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1 Introduction

With increased pressure due to population growth, modification of the landscape, and future climate
change scenarios, theouth East Alberta Watershed Alliance (SEAWE&)uNndertaken the present study
to characterize the area of the drinking water sourcethe City of Medicine Hat and the Town of
Redcliff. The purpose of the study is to identify addscribepotential issues, sources of contaminants,
FYR GKNBIFGA FYR NRala (2 aSRA OAiftBrms of hotd guantity R w S
andquality.

The SBWA watershed encompassas area of approximately9,579km? in the southwestern corner of
Alberta(Figurel). It includes primarily areas within ¢hower South Saskatchewan River basin in
Alberta, but extends at the southern boundary itk Pakowki Lakeubwatershed, which is an
endorheic(non-contributing) basin that discharges into the Milk River basin in times of floo@ihey
SEAWA watershed boundaries are based on the Water Survey of Canada National Hydro Network
watershed boundariefGovernment of Canada, 2023)

Because the focus of the present study is on drinking water sources antbrthlesmajor municipal
centre within theSEAWA watershe@/edicine Hat and Redclifffhe study area selected for the present
study does not align directly with the SEAWA boundaiiibs. study area has been extended upstream
to the headwaters of the South Sieatchewan River, which includé® Bow and Oldman River basins,
as these areas contribute to the quantity and quality of water passing through and available at Medicine
Hat. The study area also excludes the portions of the SEAWA watershed lying vetRakdwki
LakeMilk River basin, as these areas dd oontribute to the source watersnder considedtion in this
study. For completeness and becauserefiuirements for maintenance of flows under the Master
Agreement on Apportionment with Saskatchewé#me study area also includes the areas of the SSRB
downstream of Medicine Hats well as the spatially disjointed (within Alberta) Alsagkvatershed.

The total area of the selected study area is approximadé|§75 km?.

Study dzy RF NAS& INB o0l aSR 2y (GKS t NP OA yaddshed T | £ 6 S
boundariegAlberta Environment and Protected Areas, 202®)ich generally correspond closelytte

Water Survey of Canaddational Hydro Networkvatershed boundarie§Government of Canada, 2023)

For the purposes of the present studpd for the sake of brevifithe study area wiibe referred to as

the South Saskatchewan River Basin (S$RR)gh the area under consideration excludes the Red Deer
River basin as the confluenoéthe Red Deer and SSREB downstream of the area of interegtnalysis

of factors extending acrossetandscapésuch as land cover and land us&re conducted usinthe 45
HUC®&oundariesncluded in the study areas the unit analysi@=igurel).
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2 Watershed Physiography and Human Geography

2.1 Natural Regions and SuBegions

Natural regions and sukegions are driven largely lmjimatological patterns and surficial geology
(Natural Regions Committee, 200@)ith the resulting configuration strongly driving patterns of natural
vegetation and human land use. The spatial pattern of the distributiontafeglions manifests in many
of thethreatsobserved at a landscape level within the study area.

The distribution of natural regions and subregions closely foltogvgls in temperature and
precipitation across th&SRPBwith a general west to east gradieim precipitation, temperaturedriven
by elevation and the rain shadow effect of the Rocky Mountéigure2). Climate normdgollow a
generalwestto-east gradienbf increasing temperatures and decreasing precipitatioith
temperature also folloimga secondary nortio-south increasing gradie(iigure3, Figure4, andTable
1). Both temperature and precipitatiotrendsare impacted by the Cypress Hlifireato the southeast of
the study area.

The Rocky Mountain natural regieomprises 244 of the area andominaes the high elevation areas
in the west,with the Grassland natural regi@momprisng approximately 7®boof the area and
dominatngin the lower elevation areas in the eg3iablel). The Foothills natural region (with 098 of
the area) and Parkland natural area (with $%8f the area) form minor transitional components in a
discontinuous band between the Rocky Mountain and Grassland natural regions.

The Rocky Moumin natural regionis defined bymountainous landscapes with steep but variable
topographyover a range of geological form#egetation is generally dominated by coniferous

vegetation, but there are areas of extensigposed bedrock and snowl/ice fieldshasthe coolest
summers, shortest growing season, highest average annual precipitdtibe natural regions within

the study areaThis natural region comprises the Alpine, Subalpine, and Montane natural subregions, in
decreasing order of elevation drannual precipitationlt makes up approximatel®4 % of the study

area, but receives approximately 36 of the total annual precipitatiorm @blel).

The Grasslandatural regionincludes the majority of the prairie landscapes in Alberta, \atkel to

rolling terrain naturallyoverwhelminglydominated bygrasslandsegetation interspersed with
occasionatleciduoudorests shrubland, and wetlandgluman activities hae extensively modified this
landscape through conversion to agriculture, and the grevides some of the most productive land in
Alberta for farming and ranchin@he Grasslandaturalregion is the warmest, driest natural region in
Alberta, with annualprecipitationonly a third of that received in Alpimeatural subregionThis natural
region comprisedlorthern Fescuekoothills Fescue, Mixedgrass, and Dry Mixedgrass natural
subregions, ienerallydecreasing order of elevation and annual precipitatibhis region makes up
approximately70% of the study area but receives less thar?®0f the total annual precipitation.

Aquality
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The Foothills natural region comprises the Upper Foothills and Lower Foothills natural subragtns
the Parkland natural regioromprisesthe Foothills Parkland and Central Parkland natural subregions.
These represent transitionakeas, with coniferouforests replaced by deciduous forests and then
grassland/woodland mosaics along the elevation and precipitation gradi@etFoothills natural region

is restricted to amall area at the northern edge of the study area, while the Parkland forms a a
discontinuous bantbetween the Rocky Mountain and Grassland region, primarily restricted to the Bow
River watershedCombined, hey make up approximately% of the study area and receive
approximately the same proportion of the total annual precipitation.
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NATURAL REGIONS AND SUBREGIONS
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CLIMATE NORM - TEMPERATURE
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CLIMATE NORM - PRECIPITATION
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Tablel. Areas ofaturalregions andhatural subregionsand average climate normgithin the study

area.
Natural Area Area (%) Mean Annual MeanTotal Total Annual
: Subregion km? Temperature  Annual Preciptation
MR ’ m E°EC) Preciptation VoIF:Jme
(mmly) (10°m?3y)
Total 1600€ 24.0 1.38 664 10622
. Alpine 3229 4.8 -0.60 774 2500
Rocky Mountaing -\ ine 6411 96 0.80 699 4482
Montane 6366 9.6 2.99 571 3635
Total 187 0.3 2.33 537 100
Foothills Upper Foothills 148 0.2 2.07 548 81
Lower Foothills 40 0.1 3.33 495 20
Total 3883 5.8 4.12 489 1897
Parkland Foothills Parklanc 3535 5.3 411 493 1741
Central Parkland 348 0.5 4.20 448 156
Total 4649¢ 69.8 5.48 377 17541
Northern Fescue 141 0.2 4.14 357 50
Grassland Foothills Fescue 9548 14.3 5.08 474 4527
Mixedgrass 14833 22.3 5.43 387 5733
Dry Mixedgrass 2197t 33.0 5.69 329 7237
2.2 Land Cover

Land cover describes the type of vegetation (or lack thereof) covering the landscape, generally classified
into broad categories based on plant stature ajrdwth habitat Land cover is an important indicator of
environmental conditia, as it can reflectrangesdue human activities that are both direct .,

conversion to agricultural or residential lands) or indirexg(,through climate change or alteration of
wildfire regimes) Land cover igenerallyconsideredseparatdy from land use however, certain land

cover classifications such as Agriculture and Developed necessarily include some information on land
use and the changes that have occurred. Land cover information used in this study is derived from the
most recently available lancbver data set from the Alberta Biodiversity Monitoring Instit(ddberta
Biodiversity Monitoring Institute, 2010)

Land cover classifications within the study area closely corresfmotined distribution of the natural
subregionswith the areas within the Rocky Mountain natural region generally dominatezbhiferous
forest, and areas within the Grassland natural region dominated by herbavegeasation(Figureb).
Agricultural developmenhaslargelyreplacedthe native mixed grass prairie within the Mixedgrass and
Dry Mixedgrass natural subregions, especially in areas where surface watdesaphv irrigation

with up to 35% of the land base under irrigation in some areas of the Grassland natural region
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LAND COVER - LAND COVER CLASSIFICATION
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2.3 Human Footprints

Human footprints are one metric for the impact that anthropogenic activities can have on the
landscape. They represent the extensive physical alteration of the landscape from its natural state and
conversion to an alternate land use. The Alberta BiodityeMonitoring Institute has undertaken a
program to map human footprints on the landscappgdated on an annual or semiannual basis, for the
entire province(Alberta Biodiversity Monitoring Institute, 2022Juman footprints wthin this dataset

were aggregated into 11 thematic groy@d summarized by area within each subwatershed.

Agriculture is the largest human impact to the landscape, with the highest densities concentrated on a
broad corridor from Calgary to LethbridgeNedicine HatFigure6). Densities oagriculturalimpacts
closely correspond to natural subregion boundaries, with the highest densities associatettath
Mixedgass natural subregion, driven by rich soils with sufficient precipitation for agricultural
production.However, gricultural impactsare extensive throughout nearly the entire study area,
extending intothe Montane natural subregion and only beiafgsentfrom the Alpine and Subalpine

natural subregionwvithin the Rocky Mountain natural region

Othermajorimpactsto the landscape includirestry, oil and gas, anesidential development.

Forestry impacts are confined primarily to the headwaters withinRloeky Mountain natural region,

while oil and gas impacts dominate in the northern half of the Dry Mixedgrass subregion to the north of
Medicine Hat. Residential development is spatially restricted to the major population centres.
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LAND USE - HUMAN FOOTPRINTS
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2.3.1 Linear Developments

Linear developments include anthropogenic featusash agoads, railwaysseismic lines, pipelines,

and utility right of waysAlthough the total area represented by linear developments can be sthai}

can have an oversized impact on certain aspects of the natural environment due to the way in which
they fragment the landscapeThey can have significant impactswater quality and fish and wildlife
populations,includingwildlife corridor interrupton by roads alteration ofdrainage patterns by

increases in impervious or compacted surfacesl increases in esion and sedimentation at
watercourse crossingsinear development density in this study was derived from the ABMI Human
Footprint datase{Alberta Biodiversity Monitoring Institute, 2022)

The hghest densitiesf linear deelopmentare associated with th&€algaryregion and largely follow

the Bow valley corridofrom the Calgaryto Medicine Hattigure?). Linear developments are dominated
by transportation corridorassociated with urban and suburban development. There is also a pocket of
high linear development density to the north of Medicine Hat, primarily associated with accesk for
and gas produabin (see SectioB3.2.1 belov. There are some areas in the headwaters of the Bow River
with essentially no lineadevelopmentqprimarily the National Park systerut throughout the rest of

the study are densities are moderate and relatively homogenous.
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LAND USE - LINEAR FEATURES

N Legend

[]study Area Boundary
A [__]SEAWA Watershed Boundary
[ Reservoirs
[ Major Rivers
[ Lakes
Linear Feature Density (km/km2)
‘_‘ <0.50
: 1.00-1.50
T ]1.50-2.00
|:| 2.00-2.50
- 2.50-3.00
[7]3.00-350
- 3.50-4.00
- 4.00-4.50
B 4.50 - 5.00
- 5.00-5.50
- 5.50-6.00

Characterization of the Drinking Water Source
Area for the City of Medicine Hat and the
Town of Redcliff, AB

SOUTH EAST ALBERTA WATERSHED ALLIANCE

Aquality
—~ Environmental
Consulting Ltd.

0 10 20 40 80 111.750,00
| Emm E——p NAD 1983 10TM AEP Foreﬁ

Figure?. Density of linear developmentgthin the study area.
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2.3.2 Human Population

Human population data for the study area were derived from the 208tsus of Population
(Government of Canada, 202Because census subdivision boundaries generally do not align with
natural boundaries such as watersheds, populations were interpolated based on the area of each
reporting census subdivision falling within the study area.

The total estimated populatiowithin the study is approximatel};,850,000 Theoverwhelmingmajority
of the population resides within citig84 %), dominated by the City of Calgafpwns comprise just
under 10% of the population, followed bylunicipal Districts and CountieS.2%). Census subdivisions
identified asindianReserves and/illages make up less than % of the population of the study area.

The estimated population of the study area grew approximately¥b fBom theprevious census data
collected in 2016.
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Table2. Human population centres and populations within the study area, based on interpolated values

from the 2021 Census of Population.
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Name Area within 2021

Type Study Area Population

(km?)

Total Total 66547.2 1845506
Total 1207.8 1556020
Calgary 843.4 1299704

City Lethbridge 124.8 98406
Airdrie 85.6 74100
Medicine Hat 119.8 63271
Chestermere 34.2 20539
Total 720.2 179334
Cochrane 32.2 32199
Okotoks 38.9 30405
Canmore 69.4 15990
High River 22.8 14324
Strathmore 20.6 10415
Taber 19.7 8862
Coaldale 14.1 8771
Banff 4.2 8305
Crowsnest Pass 371.9 5687
Redcliff 16.4 5581
Claresholm 10.7 3804
Cardston 8.6 3724

Town Pincher Creek 10.0 3622
Fort Macleod 23.7 3297
Coalhurst 3.1 2869
Black Diamond 6.9 2730
Turner Valley 5.9 2611
Crossfield 8.4 2487
Magrath 6.0 2481
Nanton 5.2 2167
Bow Island 5.8 2036
Picture Butte 3.0 1930
Vulcan 6.3 1769
Nobleford 1.9 1438
Vauxhall 2.7 1286
Stavely 1.8 544
Total 61195.8 95898
Foothills County 3670.6 23199
Rocky View 2028.4 21179
County
Lethbridge 2859.1 9987
County

Municipa _ Taber 4266.6 7447

| District/  Willow Creek 4556.4 6081

County No. 26
Cypress County 10206.6 5686
Vulcan County 5540.8 4237
Wheatland 2099.4 3946
County
Cardston County 2636.3 3664
Newell County 2789.4 3362

Aquality

Name Area within 2021

Type Study Area Population

(km?)

Pincher Creek 3493.0 3239
No. 9
Forty Mile 3658.9 1713
County No. 8
Bighorn No. 8 1235.7 730
Improvement 3528.7 518
District No. 9
Banff
WarnerCounty 333.2 311
No. 5
Improvement 499.2 158
District No. 4
Waterton
Kananaskis 4243.5 156
Ranchland No. 2637.5 110
66
Special Area No. 505.5 85
3
Special Area No. 356.1 68
2
Acadia No. 34 51.1 23
Total 3404.3 9603
Blood148 1420.7 4572
Siksika 146 711.7 3465
Piikani 147 430.9 1550
Peigan Timber 30.1 16

Indian Limit "B"

Reserve Blood 148A 18.2 0
Eden Valley 216 17.5 0
Stoney 142, 143, 452.0 0
144
Stoney 142B 39.2 0
Tsuu T'ina 284.0 0
Nation 145
Total 19.1 4652
Barnwell 15 978
Foremost 2.2 630
Standard 2.3 353
Champion 0.9 351
Barons 0.8 313
Longview 1.1 297
Glenwood 1.4 272

Village Carmangay 1.8 269
Cowley 1.4 216
Arrowwood 0.7 188
Lomond 1.2 178
Hill Spring 1.0 168
Hussar 0.7 164
Milo 1.0 136
Ghost Lake 0.6 82
Waiparous 0.5 57
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2.4 Wetland Distribution

Wetlands serve a wide variety of hydrological and biological functions on the natural landscape including
drought and flood attenuation, wildlife habitat, groundwater recharge, and water quality mitigation
through nutrient uptake, degradation of pollutantand settling of suspended sediment. The loss of
wetlands due to land use change can be deleteriousatith the quantity and quality ourface and
groundwatersupplies

The Province of Alberta has prepared a mergedandinventorycompiling severalvetland inventoy
mosaics using data fron2005 to 2015Alberta Environment and Parks, 201¥his dataset is
heterogeneous as the underlying inventorigere conducted using a variety of techniques and data
resolutions andloes not include an inventory of wetlands on federal lafidwe Alberta Biodiversity
Monitoring Institute has prepared an independent inventory of wetlands across the province using
remote sensingechniques on satellite imagery collected fr@@17to 2018( (Alberta Biodiversity
Monitoring Institute, 2021) The ABMI wetland inventory dataset addresses some of these
shortcomings by following a single apprbao wetlandidentification andextends the inventory onto
the federal lands at the headwaters of the SSR& ABMI wetland dataset was therefore selected as
the baselindor use in this study.

Wetland habitats comprise between 1.5 an@®of the land Ase withineach subwatershed itihe study
areg, with an average density 89%and total area o2,555km? (Figure8, Table3, andTable4).
Wetland densities are generally highest along the Bow valley corridor, with notablyepsities in the
headwaters and in the immediate vicinity of the City of Calglngsevaluesdo not reflectwetlands
that have been completely lost from the landscape (see belowthisalataunderestimates the
natural/pre-disturbance wetland densitiesn the landscape.

Wetland densitiematurallyvarywidely across the natural regions and subregidhable3). Areas of the
Rocky Mountain subregion generally haverdw densities due to the steep terrain and extensive areas
of exposed bedrogkwvhile most areas of the Grassland natural region have higher densities the to
rolling to undulating terrain left by the Pleistocene glaciatiwhich provide favourable topography for
capturing water on the landscag®atural Regions Committee, 200Bensities within the Foothills and
Parkland natural regions axariable due to the relatively small areas that they represent withie

study area.

The study areavasdominatedby Marshtype wetlands, comprisingnore than half (56.846) of all
wetland area Table4). OpenWater wetlands were tha@ext most dominant at 34.2o, followed by
Swvamp (6.3) andren (3%). No Bog wetlands were identified in the inventory within the study area
boundaries. Note that these values likely overestimatedheaof Open Water wetlandhabitats, as
most inventoriescannot determine water depthOpen Water wetlands arelassified as shallow water
less than 2 metres in depth under the Alberta Wetland Classification Sy&ewernment of Alberta,
2015)

Aquality

é’EnVironmemal ©2023Aquality Environmental Consulting Ltd.
Consulting Ltd.



DRINKINGNVATERSOURCRAREACHARACTERIZATIBORM EDICINEAT ANOREDCLIFF PaGE21

WETLANDS
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Figure8. Distribution of wetland habitats across the study area.
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Table3. Wetland areas by naturakgion and subregion.
. Natural Subregion Total WetlandArea Total WetlandArea (%)
Natural Region
(km?)
Total 470.8 3.0%
. Alpine 14.5 0.5%
Rocky Mountain Montane 333.7 5.2%
Subalpine 122.6 1.9%
Total 9.3 4.9%
Foothills3 % Lower Foothills 0.6 1.5%
Upper Foothills 8.7 5.9%
Total 79.4 2.0%
Parkland Central Parkland 2.6 0.7%
Foothills Parkland 76.8 2.2%
Total 1998.0 4.3%
Dry Mixedgrass 1067.5 4.9%
Grassland Foothills Fescue 323.8 3.4%
Mixedgrass 601.0 4.1%
Northern Fescue 5.7 4.0%
Table4. Wetland classes within the study area.
Wetland Class Wetland Area (knd) % of Wetland Area
Bog 0 0
Fen 77.7 3.0%
Marsh 1,4434 56.5%
Open Water 8744 34.2%
Swamp 1601 6.3%
f Aquality _ _ .
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2.5 Wetland Impacts

The densities and areas of wetlands presented in the preceding seefemonly to wetlands currently
found on the landscape, and do not account for wetlatitht have been historically lost due to infilling,
draining, or othedirect humanactivities as well asosses from drying due to climate chandbere are
no datasetson historical wetland loss and impadtsat includethe entirestudy areaCurrent estimates
of complete wetland loss within the prairie pothole region (whititompassemost of theGrassland
and Parkland natural regions) are on the order of 60 t8s{Government of Alberta, 2013)

As aproxyof potential wetland impacts and loss, the existing wetland inventory was overlaid with the
ABMI hunan footprints dataset, to identify areas of wetlands likely to be currently impacted by land use
change and human activities. Note that this metric does not address wetlands that have been
completely lost due to human activities, as these wetlands woutdrddentifiable in the ABMI

wetland inventory.

Impacts to existing wetlands largely follow a similar pattern to the distribution of high human footprint
densities from Calgary to Lethbridge to Medicine Hatresponding to the Mixedgrass natural
subregion(Figure9). The proportion of wetlands impacted by human activities ranges from essentially
zeroin some of the upper éadwater regions, to nearly0 % in the areas of highest agricultural
development within the Grasslands natural region.
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WETLAND IMPACTS
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Figure9. Distribution of impacted extant wetlarftabitats across the study area.

Aquality

Environmental ©2023Aquality Environmental Consulting Ltd.

Consulting Ltd.



G

DRINKINGNVATERSOURCRAREACHARACTERIZATIBQRVIEDICINIHAT ANOREDCLIFF PAGE25

2.6 Riparian Areas

Riparian areagepresent thetransition between uplands anaquatichabitats which can both influence
and be influenced bgssociated water bodig€lare & Sass, 2012) the aras immediately adjacent to
waterbodies, they oftershare manyof the characteristics and functions as wetlaniddicatedabovein
section2.4. In addition to these functionsiegetatedriparian areas located along rivers and streams also
serve to provide a high degree of protection of these watercourses from erosion andesgdtian, by
increasing settling time for sediment laden waters andh®/anchoring effecof plant root systems on

the existing sedimenand soils.

A complete inventory of riparian health is not available across the entire SSRB, with only minor areas of
the basin having beehistoricallyassessed. As these areas may not be representative of either natural
riparian areas or the pressures and impactbiafan activities, they were not analyzed and

extrapolated to the entire basiA proxy for riparian impacts was derived by analyzing the proximity of
waterbody and watercourse shorelinéslberta Environment and Parks, 2028)the closest human

modified landscape featur@lberta Biodiversity Monitoring Institute, 2022)s the width of the riparian
buffer zoneis generally believed to be a good indicator of potential riparian funcBonthese aalyses,

the results are presemtd asthe width of the undisturbed bufferwith lower values indicating higher
potentials for riparian impacts.

Riparian impacts were determined based on the proximity of human modified landscapes and
anthropogenic featureso each point on the shoreline of every waterbody within the inventory. As a

point of comparison, standard setback recommendations based ohdN&® @AY ASQAIA Yy I . | O
GKS 21 GSNE .at 3IdzARS oFaSR az2f St e -5anetrégsditht 02 Y LJ
modifications of these distances basedather factors like slope, land use, fish bearing status, etc.
(Government of Alberta, 2012)yhis does not include other indirect impacts to riparian areas, such as
alteration offlood/scour regimes through istream water management, which can negatively impact

the natural recruitment oome riparian vegetation communitissich as cottonwoodéRood & Bradley,

2015)

For allwaterbodies taken in aggregate, a similar pattern is seen with impacts to wetlands, though with
substantially less overall impacts occurring within the Medicine Hat retyigracts around major rivers
are generally low, likely due to the restrictions arifficulties in development of steep valley sides. The
apparently elevated impacts in the southern areas result from a combination of the relatively low
densities of major rivers, impacts due to reservoir construction, and low topographic relief permitting
development closer towards the valley floor.

Patterns of impacts to lakes and reservoirs are largely driven by the distribution of reservoirs, resulting
from the management areas around them and the wide fluctuations in reservoir surface levels and the
consequent disturbances to the shorelines.
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Impacts to the riparian areas around smaller streams are generally concentrated in a similar pattern to
wetland impacts, with limited impacts in the upper headwaters, but extensive impacts within areas of
higher agriultural development.
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RIPARIAN IMPACTS - ALL WATERBODIES

N Legend
A (] Study Area Boundary
[ ] SEAWA Watershed Boundary
Tributaries

| Reservoirs

[[] Major Rivers

[ Lakes

Riparian Buffer Width - All Waterbodies (m)
- <20

B 20- 30

- 30-50

|:| 50-100

[ ]100-200

Characterization of the Drinking Water Source
Area for the City of Medicine Hat and the
Town of Redcliff, AB

SOUTH EAST ALBERTA WATERSHED ALLIANCE

Aquality
—~_ Environmental
0 10 20 40 60 w Consulting Ltd.

| E— NAD 1983 1OTM1REESF%r551
FigurelO. Riparian impacts for all mapped waterbodies in aggregate.
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RIPARIAN IMPACTS - LAKES AND RESERVOIRS
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Figurell. Riparian impacts for lakes and reservoirs.
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RIPARIAN IMPACTS - MAJOR RIVERS
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Figurel2. Riparian impacts for major rivers.
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Figurel3. Riparian impacts for streams and minor rivers.
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