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The Calgary Metropolitan Region Board (CMRB) has a mandate to complete a Growth Plan and Servicing Plan
the Calgary Metropolitan Region (CMR) by December 2020. As part of the Servicing Plan development, the CV
undertaking interrelated studies ofive Complexities that were identified as part of the CMRB Water Roadmap.
The complexities focus axisting water and wastewater servicirdgmand managementatural and managed
capacity of supplyregulation and policyandwater qualityand a backgroush report on stormwaterNatural and
managed capacity of water supply is the focus of this complexity stutighdocumentsa summary ofearnings

from existindliterature to provide relevant guidance to the CMBowth Plan consultaran the topic of natural

and managed capacity of regional wasaipply.

Precipitation in the form of runoff from snowmelt and rainfail$, the main source of natural water supply to the
CMR mostly coming from th&®ocky Mountain heagaters Peak runoff from snowmelt typically occurs in May and
June, while rainfall can contribute to flow from June to AugGs$acier meltwater is a key source of water in the
late summer when snow and rainfall do not provakmuch source water volume.

Projected changes to precipitation as a result of climate change will impact the natural water supply of the regio
because precipitation is the major source of water supply. There are two significant ways in which precipitation
projected to change ithe CMR and headwaters region:

1. Timing throughout the year: climate projections for future conditions (roughly 2040s) indicate a
trend toward more precipitation during the winter and less precipitation during the summer.
Warmer air temperatures are projea to result in anearlier spring snowmelt.

2. Variability(quantitative difference between high and low fleyvgreater variability is projected
between months, with higher possibilities of extremely high or low flows in any given year

In general, climate change is likely to increase the frequency of low flow periods in-aksink in the CMR.
Historical watersupplystudies also show long periods of low flows as part of natural variability. This indicates tha
regardless of climatehange projections, water management strategies need to be designed around significant,
multi-year droughts.

Management of water supply in Alberta is enacted through legislalicensing infrastructure, and
planning/operations coordinatiorin 2007, tke Bow and Oldman stasins were closed to new applicaticersd

water conservation objectives were set for the mainstem and their tributaltzsiy reservoirs have been
constructed within and upstream of the CMR to ma@agipply, mitigate floods, produce/tiropower, orsome
combination.Management optionshat may be available to the CMR as identified in previous work are described
in SectioM.5and includeboth structural and nosstructural optiors.

Section 5.1 of this report provides a description of Helel key considerations for the CMRB Growth Plan
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consultant. Thesare the dominant themes that relate toiture water supply managemenThey are broad,
generalized statements for consideration in the planning proeg@skinclude
1 Water supply variability
Coordination among users
Planning for increasing efficiency
Risk and vulnerability
Work with existing initiatives
Low flows and wasteater
Systems approach
Diversity of storage and servicing
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All subbasins in the CMR are expected to experience some degree of water quantity constraints in the next 30
years due tqrojected changes in the natural and managed paftthe systemGenerallythe headwaters have

the lowest relative potential to experience constraints over the next 30 years with constiainssing
progressively downstream. Headwaters generally have fewer constraints as they have lower population levels,
development, ad a proportionally greater volume of water to draw from. While most CMR municipalities fall
within the highest level of constraint, it should be noted that these numbers are relative to othdyasiis in the
study area and not absolute indicators of inmging shortages

Addressing the various water supply constraints will require action and cooperation by numerous stakeholders i
the region. Specific opportunitider consideration by the CMRB as they proceed with regional planveng

extracted from the literature throughout the preparation of this repoahdare summarized belownd in te final
section of this report

1 Establish agreedpon standards and timeframes for wateglated municipal actions

91 Develop an overall water pply strategy

1  Work with a collaborative working group to identify specific opportunities for coordination of upstream
releases and downstream uses, potentially identifying storage projects

1 Formalize water sharing agreements

Connect to academi@searchers directly to promote applied research

1  Work with AEP through the Langde Framework to enable headwater protection and integrated land use
management

=
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Acronyms

Bow River Operational Model BROM
Calgary Metropolitan Region CMR
Calgary Metrpolitan Region Board CMRB
General Circulation Model GCM

South Saskatchewan River Operational Model SSROM

South Saskatchewan River Basin SSRB
Western Irrigation District WID
Glossary

Water availability: a term encompassing theupply of water, the demand for water, and access to water
Water yield the volume of water that runs ofin unregulated watershetb become streamflow at a certain point.
Basin any area of land where precipitation collects andids off into a commobody of water

Subbasin smaller basins included within the basins of larger streams or rivers.
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The Calgary Metropolitan Region Board (CMRB)a mandate taomplete aGrowth Plan andervicing Plan for
the Calgary Metropolitan Regio@WMR by December 2020. The CMRB RegulaAiBii90/2017 sets ouhe
objectives for the CMRB Servicing Plan, which includes facilitating the orderly, economieal/@odmentally
responsible growth in the region. Once approved, the {argn Growth and Servieg Plans will guide regional
land-use decisiormaking in the CMR.

As part of the Servicing Plan development, the CMRB is undertakingetdtzd studies of fiv&omplexities that

were identified as part of the CMRB Wakyadmap. Natural and managedpaity within the CMR i€omplexity

C the examination of which will deliver a commset of resource information as a base assumption for Water
Servicing Plan recommendations from t&ater Table to the Intermunicipal Servicing Committee (ISC) and CMRE
Boad. For the purposes of this projeatatural capacityrefers tothe natural hydrograph of watersheds and how
they may respond to climate variability whereasnaged capacitis related to the operation of water

management structures (e.g. dams) and to water licences issued und@vater Act.

Water availability and corresponding water supply for the CMR depprattominantlyon a naturally variable
surfacewater system thaexperiences changes in the magnitude and timing of flow within and betwears.
Qurrent managed capacity addresses many of the issues relatingri@bilityin the naturalcapacity of the system.
However, changes to the hydrology of theadwaterwatersheds are anticipated due thanges irtonsumption,
land-useandclimatechange These changes will impact the natucapacity of the systems within the CMR and
must be understoodn orderto make informed planning antianagement decisiorssthe regioncontinues to
grow. Thisreport summarizegearnings from thesxisting and highly developed body of knowledge surrounding
water supplyto provide relevant guidance to the CMRB on the topic of natural and marzggestity of regional
water sources.

20 ho2aSOuA@S

Thisstudyprovides background information about water availability for the GMBed orareview of relevant
existingliterature. It provides ssummary of the natural capacity and managed capacity of regional water sources
with an emphasis oresearch in climate variability and possible imdotthe CMR.

Specificallythis report:

1 Reviewsand analyesthe list of reports suppliety CMRE15) and supplemented bydditionalreports
identified by WaterSMART

Summarizeshe status of water liceresand current water use within the CMR watersheds
Summarizeshe regulatory and collaborativenodels used to support planning

Comparegplanning modelshighlightingwhich inputs require work for CMRB planning
Summarizethe natural capacity outcomes of climate change, flood hydrology and related studies
Summarizethe management optionfom existing literaturdor water availabilityincludingrisksand

= =4 =4 4 =4
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benefitsof each

1 Summarizeand tabulatesthe highleveland specificonstraints for CMRB members regarding access to
water,

1 Graphically illustratethe natural capacity under climate changeenariodor a 30-year time horizon

1 Graphically illustratesater-derived constraints on a watershed lewela mapthat identifies watersheds
and reaches that may experience constraints withB0-year peria; and,

1 ldentifiesdata gaps for quantifying wateterived constraints in the CMR

2.1 Assumptionsand scope limitations

This reportintegrates and builds on existing data, toasd knowledge tomprove the knowledge base and
understanding ofvater supplyconstraints in the CMR he analysis and conclusions throughthis reportassume
that the populationandeconomyin the CMRwill continue togrow andthat water demandwill increase This

report does notexaminein detailwater conservation and efficiency that can reduce per capier demand;
however,it does provideobservatons and opportunitieselating to demand managemenue totheir relevance

to water supply managementA moredetailed analysis and recommendations of water demand for the CMR are
dealt with inComplexity B Water Use and Conservation in the Calgary ptaitan Region

This report focuses on water quantity, with only minor sections identifying water quality factors or aplions
addition, this reportfocuses on surface water suppgroundwaterwas not identified a part of the project scope
andis only brieflydiscussedvithin this report On a regional scaleraundwater plays significant part in water
supplyboth within alluvial aquifers adjacent gurface water, as well ggoviding direct discharge duringw flow
conditiors. In addition, several communities and numerous households are dependent upon aquifer supplies
However,assessinthe natural and managed capacity gfoundwatersupply for the region is a large projestd
could be conducted as sepaate initiative

3.0 bl G NJGES NI v 820 @

3.1 Keybackground

The main factor that determines how mushrfacewater is available taCMRmunicipalitiesisthe amount of
runoff from snowmeltin the Rocky Mountainthat typically peakén Mayand JuneRainfall also contributes to
flows, mostly in JuneRiver flows are highly variable, both from season to season and from year tdryé&se.Bow
River, for exampleatural flowsusually range betweeB0 m®'s and300m?/s but can be above and belothis
range

The CMR overlaps withree sub-basins of the South Saskatchewan River Basin (SSRBavttReiver, Red Deer
River, and Oldman Rivbasins Figure ). This projecexamines water availability and managemeénthe basins
and reaches of the Bow Rivmainstem shown ifrigure2. Thesesub-basins and reaches are relevant to the CMR
either by being part of the headwaters, by directly overlapping with the GdRdary (also shown iRigure2), or
by beinga significant downstream reach of the Bow River mainstem. The Little Red Deeasnland the
Rosebud sulbasin fall within the Red Deéasin The Little Boveub-basin falls witin the Oldman Rivepasin
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Figurel. CMR boundarysuperimposed orthe Red Deer, Bow, and Oldman River basins.
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Figure2. The CMR borders superimposed on the dodsins and river reaches used in this @p.

3.2 Overview of natural supply

The Bow River basin makes up the majority of the CMR, however parts of the Red Deer basin cover the north €
and north west corners of the CMRhereasthe south east corner of the CMR is part of the Oldman River basin
(Figurel). Almost all sukbasins within the Bow Rivéasinare of interest fothe CMR. Those furthest west,
including the Upper Bow, Kananaskis, and Ghost Riuebasins, do not fall within the CMRbndary but
constitutethe headwaters for the Bow Riveslaciers contribute a small portion of the total annual volume,
comprisingapproximately 3% of the Bow River. However, they play a very important role in supplying water in th
late summer, particullY @ RdzZNAyYy 3 K20 yR RNEB &SI NAXZ o6& O2yiNAoO
at that time (Bash & Marshall, 2014puring winter, the Bow River is heavily influenced by groundwwaitér
approximately 20% of the amal flowcomingfrom shallow groundwate(Bow River Basin Council, 202\0ater
contributedto the riverfrom these nearsurface sand and gravel alluvial aquifisrsalled baseflow

10
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Only one tributaryof the Oldman Rivethe Little Bow River, falfgrtiallywithin the CMR.The Little Bow Rives
one ofthree prairie sub-basins in the eastern part of the Oldmbasin Peak flow is experiencedtime early spring
due to snowmelin the headwatergOldman Watershed Council, 2010)

Two of thesub-basins of theRed Deer Rivdrasinare partially within the CMR boundarieshose beinghe Little
Red Deer Rivesubrbasin and the Rosebud Rivarb-basin ThelLittle Red DeeRiversub-basinexperiences high
streamflowearly in the year due tepringsnowmeltand subsequenpeaks throughout the summer from high
precipitation eventsAt its confluence with the Red Deer Rivéie Rosebud Riv€discharge rates areslatively
constant throughout the year, with maximurnascurringin spring (April) and minimums in fall (October).
Approximately38% of the total area does not contribute to drainage, due to flat topography and no runoff to
major water bodiegRed Deer River Watershed Alliance, 2009)

3.3 Hydrology

Thenatural capacity of theourcewater bodiesin the CMRmunicipalities is monitoredsing recordedtreamflow
measured at hydrometric stationgVater Survey of Canada (W$Cthe national authorityesponsible for
collectingreatHtime streamflowdatafrom hydrometric stations. SOl dza S Yl y & 2 ¥ regufatedS NIi |-
(e.g.,by damsand other structures), the Government of Alberta lteveloped estimates of what the stamflow
data would look like withoueffects ofman-made structuresThese data are called naturddflows and are
currently available fronflberta Environment and Park&ER for the period 1912 to 2009. Updated estimatfes

the period 2010 t®015 arein progressas of the writing of this report

Measured streamflow data were used for this analysis to deval@page water yield estimates based actual
conditions experienced in the stiiasins as a result of both natural supplyd management activis. Future work
could include a comparison of water yield based on naturalized flow with the values from this study to understat
the impact of water management dhe estimated natural capacity of the sdiiasin.Based on theneasured
streamflowdata, some generalizations andstimates regarding thevater yield for eaclsub-basinare provided

below.

3.3.1 Estimating water yield in theCMRsource watersheds

In order to estimate water availability, annual runoff and water yield was calculatelBfemb-basins in and

adjacent to the Bow River watershed. Here we define annual runoff as the depth (area invariant) of water that
flows out of a sulbasin over a flilcalendar year, which is expressed in mm/year. Water yield is defined here as tt
total volume of water that flows out of a stl|msin in a full calendar year, which is expressedfigenr. Sub

basins were delineatefbllowing the Bow River Basin CourfBRBCjegions which generally follow Water Survey

of Canadaydrologic unitsSeeFigure2 for identification of thesesub-basins.

In order to determine runofguantitiesfrom each of the 18 selected sdifasins, representative streamflow records
were obtained from the Water Survey of Candarometric stationgsee full list imppendixD: List ofWater

Survey of Canada hydrometric statipni§ available, hydrometric stations were selected that corresponded te sub
basin outlets (i.e. the furthest downstream point in the dodsin) and runoff was estimated by scaling the mean
annualflow by the gross drainage area of the dodisin. However, in many cases no station was available at the

11
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outlet. In these cases, runoff was estimated using regionally representative records, specifically:

1 Ghost River was estimated by summ@&BG01Gnd 05BG00&ince no hydrometric station was available
near the subbasin outlet;

1 Fish Creek was estimated by deriving a scaling factor with the Fish Creek at Priddis and Fish Creek at E
Bottom Trail hydrometric stations since the latter station (and-babin outlet) only containethree years
of data;

1 Central Red DeeRosebud was estimated by averaging three hydrometric sta(@s€E00,05CE002
05CE005)and,

1 Western Irrigation District (WID) to Highwood was estimated by subtra6&iiy 024rom 05BM®D2.

In all cases, hydrometric statiotigat did not contain winter measurements were corrected (using an empirical
scaling factor of 0.811) to account for the fact that winter streamflow is typically lowest, and therefore not
accounting for this would leath overestimates in subasins with only seasonal measurements. To estimate
runoff (mm/year), the mean annual flow {fs) was scaled by gross drainage area at each hydrometric station.
Wateryield (mP/year) was then estimated by multiplying the runoff walby the drainage area of the sibasin,

which was often larger than the total of hydrometric stations used to estimate runoff, especially if the station wa
not located at the sulbasin outlet.

In general, the foothills and mountains areas of Alberteeceive more precipitation, both snow and rain, than the
prairie regionsThis is highlighted in the followirapmparison ofunoff volumes across theub-basins in theCMR.
Runoff was highest in the Upper Bow River, and generally along the most westadiytainous portions of the

study areaTablel). In these areashigh winter snowpack, lower evaporation rates, and glacial melt leduiigto

water availability. Convsely, runoff was very low along the easterly parkland reaches, most notably the Little Bo
River, Rosebud, and Nose Creek wheredli®little precipitation and high evaporation rates. Waygld was

highest along the Bow River at Cochrane, where a large drainage area collects substantial snowmelt runoff.
Converselywateryield was lowest in smaller, arid drainages such as Nose Creek, Fish Creek, and Jumpingpour
Creek.

In addition to proviihg a comparison between the sitasins, the water yield calculations below could also be
compared to water licence data annual allocations (expressed/year). This comparison coulgrovideaninitial
indication of the licence size relative to watersheapadiy.

Tablel. Runoff andwater yield for eachsub-basin considered in this studyalues were calculated for individual sdasins
and are not cumulative

Drainage Ared
Name (km?) Runoff (mm) | Water Yield (n¥/yr)
Little Bow 7,480 11 79,759,199
Bassano to Oldman River 24,975 108 2,707,169,480
reach of the Bw River

12
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Drainage Ared
Name (km?) Runoff (mm) | Water Yield (ni/yr)
Carseland to Bassano 19,674 121 2,373,426,193
reach of the Bw River
Elbow River 1,253 173 216,125,571
WID to Highwoodeach of 11,511 225 2,586,239,537
the Bow River
Highwood to Carseland
reach of the Bw River 15,519 207 3,217,099,161
Ghost River 937 219 204,794,375
Nose Creek 988 14 13,453,904
Highwood River 4,008 156 623,732,970
Bearspaw to Wikeach of 7,917 347 2,750,225,112
the Bow River
Rosebud 10,168 19 190,230,142
Little Red Deer 3,725 60 222,529,487
Seebe to Bearspareach 7,791 415 3,231,413,035
of the Bow River
Fish Creek 447 118 52,820,346
Sheep River 1,569 187 293,575,870
Jumpingpound Creek 603 99 59,605,499
Upper Bow 4,207 535 2,252,524,534
Kananaskis River 946 493 466,053,668

The above water yield values arased on mean annual floand therefore represent an average annual water
yield. An assessment of theotentialrange of water yieldfor the CMRsub-basins was not included in this stydy
however,it isimportant to note thatsubstantially wetter and drier periodsave been recatedthat would
influence theannual water yieldor each basinAnexampleof the natural variability in precipitation ghown in

the total annual precipitatiorat Calgary Airport from 1885 to 201Bigure3). Variability in climate conditions, and
the implications of climate change dime natural variability are discussed in more detail in the next section.

13
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Figure3 Total annual precipitation at Calgary Airport from 1884 to 2018. Source: City of Calgary

3.4 Climate change projections

Thepotential natural capacity outcomes of climate charage discussed below in two sections. The first
summarkesthe relevant conclusions from previous studies, and the second prottgesverallsummary and
picture of the projected trend of climate change for the CMR water supply.

3.4.1 Key projections from the literature review

Warmerair temperatures, changes irr@cipitation, retreating glacierand greater frequencies of extreme events
will affect water quality and quantitin the CMR Climate change is likely to increase the frequendpwfflow
periods in allbasins(including the Red Deer, Bow a@idman).If future water demandrom (primarily)irrigation
district expansionncreasesthis would createthe potential forincreasel deficits toWater Conservation Orders
(WCO3¥andwater userghat are junior toirrigation district licences. This codlttlude bothirrigation and non
irrigationwater users Changes in demarfcom norvirrigation water userss likely to be smatklative tochanges
inirrigation water use demand?AMEC Earth & Environmental, 2009)

A corsensts has been expressed within a number of studies as fol(dwederSMART Solutions Ltd., Risk Sciences
International Inc., Nodelcorp Consulting Inc., WSP Global Inc., & MMM Group Ltd:, 2017)

14
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1 The rate ofairtemperature risedue to climate changia Canadaas been twice the global average since
1948, increasing at a rate of 1.6°C per cenf&iigured).

1 The rate of clime warmingfor the Calgary area jojectedto intensify in the future, with thelargest
temperature increases occurring the winter monthsin terms of watemquantity, dimate changenodels
predictincreased frequency afhort duration high intensitystorms, multiyeardroughts and significant
stress on water supplies

1 The number of hot dayis expected to increase substantighiyhichmay drivehigher irrigation demansl
and increased natural evapotranspiratiddays witha mean temperature abov89°C are projected to
increase from an average of 9 days todaysby the 2050s.

1 Extremeweathereventsthat could potentiallyoverwhelmwater servicing infrastructurareimportant
considerationsandcouldimpactservice delivery, infrastructure desigand related planning and resource
allocationwithin the CMR

1 Annual average precipitatioorojections show little to no significant changéfoweverthe increasing
trend in winter precipitation since 1900 is projected to increase slightly.

o o

RCP8.5

RCP4.5 I
RCP2.6 Wi ©
Historical M |

degree C

-4
4

1950 2000 2050

Figure4 Projected changes in surface temperature from the Canadian Climate Data and Scenarios (http:tiscds
ec.gc.cal)

Climate modding suggestsarlier snowmelt and spring freshetn be expected in future yea(8VaterSMART
Solutions Ltd., 2016The challenge created is that lowering reservoirs to manage flood risk depletes the water
inventory required to overcome a drought.
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In their 2010 Study for AlbeatEnvironment, Golder Associates predicted the following:

Mean Monthly Flow (m?3/s)

1

For theBowbasinspedfically, increasing flows in winter months and decreasing flows in sunmuatths
with significant variability between monthgere projected(Figure5).

The mean annual flow in the Bow River was projected to decreasglip 18% by the year 2050
Within the Oldman Rivebasin most model scenarios show increasing flows in wim@nths, decreasing
flows in summer months, and significant variability between moliEhgureo).

The change in mean annual flow for the Oldman River was projecteaiyovidelyincludinga potential
increase of up to 9%and a potentialecreaseof up to 15% in 2020 and up to 3@¥écreasan 2050

For the Red Deer basilows inboth winter and summemonths were projected taecreasebut vary
significantly between maths (Figure?).

The mean annual flow for the Red Deer River was projected to decreaseg/nere from 2% to 44%y
the year 2050depending on the modeicenario
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Figure5 Forecasted effects of climate chander the 2050son flows at Bow River at Calgary WSC.
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Figure6 Forecasted effects of climate chander the 2020son flows atOldman River near Moarch WSC

Figure7 Forecasted effects of climate chander the 2020son flows atRed Deer Rivenear Sundre WSC
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