the period spring 1983 to spring 1984 to
determine physical attributes, major ion chemistry,
bacteria, and nutrients. Analyses were conducted for
metals as well. Much of the monitoring wrapped up
in 1991 but the Beaver River near Beaver Crossing
continues to be extensively sampled.
The Prairie Provinces Water Board has established
water quality objectives for the Beaver River in the
reach from Beaver Crossing to the Saskatchewan
boundary. These objectives are shown in Chapter 2
of this report. Environment Canada monitors the
water quality on behalf of the board, which reports
annually on compliance with objectives.

One of the major influences on lower Beaver River
water quality is the discharge of treated effluents
and stormwater from Canadian Forces Base – Cold
Lake and treated effluent from the city of Cold Lake
into the Beaver River. CFB – Cold Lake operates an
extended aeration secondary treatment plant that
continuously discharges treated and gaschlorinated wastewater to Marie Creek. There are
also intermittent surface water discharges to Marie
Creek. The effects of CFB – Cold Lake on the water
quality of the lower Beaver River are captured at the
PPWB monitoring location.3
The city of Cold Lake began discharging treated
effluent to the Beaver River in November 1984.
Currently, the treatment system is a multi-cell,
combination anaerobic/facultative lagoon system.
Effluent is discharged continuously at a specified
rate from March 31 to November 30. The point of
discharge is downstream of the PPWB monitoring
site; thus, water quality impacts of the discharges
will not be picked up in routine monitoring.
The Cold Lake First Nations Reserve operates a fourcell anerobic/facultative lagoon system that
discharges treated effluent to Reita Creek. The
effects on Reita Creek are not known, but the
effects, if any, on the Beaver River would be
captured at the PPWB monitoring station.
Since Cold Lake is the raw water source for the city of
Cold Lake and CFB – Cold Lake, the overall quality of
raw water is superior to that of the Beaver River. In
general, the effect of municipal effluents on the
quality of the Beaver River is to increase nutrient loads
and concentrations of some metals such as copper,
zinc and chromium. A water quality index has been
calculated for the lower Beaver River based on PPWB
data, shown in Figure 12.6. It is affected by both
human influences and natural factors. The relatively
low value for 2000 may be a consequence of very low
flows at that time. In most years, the quality of the
lower Beaver River can be considered fair to good.
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The lake shows increasing concentrations of some
ions, a possible consequence of an increasing
proportion of groundwater flow. The current
concentrations are not exceptional. It also appears
to be becoming more saline.
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Figure 12.6 Water Quality Index – Lower Beaver River.

AQUATIC RESOURCES
The Alberta Conservation Association has
developed an Index of Biological Integrity (IBI) for
some streams in the Beaver River watershed,
including the entire Beaver River. The IBI is based on
fish community composition, water chemistry and
local habitat features.5 The methodology is
described in Chapter 3. Several sites on the lower

Kellie Nichiporik

The lakes of the lower Beaver River watershed
contain water that is fresh, hard and well buffered.
The dominant ions are bicarbonate, calcium and
sulphate. That said, the only lake for which any
data exist is Angling Lake. In 1981 and 1983,
Alberta Environment sampled the lake. More
recently, in 2002 and 2004, the Alberta Lake
Management Society’s Lakewatch program has resampled the lake. It is eutrophic with average
concentrations of phosphorous of 37.9 mg/L and
chlorophyll of 18 mg/L and it thermally stratifies in
some summers.4

A small number of water quality samples have been
obtained at the Cushing Lake GOWN site. As with
the surface water of the sub-watershed, the
groundwater has relatively high natural levels of
calcium and bicarbonate. The water is considered
hard because of high levels of calcium carbonate.
Total dissolved solids tend to exceed the aesthetic
objective of 500 mg/L. Chloride concentrations tend
to be below the objective of 250 mg/L.
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Table 12.2 Fish Species of the Lower Beaver River.
Species

Beaver River

Angling Lake

Burbot
Northern Pike
Walleye
Yellow Perch
Brook Stickleback
Spottail Shiner
River Shiner
Pearl Dace
Crayfish
White Sucker

Beaver River, including two in Saskatchewan, have
been surveyed. Calculated IBI values for the lower
Beaver River range from 26 to 36 upstream of the
city of Cold Lake and 17 to 29 downstream. These
values can be considered relatively good upstream
of the city of Cold Lake and intermediate
downstream. The good conditions upstream of
Cold Lake are the result of good quality water that
originates from the Sand River. Riparian zones in
this reach are generally healthy. Downstream, the
IBI is affected by natural factors and by human
influences, such as municipal effluents and
agriculture. Increased nutrient levels, relatively high
levels of human disturbance, and exposed soil are
the main contributing factors.
Both the Reita Creek and Redspring Creek subwatersheds have relatively large numbers of stream
crossings, either culverts or bridges, that may affect
aquatic habitat. There are 70 such crossings in the
Reita Creek sub-watershed and 120 crossings in the
Alberta portion of the Redspring Creek subwatershed, including the lower Beaver River itself.
The number of crossings for a kilometre of stream
length for Reita Creek is 0.337, one of the highest
figures in the entire Beaver River watershed.6 The
figure for the Alberta portion of the Redspring
Creek sub-watershed would be similar.

The fish species of the lower Beaver River are shown
in Table 12.2. The dominant fish species in the lower
Beaver River are white sucker and lake chub. Smaller
numbers of longnose sucker, walleye and other
species are also present. Species diversity is greater
upstream of the city of Cold Lake. Only the more
tolerant species exist downstream of the city. Many
of the sites sampled in this reach of the river had
fish with infections and parasites indicating habitat
stress.
Angling Lake was fished commercially until 1992
but more recently has been managed for domestic
and recreational fisheries; however, there is no
current domestic use. Sport and forage fish include
northern pike, yellow perch, burbot and spottail
shiners. Fishing pressure is not large because of
access and boat launch difficulties. The population
status of pike is considered vulnerable while that of
perch is considered low. The surrounding lake basin
has been transformed to agricultural production,
which has likely increased eutrophication. There are
concerns about manure entering the lake and
degrading water quality. Thompson Lake is a small,
shallow eutrophic lake in the Reita Creek subwatershed. It is possible that sport fish species no
longer exist in the lake. It was commercially fished
for pike five times between 1980 and 1990. Soars
Lake in the Redspring Creek sub-watershed is a
small deep lake that contains pike, perch and white
sucker populations. Habitat for pike and perch is
poor because of the very narrow littoral zone.7
The diversity and population of bird species have
remained fairly stable in the lower Beaver River
watershed. Both Harold and Edward lakes provide
important breeding habitat for colonial water birds.
Receding water levels in Reita Lake have led to
improved bird habitat and increased populations.
Bird populations are subject to habitat fragmentation
due to land clearing, road density and oil field
development, and also to grazing pressures.
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THE COLD LAKE SUB-WATERSHED
The Cold Lake sub-watershed shown in Figure 13.1 straddles the Alberta-Saskatchewan boundary, as
does Cold Lake itself. The lake is the deepest in the Beaver River watershed; hence its name, Cold Lake.
Much of the sub-watershed, including Primrose Lake, the largest in surface area, lies in Saskatchewan.
The largest tributaries enter Cold Lake from the north. The Cold River exits the lake eastward,
eventually to join the Beaver River in Saskatchewan. This chapter discusses the area within Alberta,
which includes the Medley River sub-watershed, an important Alberta tributary to Cold Lake.

SUMMARY
Landscape
Streams
Water Quantity

Lakes
Groundwater

Water use
Streams
Water Quality

Lakes
Groundwater
Streams

Aquatic Ecosystems
Excellent

Good

Lakes
Fair

Marginal

Poor

South of English Bay on the west side of the lake at
the Cold Lake First Nations Reserve, the subwatershed boundary closely follows the shoreline of
the lake. The sub-watershed on the lake’s south side
is a rolling morainal plain with undulating to gently
rolling topography. There are some small ridges and
knobs, as well as minor wetlands. The northern
portion of the sub-watershed, extending through
the Cold Lake Air Weapons Range, is a hummocky
morainal plain with moderately rolling topography.
The sub-watershed is underlain by the marine
shales and ironstone concretions of the Lea Park
Formation. The drift materials overlaying the
bedrock, comprised of unconsolidated sediments,

range in depth from 50 to 100 m over much of the
sub-watershed. These depths increase to 250 to
300 m in the northern part of the Moostoos Upland
at the northern boundary of the Cold Lake Air
Weapons Range. Surficial materials consist of low
permeability tills.
The southern part of the sub-watershed lies in the
dry mixedwood natural region and the northern
part in the central mixedwood natural region. The
thin, sandy grey soils of the well-drained uplands
sustain aspen forests with balsam poplar occurring
in moister sites in low-lying areas and along
streams. White spruce stands occur infrequently
and jackpine grows in well-drained sandy locations.
Both black spruce and tamarack are common in
poorly drained areas of the central mixedwood
region. During the normal process of vegetation
succession, white spruce and eventually balsam fir
can be expected to replace the deciduous forest.
Sixty percent of the sub-watershed in Alberta is
comprised of water and wetland features. Of these,
fens are 56 percent, swamps 11, bogs 2.5, and
marshes 1 percent. Open water is 29.5 percent,
much of this being Cold Lake itself.1 Land cover is
fairly stable with some increase in cleared land
south of Cold Lake in recent decades. Influences
include oils and gas development in the lower
Medley River sub-watershed and urbanization in the
vicinity of the city of Cold Lake.
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Cold Lake Provincial Park occupies several parcels of
land on the shores of the lake. Frenchman’s Bay
Provincial Recreation Area and English Bay
Provincial Recreation Area lie on the south and west
shores, respectively. One feature of this latter area is
the Cold Lake Fish Hatchery, which produces
walleye used in stocking Alberta lakes. The hatchery
also produces a smaller number of trout.

WATER QUANTITY
Surface Water
The headwaters of the 6083 km2 Cold Lake subwatershed consist of the Saskatchewan tributaries
of Primrose Lake, which has an elevation of 559 m.
These are streams such as the Calder River and Brett
Creek. Primrose Lake has a surface area of 448 km2,
with only 17.7 km2 located in Alberta. The
Martineau River flows from Primrose Lake and joins
Cold Lake within Alberta. Other Saskatchewan
tributaries, such as the Kesatasew and Muskeg
rivers, join the Martineau River in Saskatchewan.
The only significant tributary of Cold Lake within
Alberta is the Medley River, which originates in the
Moostoos upland of the Cold Lake Air Weapons
Range and flows south to Cold Lake. The Medley
River sub-watershed has a surface area of 385 km2,
slightly greater than that of Cold Lake itself. The
lake has a surface area of 373 km2 and an elevation
of 535 m. The average depth of Cold Lake is almost
50 m and the maximum depth almost 100 m. The
Cold River flows east from Cold Lake to become the
Waterhen River, which ultimately joins the Beaver
River.
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There are two Cold Lake First Nations Reserves on
the shores of Cold Lake. One is a 0.7 km2 parcel on
the south shore of the lake while the other is a
20 km2 parcel on the west shore. The latter is
considered compensation for reserve lands taken
for the establishment of Canadian Forces Base
(CFB) – Cold Lake.
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Figure 13.2 Median Daily Discharge of the Cold River for
the Period of Record.

The median annual flow of the Cold Lake River is
13.3 m3/s. This can be compared to 14.9 m3/s of the
Beaver River near the Saskatchewan boundary.
Figure 13.2 illustrates the typical runoff pattern. The
river rises steadily in April and May as local runoff
flows into Cold Lake. It then continues to rise as Cold
Lake receives flow from the upper basin, including
Primrose Lake. Following the July peak, the flows
recede gently for the remainder of the year.
Table 13.1 displays the reliability of the flows of Cold
River in comparison with the Beaver and Sand rivers.
Because of the regulating effect of its large lakes,
Primrose and Cold, the flow of the Cold River is the
most reliable of the entire Beaver River watershed.
The annual water yield is relatively high, almost as
high as that for the Sand River sub-watershed.
The stability of Cold Lake water levels is shown in
Figure 13.3. The relatively short period of water
level record for Primrose Lake mimics that of Cold
Lake almost identically.
Table 13.1 Annual Streamflow Reliability of the Cold
Lake River.
River

Minimum
(1000 m3)

Median
(1000 m3)

Cold Lake River at the Outlet
of Cold Lake

12 700

421 000

1 410 000

331

Beaver River at Cold Lake
Reserve

68 226

471 513

1 918 408

392

Sand River at the Mouth

41 072

247 590

1 016 954

394
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Table 13.2 Physical Characteristics of Lakes in the Cold
River Sub-watershed.

Primrose
Cold

535.4

Drainage Surface Volume
Depth (m) Residence Water
Area
Area (1000 m3)
Time
Level
2
2
Mean Max
(km )
(km )
(Years) Condition
40.0

421

6140

373

18 600

49.9

99.1

535.2

Water Level (m)

Lake

535.6

stable
33

stable

535.0

534.8
534.6
534.4

Dates of freeze-up and break-up of Cold Lake are
available for more than 50 years. Freeze-up
generally occurs in the second week of December
and this has been the case for the entire historic
record. Freeze-up is only a day or so, on average,
later than it was decades ago. Break-up, on the
other hand is some 10 days earlier than it was when
record keeping began and on average now takes
place in the second week of May.2

534.2
534.0
1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010

Figure 13.3 Water Levels of Cold Lake for the Period of
Record.

The Water Survey of Canada operates long-term
streamflow monitoring stations on Cold Lake and
the Cold River under arrangements with Alberta. A
station was operated on the Martineau River in
1952 and from 1981 to 1995. The Medley River has
never been monitored, although Imperial Oil
Resources has measured the river at Highway 897
twice annually since 2005 as part of its water
quality program. AESRD periodically makes
observations of the levels of Primrose Lake.

Cold Lake is subject to the Prairie Provinces Water
Board Master Agreement on Apportionment. Under
the agreement, Alberta is entitled to divert one-half
of the natural flow of eastward flowing streams for
its own use, allowing the other half to flow into
Saskatchewan. A study of water use from Cold Lake
in the 1990s led to a decision to formally apportion
the waters of the lake. The apportionment point is
taken as the Cold River at the outlet of Cold Lake.
Because of inflow into the lake from Saskatchewan
tributaries, the waters of the lake are apportioned
so that Alberta must deliver 68.4 percent of the
Cold River flow to Saskatchewan.3

Groundwater

R.A. Halliday

The buried paleovalleys and bedrock channels
containing sands and gravels constitute most of the
groundwater resources of the sub-watershed. Cold
Lake is so deep that its bed is composed of the
bedrock of the Lea Park Formation. The Helina
buried pre-glacial valley aquifer system, which
becomes the Hatfield system in Saskatchewan,
intersects the lake. It is generally accepted that the
lake gains water from the Alberta aquifers but that
it loses water to Saskatchewan aquifers. On balance
therefore, the lake may neither gain nor lose surface
water to the groundwater system.4
The aquifers contained in the buried valleys and
channels can yield considerable supplies of water,
some of which is licensed to bitumen production
operations. On the other hand, the shallow aquifers
tend to be suitable only for domestic water supply
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and livestock watering. There is one deep GOWN
monitoring well in Cold Lake Provincial Park that
has been in operation since 2007. The record is too
short to determine trends.

Table 13.3 Allocation from Surface and Groundwater
(m3).
Purpose

Surface Water

Municipal

7 400 890

0

7400

10 394

Agriculture

WATER USE
There are 14 water licences allocating 24 963 515 m3
of surface water and 9 registrations allocating
2389 m3 in the sub-watershed. Allocations from both
surface and groundwater are shown in Table 13.3.
Industrial use in bitumen production is the largest
single use. Imperial Oil, Canadian Natural Resources
and Conoco Philips have relatively large water licences
totalling some 8 239 214 m3. Actual water use in any
year is dependent on operations within that year; it is
also dependent on the overall business cycle. Typical
annual surface water use has declined to much less
than licensed withdrawals, with recycling and
increased ability to use saline groundwater from deep

Cold Lake RUSC
The Cold Lake Regional Utility Services
Commission (RUSC) was first established under
Alberta regulations in 1986. The Cold Lake RUSC
serves as the service provider for water and
wastewater treatment services in Cold Lake, Cold
Lake First Nations Reserves, Canadian Forces Base
(CFB) – Cold Lake, and the Municipal District of
Bonnyville. The Board of Directors includes
Council representatives from the City of Cold
Lake and the Municipal District of Bonnyville as
well as delegates from Cold Lake First Nations
and the Department of National Defence.
The RUSC owns the water treatment plant and
the wastewater treatment plant in Cold Lake as
well as two regional lift stations. It also supplies
treated water to the CFB – Cold Lake, Cold Lake
First Nations Reserve, and the hamlets of
Ardmore and Fort Kent.
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Groundwater

Commercial

7 116 010

0

Industrial

8 239 214

0

Other

2 200 001

0

2389

6578

24 965 904

16 972

Registration
Totals

aquifers. The industrial surface water licences are also
contingent on Cold Lake levels. When lake level drops
to 534.62 m industrial licences are reduced by 30
percent, and when the lake drops to 534.55 m these
withdrawals must cease. Under the surface water cutoff, the industry uses contingency groundwater
licences to meet its industrial freshwater needs. When
the surface water cut-off level is reached conservation
measures are implemented to reduce municipal
withdrawals.
The Cold Lake Fish Hatchery has very large licences,
but returns almost all the water diverted to the lake.
The city of Cold Lake obtains its water from Cold
Lake and has annual licences totalling 7 400 890 m3.
Annual withdrawals are about one-third of the
licensed allocation and have been constant for many
years. Under normal circumstances municipal water
consumption is small. Water returned to the
environment represents 85 percent of the water
diverted from Cold Lake.
For the city of Cold Lake and Canadian Forces Base –
Cold Lake, however, the return flow from the
wastewater treatment systems flows to the Beaver
River. Municipal water use, therefore, represents a
transfer from the Cold Lake sub-watershed to the
lower Beaver River. This is noteworthy from an
Alberta perspective, although the Cold River
eventually joins the Beaver River in Saskatchewan.
Allocation and consumption from surface water are
shown in Figure 13.4. Municipal consumption is
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Figure 13.4 Allocation and Consumption from Surface Water.
considered equivalent to withdrawal as water is not
returned to Cold Lake. The total quantity of surface
water consumed annually in the Cold Lake subwatershed in Alberta is equivalent to about 20 mm
on the surface of the lake.
There are six licences and nine registrations allocating
16 972 m3 of groundwater in the sub-watershed.
The licensed allocation is used for agricultural
purposes. The contingency groundwater licences
pertaining to the Cold Lake surface water cut-off are
not located in the Cold Lake sub-watershed.

WATER QUALITY
The Cold and Martineau rivers were first sampled in
1980 and several streams in the sub-watershed were
sampled in 1983-85. Following that, the Medley
River was sampled in 1999 but no samples have
been obtained since. Analytical results are available
for major ion chemistry, physical attributes,
nutrients, and bacteria. In some cases, analyses were
completed for metals. The streams have relatively
high natural levels of calcium and bicarbonate and
the water is considered hard because of high levels
of calcium carbonate.
As part of the environmental monitoring associated
with its Cold Lake operations, Imperial Oil Resources
carries out a program of streamflow measurements

and water quality sampling near where the Medley
River crosses Highway 897. The sub-watershed is not
within Imperial’s Cold Lake operations area, however.
There are occasional elevated concentrations of some
metals including aluminum, cadmium, and mercury.
Iron and manganese concentrations usually exceed
water quality guidelines.5

Table 13.4 Water Quality of Lakes in the Cold Lake Subwatershed.
Lake

Trophic
Status

Total P Chlorophyl
(µg/L)
(µg/L)

Primrose

mesotrophic

16.5

Cold

oligotrophic

14.4

TDS
(mg/L)

Water Quality
Condition

7

120

no data

4

133

stable

Primrose and Cold lakes contain water that is fresh,
clear, hard, and well buffered. The dominant ions are
bicarbonate and calcium. Cold Lake becomes strongly
thermally stratified in the summer. Water quality
studies have been conducted on Cold Lake since
1973, with samples obtained periodically during the
1980s and 1990s. Analytical results show no trends in
the data. Primrose Lake was sampled only in 1980.
A small number of water quality samples have been
obtained at the GOWN well in the sub-watershed.
As with the surface water of the sub-watershed, the
groundwater has relatively high natural levels of
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calcium and bicarbonate. The water is considered
hard because of high levels of calcium carbonate.
Total dissolved solids tend to exceed the aesthetic
objective of 500 mg/L, while chloride concentrations
tend to be below the objective of 250 mg/L.
Concentrations of iron are also present.

Table 13.5 Fish Species of Primrose Lake and Cold Lake.
Species

Primrose

Cold

Lake Cisco (Tullibee)
Lake Trout
Lake Whitefish
Rainbow Trout
Burbot
Northern Pike

AQUATIC RESOURCES
The only lakes in the Alberta portion of the Cold
Lake sub-watershed where fisheries surveys have
been conducted are Primrose Lake and Cold Lake.
The fish species of these lakes are shown in
Table 13.5.
Primrose Lake is managed for domestic, commercial
and sport fisheries, with the domestic fishery using
23 licences a year. The annual catch has been
estimated as five percent of the annual catch of lake
whitefish, pike and walleye. The target species for
the commercial fishery include whitefish, pike and
walleye. A 1999 interprovincial agreement divides
the annual commercial catch between Alberta and
Saskatchewan. The Alberta catch is lower than that
allowed under the agreement. The lake is closed to
sport fishing because of its location within the Cold
Lake Air Weapons Range.6
The walleye and pike populations are considered
stable.7 The annual harvest of lake whitefish has
been declining as there are fewer commercial
fishermen and the economic viability of the
whitefish fishery has been low. The physical
condition of fish habitat is considered good.
Walleye trapping on Brett Creek, a tributary to
Primrose Lake, has been used to supply walleye
eggs to Alberta’s fish hatcheries. To protect the
lake’s population, 10 percent of the surviving
walleye fry are returned to the lake.8
As a deep, cold oligotrophic lake, Cold Lake is not
biologically productive. The lake is managed for
domestic, commercial and sport fisheries. The
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domestic fishery receives 71 licences annually, likely
the largest allocation in the Beaver River watershed.
The commercial fishery has been regulated since
1921. Initially, lake trout was the target species but
as the whitefish fishery developed lake trout stocks
were depleted. In the 1960s and 1970s cisco was
fished as food for ranch mink.9 Currently only trap
nets are used for Alberta’s Cold Lake commercial
fishery while Saskatchewan continues to use
traditional gill nets. Participation in the commercial
fishery is small.
Angling pressure is low to moderate in Cold Lake
except for some shoreline locations. The usual
species sought is lake trout. The pike and walleye
fisheries are considered vulnerable although habitat
conditions are generally good.
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To help recover lake trout populations, about
2 million fingerlings were stocked from the 1970s
to the 1990s. In the 1990s, special measures were
put in place to conserve lake trout stocks for all
three fisheries. Trout populations were also affected
when the Armed Forces used DDT for insect control
in the 1960s and 1970s. PCB levels in trout fat tissue
exceeded Canadian health standards in the 1980s.
Today, the lake trout populations are beginning to
recover although the population has few older lake
trout and recruitment is unclear. Threats to recovery
now stem largely from the potential for overfishing,
as lake trout fishing becomes increasingly more
popular. Regulation changes are anticipated in the
near future to ensure the sustainability of this low
productivity fishery.

Primrose Lake is considered to be a nationally
important breeding area for American white pelican
and regionally important for cormorant, California
gull and common tern; it also has locally important
populations of other colonial waterbirds such as
great blue heron and several gulls. The lake is
recognized as an Important Bird Area. Backes
Island, a Saskatchewan Provincial Wildlife Refuge,
has over five percent of the world’s population of
American white pelican and one percent of the
interior North American population of doublecrested cormorants.10 Cold Lake supports a
nationally important population of western grebe
and locally important populations of other colonial
waterbirds such as blue heron.11

Kellie Nichiporik

The area near the mouth of the Martineau River is
considered good wildlife habitat because of shallow
water, a complex shoreline, and protection from

waves and ice scour provided by Murray Island.
Beaver, muskrats, waterfowl and water birds are
well represented, but no quantitative wildlife
surveys have been made.
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