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To fulfill its goal to raise public awareness, disseminate educational ma’cerials,
g p
promote discussion, and chaﬂenge our thinlzing, the Prairie Conservation Forum

(PCF) has launched an Occasional Paper series and a Prairie Notes series.

The PCF's Occasional Paper series is intended to make a substantive
contribution to our perception, understanding , and use of the prairie
environment - our home. This series offers an alternative to scholarly journals
for those authors who would like to get their message into the hands of a wider
audience, including: landholders, in(lus’cry representatives, environmental
advocates, farmers, ranchers, government and non-government resource
management professionals , and members of the broader pu]alic. Topics covered in
this series will contribute to the wise use and conservation of ]oiological diversity
in the northern prairies.

We encourage the submission of papers that take a holistic perspective on issues
aHecting prairie conservation, that synthesize existing 1enowleclge, that offer
practical and applied advice on best management practices, that question existing
points of view or that open doors to new ways of seelzing harmony and promoting

the sustainaloility of our prairie environment.

Interested individuals are encouragecl to submit draft essays, articles, and papers
to the PCF Steering Committee for review as a future Occasional Paper or
Prairie Note. Prospective authors may wish to contact the PCE Secretary to
discuss potential ideas and proposals before commencing with a writing project.
Manuscripts should be submitted in electronic form to the PCF Secretary:
lan.Dyson@gov.ab.ca. Accepted articles will be pos’cecl on the PCF's web site
and Occasional Papers may be pul:)lishecl.

Prairie Conservation Forum




PN 4
ﬂj{ﬂ’/ 4 }ﬂ {"ﬁ*

Disclaimer

The ideas and viewpoints that are contained in this paper are those of the
auttlor(s) and do not necessarity represent the opinions or position of the Prairie

Conservation Forum.

Preface

The initial idea for this paper came from the Prairie Conservation Forum
Steering Committee ttlrougtl discussions about priorities for future Occasional
Papers. The opportunity to take action was realized when an international
conference “Contronting Water Scarcity: Ctlaﬂenges and Choices” was held in
July 2004, in Lettlt)rictge, Alberta. Members of the Conference Organizing
Committee: lan Dyson, Alberta Environment; Brent Paterson, Alberta
Agriculture, Food and Rural Development; and Dennis Fitzpatricte, University of
Lettlt)rictge agree(t on the need to support ctevelopment of a t)actegrounct paper on
The State o][ Southern Alberta's Water Resources to provi(te participants with a brief
overview of the tlistory, the current situation and ctlaﬂenges for the future related
to water in southern Alberta. A leey audience for the paper was participants
visiting the province from other parts of Canada and other countries. Financial

support for the project was provide(l t)y the University of Lettlt)rictge and the PCF.

Foﬂowing the conference, the PCF identified an opportunity to expan(:] this
original document into an Qccasional Paper including a watershed focus and
more substantive information about aquatic environments. Additional material
has been added to make the report more comprehensive and useful for Alt)ertans,
and to support cooperative efforts on watershed planning in southern Alberta.
Members of the 2005 PCF Steering Committee reviewed and provicted comment
on the expan(te(t paper. Participants at this meeting include Linda Cerney, Laura
Ro]oerts, Brian Laing, Pam Romanchulz, Rod Bennett, and Cam Lockerbie.
Development of the expan(ted paper was supporte(t tinanciaﬂy t)y Alberta
Environment as part of its ongoing support for the PCE partnerstlip.

The original material written t)y Bill Corbett and Kim Lalonde (Kim Lalonde
Environmental Consutting) has been incorporated. Additional material has
been written t)y Kim Lalonde and Cheryl Bractley. Neil Thrussell (Aﬂ:)erta
Environment) was responsi]ate for tormatting and the put)tication of the paper.

Ctleryl Dash (AH)erta Environment) organizect the PCF Steering Committee

Soutlzern A/Len‘a s %terskeds: An Overview
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review meeting and coordinated final pul)lication. Many of the original graphics
and photographs formatted by Bonnie Hofer (Alberta Agriculture, Food and
Rural Development) have been used. Rob Wolfe (Alt)erta Environment)
coordinated the ctevelopment of both reports. Other protessionals with the
Alberta Government and in the private sector, inclucting Doug Qtlrn, Al Sosialz,
Wendell Koning, Lorne Fitch, ]Ol’ll’l Matloney, Sal Figluzzi, Laura Roberts, Gary
Kindrat, Terry Clayton, Allan Loclze, Liz Saunders, Norine Aml:)rose, Dennis
Fitzpatriclz, Brent Paterson, Cyndi Smittl, Jan Simonson, Pat Kinnear, Al
Violette, Stew Rood, Tom Tang and Richard Quinlan have provictect information
and materials. A signiticant source of information for this paper was the
t)aclzgrounct reports prepared in support of the water management planning
process for the South Saskatchewan River Basin loeing led loy Alberta
Environment. A list of 12ey references and websites is included at the end of the
report.

At a time when water is very much on the pu]ohc agenda, the PCF hopes this
paper will be of interest and value to Albertans. In particular, our partnership
offers this report as our contribution to those southern Albertans who are ottering
their time and energies to the watershed partnerstlips both established (Bow and
Qlctman) and in the process of l)eing established (Re(t Deer and Mlﬂe) under the
provincial Water ][or Li][e strategy.
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Metric Conversions

1 kilometre (lzm) = 0.62 miles

1 metre (m) = 3.28 feet

1 centimetre (cm) = 0.39 inches

1 millimetre (mm) = 0.039 inches
1 hectare (ha) = 2.471 acres

1 cubic decametre (dam3)= 0.81 acre
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1.0 Introduction

The purpose of this paper is to provicle an overview of the water resources and
watersheds found in southern Alberta. After clefining what a “watershed” is, the
paper looks at the different elements of our watersheds - water supplies available,
the kinds of aquatic environments that we ﬁnd, how we use water and Watershecls,
and how we govern the management of water and watersheds. The paper looks at
the current state of southern Alberta's wa’cershe&s, identifies trends and concerns,
and introduces ideas for improving our understancling as we face the chaﬂenges of
the future.

2.0 What is a Watershed and W}ly are
Watersheds Important?

We all understand that water is a fundamental requirement for life. Our leey
challenge is achieving responsible stewardship of this essential resource. And
responsible stewarclship must be based on a sound un(lerstan(ling of water in the

natural environment.

Work in Alberta to understand, assess and plan for the future of water resources
has tra(litionaﬂy used the natural boundaries of river basins and sub-basins (or
smaller parts of a Lasin). A river basin is defined as the total area drained Ly a
river and its tributaries. Another term which is commonly used is a “watershed”.
A watershed is defined as the area contained within a clrainage divide above a
specified point on a stream. While the terms are used synonymously, the term
watershed is coming into more use to describe either all of a river basin or just a
part of it.

When the term watershed is used, it is intended to include both the pl’lysical
environment and the natural processes at work. Water in a watershed can be
found under the surface as groundwa‘cer concentrated in aqui£ers or on the surface
concentrated in rivers, streams, lalees, reservoirs, pon(ls, wetlancls, snow pacles and

glaciers.

Watersheds include a cliversity of aquatic environments or ecosystems. Aquatic
environments are found in “moving” water ﬂowing in a defined channel, known
as lotic environments, and in “stan(ling" water found in basins without a defined

channel for ﬂowing water, known as lentic environments. Lotic environments
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include rivers, streams and canals. Lentic environments include 1alees, ponds,
man-made reservoirs and dugouts. Riparian areas are the areas found between
watercourses or water bodies and the uplands, where water, soil and vegetation
interact. Wetlands occur on the eclges of some water bodies, in riparian areas and

in shallow depressions on the uplan(ls.

Aquatic environments provide a broad range of environmental goods and services.
They supply direct human needs for water, food and other pro&uc’cs , and are
valued for their aesthetic and spiritual qualities and recreational opportunities.
Aquatic environments also sustain the natural physical processes of the hydrologic
Cycle including water filtration and purification, recharge of aqui£ers, flood
control, channel maintenance and mitigation of drought; and they support long
term biodiversi’cy Ly provi(ling habitat and the essentials of life for plan’cs and

animals, the cycling and movement of nutrients, and the clispersal of seeds.

3.0 Water in Southern Alberta's Watersheds

3.1 Historical Milestones

Over the Pleistocene periocl in geological history, from 1.6 million years ago to
about 10,000 years ago, major ice sheets scoured the 1andscape of western
Canada as they advanced and retreated over several ice ages. The immense runoff
from the last retreat of the glaciers, some 10,000 years ago, shaped southern
Alberta's watersheds. It changecl the course of some rivers and &eepene& their
vaﬂeys, a process that has continued ever since with the continued erosion of the
soft sedimentary bedrock.

Erosion has etched each of the main river Vaﬂeys with numerous coulees and
ravines, with badlands forming where the bedrock has been &eeply carved. Except
for isolated igneous outcrops in the Milk River watershed, exposecl Vaﬂey bedrock
throughout southern Alberta is composed of soft sedimen’cary rocks. Throughou’c
the last 10,000 years of his’cory southern Alberta's rivers and other surface waters
have been perioclicauy affected by floods and clrought.

Indications from scientific studies show that severe droughts have occurred
frequently over the past 2000 years, with an average duration of more than 10
years. During the 20“1 century at least 20 (lroughts occurred. The (lrought of the
1930s, and the subsequent “dust bowl” conditions, is the most notable from the

Prairie Conservation Forum
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early part of the century. This was the most severe and prolongecl clrought since
the ]oeginning of settlement and its impact on the economy and the settlers of the
Prairies was magniﬁe(l as it coincided with the worldwide economic clepression of
the time. Another Wiclespread clry perio& that was to last about 10 years began in
1977 with a major drought in 1988/89. The years 2000-2002 again brough’c
clry conditions to southern Alberta.

How are droug‘hts defined?
Drougl'lt can be defined as a condition of moisture deficit sufficient to

have an adverse effect on vegetation, animals and humans over a sizeable

area.

Like drought, floods have been a recurring phenomenon in southern Alberta for
millennia; but unlike drought, the impacts of floods are localized and mostly
confined to river Vaﬂeys. Floocling occurs when there is more water than stream
and river channels, lake L)asins, and their associated aquifers can hold and the
excess water overflows onto acljacent ﬂooclplains. Reservoirs exceed capacity and
are required to spiH excess water downstream. Floocling can occur from rapicl
snowmelt, heavy rainfall or ice jams. It can be exacerbated by land uses that
remove vegetation which intercepts precipitation. Major floods in the South
Saskatchewan River and Milk River basins are caused 10y excessive rainfall events
in the headwaters &uring early summer, usuaﬂy associated with moist air masses
moving up from the Gulf of Mexico. These rainstorms generaﬂy occur when
mountain snowmelt has already filled headwater stream channels and reservoirs to
near capacity. About ten major floods were recorded in all or 1arge parts of

southern Alberta river basins over the past century, the most recent ones l)eing in

1995 and 2005. Other major floods have occurred in 1902, 1908, 1916, 1923,
1929, 1932, 1953, 1964 and 1975.

3.2 Current State an(l Future Tren(ls

Climate And Geograplz Y

For the purposes of this paper, southern Alberta stretches from Red Deer in the

north to the Montana border in the south. Elevations range from 3600 metres

atop the region's highest peale to less than 700 metres in the southeast prairie.

Other than a narrow swath of aspen parleland in the north, and mountain and F
foothill landscapes to the west, the area is preclominan’tly a grassland ecosystem,

though slightly less than 50% of the native vegetation remains toclay.
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Southern Alberta's precipitation preclominantly originates in the Pacific Ocean
and falls on the Roclzy Mountains and ﬂanleing foothills as snow or rain. In
these mountain and foothill areas temperatures are low even in the summer,
precipitation exceeds evaporation and excess water is available for runoff. To the
cast the prairie landscape is primarﬂy semi-arid, characterized })y abundant
sunshine, and strong, dry winds. Here summer temperatures are high and
evaporation exceeds precipitation. In fact, the average precipitation in southern
Alberta ranges from about 450 millimetres in the northern parlzland region to
fewer than 300 millimetres in the southeast, with less than half faﬂing &uring the
growing season, which ranges from 160 to 185 clays. The gross evaporation rate
in the semi- arid southeast is about 700 millimetres, resulting in a net moisture

deficit of 400 millimetres in an average year.

In southern Alberta high—elevation headwaters in the mountains mainly funnel
into one 1arge river l)asin, the South Saslzatchewan, which drains some 121,000
square kilometres, or 18% of the province. The South Saskatchewan River is fed
lay three major rivers - the Bow, Ol(lman, and Red Deer - and flows east from
Alberta into Saskatchewan and ultima’cely into Hudson's Bay. The Milk River
Basin, in Alberta's far south, is 6,500 square kilometres in size, about one
percent of the provincial land mass. It originates in and returns to Montana, after
ﬂowing through Alberta, as part of the Missouri-Mississippi river system that
drains to the Gulf of Mexico.

The bulk of the South Saskatchewan River Basin's stream flow originates in the
Rocley Mountains' eastern slopes, which accounts for 75% of the volume of the
Oldman, Bow and Red Deer rivers. These flows arise as melt water from snow
paclzs and glaciers, augmented 13y seasonal runoff. Thus, natural river flows are
highest in spring and early summer, taper off in the fall and remain low over the

winter.

The balance of the stream flow arises as runoff from the parlzlancl and prairie
lanclscape. In the southeast natural lakes are few and small wetlands clisappear in
dry years. The only significant natural concentrations of trees are along river and
stream VaHeys. The Cypress Hills, arising from the prairie 1an&scape in the
southeastern corner of the province, is a unique area made up of a combination of
Grassland and Roclzy Mountain Natural Regions. The higher terrain here plays
an important role as the headwaters for creeks and streams in the area and as a

recharge zone £OI' grounclwater.
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Drought conditions are a fact of life in southern Alberta's semi-arid climate.
These conditions intensify the demand for water, affect the natural systems in

aquatic environments, and can have major economic impacts on the agrioultural

sector. Research using lake bottom cores have proviclecl evidence that the

droughts encountered in the 20" century were much less severe and shorter in
length than droughts that occurred over the last 2000 years.

While historical records can often be used to provicle some insight into what to

expect in the future, scientific preclic’cions related to climate change have created

uncertainty about future climates around the world. In mountain headwaters

warmer temperatures mean increase melting of glaciers, snow pacles melting

¥
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faster, and more winter-spring precipitation faﬂing as rain rather than snow.

On the prairies higher temperatures may mean more evaporation from rivers,
reservoirs and fields. A major research project is underway with scientists from
Alberta and Saskatchewan coﬂai)ora’cing with the oi)jective of better preclicting the

implications of climate change in the South Saskatchewan River Basin.

Glaciers

Glaciers are masses of ice that form when annual snowfall exceeds melting and
evaporation and becomes compressecl, over time, into ice. Most giaciers are
found in regions where there is high snowfall in the winter months and cooler
conditions in the summer months. Glaciers advance and retreat in response to

variations in climate - precipitation, temperature, winds and cloud cover.

The glaciers we see today in the Canadian Rockies are the remnants of the
massive ice sheets that last covered North America about 10,000 years ago. The
most recent iarge scale advance of mountain giaciers took place over a cold periO(i
known as the “Little Ice Age” which started about 900 years ago and peaized
around 1850. Since that time, giaciers around the gloi)e have shrunk in size
drama’cicaﬂy as the gio]oal climate has warmed.

The glaciers found in the mountainous headwaters of the Bow River can be an
important element in the water cycie of the river in clry years. While annual
snowmelt and precipitation provi(ies the bulk of stream flow in the spring and
early summer, flow from melting glaciers also contributes and becomes more
important in the late summer. Studies carried out in the headwaters of the basin
have indicated that meltwater from glaciers generaﬂy contributes about 2.5% of
the annual flow of the Bow River at Banff, but this may be as high as 8 to 9% in
dry years. In the late summer, the contribution can be as much as 40% of the
flow in extremely dry years.

As in other parts of the world, the glaciers of the southern Canadian Rockies are
retreating. In the periocl since the last cold period, the Little Tce Age, the
shrinleage of these giaciers has been in the order of 25% to 76%. This trend has

raised concerns about the potentiai impacts on water supplies in southern Alberta.
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Surface Water

Baseci on recor(is from 1912 to 2001, tiie average annuai naturai ﬂow oi tiie
South Saskatchewan River, below its confluence with the Red Deer River, is
about nine million cubic decametres, representing seven percent of Alberta's total
river flow. The average contributions of each of the rivers to the total flow is 43%
for the Bow River, 38% for the Oldman River, 18% for the Red Deer River and

Wliat does natural ﬂow mean?

Natural flow is the rate or quantity of water moving past a specifieci point on a natural stream
from a (irainage area where there are no effects from stream diversion, storage, import, export,
return flow, or ciiange in consumptive use caused lay human-controlled modification to land use.

Natural flow rareiy occurs in a (ievelope(i country.

1% for the lower South Saskatchewan River (i)eiow the confluence of the Bow
and Oldman Rivers). The Milk River's annual average flow is about 100,000
cubic decametres entering Alberta and 160,000 ieaving the province. The South
Saskatchewan River Basin accounts for oniy seven percent of Alberta's total

annual flow yet supports about half the province's population.

Traciitionaﬂy, water management in southern Alberta has been based on the Milk
River Basin and the three main sub-basins of the South Saskatchewan River
Basin (SSRB) - the Oldman River Basin, the Bow River Basin, the Red Deer
River Basin. The ioiiowing are brief descriptions of the Milk River Basin and the
three sub-basins of the SSRB.

The Milk River Basin

The Milk River Basin is found in the southernmost part of the province. The
Milk River originates in the foothills east of the Rocky Mountains in Montana,
crosses the border between the United States and Canada, and flows eastward
across the prairie 1an(iscape for about 170 km before turning south to re-enter

the United States. In the lower reaches sediment load increases signiiican’tiy due

to erosion of unstable badland siopes. This gives the lower river its miiiey colour.

The Oldman River Basin

The Oldman River flows for 450 km from its headwaters in the Rocizy
Mountains tiirougii rangeiancls in the foothills , and eastward througii the semi-
arid prairie. [t has an area of about 26,500 km” maieing up neariy 22% of the
South Saskatchewan River Basin. This area includes the three major tributaries

- the St. Mary, Beliy and Waterton Rivers. The Oldman River Dam, a major
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impoundment on the mainstem, is located in the Pincher Creek area, and the
water supply diversion for the Lethbridge Northern [rrigation District is found
upstream of Fort Macleod. One hundred and ninety kilometres downstream of
the Oldman River Dam, the river flows ’chrough the City of Lethbridge. Between
Le’chl)riclge and the “Grand Forlzs", the confluence of the Oldman and Bow

Rivers, the river is warm and turbid.

The Bow River Basin

The Bow River flows for about 625 km from its headwaters in the Rocley
Mountains to its confluence with the Oldman River. It is similar in size to the
Oldman River Basin, malzing up nearly 21% of the total area of the South
Saskatchewan River Basin at about 25,500 km”. Impoundments for
hyclroelectric generation are located in the upper reaches of the basin. In its

middle reaches, the river continues to be fast ﬂowing, moving over a roclzy
substrate, but it is affected Ly the clevelopment in and around the City of Calgary.
Just upstream of Calgary is the last impoundment for hydroelectric generation.
In the middle of the urban area, there is the first major diversion for irrigation.
This provides a water supply for the Western Irrigation District. The reach of
river downstream of the city is highly productive, supporting a world class sport
ﬁsl’lery. The river continues to flow across the prairie 1anclscape, with major
diversions for irrigation water supplies at the Carseland weir for the Bow River
Irrigation District, and at the Bassano Dam for the Eastern Irrigation District.
The lowest reaches of the river are warm and shallow.

SSRB Natural Flow: 1975 - 2001

Red Deer River

=
Bow River
43%

Saskaltchewan River
1%
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The Red Deer River Basin

The Red Deer River flows for about 708 km from its headwaters in the Rocley
Mountains to the Alberta-Saskatchewan border. Although it is the smallest of
the three major rivers of the South Saskatchewan River Basin (SSRB), the Red
Deer River Basin has a watershed area of about 49,000 km” and makes up over
41% of the total area of the SSRB. There is one major impoundment on the
Red Deer River, the Dickson Dam near Innisfail. In the upstream reaches, there
is little development in the 1arge1y forested watershed. Below the Dickson Dam,
the river flows through the City of Red Deer, and is affected ]:)y municipal
effluents. The river also receives inflows from the Medicine and Blindman Rivers

which carry natural organic materials from their heaclwaters, and runoff from
agricultural lands. The lowest reaches are slower moving and subject to high
sediment loads from the adjacent badlands areas.

Natural drought cycles, the shrinleage of glaciers and pre(lictions related to
climate change have all led to concerns about possiljle changes in water supplies in
the future. Alberta Environment has studied historical flows in the major river
basins in southern Alberta in response to these concerns. This analysis indicates
that the flows seem to fit within the range observed historicaﬂy. There has not
been a clear or consistent pattern of signiﬁcant decline in natural streamflow
volume over the last 90 years. However, other recent research in the headwaters
of the southern Canadian Rockies has found an overall pattern of decline in the

average flows of free—ﬂowing headwater streams, with some signiﬁcant declines,

over the 1900s.

Grouna[ water

Groundwater is the water that is found under the groun(l surface in the spaces
found in roclzs, unconsolidated materials such as sands and gravels, and soils. An
aquifer isa geologic formation or structure which stores or transmits water.
Aquifers receive water, or are rechargecl, generaﬂy in higher areas such as hills or
plateaus. Groundwater can come to the sur£ace, or be dischargecl, ’chrough
natural discharge areas such as springs, streams, lakes or wetlands. Tt can also be

accessed through water wells drilled into an aquifer.

In southern Alberta, aquifers can be found in unconsolidated material that has
filled pre—glacial VaHeys that existed prior to glaciers carving and reshaping the
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ian(iscape. There are also aquiiers in bedrock foundations made up of
seciimentary rock inciuding sandstone, shale and siltstone. A number of efforts
over the years have been made to learn more about the groun(iwa’cer resources of
soutilern Aii)erta. In tile 1970s an(i 1980s, ti'ie Aii)erta Researcii Councii
systematicaiiy mappe(i groun(iwater resources tiirougiiout the province. In the
mid-1990s, the federal government iaegan worieing with municipalities to assess
their grounciwater resources, producing detailed reports and maps. In addition,

the provinciai government maintains records on individual water wells.

While there is a range of information avaiiai)ie, a comprehensive assessment of
groun(iwater suppiies in southern Alberta has not been compiete(i. Some genei'ai
conclusions have been drawn based on what we do know. One estimate puts the
potentiai sustainable yiei(i of groun(iwater at 500,000 cubic decametres per year.
In generai, southern Alberta has a i)aciegroun(i “lower” grounciwa’cer yieici ievei,
with areas of iiigiier yiei(i ’ciirougilout. Groundwater quaiity shows a trend of
(iecreasing from the west to the east. The overall conclusion has been that while
groun(iwater is very important in some areas, much of it is tiiougiit to be of poor

quaiity for po’caiaie uses, or expensive to access.

The value of groun(iwater lies not oniy in its potentiai as a source of water but
also as a izey element in the iiy(iroiogic cycie. Scientists are worizing to increase
our unders’canding of the links between surface water systems and groun(iwater
systems. Once again, mountain headwaters piay a critical role in the water cycie
in southern Alberta. Potential reciiarge rates are generaiiy iiigii in mountainous
and foothills terrain for both aquiiers in bedrock and in unconsolidated materials.
This is reflected in studies that have confirmed that groun(iwa’cer supports the
base flow of the Bow River and its tributaries, ixeiping to redistribute precipitation

from iligiler elevations into the groun(iwater system.

4.0 Aquatic Environments of Southern Alberta

4.1 Historical Milestones

The riverine ecosystems of southern Alberta have respon(ie(i to cycies of flood and
cirougi'it tiirougiiout the last 10,000 years and have evolved in response to these

disturbances. Southern Alberta riparian forests are unique in ]:)eing dominated i)y
popiar trees, inciu(iing magniiicent stands of piains cottonwood aiong prairie river

reaches. The cottonwoods and associated piants and animal species migrate(i into
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southern Alberta along waterways. The plains cottonwood migra’ced from the
east, the narrowleaf cottonwood from the southwest and the black cottonwood

(]oalsam poplar) from the west over the continental divide.

Bison moved across the 1an(1scape in great herds, upward of 10,000 hea(l,
trampling and fouling the aquatic environments that they came across. Fish and
other aquatic life occupied the rivers and lakes, also mos’cly migrating upstream
from the south and east. Beaver became an important agent of ﬂoodplain

l)uilcling .

The fur trade, which ]oegan in the late 1700s, resulted in a dramatic decline in
beaver populations during the 1800s which in turn affected the location and
make up of the riparian environment. The first European settlements were
established along the rivers, which led to the clearing of riparian forests and
cultivation of ﬂooclplains. As settlement progressed, the bison were eliminated
and cattle replaced bison as the major grazer on the prairies. This meant a shift
from an open system where grazing patterns were na’curaﬂy defined to a closed
system where herd management and fencing determined the pattern, timing and
intensity of grazing. Increasing human populations put pressures on the ﬁshery

resources of some rivers.

The construction of dams for hy(lroelectric generation and the construction of
dams, reservoirs, diversions and canals for irrigation developmen’c had the most
dramatic impacts on the aquatic environment. This included changing the
existing aquatic environments around the construction sites, in some cases
creating new man-made aquatic environments and, most impor’cantly, ]oy

changing flow patterns and volumes.
4.2 Current State and Future Trends

Scientists describe an ecosystem as the soils, plan‘cs, animals, climate, water,

topography and all the ecological processes that link them together. All aquatic

ecosystems are ever—changing. The natural processes at work include

precipitation, runoff from 1anc1, streamﬂow, erosion, cleposition, recharge and

clischarge from aqui£ers, freeze and thaw cycles, flood, &rought, movement of

nutrients, evaporation, concentration and movement of other chemicals,

salinization, thermal stratification and mixing, uptalze of water 1)y vegetation and &
evapotranspiration l)y vegetation. In the cycle of life, energy and nutrients flow

from plants that capture the sun's energy using photosynthesis, through grazers,
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preda’cors ancl decomposers .

The nature of each aquatic ecosystem is 1arge1y defined Ly the geography of the

environment in which it occurs, including the climate, 1anclforms, soil and

Definition of “aquatic environment” from the Water Act

"aquatic environment" means the components of the earth
related to, living in or located in or on water or the beds or
shores of a water l)ocly, inclut].ing but not limited to
(i) all organic and inorganic matter, and
(ii) 1iving organisms and their habitat, inclu(ling fish habitat,

and their interacting natural systems

vegetation. As noted earlier, the geography of southern Alberta is remarlzal)ly
varied from west to east. In the mountains and foothiﬂs, common characteristics
of aquatic ecosystems are cold water, steep slopes with relatively fast ﬂowing water,
roclzy or grave”y bottom material and low l)iological procluc‘civity. In contrast, the
freshwater aquatic ecosystems found in the prairies have cool to warm water,
sandy or clayey bottom materials, gen’cle slopes with relatively slow ﬂowing water
and relatively high procluction of aquatic vegetation, fish and wildlife.

The geography of southern Alberta also changes from the north to the south.
This diversity is reflected in the course of the Red Deer River. Arising in an
alpine environment, it flows through a gradual transition from coniferous forests
to mixed wood forests to a mix of aspen groves and rough fescue grasslancl before

entering the semi-arid grasslands of its lower reaches.

Area of Aquatic Ecosystems in Southern Alberta

Type of Aquatic Ecosystem Area (ha) % of S. AB

Rivers and streams 74,000 0.5%
Canals 30,000 0.2%
Lakes and Ponds (permanent stan&ing water) 117,000 0.8%
Reservoirs 57,000 0.4%
Dugouts 6,000 less than 0.1%
Wetlands and riparian areas 565,000 4.1%
Estimated total area of aquatic ecosystems approx. 6%

This table is intended to provide an indication o][lww much o][tlze /ana]scape is taken up Z)y aquatic
ecosystems in southern Alberta. The areas given are estimated based on infarmation ][rom the /andscape
database ][or the Southern Alberta Sustainalai/ity Strategy, the Native Prairie Vegetation Inventory
(AENYV), the Prairie Farm Rehabilitation Administration and Ducks Unlimited.

Note: The total land area for the purposes of the Southern Alberta Sustainalai/ity Strategy is 13.8
million ha, inc/ua]ing all o][ the South Saskatchewan River Basin and the Grassland Natural Region.
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Area of Different Aquatic Ecosystems

Rivers
8.70%
. 3.50%
Permanent rivers and
1 T 13.80%
streams occupy less than /
one percent of the total e
area of southern Alberta
6.70%
(about 74,000 ha). In 66.50% 0.70%
the mountains and FRivers and Streams
iootiniis, the beds of B Canals
rivers an(i streams are OLakes and Ponds (permanent standing water)
mainiy rock and gravei & Reservoirs
reﬂec’cing iligi'l energy I Dugouts
ﬂOWS on steeper terrain. #l Wetlands and Riparian Areas

In narrow valieys the

channels are confined i)y the bedrock material, while tiiey may wind more across
Vaiieys less confined. Braided channels are found where the siope is steep and
flows are variable, such as below mei’cing giaciers. The iiigii peaie flows of May
and June scour the river bed (iisiociging fine sediments and any aquatic vegetation.
Water temperatures are at or near 0 (iegrees Celsius when the winter ice melts and
then follow the air temperature, seldom getting warmer than 20 ciegrees Celsius.
Surface water quaiity in the western forested portions of southern Alberta
watersheds is generaiiy very gooti. Periodic exceptions to this occur in river
reaches imme(iiateiy below wastewater discharge points for small municipalities.
In these upper reaches, coldwater fish thrive, inciu(iing the native mountain
wiiitefisii, bull trout and cutthroat trout in some areas. Rainbow trout, brook
trout and brown trout have been introduced. All feed primariiy on insects and
insect larvae. Bird species cioseiy associated with the mountain and foothill
aquatic ecosystems include the American dipper, ilariequin duck and common

merganser.

In the prairies, the beds of streams and rivers are mainiy sand and silt reﬂecting

lower energy flows and the flatter terrain. Ciianneis, varying from just a few

metres to tens of metres wi(ie, meander ireeiy across the broad vaiiey iJottoms,

occasionaﬂy confined i)y bedrock outcrops. The most abundant aquatic

vegetation is found in the more shallow reaches with low flow. Fish that are

native to prairie streams and rivers are a(iapte(i to siity waters and warm water o
temperatures, often excee(iing 20 (iegrees in the hot summer months. Species

that can be found include lake Wiliteiisii, waiieye, northern piize, sauger, yeiiow
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perch, golcleye, and lake sturgeon. There is an abundance of food for these fish
including zooplanleton, aquatic insects and other aquatic arthropods, clams, snails
and smaller loottom-(lweﬂing fish. Crayﬂsh inhabit the channel sediments in
some areas. Wildlife species commonly associated with prairie rivers and streams
include the Canada goose, great blue heron, common goldeneye, belted
lzingfisher, bank swallow, rough—winged swallow and the beaver.

The mainstem and major tributaries of the rivers of southern Alberta have
experiencecl a high clegree of human intervention. The hydrological regimes of
the rivers and tributaries have been altered to provide water supplies for the many
demands in the watersheds. Storing water during spring runoff reduces peale
flows downstream Ly varying clegrees. The result is reduced channel clynarnics
inclucling a more stable channel and less bar formation. Onstream reservoirs and
diversion structures operatecl for irrigation purposes on the Oldman River and its
southern tributaries and on the Bow River below Calgary have resulted in
significant spring and summer flow reductions downstream compared to the
natural situation, affecting the habitat of aquatic organisms. The riparian area is
also affected I)y subs’can’ciaﬂy reduced channel &ynamics and reductions in riparian

water tal)les.

The water quali‘cy of the rivers tends to deteriorate downstream of the mountains
as a result of both natural changes and increased human activity. N atural
changes include higher summer temperatures, waterfowl gathering sites and
materials that can be easily eroded such as in the badlands areas. Human activity
results in contaminants from both point sources and non-point sources. Large
and increasing withdrawals of water from rivers and streams contribute to
cleteriorating water quality downstream. There is less flow to assimilate poﬂutants
and temperatures can be higher as a result of reduced flows.

Cana/s

While irrigation canals occupy about 30,000 hectares of southern Alberta - an
area equal to about half the area occupiecl 13y rivers and streams - this is declining.
Lateral and smaller feeder canals are Leing replaced ]oy underground pipelines in

efforts to reduce evaporation losses and improve irrigation efﬁciency.

The canals are confined ]oy steep banks lined with gravel and cobbles, and are ¢
lined with clay to prevent losses of water through seepage. The main canals are
generaHy about 10 metres in width while the smaller lateral canals average about
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3 metres in width. River flows are diverted into irrigation canals over the growing
season, from early May until late October, with flows ﬂuctua’cing depending on
changing demands for water. Between October and May, canals are dry except for
natural rainfall and snowmelt. The canals are manage& to ensure efficient water
conveyance, including ﬂushing of sediments and control of aquatic vegetation.

As a result, they provide only marginal habitat for wildlife. Fish that are regularly
swept through the diversion structures and into canals generaﬂy do not survive,
although cach fall Trout Unlimited rescues many fish in their annual Fish Rescue

prograrn.
Lalees and Reservoirs

Lakes are scattered throug}lou’c southern Aﬂaerta, ranging in surface area from a
high of tens of square kilometres to a low of just a few hectares. The natural
permanent lakes of southern Alberta formed in large clepressions and blocked
waterways left Ly the retreating ice sheets. They include Buffalo Lalze, Pine
Lake, Sylvan Lake, Bow Lake, Lake Louise, Crowsnest Lake and Waterton Lake.
Man-made weirs maintain the water levels of some lakes including Little Fish
Lake, Beauvais Lake and Elkwater Lake in the Cypress Hills; and man-made
diversions have raised water levels in others inclucling Gull Lake, Namaka Lake

and Reesor Lalze.

Onstream reservoirs are created when the flow of a major stream or river is
blocked ]oy the construction of a dam creating a water storage area. Off-stream
reservoirs are created when a structure is built across a minor stream or coulee to
create a storage area for water diverted from outside the natural (lrainage basin.
There are 14 onstream reservoirs in southern Alberta inclucling the Oldman
Dam reservoir, the Ghost reservoir, Glennifer Lake (formecl Ly the Dickson Dam)
and Twin VaHey reservoir; and 32 offstream reservoirs include Lake McGregor,

Lake Neweﬂ, Keho Reservoir, Travers Reservoir and the Chain Lakes.

While they are small in total area, freshwater lakes and poncls are very procluctive

ecosystems, supporting a variety of aquatic organisms. Fish species that are

found include lake trout, white suclzer, Waﬂeye, northern pilze, perch and lake

whitefish as well as smaller fish such as minnow, shiner, chub and dace. Birds

commonly associated with lakes are common loon, osprey, bald eagle, white

pelican, double-breasted cormorant, red-necked grebe, western grelae, Lufﬂehead, "
lesser scaup, canvaslaaclz, guﬂs and terns. Shorelines of exposed mudflats or sand

and gravel provide £eeding, resting, and in some cases nesting habitat for more
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than two dozen species of shorebirds. Tiger salamander, leoparcl frog, boreal
chorus frog and western toad frequent the shores of small lakes and poncls.

The aquatic ecosystem of a reservoir varies significantly from that of a natural
lake. A first major difference occurs at the base of the food chain. Reservoirs
have relatively high water exchange rates comparecl to lakes and nutrients do not
1inger 10ng enough to be exploitecl lay phy’coplanleton, a key primary producer.
Water level fluctuations are substantiaﬂy greater in reservoirs than in lakes and
occur less graduaﬂy and with greater £requency. This has a major impact on the
grow’ch of aquatic vegetation at the shoreline and in the shallow areas around the
shore. In aclclition, erosion can take place when shorelines are exposed. Fine
materials in the water lead to higher turlaidity and can settle, increasing the
sedimentation on the bottom of the reservoir. These factors combine to create
conditions where the habitat requirements of many species of aquatic
invertebrates and fish are not met. While the range of l)iological cliversity is
aﬂecte&, there are a number of species that are commonly found. Fish species
include lake whitefish, northern pilze, waﬂeye, rainbow trout, ]aur]oot, suckers and
smaller fish such as shiners and chub. Islands in some reservoirs provi(le
important nesting habitat for colonies of white pelicans, cormorants, guﬂs and
terns. Muskrat and beaver are seldom found as clrops in water level cluring the

winter cause serious freezing prol)lems for these animals.

Reservoirs create 1arge surface areas of water that are exposed to evaporation Ly
the sun and wind. In arid regions, this increased evaporation can be significant,
affecting the water supply gaine& from new reservoir storage. This is an

important consideration in water management planning.

Water quality monitoring for many southern Alberta lakes and reservoirs Legan in
the mid-1970s and early 1980s. This monitoring is used to evaluate the general
lake quality as well as the level of primary procluction (grow’ch of algae and plants).
Periodic water quality monitoring of lakes in the national parles is done ]:)y
Environment Canada. Mountain and foothill lakes and reservoirs are na‘curaﬂy
poor in nutrients. Human activities in the watersheds of these waterbodies are
sporadic and localized and appear to have little effect on water quality. A 1zey
factor in maintaining goocl quality water is preventing any increases in the supply

of nutrients to a lake.

Prairie 1alees and off-stream reservoirs have ample supplies of nutrients to support
high procluction of algae and plants during the late summer. Human activities in

prairie watersheds are more persistent and wiclespreacl. Nutrients from the runoff
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from agricultural lands or lealzage from septic systems often stimulates grow’ch
and diversity of aquatic plants, invertebrates and fish. Excessive addition of
nutrients, however, can result in excessive algal or plant growth 1ea&ing toa
depletion of dissolved oxygen which can result in fish kills. Periodicaﬂy there are
blooms of toxic algae which can cause death to domestic animals, waterfowl and
other wildlife. Management practices for agriculture and for other nutrient
sources including sewage (lisposal, cottage developments an(l goH courses, are

important factors in controlling nutrient additions to water bodies.

Elevated levels of mercury can be a concern in fish such as Waﬂeye and pilze in the
South Saskatchewan River Basin. The mercury originates in natural sources but
it is believed that more mercury comes into the aquatic environment where
reservoirs flood substantial areas. Microorganisms ingest mercury na’curally
found in the sediments and the mercury becomes concentrated up through the
food chain. The levels of Provincial sport ﬁshing regula’cions include an advisory
about the amount of fish considered safe to eat.

Altogether the total area occupied l)y lakes and pon(ls is somewhat higher than
the area occupiecl Ly rivers, but it is still less than one percent of the total area of
southern Alberta (a]oout 117,000 ha); reservoirs occupy about half the area
occupie(l ]:)y lakes (a]oou’c 57,000 ha).

Ponds and Dugouts

Ponds are found in smaller depressions than lakes and are usuaﬂy encircled Ly
wetland vegetation. Natural ponds are most common in areas of roﬂing moraine
in the foothills and central parlzlan&. In order to secure a reliable source of water
for human and livestock use, many generations of farmers have developed small
reservoirs known as dugou’cs, filled })y natural runoff or Ly pumping from a
nearby watercourse. Generaﬂy clugouts are similar in size to small ponds. As
nutrients and sediment wash in with runoff, newly constructed dugouts are
quiclzly colonized 1)y algae, zooplanlzton, aquatic plants, insects, amphiloians and
other organisms that are also characteristic of small ponds. Most clugouts are too
shallow to sustain fish over the winter.

‘%tlands

Wetlands can be found in areas where runoff coHects, where groundwater is close

to the surface, including springs, and close to surface water bodies in riparian
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areas which are su})jec‘c to perioclic ﬂooding. It has been estimated that there are
a few hundred thousand wetlands in southern Aﬂ)erta, commonly referred to as
swamps, marshes, wet meadows, potholes and sloughs, covering several hundred
thousand hectares. Natural wetlands are most common in the moister northern
and western areas of the region. Most of these are seasonal and small - less than
two hectares in area. Purther south, 1arge, permanent wetlands have been created
lay man-made diversions and small dams. As the irrigation districts were
develope& in the region, wetlands were inadver’cen’cly created loy seepage along the
eclges of off-stream reservoirs and from canals and &rainage ditches.
Rehabilitation of canals, initiated in the 1970s, resulted in a signiﬁcant decline
in wetlands associated with seepage. Nevertheless, there has been an overall
increase in wetland area within districts partly facilitated 13y wetland construction
projects of Ducks Unlimited in partnership with irrigation districts. These man-
made wetland areas clepencl on continued diversions of water or management of

structures to sustain them.

Wetlands per£orm an important function, acting like sponges throughout a
watershed, £illing with runoff and groundwater discharge during high precipitation
events. In this way they help to store water, reduce overland How, and alleviate
ﬂoocling. The stored water can then slowly infiltrate into nearl)y groun(lwater
aquifers. Wetland vegetation also serves a role in fil’cering out sediment and
nutrients, purifying water as it moves through the watershed.

Since the late 1800s, Alberta has lost about 64% of its slough and marsh
wetlands in the settled areas and continues to lose wetlands at an average rate of
about 0.5% per year - with a loss of the functions that support the water cycle.
There is little information currently available on water quali’cy in wetlands in
southern Alberta. One area of concern is chronic, low levels of multiple pestici(le

residues moving into wetlands.

Riparian Areas

Riparian areas are the parts of the landscape strongly influenced lz)y water and are

characterized ]3y water-loving vegetation. Riparian areas perform many important

functions as part of aquatic ecosystems inclucling mitigating flood flows, storing

water, recharging grounclwater, stal)ilizing laanlzs, trapping sediment, inﬂuencing

water quality, provicling habitat and maintaining biocliversity. Vegetation found in

riparian areas in southern Alberta includes more than 50 plan’c community types. ¢
Coniferous forests dominated ]oy white spruce occur on ﬂoodplains in the

mountains and foothills and in the Cypress Hills. Three species of poplars,
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including cottonwoods, are the dominant trees of deciduous riparian forests.
Balsam poplar, inclucling black cottonwood, is dominant or co-dominant with
spruce in riparian forests in montane and parlzland regions. Narrowleaf
cottonwood is found only in the Vaﬂey bottoms of the Waterton, Beﬂy and St.
Mary rivers as well as along the Oldman River upstream of Lethbridge. Plains
cottonwood occurs along rivers through the mixed grass region, being most
abundant in reaches where the river channel meanders freely across a broad
ﬂoodplain. Other riparian vegetation communities are dominated 10y shrubs
inclucling willows, water birch, red-osier clogwoocl, Cholzecherry, thorny
laugalo]:)erry or greasewootl. Riparian herbaceous communities are dominated l)y

moisture—loving sedges or grasses.

While riparian areas cover a very small portion of southern Aﬂoer’ca, they are a
critical component of healthy watersheds and are among the most procluctive
wildlife ha]:)itats, I)enefiting the greatest number of species. For example, in the
prairies of southern Alberta, about 80% of wildlife species use riparian areas for
all or part of their life cycle. Bird species nesting in riparian forests include great
blue heron, common merganser, merlin, great—hornecl owl, northern flicker, grey
catbird, 1ogger11eac1 shrike, yeﬂow—lareastecl chat, and spot’cecl towhee. Riparian
areas are especiaﬂy critical to the conservation of neotropical song]aircls, the
majority of which rely on riparian forests and shrublands for Lreeding or as stop-
over sites while migrating. Deer rely on riparian areas for critical winter and
]areeding habitat. High £orage production in riparian areas makes them preferred

range for livestock.

As with wetlands , there has been a loss of riparian areas as a result of human
activity. In order to maintain 1ong term health, riparian areas need to be able to
sustain trees, shrubs and herbaceous vegetation with few invasive plants, have
little unnatural bare groun& or altered banks and have flow conditions close to the
natural condition. These indicators are 12ey components of a user—ﬁiencuy
approach to riparian health assessment that has been developed Ly the Alberta
Riparian Habitat Management Society (“Cows and Fish Program”).

A general overview of riparian health has been completecl for the Red Deer, Bow
and South Saskatchewan rivers under the Alberta Riparian Habitat Management
Program (Cows and Fish Program). This overview resulted in ratings for the 48
sites examined: 33% healthy; 46% healthy but with proMems, and; 21%
unhealthy. Similar work on the Oldman River and its tributaries has found that
less than 15% of 46 sites are healthy, about 30% are unhealthy, with the 1arges’c
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portion in the category of healthy but with prolz)lems. Management to restore
riparian health will need to include changing flow regimes, improving grazing
management, minimizing disturbances and controﬂing invasive plants. The
Cows and Fish Program is Worlzing to foster better un&ers’cancling and

management among livestock producers and communities.

RIPARIAN HEALTH STATUS

Riparian health is described in the following categories:

Healtlly All riparian functions are being performe(l.

Healt}ly Many functions are being performed but signs of stress are apparent.
but with prol)lems

Unhealt}ly Most functions are severely impairecl or have been lost.

From: Riparian Areas: A User’s Guide to Health, Cows and Fish Program

Water Quality

Water quality is critical for both the health of aquatic ecosystems and for human,
livestock and irrigatecl crop consumption. Key indicators of water quality are
levels of waterborne pathogens, pesticicles, nutrients, and metals and ions. Some
of these contaminants occur na’curaﬂy in waterbodies. For example, mercury
occurs naturaﬂy in sediments, nitrogen and phosphorus enter aquatic ecosystems
through natural hiological and chemical processes, coliform bacteria are present
naturaﬂy in soil, and fecal coliforms are in the systems of many warm-blooded
animals including wildlife. As noted earlier, water quality is affected l)y human
activity through point and non-point sources of contaminants and Ly alterations
to natural flows. Fundamental to unclerstanding how human activities are
affecting water quali’cy is sound lznowleclge of natural levels of contaminants and

of potential sources o£ human—causecl poﬂution.

Municipal effluents from the region's cities and towns have a significant impact
on water quality, as their wastewaters are assimilated by the watersheds' rivers.
Wastewater treatment facilities in Alberta must use secon&ary treatment or better
(’chis results in 90% removal of organics and solicls) , and the region's cities must
disinfect and remove nutrients to reduce effluent 1oaclings. All cities in southern
Alberta have invested in improve(l sewage treatment in recent years. All the
major communities that discharge into the Bow River now have tertiary
treatment, with Calgary's tertiary treatment rated the best of all major cities in
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Canada. The focus of attention and resources to upgracie treatment facilities is

now siiiiting to smaller municipalities.

Untreated runoff from urban streets, yar(:]s and green spaces can be a signiiicant
source of contaminants. Periodic iiigii levels of phosphorus, fecal coliforms and
some metals have been found in Chestermere Lake and were attributed to
contaminated stormwater from the City of Calgary. Very hig}i concentrations of
nutrients, bacteria and pestici(ies were measured in Lethiori(ige storm drains
(iuring the years 2000 to 2002. Aitiiougii the volume of individual storm drain
flow is small in comparison with the volume of water in rivers , tiiey have local
impacts and when combined can contribute to overall contaminant 1oading.
Increasingiy municipai land use pians are inciuciing stormwater pon(ls to store
and treat runoff. Urban residents in some municipali’cies are i)eing encourage(i to

reduce their use of iertiiizers and pestici(ies.

Studies have indicated that non-point source runoff from agricuitural lands
containing nutrients from fertilizers and livestock manure, herbicides and
pestici(ies are contrii)u’ting to the (iegra(ia’cion of water quality in some rivers.
Aiso, as agricui’cure becomes more intense, concerns about contamination of
shallow groun(iwater sources are increasing. Efforts are unclerway to control
agricuiturai runoff and improve manure management, especiaiiy from intensive
livestock operations. Water quaii’cy is ciosely linked to the health of riparian
areas. Riparian health assessments are i)eing conducted in various South
Saskatchewan River Basin reaches. These assessments will be a tool that can be
used to heip improve land-use practices, such as grazing, to reduce their impact
on riparian areas. [rrigation also produces runoff. Some of the i’iigi'iest
phosp}iorus, nitrogen and bacteria concentrations in the Oldman River watershed

ciuring 1998 to 2003 were measured in irrigation return flows (iuring (iry periods.

The importance of non-point source contributions of contaminants is
strengtilene(i i)y the observation that water quaiity in wet years is worse than in
dry years in the Oldman River and its tributaries. When there is more
precipitation, sui)stantialiy more material stored on the land moves into
waterways tiirougi'i runoff. In ciry years irrigation of lawns and crops still provicies
a patiiway for the movement of non-point contributions from the land to rivers

and streams ’chrough storm drains and return flows.

The pu]aiic is increasingiy concerned about the quality of (irinieing water, primariiy
drawn from the rivers of the South Saskatchewan River Basin. The region's four
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largest cities account for 90% of municipal withdrawals of surface water. Sixty-
seven smaller centres also rely on surface waters, while 100 rural communities
depend on groundwater. As noted above, with increasing population there will be
continued demand to assure the safety of &rinlzing water quality.

B ioa[iversity

About 130 animal and plant species that depend on aquatic ecosystems in
southern Alberta for their survival have been assessed ]oy the Alberta Species at
Risk Program as requiring special attention or protection to ensure they do not

become extinct or ex’cirpa’cecl from the province.

About three—quar’cers of 63 species of fish in Alberta are found in southern
Alberta. Eight fish species are deemed to be “At Risk”, “May Be At Risk”, or
“Sensitive”. Diversions of streamflow for irrigation have proba]aly reduced fish
populations downstream on the lower Bow, St. Mary, Waterton and Belly Rivers.
On the other hand, signiﬁcant non-native popula’cions of rainbow trout and
brown trout have been established below the Bearspaw Dam on the Bow River

and attempts are ]oeing made to establish brown trout below the Dickson Dam
and the Oldman Dam.

About one third of the 402 known species of birds in Alberta are reliant on
aquatic ecosystems of southern Alberta for all or part of their life cycles. Twenty-
one of these bird species are assessed as “At Risk”, “May Be At Risk” and
“Sensitive”. Southern Alberta has some of the most procluctive waterfowl habitat
in North America. Since waterfowl counts began in 1970, the Alberta spring
breecling duck popula’cion has fluctuated from a high of ten million in 1975 to a
low of five million in 1985 and appears to be related to the number of May poncls
each year. Efforts are underway through the North American Waterfowl
Management Plan to secure and enhance waterfowl habitat.

Almost all of Alberta's 95 species of mammals rely on aquatic ecosystems for
their claily requirement of water. Three species of mammals living in riparian

areas have been assessed “May Be At Risk” or “Sensitive”.
y

All ten amphﬂ)ian species in Alberta can be found in the aquatic ecosystems of
southern Alberta. Seven are assessed as “At Rislz, “May Be At Risk” or
“Sensitive”. This is not surprising as amphi]aian popula’cions have been declining
drama’cicaﬂy around the glo]oe. Oof eight reptile species known in Alberta, four are
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found in the southern region of the province. All are assessed as “Sensitive”. As
with amphibians, reptiles worldwide are going through a decline. While molluscs
play an important role in aquatic ecosystems, few studies have focused on them.
Their sensitivity to changes in flow, oxygen levels, temperature and nutrient
1eve1s, and their ability to concentrate toxic substances make them excellent bio-
indicators of the health of aquatic ecosystems.

Alberta's 2,040 species of vascular plants are a signiﬁcant component of the
province's Liological diversity. Eighty—six plant species found in aquatic
ecosystems in southern Alberta have been assessed as “At Risk” or “May Be At
Risk”. In addition, 37 plant communities found in aquatic ecosystems are on the
Alberta Natural Heritage Information Center traclzing list because they are rare
or threatened. These include £ores’c, shrubland and herbaceous communities.

Evaluation and Monitoring of the Health oquuatic Ecosystems

The complexity of aquatic ecosystems creates significant chaﬂenges in assessing
their current status, changes over time, and patterns or trends that can send
important signals about the health and sustainal)ili’cy of the ecosystems. Work is
progressing on a number of initiatives to help improve our unclers’canding and

lznowleclge.

Instream Flow Needs

Instream flow needs (IFN) determinations have been carried out on various river

reaches in southern Alberta as part of water resource planning. The most recent
IEN investigations focused on the major rivers in the South Saskatchewan River
Basin (SSRB) downstream of major dams and reservoirs as part of the water
management planning process underway. The approach used in the SSRB was
based on the latest unclerstancling of river ecosystems - it sought to iclentify the
flows necessary to sustain the natural ecological processes and cliversi’cy that
maintain aquatic habitats over the 10ng term. Four ecosystem components were
used to represent the full extent of the aquatic ecosystem - water quality, fish
habitat, riparian vegetation and channel maintenance. These four IFN
components are integratecl to procluce an aquatic ecosystem [FN defined for each
week of the year for each river reach. This approach relies on data collection and
analysis, computer mocleling and professional judgment. The results provi(le an
indication of how much the natural flow regime can be drawn down in each river o

reach without compromising the £unctioning of the natural system.
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INSTREAM FLOW NEEDS IN THE SSRB

In determining instream flows for the SSRB 9 the £0Howing four ecosystem components were

used to represent the full extent of the aquatic ecosystem:

Water Quality

u based primarily on flows needed to protect against hig}l instream temperatures and high
ammonia levels; and on maintaining minimum dissolved oxygen concentrations for
protection of fish species

Fish Habitat

n based on flows needed to protect physical fish habitat

Riparian Vegatation

u based on flows needed to provi(le adequa’ce see(ﬂing establishment opportunities for riparian
poplar forests and to promote tree growth

Channel Structure

u based on flows requirec]. to maintain natural channel processes

Adaptedfrom: Instream Flow Needs Determinations for the South Saskatchewan River Basin, A/[Jerta, Canada

Using computer modeling, the IFN values were compare& to natural flows for the
period from 1928 to 1995. Basecl on this analysis, the IEN Values tend to be
about 80% of the natural flow during times of moderate to high flow. During
times of low flow, the IFN values are equivalen’c to or hig}ler than the natural flow
due to the need to assimilate wastewater from treatment plants. In an average
year, the IFN values are less than natural flow cluring at least some part of spring
and summer, while during the fall and winter the IFN value is the same as or less
than natural flow. When the IFN values are comparecl to the actual river flows
under current allocations and commitments, the conclusion is that in the Bow,
Ql&man, St. Mary, Beﬂy and Waterton Rivers, the IFN values are generaﬂy
much greater than existing ﬂows, and restoring flows to IFN values would be
impossi]ole with the present &egree of allocation. In these rivers, the aquatic
environment is believed to be in a state of 1ong term declining health. Some
other instream flow needs work has been carried out in southern Alberta as part

of water resource planning efforts.

Ecosvstem Assessment

An expert panel was recently convened to assess the ecological status of river
reaches within the South Saskatchewan River Basin (SSRB). The approach
taken was based on first iclentifying environmental themes important for aquatic
ecosystem {‘unctioning. The ratings of a “Best Judgement Panel” based on those
themes were then compiled. This approach Jcapped into the 12nowledge and

experience of scientists and managers most familiar with the SSRB.
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The study rated 2 reaches as rela’cively unchangecl
or recovere(]., 22 moderately impacte(]., 6
moclerately to heavily impacted and 3 degraded.
The panel concluded that reaches of the Red Deer
River are in generaﬂy better ecological condition
than those of the Bow and Oldman Rivers. The
reach of the Bow River downstream of the
Bassano Dam and the reaches of the St. Mary
River below the dam were considered clegra&e& due
to high nutrient load and low flows caused lz)y
1arge diversions. Heavily impacted reaches
include the middle Red Deer River with inflows
from the city wastewater treatment plant, the
Medicine and Blindman Rivers, the Bow River
through Calgary to the Highwood conﬂuence, and
the lower Waterton and Beﬂy Rivers. Upper
reaches above dams and with a lower density of
land use in the watersheds were rated as in the

})es’c ecological condition.

Gra(ling’ System Used for the
Opverview of Ecosystem Conditions

in the SSRB

Unchanged/ recovered (0) —
most factors have either remaine
unchange& over time or recovered from

any disturbance

Moderately Impacted (-1) —

most factors have c}langed measural)ly
over time and some are near or
approaching ecologicaﬂy unaccepta]ole

values

Heavily Impacte(l (-2) -

many factors have degraded over time
and are below or forecasted to be below
ecologicaﬂy acceptaMe values

Deg’ra(led (-3) -
most factors are now below
ecologicaﬂy accepta]ale values

From: Strategic Overview o][Riparian and
Aquatic Condition of the South Saskatchewan
River Basin

Existing Condition: Overview

# of River Reaches
25-1

Unchanged/ Unchanged/  Moderate Moderate  Heavy Impact Degraded
Recovered Recovered to Impact Impact to
Moderate Heavy Impact

Impact
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Other Approaches

While the information from the ecosystem assessment approach and the instream

flow needs determination have provided valuable information and 12nowle(1ge,
more work is needed to clevelop other science-based methods of assessing and
evaluating the status of aquatic ecosystems. In the South Saskatchewan River
Basin (SSRB), the Aquatic and Riparian Condition Assessment s’cudy is
examining the three main human influences aﬁecting aquatic conditions -
changes to the natural hydrology, riparian area management and changes to water
quality. The intent is to use a set of indices to quantify the current condition of
42 river reaches within the SSRB, and to describe the ecological services providecl
lay each reach. Options for improved management for each reach and for the
basin as a whole will be identified.

Environmental Indicators for Aquatic Health

As it is impossible to fuﬂy understand and monitor all of the natural processes
talzing place in ever changing ecosystems, a useful approach is the identification
of some 12ey indicators. Indicators are measurements that can be used to
monitor, describe and interpret change over time. Indicators can be chosen to
provide direct information on 12ey elements of a watershed such as water supply
available. Others can be chosen to provide scientific information that provicles
both direct information as well as insight into the status of processes in aquatic
ecosystems. For example, water quality indicators may provicle direct information
on the level of nutrients, but may also provide information on the level of
procluctivity in a lake or pon(:]. A carefuﬂy chosen set of indicators can be used to
monitor the health and long term sustainal:)ility of aquatic ecosystems. Some
possible indicators include changes in the hydrological regime, status of water

quality, impaire(l {-unctioning of riparian areas, and loss of biocliversity.

50 Human Uses O£ Water an(l Watershe(ls

5.1 Historic Milestones

A]joriginal peoples reached southern Alberta some 10,000 years ago and followed
a £air1y nomadic existence in search of game thereafter. They, along with beavers

and bison, uncloulate(ﬂy had some impact on water resources and riparian areas,

though these were 1i12e1y short lived.

The fur trade l)rought European traders and explorers to Alberta in the 1770s,
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but their activities were concentrated in the
beaver-rich northern half of the province. In the
late 18505, Captain Iohn Palliser explore& the
southern Canadian prairies and warned that an
arid area - now known as the Palliser Triangle and
extending into southeast Alberta - was desert-like
and unsuitable for farming. He was followed })y
John Macoun in the 1880s. Mr. Macoun,
exploring during a wet period in the natural cycle,
found lush vegetation and conditions that could
readﬂy support agriculture.

Despite the concerns expressed l)y Captain
Paﬂiser, the new Canadian government was keen
to encourage settlement. The Canadian Pacific
Railway (CPR), completecl in 1885, facilitated
the 1arge-scale influx of mos’cly European settlers
into southern Alberta, often seﬂing homesteaders
land it received for building the railway.

The search for water in this clry 1anclscape spurrecl
these pioneering farmers to &ig wells, build small
dams and divert water for small-scale irrigation,
beginning with Alberta's first irrigation project in
1879 near Calgary. As such diversions
multipliecl, the federal government in 1894
passed the Northwest Irrigation Act, which set two
important prececlents - government ownership of
and control over water resources and allocation of
water licences on a first-in-time, ﬁrst-in—right

basis.

MAJOR HISTORICAL MILESTONES

1879 The first recorded irrigation project in
southern Alberta - a hay field south of present-
day Calgary.

1894
Northwest Irrigation Act, giving government

The Canadian government passes the

control of water resources and the a]oility to issue
water-use licences.

1900-04 The first 1arge—sca1e commercial
irrigation systems in Southern Alberta are built.

1909 The Bounclary Waters Treaty is signecl,
governing the flow of rivers between Montana and
Alberta.

1915 The Alberta Irrigation Districts Act is

passecl, anowing the creation of farmer-controlled
irrigation districts.
1930

control over resources, including water, to the

The federal government transfers

province.
1935 In the midst of the Great Depression,
the federal Prairie Farm Rehabilitation
Administration is established and becomes a
major builder of irrigation works in Alberta.
1969

agreement assuring 50 per cent of natural river

Alberta signs an in’cerprovincial

flows are passecl on to Saskatchewan.

1991 Limits are set on the allocation of
irrigation water.
1992 The Oldman River Dam and

Reservoir, with a capacity of nearly 500,000
cubic clecameters, is completecl, providing
irrigation water, flood control and steady water
supplies to the City of Let}l]oridge.

1999 Alberta's Water Act is passe&,
protecting existing water-use licences, aﬂowing
transfers of water allocations and caHing for water
management plans to be (].evelopecl.

2001 The Alberta government launches
Water for Life, a strategy for sustainable water

management in the province.

The first 1arge—scale irrigation systems were corporate investments, Leginning with
a 1900 canal project southwest of Lethl)riclge, followed by CPR diversions
downstream of Calgary that Lrought water to 240,000 hectares of land. Though

such projects stimulated land sales and rail shipments, they soon failed ﬁnanciaﬂy.

In 1915, the Alberta government passed the Irrigation Districts Act, aHowing

landowners to organize themselves into local cooperatives for Luil(ling and
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managing iarge irrigation projects. This concept of farmer-owned irrigation
districts was unique to Alberta and even’cuaiiy led to the formation of 13 such
districts, which today covers more than 500,000 hectares of irrigated land.

But the irrigation districts, like the corporate efforts before them, soon ran into
financial proi)iems. Both federal and provinciai governments steppeci in, agreeing
to fund all major capitai works and assume some district debts. The Great
Depression of the 1930s reinforced the need for continued irrigation ﬁin(iing
from both levels of government, which constructed water storage and cieiivery

systems and later rebuilt and expan(ie(i aging infrastructure.

Suiosequent investments loy the province allowed irrigation acreage to increase loy
50% i)etween 1970 and 1980, a trend that continued Wi’cii the construction of a
iarge dam and reservoir on the Oldman River in the late 1980s and eariy 1990s.

Rapi(i expansion was aided i)y centre pivot
sprinieiers, aiiowing iarger farm areas to be 600
watered with less manpower, and i)y 500
infrastructure repairs that reduced

evaporation and seepage losses.

Larger municipalities have also been major
water users in southern Alberta. The Bow
and Oldman Rivers supplied North-West u u u 100
Mounted Police forts in Caigary and Fort (=] u

McLeod in the 1870s and later settlers who " ‘21Gr:vi/th‘j):'A;l5)19rt:; ir;;an::; di‘:ri::?:g
flocked to the new urban centres. The

ﬂedgiing city of Caigary ]aegan (irawing

water from the Bow River in the 1890s and has since relied on river waters to
feed its continued rapi(i grow‘cil.

Thousands of (actual) Hectares

Beginning in the 1890s, some eleven ilyciroeiec’cric dams have been built on the
upper Bow River system, provicling important peaiz eiectrici’cy to the regionai
power gri(i. Small ily(iro pian’cs have been installed at other dams in the basin.

Alberta's primary in(ius‘cry, the pe’croieum sector, has iong used water to extract
and process oil and natural gas in southern Alberta. As conventional reserves
have climinisiie(i, water injections have increased to enhance recovery rates.
Southern Alberta's other growing industries, inciu(iing food processing and
manuiacturing piants , and several iarge petrochemicai compiexes have also been

fuelled ]3y water withdrawals from the area's major rivers.
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5.2 Current State an(l Future Trends

Popu/ation and Economic Deve/opment

More than 1.5 million people live in southern Alberta. Some 80% reside in
urban centres, nearly all situated along its major rivers and two principal
tligtlways. Canada's tourttl—targest city, Calgary, is the area's dominant centre,
with about one million residents in its greater metropolitan area. The other cities
are Lettllz)ri(lge (at)out 71,000 people), Red Deer (68,000 people), and Medicine
Hat (51,000 people). All these urban centres have experiencect considerable
growth cturing the past decade, especiaﬂy Calgary's satellite communities. By
contrast, 1arge rural stretches of southern Alloerta, such as the semi-arid
souttleast, are sparsely populatect. Many of these small rural towns and Viﬂages
have suffered poputation declines in recent years.

Despite occupying less than 20% of Alberta's total area, southern Alberta is
responsitjle for about half of the province's economic activity. Petroleum,
agriculture and manutacturing are major drivers in this economy, each
accounting for about 10% of southern Alberta's sales; the service sector is
responsi]ote for 65% of the region's pro&uction. While primary production of
resources has long been the (triving force of the southern Alberta economy, a 10ng
term diversification strategy has spurred the growttl of lznowle(tge—t)ase(t and
value-added processing industries, particularly in the larger cities.

The demand for water has been increasing and is expected to continue rising to
feed the rapi(l expansion of southern Alberta's population and economy. The
poputation in the South Saskatchewan River Basin, for example, is expectect to
grow from about 1.5 million toctay to more than three million people 1)y 2046.
The provincial government will be continuing with its tong term strategy to make
a transition from a resource based economy to a more martzet—tocused, 12now1e(lge

intensive, value-added economy across all of the province's economic sectors.

The increased demand for water will put pressure on the aquatic environments of
southern Alberta in both direct and indirect ways. While the amount and timing
of water withdrawals have direct effects on aquatic environments, other factors
need to be considered. Increases in population and (tevelopment of the tourism
sector will increase the demand for access to aquatic environments. As the
various economic sectors ctevetop, this can lead to increased conflicts on the

1an(1scape inctuding possilale impacts on aquatic environments.
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Interprovincia/ OZ?/igations

Not all the water that flows in southern Alberta's rivers is available for local use or
instream needs. The province of Alberta has international and interprovincial
agreements related to the sharing of water in the rivers of southern Alberta which

must loe met laefore any other uses are considerecl.

Under a 1969 interprovincial agreement, Alberta is required to pass, on an
annual l)asis, 50% of the natural flow of the South Saskatchewan River Basin to
Saskatchewan. The cleparting waters must also meet certain water quality
guidelines. On average, Alberta passes approxima’cely 75%, but in 2001, one of
the driest years on record, this amount fell to slightly more than 50%.

Similarly, the 1909 Boundary Waters Treaty sets flow requirements for rivers that
cross the Alberta-Montana border. Under a complex £ormula, Alberta is entitled
to a considerable portion of the natural flows of the Milk and St. Mary Rivers,
the latter emptying into the Oldman River. On average, Montana has been using
about 60% of its entitlement to the St. Mary's flows, an amount that could
increase with planned improvements to irrigation infrastructure, thus po’centiaﬂy
reclucing the river's flow entering Alberta.

Surface Water Allocations

Once international and interprovincial agreements are met, the remaining water
in southern Alberta's rivers is available for instream flow needs and for allocation.
As noted previously, a system to allocate water was established in the early days of
the province's settlement. Under the Water Act, the Government of Alberta owns
the rights to all waters within its borders and allows it to be diverted and used l)y
licence holders. It allocates these licences on a first—in—’cime, first—in—right basis,
which means that in times of s}lortage, the older the licence, the higher its
priority, regar(ﬂess of the purpose the water was allocated for. Some of these
licences da’ce baclz to 1894, Wl’len the £ederal government controﬂecl water

resources.

There are approximately 20,000 licences and registrations in the South
Saskatchewan River Basin (SSRB), accounting for 61% of all the water allocated
in Alberta. In the SSRB, irrigation accounts for 756% of the allocation volume
(or more than 3.8 million cubic decametres of water), followed l)y municipalities

(13%), inclustry (3.7%) and other agriculture (1.7%). In the Milk River Basin,
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about 3,300 hectares of land are irrigated.

Allocation Volume - SSRB
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Allocations show the different purposes that water is Leing used for in southern
Alberta. It should be noted, however, that allocations refer to the maximum

amount of water a licence holder can withdraw - in most cases, not all the

2000

0

allocated water is actuauy used. For example, irrigation demand is highly
variable, depending on the amount of precipitation received during the growing
season. There is also a difference between how much water is withdrawn and how
much is consumed, or not returned to the watershed. It is estimated that about

80% of water withdrawn for municipal purposes is returned to rivers £0110Wing

When aﬂoca’cing water, a general benchmark that has been used is that when
allocations reach 50% of the median natural ﬂow, limits to allocation should be
evaluated. A number of other important factors need to be considered including
flow patterns, storage, apportionment and the ﬁequency that water shor’cages
occur. Alberta Environment recently complete(l a detailed investigation of the
current state of water availability in the South Saskatchewan River Basin using

computer simulations. These computer simulations have pro&uced firm evidence
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’chat ’t}le overaH cleman(l for water in Jche

basin is rapidly reaching, and in some cases

all’eady eXC@eClingr the water Supply Median ﬂow is compara]ale to an arithmetic
average but differs in that the median has an

The Bow ancl Olclman Rivers currently have equal number of values ]nigher than it and lower

than it.
a significant degree of allocation at 68%

What does median flow mean?

and 70% of median flow respectively. Any

new licences issued in the Bow and Oldman Basins would have significant risk of
not getting water in drier years. The Oldman River's southern tributaries have a
high clegree of allocation, with the Beﬂy at 80%, the Waterton at 75% and the
St. Mary River at 118% of median flow. The Red Deer River has a relatively low
degree of allocation compared to its natural ﬂow, 18.4%. The developmen’c of
water management infrastructure has supportecl the high clegree of water

aﬂoca’cion, aHoWing for water to be stored for later use.

In recognition of the high demand for water, some restrictions on further water
allocations have been put in place. The Alberta government established irrigation
expansion guidelines in 1991 that put a cap on the amount of water allocated for
irrigation purposes throughout the South Saskatchewan River Basin. In
aclclition, more specific restrictions have been implementecl in some areas.

Applications for any new allocation licenses, for any purpose, are not })eing

Allocation by Basin

Red Deer - 6.4% of Total Bow River - 46.6% of Total
- Industrial Other
Other Irrigation n ;‘; nal %
21% ici °
27% Municipal
20%
Agriculture
1 5%\gnculture

. 1%

Industrial Municipal rriqati
259% N rrigation
o 12% 72%
Oldman River - 42.3% of total
Industrial  Other South Saskatchewan River - 4.7% of total
Municipal 0% 10%
3% Other Irrigation
Industrial 13% N
Agriculture 0% o 18%
1% Agriculture
3%
Irrigation Municipal

86%

66%
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accep’ced on the Belly, Waterton and St. Mary Rivers. On the Highwoocl River,
Ross Creek and Willow Creek, applications for municipal use and small

s’coclzwa’cering use are the only ones ]:)eing acceptecl.
Groundwater Use

Groundwater is not a major source of water throughout the basin, but is an
important source in some local areas, especiaﬂy where access to surface water is
limited. Curren’cly there are approximately 500,000 domestic wells in the
province. Although some smaller communities and industries also rely on
groundwater, it is believed that the quantity and quali’cy available in southern
Alberta would not be enough for major &evelopments in most areas. In 1996,
total withdrawals were about 23,000 cubic decametres of water a year.

A signiﬁcant bedrock aquifer system is found in the Milk River geologic
formation in the southernmost part of the region. This aquifer is the primary
source of water for over 800 farms and ranches, a number of Hutterite Colonies
and several small communities. Increasing demands and decreases in flow led to
an evalua’cion of the state of the aquifer in 1997. This review found that the
total water usage had approximately doubled during the period of 1960 to 1992,
primarily due to a substantial increase in the number of livestock in the area. It
was also confirmed that there was a large area where grounclwater levels had
declined L)y more than 30 metres. An aquifer management plan has been put in
place to address the concerns that have been identified.

Major Water Users

Agricul’cure
Southern Alberta's irrigation agriculture, which accounts for more than 70% of

the irrigate(l farm acreage in Canada, is a major economic force in the province.

[rrigation allows four percent of Alberta's total arable land to relia]oly produce

some 20% of the province's agricultural output, on lands otherwise exposed to

considerable periocls of drought. Overall, irrigation allows fertile but clry lands to

be relia]oly productive, increasing their economic productivity Ly three-to ten-fold

compared to acljacent drylancl areas. These irrigated lands rely almost exclusively

on surface waters, unlike the U.S. Midwest, which depends heavily on 4
grounclwater.
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Directly and indirectly, irrigation adds about 35,000 jolas and nearly $1 billion a
year to the provincial economy. Although much of the water is devoted to crops -
principaﬂy cereals and forages, along with some specialty crops, Vegetalsles and
oilseeds - millions of irrigation litres also support Alberta's rapi&ly—growing

livestock and food processing industries.

Alberta's irrigation systems have helpe(]. create 40% of Canada's beef cattle
in(lus’cry and have fed the rapi(l growth of Alberta's porlz, poultry, speciality meat
and clairy industries l)y assuring a reliable supply of pasture, feed and water.
Alberta's livestock inclus’cry, centred in the irrigated south, has more than doubled

in size over the past decade.

Southern Alberta's irrigation infrastructure has also been the source of domestic
and municipal water for about 50 rural communities, thousands of farms and
small rural industries. Over the years, irrigation lakes and reservoirs - often the
only sizable bodies of water on the clry southern prairies - have provided

recreational opportunities.

-
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Irrigation Districts 2003 Assessed Area

(ha)
[ 1| Mountain View (MVID) ........coorrvverrrrrirenrrennnn 1,502
27 Leavitt (LID) 1,928
Al Actna (AID) 1,461
[ United(UID) 13,930
58 Magrath (MID) 7414
767 Raymond (RID) ..ocvourenecieeiceecireeiserieninns 18,739
[ 7 Lethbridge Northern (LNID) .......c..ccoorrrernnne. 66,486
Sl Taber (TID) 33412
[ 9 | StMary River (SMRID)...oovooeorreoersrerersoeen 150,592
7107 Ross Creek (RCID) 465
il Bow River (BRID) 86,481
[[12 Western (WID) 39,112
Eastern (EID) 114,513

Total Assessed = 536,397

South Saskatchewan
River Basin

¥
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Agricul’cure will continue to be a major economic driver throughout the province
and in the region. The Alberta Government has (leveloped an Agriculture
Growth Strategy to support sustainable grow’ch of the agricul’cure sector. Key
areas with grow’ch potential in both primary production and value-added
pro&uction have been identified. The overall target is to achieve $10 hillion
primary and $20 billion value-added agricultural food and non-food products Ly
the year 2010.

Although the Alberta government set limits in 1991 on the allocation of
irrigation water in the South Saskatchewan River Basin, irrigation £arming still
has room to grow, 1argely throug}l more efficient use of water. Continued
development of drought—resistant crops and improvements to irrigation
infrastructure, sprinlzler systems and water management mean less water will be
lost or wasted. Simulation modeling indicates irrigation water-use efficiencies
could improve from 54 to 64% in the Oldman Basin and from 40 to 55% in the
Bow Basin. As a result, irrigation acreage could expand Leyond the 1991 limits
]:)y up to 20% in the Bow and 10% in the Oldman Basins. The downside of
improvecl irrigation efﬁciency is less water returns to rivers for other uses, and the

quality of the returned water may be adversely affected.

Municipal Use

The other major users of water in southern Alberta are cities and towns, drawing
water for their people and industries from rivers, storage reservoirs and, to a lesser
extent, groundwater supplies. In the 1890s, the young City of Calgary, with a
popula’cion of a few thousand, Legan talzing water from the Bow River. The river
has since fed the city's grow’ch, which doubled in population between 1974 and
2001 and now stands at more than 900,000.

Albertans have placed a priority on a continued safe and secure drinlzing water
supply. The growing popula’cion of southern Alberta will continue to be
concentrated in urban areas , and will result in increasing pressure for
municipahties to provide safe and secure drinlzing water supplies. The Water ][or
Life strategy proposes a comprehensive plan for protecting that supply and
upgrading water treatment facilities in Alberta.

Energy

Alberta’s extensive oil and gas reserves have 1ong fueled the economy of the
province. Asa result of the nature of oil and gas reserves in Alberta, innovative
methods to ensure the most efficient recovery of this valuable resource have been
developecl over time. These methods have included the use of “enhanced

Soutlzern A/Len‘a s %terskeds: An Overview




g/ o A
e/ ,;ﬁ;’ ,9 /g o

recovery where water is forced into a well to increase the pressure and force out
some of the remaining oil that can no ionger be pumpe(i. As conventional
reserves have diminished, water injections have increased to enhance recovery
rates. Stiii, the surface and groun(iwater used for enhanced recovery decreased

from &8.7 million cubic metres in 1973 to 47.5 million in 2001, of which 37

million was fresh water and the rest saline or brackish water.

With increasing puioiic concerns about the iong term loss of water when it is
injecte(i un(iergroun(i, a comprehensive review of this use was undertaken. Key
results of this review include a focus on conservation initiatives and a call for
research into alternative technologies. In generai, innovation in the energy sector
will continue to be driven i)y continuing efforts to enhance the recovery of
conventional oil and gas reserves, to (ieveiop non-conventional reserves, to

cieveiop alternative energy sources, and to promote conservation.

Other Industries

Other industries currentiy include food processing, other manuiacturing, and a

pe’trocilemicai compiex near Red Deer. Tilougil such uses still paie in comparison
to agriculture, their consumption is expecte(i to continue to grow, and to compete
more with agricuiture for limited water suppiies, as Alberta's economy diversifies.
In fact, industrial use is expecte(i to show the greatest increase in water demand.
Qveraii, demand in the South Saskatchewan River Basin for non-irrigation

consumptive use, inciu(iing losses, is pre(iic’ceci to increase between 63 and 132%

by 2046.

Tourism and Recreation
The natural i)eauty and ciiversity of the ian(iscapes of southern Alberta and our
high quaii’cy of life will continue to attract peopie to live, work and visit.

Southern Alberta attracts local, national and international tourists and currentiy
accounts for almost half of the total provinciai sales for tourist services. The
tourism sector is seen as a ieey economic driver for the province and strategic

pians have been put in piace to increase total tourism revenue from $5.4 hillion

now to $5.9 billion i)y the end of 2006.

Recreational activities use a fraction of southern Alberta's surface waters but piay
a vital social role; water quaii‘cy and quantity are an important part of the
experience. About 25% of visitors, inciu(iing Aii)ertans, partaize in water-based
recreation activities such as looa’cing, swimming and fisiiing in the South

Saskatchewan River Basin. In the ciry south, irrigation reservoirs are often the
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only sizable water bodies available for recreation. In cities, rivers have been
transformed in recent decades from industrial Laclzyarcls to aestheticaﬂy—pleasing
parlzways. The Bow River immediately downstream of Calgary and the Oldman
River and its tributaries support world-class trout fisheries. The upper Bow and
Red Deer rivers and their tributaries are also highly prized fishing locations. As
the popula’cion in the region continues to increase, the demand for recreational

opportunities and access to recreational facilities will continue to grow.

Water Management Infrastructure

[rrigation clevelopment was the initial clriving force behind the clevelopment of
man-made structures built to increase the reliability of access to water supplies.
Over the years, other demands for water came into play as the water management
infrastructure in southern Alberta cleveloped. Various water uses have been
in’tegratecl into the management and operations of irrigation districts inclucling
wildlife conservation, recreation, hydro power and water supplies to communities,
industries, livestock and domestic users. Alberta Environment is responsilale for

managing provincial assets in southern Alberta that are curren’cly valued at about

$4.8 billion.

In the Oldman River Basin, this infrastructure includes the Oldman River Dam
and reservoir, the Lethlariclge Northern headworks system, the Waterton-St.Mary
headworks system, the Mountain View-Aetna headworks system, and the Cavan
Lake headworks system. In the Bow River Basin, this infrastructure includes the
Western headworks system, the Carseland Bow River headworks system, two
Highwood River cliversions, the Chain Lakes Teservoirs, the Pine Coulee reservoir,
the Twin Vaﬂey dam and reservoir and the Sheerness-Deadfish water supply

system. The Dickson Dam and reservoir are the major water management works

found in the Red Deer River Basin.

One possﬂ)le solution to the water supply chaﬂenge is to build more onstream

storage reservoirs in southern Aﬂ)erta, though there are few remaining

undeveloped sites and any such development would have significant

environmental impacts and be highly contentious. Off-stream storage may

provi(le regional water supply solutions with less environmental concerns. Under

the Water ][or Life strategy, evaluation of potential storage options will be done as

part of the local water and watershed management planning process. Where gaps 4
between supply and demand are identified, the costs and impacts of storage will be

compared to other mechanisms such as water conservation ancl Letter
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management of demand.

There has been a significant investment in improving the egiciency of the
existing water management infrastructure in southern Alberta. An ongoing
chaﬂenge is ensuring that the infrastructure continues to be maintained to ensure
that it serves Albertans well into the future.

Water Conservation

Water conservation is a hig}l priority for malzing southern Alberta's water
resources go further. Calgary's per capita water use, for example, has fallen from
nearly 800 litres per clay in the 1980s to around 500 Jcoclay, 1argely through the
installation of more water meters and more efficient use of water. Still, the city's
water consumption remains high when compare(l to many North American and
European cities, and much greater savings are possible, 1argely through existing

technologies and changing habits.

Similarl f further improvements in industrial water use are possible through
Y p p g8
better water management practices and new technologies, such as automated
control systems. The Water for Life strate calls for the overall efficiency and

Y gy y
procluctivity of water use in Alberta to improve 30% 1)y 2015. This will partly
offset the increased demand for water from such industries as food processing and
pe’croleum, which may need more water for enhanced oil recovery and perhaps

coaﬂoe& methane extraction.

Because most municipal and industrial water withdrawals eventuaﬂy return to the
watershed, conservation initiatives in these areas will not measuralz)ly increase the
amount of water available for other users and instream needs. Continued

investments in enhanced wastewater treatment, however, will improve the quality

of water downstream of municipalities and industrial sites.

Major investments in rehal:)ilitating and upgracling water management
infrastructure have been made Ly the federal government, the provincial
government and the [rrigation Districts to improve water use efficiencies in the
clelivery and distribution of water for irriga’cecl agriculture. Signiﬁcant
improvements have also been made to on-farm water use eﬁiciency cluring the last
40 years as a result of efforts in a number of areas inclucling improvements to
irrigation methods, the type of irrigation equipment used, and on-farm

management practices. While major gains have been made, it is expecte(l that
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overall irrigation water use efficiencies can still improve, as noted earlier.

Under the Water ][or Llj[e strategy, the merits of using economic instruments as an
incentive to conserve water will be expioreci. While the strategy does not specify
what form such instruments migh’c take, it should be noted that residential,
industrial and agricuitural users now pay reiativeiy little for the water ti'iey actuaiiy

use.

5 . 3 Governance

The Government of Alberta owns the rights to all water within its borders and,
through 1egisia’cion, regulates activities that might impact rivers, lakes and
grounclwater. The federal government, which ceded control of water resources to
Alberta in 1931, has jurisdietion for such things as in’cerprovincial and
international water agreements, fish habitat protection, navigal)ie waters and
rivers within national parles. Municipalities too, have some ai)iii’cy to reguiate
their water use. But the provinciai government is the lead piayer in responcling to

the increasing pressures i)eing piace(i on southern Alberta's water supplies.

Tize Water Act

The province's loo-year-ol(i water resources iegisiation was reviewed and revised
in the 1990s to better manage and protect this vital resource. The new
iegisia’cion confirmed the principies that the Crown owns all of the water in
Alberta, and continued the province's allocation system. New provisions in the
Water Act permit the transfer of water allocations under existing licences. This
allows flexible water management in areas where water is alreacly £uliy allocated
and thus accommodates new or alternative users ) such as new food processing
facilities. There is no physicai transfer of water, just a transfer of the right to
divert a volume of water at a new location and for a different use. The
government is entitled to withhold up to 10% of the transferred water to heip
meet aquatic needs in the affected watercourse. The new legisia’cion also permits
the establishment of Water Conservation Oi)jectives to maintain flows for a
number of purposes inciucling the protection of the aquatic environment and
other instream flow needs. The Water Act specificaiiy proliii)its the export of
water to the United States and inter-basin transfers of water between Alberta's

major river basins. #
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Water Conservation OZ?jectiveS

Historicaﬂy, limits to the allocation of water centred on the need to meet
international and interprovincial commitments and to provi(te assurance of secure
supplies for water licences. Through earlier water basin planning initiatives,
instream flow o]ojectives were established for parts of all of the rivers of the South
Saskatchewan River Basin. The establishment of these o]ojectives was primarity
driven t)y concerns about possi]ole extremely low flows in rivers and the need to
meet allocation commitments. When flows decline to the instream flow ot)jective
levels, Alberta Environment curtails withdrawals in accordance with licence
conditions and priorities. Some of these instream flow olajectives offer limited

protection for the aquatic environment.

The provisions of the Water Act have strengthened the government's at)ility to
protect all or part of the aquatic environment and to recognize the flows requirect
for instream needs througtx the establishment of Water Conservation Qlojectives.
Economic, social and ecological factors must be considered when these Olajectives
are set. More scientific work is needed to improve our understancting of the flows
needed to sustain aquatic and riparian ecosystems in river basins ttlrougtlout the
province. This work is underway ttlrougtl watershed management planning
initiatives as described below. In the future, Water Conservation Ql:)jectives may
be considered for other aquatic ecosystems including lakes and wetlands.

Watershed Management P/anning

A compretlensive water resource ptanning program was first initiated in the South
Saskatchewan River Basin in the 1980s. This planning program resulted in
policies to gui(te water management in the basin, and led to the 1991 South
Saskatchewan Basin Allocation Regulation, which set limits on water allocations

for irrigation.

More recently, new water management planning initiatives have been undertaken
to address issues in the basin. Phase One of the South Saskatchewan River
Basin water management plan, completecl in 2002, confirmed that water supplies
in the basin are approaching their limits. The use of water allocation transfers
has been authorized in the basin as provi(te(t for in the Water Act, su]oject to
Alberta Environment approval. Phase One also resulted in a moratorium on new
water allocations from the St. Mary, Beﬂy and Waterton Rivers, pending the

recommendations of Phase Two. Phase Two of the water management plan,
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curren’cly underway and scheduled for comple’cion in 2005, is seelzing to find the
best balance between water consumption and environmental protection and to
recommend Water Conservation Q]ojec’cives. It will also determine how much
water, if any, remains available for allocation. The need for additional phases and

other water management planning priorities will be identified in Phase 2.

Computer models are important tools used to increase our understanding of water
clemand, water supply and management options. The Water Resources
Management Model is a 1arge computer model which was originaﬂy clevelope& in
1981 ]:)y Alberta Environment. It has been used as a planning tool to understand
surface water use and to provicle assessments of 1ong term water use alternatives.
The model has un(lergone considerable technical improvement and computer
enhancement and has evolved to be a major water management decision tool.
Work is continuing on l)uilcling and improving computer models. A 1zey objective
is to expancl the use of mocleling related to water quality, and to better integrate
water quantity and water quality. Work is also proceeding ona 1andscape
cumulative effects simulator, which explores how land-use practices interact with

natural processes to change the 1andscape and impact all natural resources.
Water for Li)[e Strategy

In 2001, the Alberta Government launched Water ][or Li][e, a strategy for
cleveloping a new and sustainable water management approach for the entire
province. The strategy is based on three goals:

ma safe and secure drinlzing water supply,

= healthy aquatic ecosystems, and

. relia]ole, quality water supplies for a sustainable economy.

Water ][or Li][e is caHing for the establishment of three types of partners}lips,
auowing Albertans to be involved in the planning process and to take a

stewardship role in maintaining provincial water resources. These are:

= Provincial Water Aclvisory Council - A multi-stakeholder ]oody to
oversee the irnplemen’ca’cion of Water ][or Li][e and provicle policy advice
to the Alberta government;
=« Watershed Planning and A(],Visory Councils - Multi-stakeholder
groups that will lead in watershed planning, develop best &
management practices, report on the state of the watershed and

educate water users ; and
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» Watershed Stewar(lship Groups - Community-based groups that
will share information and take action to protect and enhance their
local watersheds.

Watershed Planning &
Advisory Councils - Multi-
stakeholder Councils work witt
= government in an adaptive
/ / management cycle of basin A
> planning and evaluation.
Provincial Water Advisory

Council - A multi-stakeholder Watershed Stewardship

Groups- Neighbours

__Council reports on the information share information and
|mplementat!on of.the water  sharing, advice and {gke action to protect and
strategy and investigates and collaboration enhance their local

makes recommendations on
water issues in Alberta.

\ y
\ } Government of Alberta - The 4

watershed.

Government of Alberta holds
the responsibility, accountability
and authority for all water management decisions.
Partnerships will assist the government
in achieving an integrated approach to water
and watershed management.

Management ofLand and Natural Resources

The purpose of this section is to provide an overview of the governance of water
in the province of Alberta. In order to look at watersheds in a comprehensive
way, it is also necessary to consider how land and other resources are managed. A
full review of all resource and environmental management policy and 1egisla’cion is

laeyoncl the scope of this paper.

6.0 C}lalleng’es for the Future

Although it focuses on the whole province, the Alberta government's Water ][or
Life strategy aptly summarizes the dilemma facing southern Alberta:

Popu/ation growtlz, a’rouglzts and agricu/tura/ and industrial Jeve/opment are

increasing demand and pressure on the province's water supp/ies, and the risk to the
health and we//—lwing ofA/ZJertans, our economy and our aquatic ecosystems. In the
past, Alberta has been able to manage our water su;op/y while maintaining a lqea/tlzy

aquatic environment because there has been a re/ative/y almnclant, clean supp/y to
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meet the needs o][communities and the economy. However, ﬂuctuating and
unprea’ictab/e water supp/y in recent years has stressed the need to make some major

slzi][ts n our approaclz to managing this renewable, th][inite, resource.
0.1 Sustainable Resource and Environmental Management

A sustainable resource and environmental management approacii will be needed
to continue to build our un(ierstancling and to manage our activities into the
future. This means an approacil that takes a comprehensive and integrate(i view.
Outcomes and goais are set consiciering the iong term health of the environment
and our economic and social needs. Progress in meeting those outcomes and

goals is measureci, and acijustments are made where necessary.

This will be a shared responsii)iii‘cy, with all affected and interested parties involved
in icientifying issues, gatiiering information, (ieveioping and implementing action
pians, and monitoring progress toward sus’cainai)iiity. The Provincial Water

Acivisory Council, Watershed Pianning and Acivisory Councils and Watershed
Stewarcisiiip Groups form a foundation for this.

This paper has included information on the governance of water in the province
of Alberta. A sustainable resource and environmental management approacii will
move us to management of watersheds in a comprei'iensive way, consiciering all of

the elements of the environment in the ian(iscapes we live in.

6.2 Improving Our Knowle(lg’e and Un(lerstanding’

Human activity has made its mark across the ianclscapes of southern Alberta.
Human decisions now piay a izey role in (ie’cermining the distribution of water,
both in time and space. But our un(ierstan(iing of the impiications of these
decisions is incompiete. When iooizing at watersheds in southern Alberta, there
are some ieey areas where we need to improve our iznowiecige and unoierstanciing to

support sustainable resource and environmental management.
Water in Southern Alberta's Watersheds

While there is extensive information on the historical and current status of
surface water suppiies , there is uncertainty about poten’ciai impacts on water

suppiies in the future. The information available on grounciwater and its
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importance in southern Alberta is less comprehensive. A starting point is
improving our iznowieclge and understanding of the anticipate(i effects of gioi)ai
climate cilange on the climate in southern Alberta and, in turn, on the hy(iroiogic
cycie. Research and anaiysis are needed on the precipitation patterns and
temperature regimes that we can expect; on the intensity, duration and frequency
of cirougiit cycies ; on the rate of recession of mountain giaciers and the
contribution of giaciai meltwaters to surface and grounciwater; recilarge patterns
for groun(iwa’cer; and the relationship between groun(iwater and surface water in
the region.

In iooizing toward the future, it is imperative to recognize and manage
uncertainty - raised i)y factors such as climate ciiange, gioi)ai events and
technoiogical advances. In addition to acicling to our iznowie(ige base, there is also
a need to increase both the capacity to responci to short term ci'langes and to
(ieveiop a(iap’ca’cion strategies intended to improve the province's capai)iiity to

responci to ionger term ci'ianges.

Aquatic Environments 0][ Southern Alberta

A ieey focus for the future is to improve our uncierstan(iing of aquatic and riparian
ecosystems and their response to human impacts, (ieveioping science-based
methods to assess their health, and ]ouiiciing systems to monitor and sustain the
ecosystems over time. One of the more immediate chaiienges that needs to be
addressed is (ieveioping scientific approaciles that can support pianning and
decision maieing in the shorter term.

Human Uses 0][ Water and Watersheds

As the pressures on water suppiies increase, the need to use the suppiy that is
available in the most efficient and effective way also becomes more important.
Work will continue to encourage water conservation - this will include
investigating economic instruments and incentives that encourage efficient use of
water, the cieveiopment of best management practices for agricuiture and other
economic sectors, and research and (ieveiopment to support innovation and new

technoiogies.

Prairie Conservation Forum




Partnerslzips ][or Research

Identifying research priorities and developing a research agenda will be a shared
responsil)ility. Opportunities for collaboration and partnersllips are l)eing
explored. Important work is alreacly unclerway through such initiatives as the
Water Institute for Semi-Arid Ecosystems, the Prairie Adaptation Research
Collaborative, the Climate Change Impact and Aclaptation Program and Alberta
Ingenuity Research Partnerships. These research programs will be enhanced by
plans to develop a provincial, multi-diseiplinary water research centre and a

provincial water research plan by 2007.

6.3 Conclusion

The province of Alberta has been blessed with an amazing (liversity of landscapes
and abundant natural resources. Albertans have built a vibrant economy and a
high quality of life based on those natural resources. Every day important plans
are loeing clevelopecl and decisions are laeing made that will shape the future. All
Albertans share responsi]aility for what that future will look like - to ensure wise
s’cewar(lship of our economy, environment and communities. It is hoped that this
paper provides some information, creates some insights, and stimulates discussion

and dcbate, in support of shared stewardship.

L
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