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The Sustainable Water Management in the Athabdgigar Basin Initiative (the ARB Initiatioe

Initiative) wasdesignedo identify water management issues, assess opportunities, and propose ways

to build resilience to change. It examingte quantity ofsurface water in the Athabasca River mainstem

and major tributaries, considerirtge potentialimplications of changes in basin landscape elmahges

in climateon streamflow.Althoughwater quantity is not presently high-profile issue in the ARBhat

doesnotY Sy GKS gl GSNBREKSR AayQid dzyRSNJ LINBaadz2NBE 2NJ | i
of human activities, the basin cannot escape the effects of climate change or the negative cumulative

impacts of landscape change

The natural attributes ancesources of the ARB have long attracted settlement and developriéety
represent a rich and diverse ecological heritagel many of these features are important to the

NB 3 A 2 ¥y Q induatiiSIgvéldpinantincluding agriculture, urbanization,dteek production,

forestry, coal mining, oil and gas, and oil sands has occurred across the ARB, with varied intensity. The
total footprint of these human activities shows the most extensive activity in the Pembina River area,
the Lesser Slave Lake areaddhe Fort McMurray area.df centuries, the ARB has been hometal of
importance tolndigenousPeoples. Traditional uses of the land include hunting, gathering, community
developmentand ceremony

The Athabasca River system is large and complexingatssough four distinct Natural Regiorihe
basinis interconnected hydrologicallys water flows througlits river network from the headwaters to

the PeaceAthabascdelta. Streamflow in theARBgenerally follows a snowmettominated regime.
Streamflowis low during the cold winter months, peaks during the spring due to snowmelt, and tapers
off throughout the summer anihto the fall as the winter snowpaand soil water storagare
depleted.Although streamflow is naturally variable, it hgesnerallydeclined over recent decades.
Potential future climate change in the form of changing patterns in precipitation and air temperature
poses a challenge for water management in the basian&rios suggest thahe timing ofspring
streamflow will shift to edrer in the season and that there may bgeneralincrease in annual
streamflow,althoughwith reductions during the summer and faBlaciersare an important lateseason
source of water for the Athabasca Riybut over the long term, they will contribute less and less as the
ice recedes. Overall, the longerm hydrologic regime in the ARB is likely to be different from today
and water management strategies must be adapted to these potential future conditions

An inclusive and diverse Working Grocgmprising representatives from across the basin openly shared
knowledge, experience, perspectives, and ideas for amvaflaged watershed in the ARBheyused a
collaborative modelling process and an integrateodelling tool(the Athabasca Integrated River

Model, or AIRM)to inform anddrive the discussion. The AIRM enabled the Working Group to explore
mitigation, adaptation, and management opportunities in response to a range of potential climate, land
use, anddevelopment changes in the ARB. Participants, many of whom had disparataigoals

interests couldexamine how individual or cumulative changes in land use, climate, and river system

1
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affected water availabilityand identifystrategiesthat satisfied thér objectivesPerformance measures
developed by the Group were used to review the modelling results and assess the strategies.

The Working Group identified 10 challenges facing the region and subsequently proposed 12 strategies
to address them. Ae modelingwas usedo illustrate the strategy and resulend to supportdiscussion

on the benefitsfrade-offs, implementatiorfeasibility,and an assessment as to whether the strategy

was most promising, least promising,wicertain. The 12 strategies asbovn schematically antisted

below; they were not ranked or prioritized.

Extraction Industry
Reclamation

I Wetlands

Land

Mavigational
Conservation "IF' A - -

Flows

Existing
Infrastructure Water

Conservation |

L

Environmental ‘

Flows On-stream
I Storage
]
- L |
Effluent Reuse
Off-stream
Storage

"l Forestry
Practices

Linear

= % Connectivity

F

Effluent reuse:Enable reuse of industrial or municipal effluent to reduce reliance on freshwater
Water conservationContinue to achieve water conservation and efficiency imprometsas
communities develop

Onstream storageExplore new osstream multipurpose storage options

Off-stream storageDevelop new and existing edfream storage sites to meet multiple basin water
management objectives

Existing infrastructureAlter existing water storage infrastructure and operations to meet multiple
basin water management objectives
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Environmental flows:Establistinstream flow needsr similartargetsfor all tributaries in the basin

as a precautionary water management measur

Navigational flows:Implement minimum flows to improve navigation in the lower Athabasca basin
Land conservationtncrease the quantity and improve the condition of conserved and restored land
across the basin

Forestry practicesSupport practices in Forest Management Agreements that minimize hydrologic
change

Wetlands:Avoid further wetland losand functional impairmenand promote more wetland
restoration education, and best management practices focused on minimizing impacts

Linear connectivity:Reclaim or deactivate linear features and reduce future linear disturbances in
watersheds

Extraction industry reclamationContinue to set and meet high standards of reclamation of
extraction footprint to maintain or improve hydrologicfnctions in a watershed

Through informed discussions with the Working Group, a number of related leasrimgrgedand

were explored. These learnings were facts or observations about the basin and water management that
either supported or provided eounterpoint to commonly held perceptionsor examplethere is a

commonly held perception thahdustry withdraws and consumes a large portion of the water in the
Athabasca River and its tributaries every yéaifact, of the approximately 194illion m®that flows

annually in the Athabasca River (based on data from 1971 to 2015,) only up to ~835 niitibwater

can be withdrawn across the ARB from surface water sources (rivers, streams, lakes) in a year. Through
more than a thousand water diversioinénces, these withdrawals support a range of uses including
industrial, commercial, agricultural, municipal and othdrisese learnings add to the information and
platform of knowledge that offers a reference point for water questions in the basin.

TheWorking Group concluded its activity by proposing six recommendations for sustainable water
management in the ARB.

1. Maintain or improve the natural hydrological functions of the watershed

U to protect water supply, water quality, and watershed health

U byembedding hydrological priorities in land use planning and enforcement at the regional,
subregional, and local scales.

Implementable actions:

1 Identify sites of highest conservation and restoration priority that would have the greatest
positive impact on patland complexes, tributaries, and connectivity

1 Improve understanding dhe location and overall function diydrologically sensitive wetlands

i Fill data and science gaps by increasing the understanding of how changes in hydrologic
connectivity affect wagr volumes

1 Support and inform conservation and restoration areas in future land use plans and ongoing
planning
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2. Establish environmental flow needs for the Athabasca River and all tributaries
U to clarify flows needed for watershed health and volumasailable for use
U by calculating and publicly communicating readpecific IFNs or simildargets.
Implementable actions:
9 Establish IFN targets for atreams and riverdikely usinga modified Alberta esktopMethod
1 Communicate broadly, in an accedsitvay, all IFNs that are calculated for the ARB

3. Reduce water navigation limitations in the lower basin

U to maintain traditional access and activities

U by recognizing that further minimum flow targets are unlikely to provide navigational flows
and, instead, employing a suite of alternative methods.

Implementable actions:

1 Investigate potential for instream structures to increase water depth in specific locations

9 Better understand navigation channels and their changes throughdimieonsider select
channel management including targeted dredging

1 Investigate the potential for investment in alternate water craft and provision of-yeand
road access

4. Increase the adaptive capacity of the basin

U to be more resilient to climate change impacts on watanpply while meeting multiple basin
needs

U by investigating multipurpose infrastructure to manage the flow regimes of the Athabasca
River and major tributaries.

Implementable actions:

9 Establish multpurpose objectives for new projects to understand anfdim how future
storage could support basin flow needs

5. Continue to devel@ the means to share and apply Traditionahéwledge
U tolend the experience and expertise of Indigenous Peoples to formal sustainable water
management in the basin
U by developing andnabling meaningful processes that support the UNDRIP and TRC
mandates.
Implementable actions:
1 Example: collect and share a dataset of traditional sites in the ARB

6. Address the most critical gaps in water data, processes, policy, and knowledge
U to better inform sustainable water management
U by prioritizing and closing gaps most critical to the ARB.
Implementable actions:
1 Continue to provide resources, budgahd mandate to AEP in its work to publicly and
efficiently share already existing water data
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1 Find and invest in the instrumentation solution to provide near real tingasurementsinder

ice flow

1 Complete andmplement the provincial water reuse policy that is currently under development

to change, clarify, or create clear direction for decisionsvater reuse

1 Resource and incentivize water communication to inform sustainable water management

decisions individually, organizationalnd collectively

1 Clo® the gaps between Traditionah&wledge, culture, and society througfrclusion of

Traditional Kowledgeinto policy

Collectively, these six recommendations touch on each of the water challenges identified by the

Working Group, as seen in the table below.

Challenges Recommendation

2 4 5 6
Maintaining or improvingcosystem health K K K
Providing water supply certainty for development K K
Minimizing the effect othe development footprint on basin hydrology K K K
Ensuring sufficient flow for navigation K
Limiting damage from floods or extrenezents K
Maintaining or improving the health of the Pead¢habasca Delta K K K K
Addressing concerns aroutiddigenousights K K
Accessingvater-relateddata and knowledge in the basin K K
Maintaining or improving water quality K K
Understanding the renewable energy potential of the basin K

The ARBnitiative providesa foundation for improved dialogue and moaidaptive, sustainable, and
holistic watershed planningnd management, including both water and land ussufiports cumulative
effects assessmentmdaccessible and transparent information on basin water resources and
managementThe resultingstrategies recommendationsnd practical actionsofm a Roadmap for
QustainableWater Management in the ARB inform and guideplanning and future management

efforts in the basin.

Many individuals and organizations feel an urgetacgddress water challengés the basin and to be
more proactive with future approaches to water managemédgcisions, actiongnd inactions today
are affectingthe longterm sustainability of the basihere is aneed to determine whaiswanted for

the basinin the long term and act accordingly.
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1.0 LYGNRRdAzOGA2Y

1.1 Context

Proactive and informed water management requires a cleaterstanding of how future climatand

land use changecanl FFSOG 41 GSNJI NB&a2dzNOSas>s (GKS dzaSNAR ¢ K?2
respond and adapt. To add to the challenge, Alberta will continue to experience droughts, flooding, and
increased pessure on surface water and groundwater quality and supplies due to population growth,
economic developmentand changing environmental management practices.

Through thidnitiative, ten challenges to surface water management in kteabasca River BasiARB
were identified

=

Maintaining or improving ecosystem health

Providing water supply certainty for development

Minimizing the effect ofhe development footprint on basin hydrology
Ensuring sufficient flow for navigation

Limiting damage from floods @xtreme events

Maintaining or inproving the health of the Peae&thabasca Delta
Addressing concerns aroumadigenougights

Accessingvater-related data and knowledge in the basin

Maintaining or improving water quality

Understanding the renewable energgtential of the basin

= =4 =4 =4 -4 4 -4 -4 A

Decisions and actions today are likely to impactltrerterm sustainability of the basinhere isan
opportunity to get ahead of theurve andprovide the information and knowledge to determine whsit
wanted for thelong-term needs of the basin and those who useAddressngwater challengess urgent
andrequiresbeing proactive based on whatknown about the current situation and planning ftre
future, while keeping in mind thengoingneedsin the basin. The urgendyp take action on sustainable
water management in the ARBdrivenin part by several receritictors
1 Longterm regional &nd use plans are beirpvelopedfor the ARB.
1 The dobal shift toa lowcarbon economys forcing diversificationbeyond oil and gas,
throughout the province
1 Municipalitiesand Indigenous communitiesontinue to seek residential, commergiahd
industrialgrowth.
! f o0 ScGlihatel @adership Plan is pressing for more renewable ea@dhe ARB offers
substantialhydro-electric energ potential.
1 Regulatory frameworks are demanditiat reclamation plangor oil sand$e set and begun
SFNI& Ay | LINR2SOiQa tAFS OeOfS
1 TheJoint Reactive Monitoring Missida Wood Buffalo National Park by UNESCO World
Heritage Centre and the Internatiohldnion for Conservation of Natur@nd subsequent reports.
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1 Mandates related to the United Nations Declaration on the Rights of Indigenous Peoplig®
Truth and Reconciliatio@Gommissiorare shiftingindigenous involvement and expectations
includingcapacity, consultation on their traditional lands of the watershadd opportunities
for growth.

Decisionsactions, and inactions today aadfectingthe longterm water resourcesustainability of the

basin There is aneed to determinghe longterm vision ofwater managemenheld bybasin residents

and stakeholdersThe Sustainable Water Management in the Athabasca River Basin Initiative (the ARB
Initiative or Initiative)was a proactive project that used a collaborative process with an inclusive
Working Group to simulate and discuss strategies that would support badmwater management.
Through the lens of sustainable water managem#ém projectbegan to answer the question

Gonsidering the many interests and perspectives in the basin, dmwwe move forwardas a basimo

have sustainable water resources for all in the futiure

1.2 Projectoverview

The ARB Initiativevas an innovativeroject toidentify water management issues, assess opportunities,
andproposestrategiesto build resilience tahange. This process has been used in other river basins in
Alberta and it is envisioned thafiollowing this projectthe whole Slave River system (Athabasca, Peace,
and Slave River Basim®uldbe examinedn a similar mannerThis workwas doneto provide a

foundation for improved dialogue and more holistic watershed planniagognizing thatvater and

land management angblanning go hand in hand

Thescope of theARB Initiativevassurface water quantity in the Athabasca Riwsinstemand major
tributaries. It onsideed theimplicationsof changes in streamflowfocusing on water management

within the contextof landscapend climae change Althoughwater quantity is not presentlgeen by

many asa significantissue in the ARBhatdoesnotY S|y (G KS gl 0SNBKSR AayQi
Without active and ongoing management of human activities, the basin cannot escape the effects of
climate change othe cumulativeeffectsof landscape changdue toforestry, agricultureurban
developmentmining, oil and gas, and hydroelectric development. Furthersgaialfootprint of these
activities does not directly reflect the impact on hydrology and water quality throughout the basin and
over time.

The ARBnitiative aimedto providea foundationfor supporing cumulative effects assessments,
adaptive and sustainablgasin water managemerand planningand accessible and transparent
information on water resources and managemente Working Group usetlcollaborative modelling
processand an integrated modelling tool to inforanddrive conversatioaregarding water
management in the ARBhe resultingstrategiesand practical actionsffer aRoadmap foRustainable
Water Management in the ARBvhichis intended to inform planning arfdture management efforts.

The Roadmap, once published, is expected to be of value tbre water community in the basin
including the Government of Alberténdigenous communitiegnd other water userdt is the hope and
expectation of everyone imlvedin this projectthat the outcomes will serve to further the

dzy R
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development and ongoing improvement of planning, policy, and management of water in the ARB by
government, industry, organizations, and communities.

Watershed health is inextricably linkedl the ability to be resilient under changing climate and
landscapeconditions The ARB will be challenged by converging interests due to changes in climate and
land use economic growth, and subsequent cumulatieectsin the basin Althoughthis work focused

on the entire basinwith proper resources thimodelling approacltan be used texaminesmaler

spatial scaleaswell.

1.3 Procesanethodologyfor the ARB Initiative

1.3.1 Process

Engagemenin the ARB Initiative focused on creating an inclusive and diverse Working Group made up
of participants from across the watershed with different perspectige® Appendix AYhis approach
establisheda diverse and informed group that could speak to ttseiés and opportunities around

surface wateiquantity and effects of change in the ARBwater supply and demand hefollowing

were invited to participate in the Working Group:

1 Federal and provincial governments and related agencies

Non-government orgarzations

Indigenous representatives (First Nations and Métis)

Industry (e.g., coal, oil and gas, forestry, oil sands, utility companies, agriculture)
Municipalities (.e., counties, municipal districts, towns, cities)

Watershed planning and advisory coua¢WPACS)

€ e egegeg

TheeventualWorking Groupncludedrepresentativegrom across the basin from various industry
sectors, governments, municipalities, environmental fgmvernmental organization$y/PACsFirst
Nations, and MétisParticipans were driven by difierent water management goals, needs, and business
objectivesbut all openly shared their knowledge, experience, perspectives, and fideasvelt

managed watershed in the ARB.

The collaborativeapproachexposed the Working Group #mn integrated modeltig tool in a transparent
and open process to explore mitigation, adaptation, and management opportunitiesponse to a
range of potentiatlimate, landgcape and developmenthangesin the ARBThese changepotentially
meanstreamflowchanges fothe riversin the basin(e.g.,more variablgiming or volume of flow)
whichare reflected by changes in contribution (runoffjater demandsand wateruse. The
collaborative modellingrrocess enabléWorking Group membensith disparate goalso assess and
explore issues and opportunities and develop solutions that mutually eatisfeir objectives.

The integrated model, named ¢hAthabasca Integrated River ModAIRM) isa representation of the
ARB water resource systethincorporates the lanscapesystem, the hydrologic system, the climate
system, and the rivemanagemensysten and builds on what has already been done in the basin by
using existing knowledge, data, and tools to provide effective, scibased decision support for basin

8
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planning al management considerationshe AIRM cabe used to demonstratéhe effects of changes
in land use, climate, or water use on the water resources in theakidBas usedthroughout the
Initiative with the Working Group to create a transparent and accessitadelling tool that the
Working Groupouldunderstand,accessand trust

Through the collaborative modelling process, the Working Group the=AIRM tosimulatethe current
basin conditiorand examie a range of potentiagéffectson water quantity, ad to some degree water
guality, from changes in climate and lawdpein the ARBThs proces&nabledparticipantsto see their
individual and clhective interestgeflectedon a larger, basiwide scaleThe model outputs were used
to inform the discussn and develop opportunities that aldes®d or supporedthe challenges the
group wanedto focus on.These opportunitiesvere refined, assessed, and sorted to develop strategies
that shaped theRbadmap forSustainableWater Management in the ARBlany ideas wer@ot
evaluated furthetbecause they were deemed outside of the scope of this work, or there was not
sufficient data or resources to explore them (see AppendiX B.Initiatie did not prioritize strategies
or projects or lay out an implemeation plan, but rathethasidentified gapsand next stepgor
sustainable water management in the ARBe Roadmajs a guidance document, not a basin pland
reflectsthe discussionef the Working GroupParticipation in the Working Group not consiered
consultationandthe outcomes arenot a reflection of a decisiemaking body.

1.3.2 Meetings

The Working Group met eight timégtween December 2016 arMarch2018 coming togetheto
understand the scope of work, discuss and simulate challenges and apji@s$, and work towards a
Roadmap for sustainable water management in the ARB.

The meetings were structured to first create an understanding of the basin taaldyoidentify and
assess challenges and opportunities as gathered and heard toidaklaling potentialeffects of

changes in climatand effects of landscape changesstreamflow in the ARESubsequent reetings
allowed for theassessmenbf opportunities andtheir subsequentefinement into strategieswhich

were thencategorized as havingore or lesspromise. The Roadmap was framed and drafted, and
recommendations developed and vetted by the group in the final meelihg.process is summarized in
Figure 1.
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Figurel: The pocessof how the Working Groupwvent from an understanding of théasin tothe Roadmap

1.3.3 Additional engagementwith Indigenouscommunities

To include broader perspectives of First Nations and Métis communities and cdbpeirevater issues
throughthe ARB Initiative process, invitations foasing sessions were extended to these groups within
the ARBto be scheduled asioommunity sessionis the springand summerof 2017 and 2018Seven
sessions were requested and conducted with representatives in the Ipareof thebasin.Sessions

took place in the Fort McMurrgyFort Chipewyanand Lac La Biche ared$ese included conversations
with Métis groups fronthree different communities ané session wittthree First Natiors. Some of the
2018sharing sessions weteld tofollow upwith the sane communitesfrom the first set of sharing
sessions in 2017.

In these sessionsommunity representatives presented theirater-related concernsThe concerns fell
broadlyinto three categorieswater quantity, water quality, and ecosystem healfthelatter two topics
were arguably theoverarchingareas of concerwith respect towater; similar concerns were raised
during Working Groupessionsbut thesewere not the focusfor the ARBnitiative.

Regarding water quantity, sharing session participantgight up their concerns for instream flow

needs for fish habitat and navigation. These quantity issues were linked to water quality concerns in that
low flows were recognized as exacerbating water quality problems in some geographical areas. Further,
it wasnoted that streamflow data were unavailable in areas around Fort Chipewyan, with community
members citing the lack ddcalstreamflow gaugeand monitoring of lake levels the area.

10
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Other specific local issues were highlighted and inaumcerns ér access to fish anih the case of
Fort Chipewyan, the loss of the commercial fishery was conveyed as a major concern along with
frustration at the lack of information regarding reasons for its official closure. Lake leeetsalso
reported to be droping andwere associated with degraded water quality and unhealthy fish
populations communities have described mass fish-dfés. Also associated with water quality is
concernabouta lack of trust in the quality afrinkingwater. In the case of Fort @@iewyan, community
members linkd the rare cancers found in their community to the water supply and advised against
consuming local wateiOverall ecosystem health was of concern, with specific mention of imfraats
changes in water quality on fisheries and on ungulate health; members of the Fort Chipewyan
community explained thagjovernment officials are now advising agaitigt consumption of organ
meat of hunted species. Others noted the observed changes oveiinithe loss of species along trap
lines in portions of the lower Athabasca watershed, indicating an issue with unhealthy food or water
sources fothesespecies.

Along with providing more detail and insight into the water concerns of the communities, these
conversations supplemented and substantiated the information collefiefurther exploration by the
Working GroupConcerns aboutvater quality and ecosystem healttere most oftercited. The
communiiesshared their observations of changes in their ieomment over time many ofwhichwere
also notedby Working Grougparticipants. Flow and water levels of local tributaries and lakes were of
concern for navigatioand foraccess to land and fodohsed resource®iscussions also highlighted the
need to lave comprehensive, trusted, and comparable data sets to provide information for edter
management in the basin.

1.4 The Athabasca Integrated River Model (AIRM)

The AIRM is an integrated modbht linksclimate, landcape hydrologic, and river system rdelling to
water supply and demand in the Athabasca R{gee Figur®). The integration of these distinct
components allows for changes in one component, or multiple components, to affect water availability.
Thistool enabledthe Working Group to desigamy number of strategies to examine how individual or
cumulative changes in land use, climate, and river systemagemen{such as changes to

infrastructure or water usage) affead water availability in the ARPlease see AppendBdor

summarief eath of the components of the AIRM.

While this integrated modelling approach offeransiderabldlexibility, the AIRM has several important
limitations:
1 The AIRM simulates surface water quantity and cannot simulate the effects of potential changes
to deepe groundwater flows, water quality, and ecosystem health, among others.
1 TheAIRM was designed to provide hitgvel estimates of regional water supply ateinmand
andprovides simulations at prdetermined pointsof interest along the Athabasca River and
major tributaries.
1 Given the larggeographic extenvf the ARB, AIRM was designed to simulate largetbsisins
and the mainstem of the Athabasca River.
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1 TheAIRM employs a subasin routing approach, which means that it does not account for the
movementof water within a sukbasin, only between subasins.Thusthe model does not
account for localized processes that affect water flow and routing such as hydrological
connectivity, ice jams, beaver dams, and road network fragmentation.

Input; opportunities (changes in demand/water use, flow targets,
infrastructure changes, land use and landscape change, changes in
climate, etc.) and expertise,

Outputs: changes to streamflow based on
changes to climate and landscape,
changes in snowpack, soil moisture, etc.

Output: future daily precipitation
and air temperature

() ALCES

Outputs: changes in landscape
composition from various scenarios

Outputs: Changes to streamflow and
performance measures that show
effects of strategies on the system

Figure2: The AIRM and its components, how they fit together, and inputs and outputs relative to lasthe
Working Group.

141 Base case

hyOS GKS !Lwa ¢la RS@St2LISR I aolasS OFasSé¢ gl a Sa
systemcould be modelled and differences between the base case and a given scenario could be

explored Thebase caseepresensthe existingwatershed incorporating current langstape composition
andoperating practicedt wasmodelledusingrulesbased orlicensed priorities and water management

plans and frameworksand historical climatdatafrom 1971 to 2015(45 years) Thebase casé&\IRM

implies that all current infrastructure and demands were present in the basin for the entire fesind

1971to 2015(i.e., infrastructure, operations, and developed land remain constant).

TheAlRMrepresentsthe basin today, based on available data and information to dB&se case
simulationswere verified against historical streamflow and lake level recaddgenerally displayed
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good agreemenat several locations over thastorical period (see AppendBs Section B.3TableB-4
for a full list of model evaluation statistics). Tim@del performance was deemed adequate for the
purposes of this project, demonsted with aNashSutcliffeEfficiencyfor the Athabasc&iver
mainstemat the end of the systerfAthabasca River at Embarragicluding all operations and
streamflow simulationsof approximately 0.7TheAIRM andhe performancemeasureghat were
developedprovide a robust means of evaluatidgection and magnitude of hydrologic change within
the bash, a primary focus of this work

1.4.2 Stress tests

Two stress tests were designed to test how sensitive the strateggesto changes from the base eas
conditions. These two tests, Dry Scenario and Wet Scenario, sidetdieme conditions relative to

the base case that would have a large effect on streamflow, and therefore stress the natural function
and infrastructure within the ARB. Due to the lemgif simulated climate change data, these stress tests
were run for gperiodof 30 years and were comparéal a historical period (1986 2015)

The Dry Scenario was designed to simulate the effect of extremely dry conditions in the ARB. This
scenario consisted of altering the climatology to emulate an extended drought similar to what was
outlined in Sauchyn et a015), simulating severe glacieecession to late21% century levels,
simulating substantial wetland degradation, and doubling industrial and municipal water usage.

The Wet Scenario was designed to simulate the effect of substantially wetter and warmer conditions in
the ARB. This scario consisted of altering the climatology to reflect the Alitf century (2040; 2070)
climate under moderate climate chan@@e Appendix B simulating a large forest fire in the Athabasca
River headwaters upstream of Hinton, simulating moderate glaeigession to early 2tcentury levels,

and doubling industrial and municipal watereus
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The Athabasca River headwaters begin at the Colum
Icefieldin Jasper National Pafkigure 3) The river
travels more than 1,500 km tcakeAthabasca in the
northeastern corner of Albertthroughfour distinct
Natural Regions: theRocky Mountaig, Foothills,
Boreal, and Canadian Shi¢kigure 4)Each region is
unique andhas diverséaydroclimatc characteristics,
geologic characteristicsatural resources, and
ecosystems. The basminterconnected hydrologically
as water flows througlits river networkt the
mainstem, tributarieslakesand wetlands from the
headwaters to thdPeaceAthabascaelta.

The ARBs a massive and complex basirtdrms of its
geography, hydrology, development, and

o chwes
management. | SoumEskatenuon «

2.1 Geography g

S s

ST

The ARB study area drains approximately 165,000 km
of central and northern Alberta, as well as the northwes
margins of Saskatchewalt covers nearly 2860f Alberta.

t Figure3: Major river basins in Alberta.
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Figure4: Athabasca River Basin and the Natural Regions of Alberta.

Note: The Natural Regions are only for Atte; the portion in Saskatchewan is a combination of Boreal and Canadian Shield.

Upstream of Hinton, the Athabasca Rivefed by major tributariescludingthe Sunwapta, Maligne,
and Whirlpool rivers flowing from the souttith the Snaring and Snakedian rivers flowing from the
north. These rivers pass through tRecky Mountain Natural Regiowhichis characterized by steep
topography, high elevations (up to approximately 3700 m above sea level), large glaigiersinter
snowpack, and widespreambniferous forest (Natural Regions Committee, 2006). Tinsuralregion is
largely within Jasper National Park and thelWilre Wilderness Areas such, the landscape has
experiencedelatively little anthropogenic disturbanceshich is limited tocoalmining, some forestry,
several highwaysndseveral settlements, includirtge towns of Jasper and Hinton.

Between Hinton and Whitecourt, the Athabasca River passes through the Foothills Natural Region
gaining water from major tributariesuch aghe Berland and McLeod rivefBhe Foothills also extend
northward to the Swan Hills, where tributarieacludingthe Freeman and Swan rivegiginate. The
Foothills are the interface between the Rocky Mountains and Boreal, characterized by variable
topography with undulating terrain. Forests are often mixed and are dominated by lodgepole pine
(Natural Regions Committee, 2008his region has extensive forestry and oil and gas developraent,
whileit is occupied by relatively few peopldas important to understand the significance of the area
becausetiis traditional land for many Firstatlons.
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For over half ofits length,the Athabasca River passes through the Boreal Natural R&giorLesser

Slave Lake and the Pembina Rwetershedthrough to Lake Athabasc&everal major tributary
watersheds comprise thiggion characterized by relatively flat topography with a mosaitakés,
interspersed uplandsand extensive wetlands. Vegetation is typically deciduous mixed wood and
coniferous forestClimate in this region is similar to the rest of the basin, with short summers and cold
winters (Natural Regions Committe®)06). This arehas beerextensively develogd through

agricuture, oil and gas, and forestactivities and has a larger humampulationthan the Foothills

Asmall portion of Canadian Shididsbetween Fort McMurray and Fort Chipewyan, viewed as an
outlier relative to the larger Canadian Shield Natural Region. This region is characterized by exposed
bedrock and hummocky topogpaty. There are some bogs and fens within this region awhére soils
permit, open coniferous or mixed forest stands (Natural Regions Committee, 2006). This region is not
intensely developed and fornelya very small portion of the ARB.

The Athabasca Wir drains into Lake Athabasca in northeast Alberta. With the Peace River joining from
the north, this area is known abe PeaceAthabasca Delta (PAD), a prized ecological area and a UNESCO
World Heritage Site. The PAD is also patrtially within Wood Buffational Park. The PAD is formed by
three smaller deltas (the Athabasca Riidelta, the Peace Rivé&elta, and the Birch Rivédelta). This

area is very sensitive thanges in Lake Athabasca water lewichplays a large role imaintainng

the ecobgic functions of thi® AD(RAMP, 2018).

2.2 Hydrology

Streamflow in theARBgenerally follows a snowmettominatedflow regime Streamflow is low during
the cold winter months, peaks during the spring due to snowmelt, and tapetkrofighout the
summer andnto the fall as the winter snowpaand soil water storagare depleted. The Athabasca
River is supplemented during the late summer by glacier raltfipugh this does notiramaticallyaffect
streamflow in any major tributaries outsidd the Rocky Mourdin Natural Rgion. During the late
summer and fall, streamflow periodically increases due to large summer precipitation events, but
generally decreases until late fall when precipitattgpicallyfalls as snow and does not immediately
contribute to streanflow.

This general streamflow pattern is typical of the hydrolofgontinental basindut there are several
notable variations in this pattern between regions of the ARB. In the mountainous parts of the basin
(generally upstream of Hintonfjgh snowpacks, high glacier coverage, and a large elevation gradient
make for a highly seasonal pattern. In this region, the volumeatér stored inwinter snowpack and

the timing of spring snowmelt are the primary factors driving streamflow. These factoesae a
hydrograph that has a large spring runoff, moderate flows during the late summer de&#ase of

water from soil moisture andlacial melt, and low flows during the cold winter montivhich are
governed by groundwater

Conversely, regions viitlow elevation gradients, such as the Pembirzdershedand most of the
northern Boreaforest, have a much less seasonally dominant hydrograph. In #ress snowpacks
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often substantiallyjower and melt occursearly in the spring. This leads to acupeak in streamflow
(typically in April), followed by relatively large sporadic increases in streamflow following summer
precipitation eventsThis part of the basin is alsobject tothe interaction between a suhumid (water
deficit) climatewith annual and decadal cycles andiiwersegeologic setting (Devito et aR012). The
amount of water stored in soils, wetlands, uplands, and groundwater ultimdietsites how
streamflow responds to precipitation everis both short andlongtime scales

Overall, reamflow increases further downstream along the Athabasca River from a mean annual flow
of 170m%s at Hinton to 616 rfis at Fort McMurray and 930 #s at Embarras, where the river reaches
the PAD Approximately 19% of annual average streamfliovihe Athabasca River originates upstream

of Hinton, while 28% originates between Athabasca and Fort McMuFigyre5). However, when
corrected for the relative gross drainage area of each point of interest, approximately 58% of the
Athabasca River staenflow by area occurs upstream of Hinton, and 38% occurs upstream of Jasper.
This suggests that on a parea basis, much of the water in the Athabasca River is generated in its
headwaters, at high elevations in the Rocky Mountains.

This pattern of fracthinal contributions to Athabasca River flow varies by season. Whilardse

upstream of Hinton contributeabout50% of the streamflow by area during the winter months, during
April it only contributes 25%ndfrom May to July its responsible for almost5%. This means that
during this period, approximately 30% of the total streamflow in the Athabasca River originates in the
Rocky Mountains, despite this areamprisingonly about6% of the ARBFigure6).

More information on how hydrology was modelladd analyzed is availahble AppendixB.

== NEARJASPER == NEAR WINDFALL == BELOW FORT MCMURRAY
== AT HINTON = AT ATHABASCA == AT EMBARRAS AIRPORT

2000 1

1000 1

Daily Average Streamflow (m®/s)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan

Figureb: Observed average daily streamflow for six Water Survey of Canada hydrometric gauges along the
Athabasca River. Shaded areas correspond to 10 and 90% quantiles.
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Figure6: Fractional streamflow contibutions for various pointsof interest on the Athabasca River mainstem.

2.3 Climate change

Therehas beera statistically significant trend towards declining streamflow in the Athabascad&iger
recent decadeg¢Sauchyn et §l2015) However, analysis from a 98@ar reconstruction of wateyear

flow (October 1-September 30sing tree rings demonstrates there is higher natural variability in water
availability than has beeobservedin the last 100 years (Figui®. This longerm analysis demonstrates
that repeated decadal droughts are relatively common in the ARBwise, there have been periods
much wetter thanthoseobserved in the last 100 years.dtér managementlecisionsshould acount

for thisnaturalvariation (Sauchyn et aR015).
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Figure7: 900year reconstruction of watetyear flow.
Source: Sauchyn et al., 2015.

Potential future climate change poses a challenge for water management in the ARB, as snowmelt
timing is expected to shikubstantiallyin the future, resulting in longer snefree periods. This has
implications for the hydrologic regime of the ARB anlikedy to significantly affect soil moisture
conditions(Dibike et al.2018).The potential future climate scenarios evaluated through this study
suggest that precipitation will likely increadaring the winteracross much of the ARB, with the
exceptin of the headwatergFigure8). Airtemperature is likely to increada the springunder all
potential future climate scenarios except the ECP2 Scenario (Fpurkese air temperature changes
are relatively extreme on a monthly basis and demonstratg gubstantial change may be expected in
the ARB.

1These scenarios are identified as CRCM, CRCM4, ECP2, RCP4.5 and RCP8.5.
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Figure9: Future change in air temperature for sutegions of the ARB.

Ultimately, these changes in climate are likely to result in substantial changes in streamflow across the
ARBFor example, the headwaters are likely to experience earlier spring snowmelt, with higher freshets
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from higher spring precipitation. Summer floae likely todecreaseand winter flows are likely to
remain relatively unchanged or increase slightly (Fidie

These scenarios also suggest ttie timing ofspring streamflow will shift to earlier in the season and
that there may be an overall inease in annual streamflovaJthoughwith reductions during the
summer and fal{Figures 10 and 1). These results are consistent with other studies, suggesting the
most challenging time for water supply is likely to be the summer given that studies ssggeser
streamflow is likely to decline in the future, while spring and winter flows could increase (Eum et al.
2014).

Athabasca River Basin: Headwaters Model
Baseline [L970 - 2000, 1980 - 2010] and Future Frojections (2041-2070)
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FigurelO: Average daily streamflow for 3§ear periods in the headwaters.
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Figurell: Average daily streamflow for 3§ear periods in the lower basin.

Glaciers provide an important lateason source of water for the Athabasca River, with larger
proportions of glacial contribution to streamfloaccurringfurther upstream (currently approximately

5% of the annual streamflowfruture changes in climate are likely to result in higher glacial contribution
to streamflow over the medium term (next 50 years or so) from higher ice. @edr the longterm (in

the next 1@ years), glaciers will contribute less and less to streamflow in the Athabasca as glacier ice
recedes substantiallyas shown in Figure XZhernos et al2017).

Overall, these analyses demonstrate that the hydrologic regime in the ARB is very likelgitierent
from what has been observed over the last several decades. Water management can be adapted to
these potential future conditions to provide reliable water supply (Eum e2@i4). However,

thoughtful planning is required to ensure environmahtsocial, cultural, and economic effects of
climate change are not exacerbated by anthropogenic influence.

More information on how the potential climate change impacts were modelled and analyzed is available
in AppendcesBand C
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Figurel2: Simulated glacier contribution to total annual streamflow in the Athabasca River at Jasper and Hinton
from 1980 to 2100 under two potential future climate change scenarios

SourceChernos et al. 2017.
2.4 Human activity

Industrid developmenthas occurredn many sectorgcross theARB with varied intensityMany
municipalitiesandIndigenous populationare present in the ARB as wéllhe total footprint of these
human activities showthe mostextensive activityn the Pembinaiverarea, the Lesser Slave Lake
area, and the Fort McMurray area (Figr®. Development activitiegclude agricultureyrbarization,
livestockproduction, forestry, coal mining, oil and gas, and oil sands.
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Figurel3: Total permanent footprint across the ARB, where red indicates high density footprint and gree
indicates low density footprint.

In the upper and central portions of the basin, the most significant development in terms of total area
footprint is from agriclture and forestry. Agriculture represents the largest overall land use by area and
has convertedregetation from natural mixedood forestto seasonal single crop types. This reduction

in forest cover means more water reaches the ground (because ohkesséaption and less
evapotranspiration) and runoff is typically higher. Crop type, farming practices and irrigation practices
alsolargely determine how much water is used and retained in the area (Figre
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Figurel4: Total agriculture (left) and total oil and gas footprint (right), where red represents high and green
represents low.

Forestharvestngis distributed througbut the basinwithin Forest Management Agreement (FMA)
boundaries (Figuré5). The harvesting ahreplanting of trees changes the age structure of the forest.
Youngeiforests have lowemnterceptionratesthan older forestswith more rain and snow reaching the
soil surfaceYounger forests are often less water efficient and can actually use moes.\Wwatver
amounts ofshade covecan result in higheevaporation from the soil in the summer and faster or
earlier snowmelt in the winter and spring.

In addition to forest harvest, wildfire and pests can substantially disturb forested areas. Largesvildfi
have been observed historically in the ARB and are likely to persist into the future. Mopim@aleetle
and other pests have altered forest structure in several stands in the @irBulatively, the effects of
forest harvest and natural disturbancarcalter the hydrologic regime of a basin, with a wide range of
potential downstreammplications.
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Figurel5: Cut blocksyounger than 30 years oldvhere red represents higamounts of cutblockand green
represents lowamounts d cutblock

In the lower part of the basin, oil and gastivities including mining and igitu operationsarethe most
significantdevelopmentin terms of total footprintarea.Conventional @ and gas activities, including
wells, lines, and pipelineare distributed at low intensities throughout the basin. Water is managed
carefully onthesesites, oftenusingclosed systems/egetation is typically removed durinijes
construction, resulting ifaster runoff and earlier snowmefais seen with foredtarvesting, and
reduced natural connectivity of the watershed, resulting in altered drainage patterns.

Cther developments in the basin related to human activity inelhdmes, businesses, roadsd power
lines. The Athabasca State of the Watershed Refboera,2012) drew from scientific literature to
develop pressure thresholds for these types of activities in the lasible 1)
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Tablel. Indicators for which pressure ratings were developed based on thresholds fromsttientific literature.

Indicator Unit High Pressure | Moderate Pressure| Low Pressure
Road Density km/km? #0.5 >0.1t0 0.5 0t00.10
Seismic, Pipeline, km/km? >3 >1.2t0 3 Oto1l.2
Power Line & Railroad
Density
Large Patches of % aeriatoverage of 0% <30¢ 65% >65%
Natural Vegetation tertiary watershed

with large patches
Stream Crossing # of road >0.6 >0.4¢ 0.6 .4
Density crossings/kr
Human Population Growth rate by tertiary >5.67 >0 to 5.67 X
Density watershed (%)
Human Land Use %aerial coverage of >60 >25 to 60 HR5
Agriculture tertiary watershed

SourceAdapted from Fiera, 2012

Using these thresholds, it is evident that road density and seilsmeis; pipelines, powerlinesand rail
density createahe mostpressure in thd=oothills(Figurel6). This is an area with higher densities of
forestry and oil and gas activitiesnear featurescanreduce the connectivity of the watersheohd alter
drainage patternsresulting in changes in streamflow. In addition to hydrologic function, linetures
canaffect terrestrial and aquatiecosystems
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Figurel6: Road density (left) and other linear feature density (right) expressed using thresholds established by

the 2012 Athabasca State of th&atershed report.
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For centuries, the ARB has been home to mbrdigenousPeoples. Traditional uses of the land include
hunting, gathering, communitgevelopment and ceremonyThese areas are still important to
Indigenous Peoples andith a changing landscape of watershed and land use planning, educating
decision makersmthe main issues that are related to watershed planning is important for change and
innovation to ensure sustainablese for alwho live in, operate in, or visit ¢hbasin.

More information on how the land uses in the basin were modelled and analyzed is available in
AppendixB.

2.5 Water management

The natural attributes and resources of the ARB have long attracted settlement and development and
representarichand dvNBE S SO2f 23A 01 f KSNRARGI ISP alye 2F (GKSas$s
identity. This has driven the development of policy and legislation to provide the broader context and
necessary frameworks for water management in the basin. Some of gy and legislative

elementsare briefly describetbelow.

In 1894, before Alberta became a province, the federal government passédbttie West Irrigation

Act, which allowed allocation of water by the government for irrigation and other purpb¥éster was
allocated based on the seniority of the licence, which meant that in times of shortage, the holder of an
older licence could divert water ahead of a more junior licehokler. This priority systemdferred to

Fa aFANRG Ay GFIXMRFasaffifetBy the Goyernn@nBoKAlber(&aMANid the 1931

Water Resources Aand the more recenWater Act proclaimed in 1999.

In 2003, the GoA publishédl 4§ SNJ F2NJ [ AFSY ! f 6 S N@AIbe@Endranmdnti S3& F2N
2003)whichha®d SSy G KS @GSKAOES FT2NJ YIFylF3IAy3d | Aaffigddi  Qa 4|
its commitment to this approach for managing water quantity and quality when it renewed the strategy
iN2008°¢ KS &0N) GS3eQa (KNBS 32| dalthy autic @dosystelms; an8 O dzZNBE R NJ
reliable, quality water supplies for a sustainable economy are being met through knowledge and

research, partnerships, and water conservation.

TheWater Conservation and Allocation Policy for Qilfield Injeétsonl its correponding Guideline

were released in 2006 to support the conservation and management of water and prevent excess use of
water during enhanced oil recovery operations. The Policy and Guideline include specific environmental
outcomes that support the goals tie Water for Life strategy. An updated version of tPadicy that

would apply to alupstreamoil andgasoperations has been under development and review for many
yearsandis now slated for completion by 2020 based on the current govern@emiorities and

2 e Alberta Environment an@arks http://aep.alberta.ca/water/educationguidelines/legislativénistory-of-
water-managemenin-alberta.aspx

3 Seehttp://aep.alberta.ca/water/programsand-services/watesfor-life/default.aspx

4 Seehttps://open.alberta.ca/publtations/0778531447
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timelines The updated version expectedto put greater emphasion the use of alternatives to high
guality nonsaline sources and to proviaeore detail on the assessment of cumulatiefects for all
upstream operations including oil sands miningsitu, enhanced oil recovergnd multistage hydraulic
fracturing operations.

¢CKS [26SNJ ! GKFol a0OF wS3IA2y It tfly Alfjetakand o1 a
Stewardship Acind the Land Use FramewotkRegional plas set out a new approach for managing
land in each region to achieve environmental and economic golatsLower Athabasca RegiAR)
covers the area fnm the south edge of th&lunicipal District oBonnyville tAlberta's northerrborder;

it includes Fort McMurray, Cold Lakeand Lac La Bich&heLARP is the regional plan that sets the stage
for the next 50 years, concentrating on environmengtonomic and social actions bsetting regional
environmental limis for airquality and surface water quality and implementing a groundwater
management framework; establishing six conservation areas; addressing infrastructure challenges;
developngtailings, biodiversity, and surface water quantity frameworks; working imdigenous
communities; providing certainty for industry development in the oil sands; and supporting
diversification of the economyn accordance with the Landse Framework, LARRS subjectto review
five years after & approval and implementatigthat review is underway

02 YLJ

The Upper Athabasca Regional Plan has not yet formally started. Once launched, the regional planning

process will begilby gathering data and assessing input and advice from stakeholders to develop the
Plan. A Regional Advisd@puncil will beestablishedo develop recommendationfor the region ando
conduct consultations.

TheLower Athabasca Regi@roundwater Management Framework was released in 2012lbgrta
Environment and Sustainable Resource Developth@&he Framework will enhance the existing system
to manage norsaline groundwater resources across the LAR including management of potential

cumulative effects on these resources. It establishes indicators of groundwater quality and quantity and

a method fa developing triggers and limits. Goals includstablisling baseline groundwater conditions

and range of natural variability in the LAR to facilitate enhanced knowledge and detection for change;

providinga consistent approach to understanding potengéfects from all development activities on
the surrounding environment; facilitatg projections of change based on future scenarios, such as
expanding development or climate variability and charaged supporingand supplemeribhgthe
current pollution pevention and risk management principles as part of groundwater quality and
guantity management.

5> Seehttps://open.alberta.ca/dataset/37eab6 749fe-43fd-afff-001e2c0be6 7f/resource/a063e2d5a6-4bbd
978¢165cc25148a2/download/586677201208-lower-athabascaregionatplan2012-2022.pdf
8 Seehttps://open.alberta.ca/publications/9781460105344
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The Alberta Wetland Policy was released in September a0d3ull implemented in 201fr the full

province It is intended to minimize the loss and degradatof wetlands, while allowing for continued

growth and economic development in the provific&he goal of the Policy is to conserve, restore,
LINPGSOGE FYR YIylr3aS 11foSNIIFIQa ¢SdflyRa G2 adadl Ay
society, and ecaomy. The Policy reflects that not all wetlands are of equal value and provides the

methodology to assess the form, function, use, and distribution criteria and assign a wetland value. The

Policy promotes avoidance, followed by minimization and, finallglagement

The Tailings Management Framework was released in 0ti&lpaddress theaccumulatediuid

tailings in the LAR and provides additional management requirements for oil sands mine oferators
Highlights includeequirements toset limits on theamount of tailings that can be accumulated,;
investment in new technologies; establimbnt of firm thresholds to identify when companies must take
action to prevent harm to the environment; requirements for companies to post additional financial
security tomanage potential remediation issues; amgéthods toensure tailings are progressively
treated and reclaimed throughout the project libgcle and arealsoready tofully reclaim within 10

years of the end of mine life of that project.

Alsoalignedwith the LARP, the Surface Water Quantity Management Framework (SWQMF) was
released in 2015 by Alberta Environment and P&NESP) Its objective is to manage cumulative oil sands
mining water withdrawals to support both human and ecosystem needs, while batasatial,
environmentalandeconomic interestsThe SWQMF requires most of the water withdrawals by existing
operators and all water used by new operators to stop during low flow periods and sets water
withdrawal limits for all mineable oil sands operegauring moderately low flow periods. It also
establishes metrics to detect when flow conditions are moving outside of the modelled conditions that
were used to inform the withdrawal limits. One of these metrics is the Aboriginal Navigation Index,
which wses the Aboriginal Extreme Flow and Aboriginal Base Flow from Cahdlgi2010).

The Water Reuse and Stormwater Use PolmyAlberta has been under development for a number of
years but, at the time of writing, had not been released. &igectedto define how alternative water
sources including stormwater, municipal wastewater, household greywater, rooftop collected, water
and other such sources might be used to offset freshwater use and augment existing water supplies.
Thisapproachshould save eergy, reduce treatment requirementand increase resiliency to climate
change. A guidebook i®ing preparedo provide instructions on the riskased approach that is
expected to be used for regulation and approvals.

" Seehttp://aep.alberta.ca/water/programsand-services/wetlands/albertavetland-policy.aspx
8 Seehttp://aep.alberta.ca/land/programsand-services/lanéand-resourceplanning/regionalplanning/lower
athabasca/documents/LARRailingsMgtAthabascaOilsantitar2015.pdf
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The Athabasca Riveasin affecs not onlyAlberta; it receives water from and contributes water to
other jurisdictionscrossnga number of boundarieand making it necessarfpr jurisdictionsto work
together. For example,lie governments of Canada, British Columbia, Alb&#skatchewan, the
Northwest Territories, and Yukon entered into the Mackenzie River Basin Transboundary Master
Agreement in July 1997This Agreemerdommitted the parties to create a cooperative forum to inform
about and advocate for the maintenance ogtkcological integrity of the entire Mackenzie River
watershed® The Mackenzie River Basin Board was established to implement the Master Agreement. The
Agreement requireseighbaingjurisdictions to negotiate detailed bilateral water management
agreementdo address water issues at jurisdictional boundaries on transboundary streams and to
provide parameters on the quality, quantity, and flow of waterMarch 2015, Alberta and the
Northwest Territories announced a bilateral water management agreethmprotect the integrity of
water flowing downstream from Alberta to the Northwest TerritoriesisHgreementfocuses on

aguatic ecosystems in the Mackenzie River Basdtommitsboth governments to coperatively
manage water resourcdsn the basin whichisthe largest river system in Canada.
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3.1 Water challengesn the ARB

Tobegin tounderstand the waterelated issues in the AR desktop review opublicly available
documentswas completedThe informatiorgathered was refinednd enhanced through dialogue with
Working Group participantwho developed a list ofvater issues. An issue was defined as an important
concern or problem related to water in tHERBthat warrants attention; an issue can Ibéstoric,

current, or future, and it can be specific to a sblhsin or basitwide.

AppendixEcontainsthe full list of surface water quantityssuesand interestdn the ARBjathered
throughthe desktop studyand in discussion with the Working Group participants at group and
individual meetings. This list was summarized mg®t of water challenges:

1 Maintaining or improving ecosystem health

Providing water supply certainty for development

Minimizing the effetof the development footprint on basin hydrology
Ensuring sufficient flow for navigation

Limiting damage from floods or extreme events

Maintaining or improving the health of the Peag¢habasca Delta
Addressing concerns around Indigenous rights

=A =4 =4 4 -4 4

9 Seehttp://aep.alberta.ca/water/educationguidelines/mackenzigiver-basinbilateratwater-management
agreements.aspx

10 Seehttp://aep.alberta.ca/wakr/educationguidelines/documents/MackenzieBasinAgreem&g-NWT-
Feb2015.pdf
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9 Accessingvater-related data and knowledge in the basin
1 Maintaining or improving water quality
1 Understanding the renewable energy potential of the basin

The Working Groupliscussiorshowed that like all watersheds, there are many water challenges in the
ARBand t is important toproactivdy address themThe Working Group focusets discussion and
modelling on challengdsthoughtthe ARB Initiativend eventualRoadmap shouldmphasizegiven

the tools available anthe project scope and timeline.

3.2 Strategy asessmentthrough modelling and dialogue

Over the course of the Initiative, the Working Group identified and assessgdgesfor current and
future actions forsustainable water managemeatross the whole ARBs potential strategies and
options be@n to emerge WaterSMARBolutions Ltd. (WaterSMARIOmpiledthe modelling output

and documented findings a neutral transparent manner for review by all Working Group participants
This informationis presentedin the following sections summary tables for each stratedhe entire
WorkingGroupdid not have to agree with a specific stratet}yis report reflects that the strategy was
assessed and if the grodipought it wasvalid, it is included

The AIRM was used to assess strategiesre possible, antb provide quantitative results that
indicated direction and magnitude ahe strate@@ @ffect onwater supplyanddemand.The Working
Groupalsodeveloped Performance Measures (PNsuse inreviewingthe modelling resultsEachPM
wasassociated with a specific water challenge and the PMs servpbaes to show whether the
strategies being explored were hiagthe intended impactvith no unintended consequencedé/hen
usingthe PMsto assess strategiemnd their effectsthe Workihg Group focused on the direction and
magnitude of the modelled changather thanthe specific numerical changas this was intended to be
a screening level analysis

The PMs that were predominantly used are shown in Tab22.NJ { Clsange im an@uahstream

flow needs violations gesultsreflect howinstream flow needslEN violations are calculated, where it is
assumed that flow reductions relative to the base case are not deditegimodel assumes the base
case to be the most desirable streamflow condition relative to IFN and this is held constant in the
simulations; when that condition is not met in the model it comes up as an IFN vidtegausehe IFN
was not met on that day.

32



A Roadmap for Sustainable Water Management in the Athabasca River Basin

ALBERTA &

watersMART
Water Management Solutions
Table2: Performance neasures for sustainable water management
PM Associated water challenge
Change in seasonal system shortage¥gm Provide water supply certainty for municipalities ang

development

Change in seasonsireamflow as a percentage of Minimize the effect of development footprint on basi
naturalized streamflow hydrology

Change in walleye recruitment reduction Maintain or improve ecosystem health

Change in annual instream flow needs violations Maintain orimprove ecosystem health

Change in number of days over 1:100 flood thresho| Limit damage from floods

Flow

Change in number of days meeting Aboriginal Extrel Ensure sufficient flow for navigation

3.3 Summary of strategies

The goal ofhis Initiative was to create a Roadmayith strategies, information, and actions that can be
implemented by communities, industries, agdvernmentdecision makers for lontgrm sustainable
water management in th&RB Strategies were discussed at each Working Group me#tibhgeakout
groups to capture dialogue and thinking around eaak. Twelve strategiesvere developed and are
summarized in this report:

1.
2.

10.

Effluent reuse: Enable reuse of industrial or municipal effluent to reduce reliance on freshwater
Water conservationContinue to achieve water conservation and efficiency improvemasits
communities develop

Onstream storage: Explore new @tream multipurpose storage options

Off-stream storage: Develop new and existingsifeam storage sites to meet multiple basin
water management objectives

Existing infrastructure: Alter existing water storage infrastructure and operations to meet
multiple basin water management objectives

Environmental flows: Establish IFNs or sintdagetsfor all tributaries in the basin as a
precautionary water management measure

Navigational flows: Implement minimum flows to improve navigation in the lower Athabasca
basin

Land conservation: Increase the quantity and improve the condition of conserved and restored
land across the basin

Foresty practices: Support practices in Forest Management Agreements (FMAS) that minimize
hydrologic change

Wetlands: Avoid further wetland logs functional impairmentaind promote more wetland
restoration, education and best management practices focused oimimizing impacts
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11. Linear connectivity: Reclaior deactivatdinear features and reduce future linear disturbances
in watersheds

12. Extraction industry reclamation: Continue to set and meet high standards of reclamation of
extraction footprint to maintain oimprove hydrological functions in a watershed

Thel2 strategiesare notranked orprioritizedin any way rather,they are summarized based on
modelling results andn feedback and discussion from the Working Granpare documented at a
screening levelSome strategies have been assessed more than otheseame caseshe strategies
cover multiple areas of the basiRigurel7illustrates in general the 12 strategies and where they fit in
the overall picture of water management in the watershed

Extraction Industry
Reclamation

I Wetlands

Land
Conservation

Navigational

|
Flows

Existing
Infrastructure Water . |
Conservation
L
Enviranmental
Flows On-stream
I' Storage
| i
41
Effluent Reuse 1
Off-stream
Storage

F t
v |~ foray

Linear

-~ M

Figure 17: A conceptual schematic of the ARB, outliningjategies developed by the Working Group for
sustainable water management

34



ALBERTA &

watersSMART

Water Management Solutions

A Roadmap for Sustainable Water Management in the Athabasca River Basin

This work focusd on water quantity, in terms of streamflovin the mainstemand the tributaries. fie
modellingcomponent looked astreamflow and water quantitybut when these were discussed,
aspects of water quality, biodiversity, landscape headiid other elementievitably cameup. In this
report, references to these otherspects (e.g., water quality, biodiversigye based omlialoguefrom
the Working Group meetings.

In the following sections,aehstrategy is summarized with description of the strateggndexamples of
the strategyin the basin todayThe modellingwasusedto illustrate the strategy and resultand to
supportdiscussion on the benefittiade-offs, implementatiorfeasibility,and an assessment as to
whether the strategy was most promising, least promising, or if the group was unsure

It is envisionedhat, in response to current and future development and cliengltange these

strategies will serve as a starting point for planning and water management in the ARB. The strategies
can be reviewed and considered by organizations and communities in accerdath their interests

and concerns, and to the level deemed applicable for their programs, progasplanning. While

these water management strategiagere being developedyaps in data and information albecame
apparent The strategies should bersidered alongvith the gaps, which ardescribedn Section 4.
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3.3.1 Effluent reuseEnable reuse oindustrial or municipal effluent to reduce reliance on
freshwater

3.3.1.1 Strategy overview

This strategy is intended to take return flows (treated effluent) from industrial, municipal, or commercial
operations and reuse that water for other industrial purposes. &pjgoachwould support

development withoutneeding towithdraw additional freshwter, while also reducingelease otreated
effluent back into the riverThis strategy has potential application at local levels throughout the basin.
This strategy discusses reuse as a consideration, as opposed to recycling; a participant noted that
recycling is often defined as reusing water for a single use by one user whereas reuse is defined as a
second water user reusing discharged water from another user.

Specific examples of this strateglyeady in place or being consideriextiude:

f Interim guidancdrom the GoAexistsind ¢ KS LY dSNAY DdzA Rl yOS G2

I dz(

Municipal and Industrial Wastewafé¢ 65 SOSYO6SNJ Hamp0X YR G§KSNB

work underway in different sectors. One driver is the Draft Water Conservation Rwlicy
Upstream Oil and Gas Operations (October 2B1@ich encourages upstream oil and gas
operators to explore alternate water sources before using high qualitysatine water for
operations.

1 Alberta Newsprint Comparig considering supplying companiegth effluent water for the
use of hydraulic fracturing.

1 The Regional Municipality of Wood Buffalasinvestigatedthe option of sending treated
wastewater to industrial users.

1 Industry-to-industry reuse is taking place between the Suncor base ming¢ren8uncor
Firebag SAGD operation. Starting in February 28iBcorimplemented a process to send
tailings water from its oil sands base plant through an existing pipeline tosiguin
operation(Firebag)to use as makep water(CAPP, 2017)

1 The Oil Sands Leadership Initiative (predecessor to the Canadian Oil Sands Innovation
Alliance or COSIAhas looked at a number of opportunities for reusing water regionally
since 2008

Higher flows would be expected in stream locasowvhere licence holders used reused water rather
than water from the stream, thus supporting instream flows at that location

11 Seehttps://open.alberta.ca/publications/interinguidanceto-authorizereuseof-municipatandindustriat
wastewater
12 Seehttps://www.capp.ca/~/media/capp/customeportal/publications/280937 . pdf

36



Effluent reuse: Enable reuse of industrial or municipaleffito reduce reliance on freshwater

3.3.1.2 Modelling done to test this strategynd modelling results

For this strategy,aturn flows from industrial and commercial demamnith the upper AR®ere

simulated to @ longer return to the river, but instead flow to edtream storage. Temporary Diversion
Licences (TDLi the upper ARB would then draw from this-sfifeam storage instead afithdrawing
freshwater. The maximum storage is set at 100,000 {laniumes in excess of this would flow out of
storage back to thenainstemAthabasca River. In addition to the water necessary to support TDLs,
water may also be drawfiom this storage to meet the domstream SWQMF flows when necessary.

Flows immediately downstream of the return outfalls wouthainmostlyunchanged with slightly
lower flows on somelays.Figurel8 shows mostly similar flows on the Athaba$timerdownstream of
the BerlandRiverunderthe reuse strategy (blue), relative to thase cas€orange) under historical
conditions These resultshow that storing reuse water does not negativaffect flows downstream of
the return outfall.To visualize the changes from this stratedgguFe 18depicts a particular timeframe
within the overall 36year simulationJan 1 to Mar 1 of 1986as this is a lower flow year
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Figurel8: Historical conditions on the Athabasca River downstream of the Berland River confluencegruhe
base casd€orange) andeffluent reuse strategy (blug)between Jan 1 and Mar 1 of 1986

Under this reuse strategy, less wateould beused directly from smaller tributaridsecauserDLs
would now take water from offtream storage. This would irgase streamflovslightlyin those streams
relative to thebase casender historical conditions. An example of thaém be showmn the Freeman
River wherdlows arehigher than the base casecause TDLs would no longer withdraw freshwater
from this stream. To illustrate this exampkgure B shows flowin the Freeman River under thrase
case(orange) and under theffluentreuse strategy (blue) under historical conditioBamilar toFgure
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18, this figuredepicts a particular timeframe (Jan 1Agr 1, 1987) within the overall 36/ear simulation,
in order toeffectivelyvisualize the changes from this strategy.
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Figurel9: Historical conditions on the Freeman River under thase casgorange) anceffluent reuse strategy
(blue), between Jan 1 and Apr 1 of 1987

The difference iraveragedaily streamflow 6the Freeman River and Athabasca River beteBerland
Riverunder the base cas¢orange) andeuse strategy (bluds indistinguishable under all three
conditions(Historical, Wet, and Dryjveragedaily streamflowin the Freeman River for the reuse
strategy looks similar to thbase case&nder all three conditions as well. The effect of the reuse strategy
may be undetectablevhen looking aflow in the river,but PMswere affected(seeTable3 at the end of

this section.

Theeffluent reuse strategys modellecperforms similarly undeall three conditionsTable3
summarizeshe overall model resultseen by looking at the PMsr the strategy. The first column in the
table describes the PM. The secarmlumndisplays theelativedifference in results for the strategy
relative tobasecaseoperations under thalry condition. The third column displays the results of the
strategy relative to théase casender thehistoricalcondition The last column displays the results of
the strategy relative to théase caseinder thewet condition.
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The tributaries (a., Freeman Riveould have higheflows under this strategyleadingto fewer days

per year where the IFN for that stii@asin isnot met.*® Thissituationcouldoccur in the Pembinaub-

basin and to a lesser extent in tMcLeod sukbasin(Figure 20)because TDLs would no longer take
water from those sukbasins.In Figure 20,le orange line is barely visible because it is overlapped so
much by the blueshowing very small differences between the base case and the strategy onwese t
rivers Instead, water usergiould reuse water that has already been withdrafkomm other locations

This strategy wouldeducewater use pressuren the smaller streamshus reducinghe number of IFN
violations in some subasins andmprovingthe general ecological health of those are&ecause
transport trucks would now take water from storage infrastructure rather than pulling up next to a
stream,there would be less riparian disturbance and damage; this in turn could be expected to improve
water quality as less sediment is generaté@tis strategy woul@lso sedess effluentischargeas

effluent is reused and disposed of rather than released back to the s improved water quality,
over time, would likely provide loagrm cumulative benéts to the basin.
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Figure20: Total IFN violations over thdry, historic, and wetconditions, under thebase casdorange) and
effluent reuse strategy (blue)within the McLeod and Pembina sdifiasins

BIFN is defined as a flow threshold established for different streams to support and maintain the ecological health
of the river.It should be noted that results in the IFN PM refleow IFN violations are calculatedhereit is

assumed that flow reductions relative to the base case are not dediFéés are calculated based on the Desktop
Method for the base case period. Reductions in streamflow relative to this base case pdriesuli in IFNs not

being met or violated.
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This strategygould reducewinter water shortagegor some licence holderand other downstream users
(especially under dry hydrologic conditions) becausestbeedwater would sometimes be released to
supplement flows at Fort McMurray artdus meet the flow targets set out by th8WQMHKFigure21).
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Figure21: Seasonal baskwide water shortages under dry, historic, and wet conditions, with base case (orange)
and effluent reuse strategy (blue).
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Table3: Summary ofPM results for thereuse strategy relative to thdase caseinder historic, wet, and dry conditionfor a 30year period

Period and Location ‘

Dry - Effluent reuse

| Historic - Effluent reuse

| Wet ¢ Effluent reuse

Change in number of days meeting Aboriginal Extreme Fl@hallenge: Ensure sufficient flow for navigation

Annual- below Firebag confluence | 0.0 Days| 0.0 Days| 0.0 Days
Change in number of days over 1:1060d thresholds.Challenge: Limit damage from floods
Annual- Athabasca River at Athabasca 0.0 Days 0.0 Days 0.0 Days
Annual- McLeod River 0.0 Days 0.0 Days 0.0 Days
Annual- Athabasca upstream of Whitecou 0.0 Days 0.0 Days 0.0 Days
Annual- Athabasca River at Hinton 0.0 Days 0.0 Days 0.0 Days
Annual- Lesser Slave River 0.0 Days 0.0 Days 0.0 Days
Annual- Pembina River at Sangudo 0.0 Days 0.0 Days 0.0 Days
Annual- Ft. McMurray 0.0 Days 0.0 Days 0.0 Days
Change in annual instream floweeds violationsChallenge: Maintain or improve ecosystem health
Annual- Mouth of the Lac La Biche River 0.0 Days 0.0 Days 0.0 Days
Annual- Mouth of the McLeod River -24.0 Days -5.0 Days -1.0 Days
Annual- Mouth of the Clearwater River 0.0 Days 0.0Days 0.0 Days
Annual- Mouth of the Lesser Slave River 0.0 Days 0.0 Days 0.0 Days
Annual- Mouth of the Pembina River -88.0 Days -33.0 Days| -19.0 Days|

Annual- below Ft. McMurray

Change in walleye recruitment reductiofChallenge: Maintain or improve ecosystem health

Change in seasonal streamflow as a percentage of naturalized streamfivallenge: Minimize the effect of development footprint on basin hydrology

Summer- at the Mouth 0.02% 0.01% 0.02%
Spring- at the Mouth 0.02% 0.00% 0.00%
Fall- at the Mouth 0.03% 0.02% 0.03%
Winter - at the Mouth 0.34% 0.02% 0.03%
Change in seasonal system shortages/gh Challenge: Provide water supply certainty for municipalities and development
Spring- whole system 0.0 /s -0.0 n¥/s 0.0 /s
Winter - whole system -0.35 n#ls 0.0 n¥/s -0.02 n#/s
Fall- whole system 0.0 /s 0.0 /s 0.0 /s
Summer whole system 0.0 n¥/s 0.0 n¥/s 0.0 n¥/s

41



Effluent reuse: Enable reuse of industrial or municipaleffito reduce reliance on freshwater

3.3.1.3 Benefits and tradeoffs

This strategy simply changes the source of TDL water withdrawaldreshwaterto treated effluent
thereby allowing mordreshwaterto remain in the riverwhichin turn maytake water use pressure
away from the smaller stream3he strategycould result inminor flow increasesn the smaller streams
and therdoy reducethe number of IFN violations in some sbiéasinsThis strategy has limited impact on
flow at a basin scale but has visible benefits on smaller rivers and may have benefits to veditgr qu
throughreduced loading from nutrients and other constituents on tributaries and thainstem water
quality benefitscannot be denonstrated through the modelling.

The benefits seen in this strategy depend on time and locatfdhe original withdawal and the
location of thewater reuser For example, if water that was originalthdrawn from the mainstem
Athabasca was reused insteadtakingfreshwaterfrom a tributary, the tributarywould benefit;
however, if water that was originallyithdrawn from the mainstemof the Athabasca was reused
instead of pullingreshwaterfrom the Athabascathere would be no net change to surface water
guantity.

The effects of this strategy are localized to tributatiest are important components of the aquatic
ecosystem, providing habitat for different life cycle stages for aquatic species. Therefore, the benefits of
this strategy may be higher for the aquatic ecosystem, relative to other PMs such as navigation

As modekd, a tradeoff of this strategyisthe slight negative effect tould have on walleye

recruitment. When theoff-streamstoragewasinitially filling, the reservoir would hold back water, and
therefore the flows downstreann the Athabasca Rivevould be lower than usuahs that treated
effluent would normally have been discharged into the rivévl results suggest ihwouldlead to

slightly less walleye recruitmenf this strategy were implemented it would likely be at a smaller, more
locallevel.Local implementation would likely not involve a large reservoir, and thus not thevsight
negative effect on walleye recruitmeirt the mainstem of the Athabasca River

As it is modelled,tered effluent could provide a baakp water source whe surfacewater systems are
stressed or not availabléffluentreusecouldalsocreate an economic incentive for effluent suppliers as
it may save on water treatmenkdany large userwithdraw waterfrom the mainstemwhile TDL$end

to withdraw from tribuaries. As modelled, storg anddistributing wastewater for reuse may not
necessarily result in net environmental beneReusing treated wastewater, which usuafjges backo

the river as return flows in licees, may impact the quantity of water a\atile for downstream water
users

3.3.1.4 Implementation challenges and actions

Although modelled witta large storage structure andfrastructureto transport water fromthe

effluent source tothe storagelocationthen to alocation where it would be reusedhe Working Group
thought itwould bemore feasible to implement this strategy at the local level with a network of smaller
storage facilitiesthus minimizing transportation distance€ollaborative grey watéf collection and

1 Grey water is defined as wastewater generated from homes or offices that is free of fecal contamination.
Sourceausually include sinks, showers, and washing machines, but exclude.toilets
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storage from municipadnd conmunity usescould be includedGrey water could be stored at various
key locations and used by nearby TDL licence holdetarargtimes of low flow instead of withdrawing
from the river.

Other challenges to implementation inclugasuring acceptable gugl of the water for reuse,
depending on the end us€&or example, reusing water for agricultural purposes would require a
different quality of water than water being reused for hydraulic fracturifigere could alsdbe a water
supply risk for companidbat rely on another company or municipality for reused water.

Aprovincialwater reuse policys beingdeveloped and implementatiorf this strategy may be more
feasibleonce that policy is releasedeleloping a policyhat applied to all of Alberta dedgi vastly
different water management consideratiomsnorthern, central,andsouthern basin§ias been a
challengeThe conditions in the ARB ad#ferent than incentral orsouthern Albertasothe same water
reuse policy may not bas appropriatén the ARBas in theSouth Saskatchewan River Bain
example

Two key actions could help move this strategy forward:

1 Continue to @velop and implement a basinide or provine-wide water reuse policysuch a
policy shouldchange, clarify, or create cledirectionfor decisions on water reuse. It should
address acceptable water gquality for reuse as well as appropriate storage options. The existing
Water Actcovers the legislation to enable reuse, but the policy needs clear articulation and
direction.

1 Crede incentives for water reuse (e.g., opportunity for a company to report through a
sustainability index).

3.3.1.5 Screeningassessment
This strategy was identified as a most promising strategy.

However, @ase of implementation of this strategy is congent on a water reuse policy being developed
and implemented to allow users to begin the reuse process. This may start with many small water
exchanges that develop over time into a larger water reuse netwbhis strategy has limited impact on
flow at abasin scale but has visible benefits on smaller rivers and may have benefits to water quality.
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3.3.2 Water conservationContinueto achieve water conservation and efficiency improvemerds
communities develop

3.3.2.1 Strategy overview

This strategy is intended ta@mote conservation and efficiency practices for municipammunity,
industrial, and commercial water userebysupporting future regional development without
increasing demand fdreshwater. This strategy is applicable across the entir8 Municipal use
typically sees a relatively high return ratereductions in municipal water use, while beneficial, would
have less effect on river flowhusthis strategy shoullocusheavily on industrial and commercial uses.

Specific examplesf water consevation thatare alreadyin placeinclude:
1 Water Conservation Policy

o0 TheD 2 ! Dpadt Water Conservation Poliaxas released in October 2016. This policy
expands on the 200®/ater Conservation and Allocation Policy for Oilfield Injeetiwh
the accompanyiniVater Conservation and Allocation Guideline for Oilfield Injection
which presented a guideline for the use and conservation ofsalime water for
conventional water flooding and oil sands thermakitu operationsThis newdraft
policy emphasiesthe use of alternatives to higbuality nonsaline sourcesuch as
industrial or municipal wastewater and leguality norsaline groundwater. The
updated policy provides specific water policy and direction for oil sands mining
operations,oil sands thermaih-situ operations, enhanced oil recovery and cold
bitumen enhanced recovery operations, and mslthige hydraulic fracturing operations
in horizontal wells.

1 Industry freshwater use

0 Industry has set goals to decrease freshwater useviddally and through groups such
as COSIA aritle Canadian Association of Petroleum Produc€&RP In somean-situ
projectsfreshwateruse has been entirely replaced with alternate water sourées
example Devon's Jackfishil sandgproject uses onlyprackish water to create the steam
needed to separate oil from saff@APP, 2018)

1 Water for Life Conservation, Efficiency and Productivity$lan

0 As part of the Water for Life strategy the Alberta Water Council examined treiilg
of improving water conservation, efficiency, and productivity (CEP). In 2008, the Council
produced recommendations for CEP planning, and outlined a planning process to be
followed by the seven major water using sectors in phevince.Progress hasccurred
and been reported by these sectgilberta Water Council, 2017)
o Progress under CEP planning in the oil and gas sé@8RP, 2016)
A 2} GSNI LINPRAzOGAGAGE KIF & SEOSSRSR GKS 21 (¢
of a 30% improvement from 2005 to 2015 in the following-sabtors: oil sands
mining, oil sand#-situ, conventional oil, well drilling, and gas plants

44



Water conservationContinue to achieve water conservation and efficjeingprovements as communitidgvelop

A Bitumen productiorfrom oil sands mines increased by 68% from 2002 to 2014.
Over the same period, nesaline water use productivity improved such that
total non-saline water use for the oil sands mining séztor increased by only
16%.

A Nonsaline groundwater use has incszal over the past decadiie to a
reduction in fresh water useThe proportion of total oil sands mining nsaline
water withdrawals from groundwater has increased from 1% during the
baseline period (2002004) to about 6% in 2014.

0 Progress under CEP phang in theforestsector (Alberta Forest Products Association,
2015)

A Alberta Newsprint ComparANC)at Whitecourt has installed and is operating
a dispersed aeration system. The dispersed air flotation system selectively
removes contaminants from wastewater streams from the paper machine,
allowing reuse of these streams in the process, thereby decreasitey usage.
As of 2015, ANC is evaluating a new sludge dewatering technology that uses
1000fewer litresper minuteof water than the current dewatering system.

0 Progress underEP planning in the municipal sector:

A Examples of mnicipal water conservatiomeasures include water metering,
stormwater collection and use, lawn watering restrictions, and-flmshor low-
flow plumbing fixtures. Many municipalities in the bagg., Town of Jaspg
have already implemented water conservation and efficiencygmms, in part
due to the Water for Life CEffan requirements.

Higherflows would be expected as a result of this strategy due to decreased withdrawals from the river.
This strategy would bring instam flows closer to naturandthereby supportoverallaquatic
ecosystemhealth. The relative effect of demandsn streanflow is quite small so the expected increase

in flow from this strategy would be small as well. However, Bidsdirectly depend on demandsould

show a greater change.

3.3.2.2 Modelling done totest this strategyand modelling results

This strategy wasimulatedby reducing all municipalhdustrial, and commercial demands throughout

the basin by 10%f a 10% decrease is not achieved, the benefits, as reflected in the model, would not

be realred. The Working Grougliscussdthat a 10% overall reduction is probably unachievable with
expectedgrowth, due in part towater CERctionshaving been implemented alreadihe Working

Group considerethat ad m /& "Hucthddsin water use intensity Ithoughnot modelled that way, was

maybe more achievabl@his strategy provides an opportunity to address eaelter useQ & | OG A2y &
to monitor and create ways to better manage water use in the ARB.

Under this strategy, 10% less wateould bewithdrawn fram the system by the existing municipal,
industrial, and commercial water licences. This would increase streamflow relative baseecase
operations underll conditions Figure22 shows slightly higher flows on the Athabasca River at the
mouth under theconservation strategy (blue) relative base cas¢orange)during one year in the
historicsimulation
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Figure22: An example of streamflow in 1987 on the Athabasca River at the mouth under base case operations
(orange) and wagr conservation strategy (blue).

The relative effect of demandm streanflow would bequite smalj asexpected, thencrease in
streamflow under tlis strategywould be barelydetectableat the scale of the Athabasca Riyand
under a range odlry, historic, and wetonditions. Although the relative effect of demanuls
streanflow at the scale of the Athabasca Rivgiquite small, mani?Msare directly related to demands
and would thusshow a greater change under this strateggble4 at the end of this sectionlisplayshe
PM results for the strategy relative ttase caseperations, under all three conditions.

Walleye recruitment reductiosould decreassslightlyunder a conservation strategy due igher
summer flows at thamouth, which ae close to natural flowfFigure23). Likewise, there could be a
decrease in IFN violations as more water is retainestrieam.
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Figure23: Annualwalleyerecruitment reduction (%) ovedry, historic, and wetconditions, underbase case
operations (orange) andvater conservation strategy (blue).

Shortages would decrease undemaater conservation strategy. Since users are not asking for as much
water, the relative proportion that they wouldhissduring a shortage would be small@igure24). This
strategycould potentiallyoffset expectedwater needsrom future population growth.The Working
Groupnotedthat a10% flat decrease in water use does not allow for growth; the Water fosttife=gy
discusses a decrease in water urgensity as opposed toraabsolutedecreasewhichhasmore

potential toallow for growth
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Dry Historic Wet
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Figure24: Seasonal system shortages owny, historic, and wetconditions, underbase cas@perations (orange)
and water conservation frategy (blue).
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Table4: Summary ofPM results for theconservation strategy relative to thdase caseinder historic, wet, and dry conditionfor a 30year period

Period and Location ‘ Dry ¢ Water conservation ‘ Historicg Water conservation ‘ Wet ¢ Water conservation
Change in number of days meeting Aboriginal Extreme El@hallenge: Ensure sufficient fléav navigation
Annual- below Firebag confluence ‘ 1.0 Days‘ 0.0 Days‘ 0.0 Days
Change in number of days over 1:100 flood threshol@hallenge: Limit damage from floods
Annual- Athabasca River at Athabasca 0.0 Days 0.0 Days 0.0 Days
Annual- McLeod River 0.0 Days 0.0 Days 0.0 Days
Annual- Athabasca upstream of Whitecou 0.0 Days 0.0 Days 0.0 Days
Annual- Athabasca River at Hinton 0.0 Days 0.0 Days 0.0 Days
Annual- Lesser Slave River 0.0 Days; 0.0 Days
Annual- Pembina River at Sangudo 0.0Days 0.0 Days 0.0 Days
Annual- Ft. McMurray 0.0 Days 0.0 Days 0.0 Days
Change in annual instream flow needs violatior@hallenge: Maintain or improve ecosystem health
Annual- Mouth of the Lac La Biche River -3.0 Days| 0.0 Days -2.0 Days
Annual- Mouth of the McLeod River -54.0 Days -20.0 Days| -17.0 Days|
Annual- Mouth of the Clearwater River -20.0 Days -3.0 Days -3.0 Days
Annual- Mouth of the Lesser Slave river -40.0 Days -34.0 Days| -48.0 Days|
Annual- Mouth of the Pembina River -8.0 Days| -6.0Days -5.0 Days
Change in walleye recruitment reductiofChallenge: Maintain or improve ecosystem health
Annual- below Ft. McMurray -7.62% -7.50% -71.62%
Change in seasonal streamflow as a percentage of naturalized streami@ivallenge: Minimize theffect of development footprint on basin hydrology
Summer- at the Mouth 0.10% 0.05% 0.07%
Spring- at the Mouth 0.16% 0.08% 0.08%
Fall- at the Mouth 0.13% 0.06% 0.09%
Winter - at the Mouth 0.25% 0.17% 0.20%
Change in seasonal system shortages3/s). Challenge: Provide water supply certainty for municipalities and development
Spring- whole system -0.88 m3/s -0.01 m3/s -0.02 m3/s
Winter - whole system -3.21 m3/s -0.0 m3/s -0.06 m3/s
Fall- whole system -0.02 m3/s 0.0 m3/s 0.0 m3/s
Summer- whole system 0.0 m3/s 0.0 m3/s 0.0 m3/s
e ————— 1
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3.3.2.3 Benefits and tradeoffs

The benefits from this strategy aseenacrossmostPMs and are proportional to the degree of
conservatiorpracticed. Such benefits included increased walleye recruitmesduced shortages, and
reduction in IFN violationg hereduction in shortageis because water uselis the modelled scenario
are asking for 10% less water.

Thetrade-offs to this strategy include the expense and effort reqdit@ implement conservatio

programs and initiatives throughout the bashill sectors have been working towards CEP plans of 30%
conservation targetsa further 10%reduction as modelled, may be impossibReductions beyond 30%
may provide diminishing returngndsome sectorgould experience more difficulties than othens
implementing additional reductions

3.3.2.4 Implementation challenges and actions

This strategygouldbe relatively straightforward to implement. Examples of success stories in other
jurisdictions prove that wateranservation as a strategy is possible. The Working Group thought that
education and awareness was a big factor in the success of the strategy, and substantial effort should
focus on informing residentindustry,and business owners of the importance oftaraconservation.
Effective outreach is likely one of the biggest challenges to this stratbgywVorking Grouglso noted

that the cost of new technologies to achieve further water conservation could be very Aigreat deal

of progress has been maderbugh CEP plankut gaps in the data surrounding water use and water

use changes for the seven major watesng sectorsn the province make it hard to measure increased
conservation and hard to encourag®re conservation.

Several actionthat couldmove this strategy toward implementatianclude:

1 Implementoutreach and education programs in all municipalitesl communitiesand for all
industrial and commercial developmenwiven that avareness and education are vital far
conservatiorstrategy b succeed

1 Provide apacity and resources to ensure education and enforcement programs in AEP related
to water use reporting and quality control of reported data is done effectively.

9 Establish cleanbjectives fowater conservation for the RB.

1 Encourage and support water conservation through incentive programs, such as:

1 Tax breaks for meeting water conservation objectives
1 Asliding rate sauserspaymore per unit of water consumed after a certain level
1 Communityscale incentives for municipasers (likevater metering

1 Enforce stricter water use regulations and higher water ratesomplement incentive
programs

i Establish legislation that encourages water reuse
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3.3.2.5 Screeningassessment

This strategyvas identified asiaving some promise.

This strategy wasonsideredo be highly feasibleconomicallyand to yield moderate net benefits for
the basin. This strategy is also socifdisible,and much is already being done to advance water
conservation goalsddopting water consevation as a strategy aligns with many community valued
the Water for Lifestrategy.
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3.3.3 Onstreamstorage Explore new orstream multipurpose storage options
3.3.3.1 Strategy overview

This strategexplores options foron-stream storage in the AR®hichwould serve multiple purposes
includng but not limited to

1 Augmenting iowsto meet downstreamrmeeds e.g, aquatic health, riparian healtland
navigation

1 Supplying wter supply folicensed demands

1 Mitigating foods

1 Generating lgdropower as a renewable ergy source

This strategy offera better understanding of hown-streamstorage infrastructureould affect the
timing of flows in theriverto serve the purposes noted aboyand a better understanding of thieade-
offsinvolved;for example, implementinthis strategy could creatkarriers to fish passage, water
temperature changes, altered sediment and nutrient regimes, changes to ice coverossitile
infringement onindigenous harvest rights

There are currently no eatream storage facilities on ¢hAthabasca Rivenainstem Anumber of

potential hydropower sitefiave been identifiedn Alberta,includingl? sites in the AR@\Iberta Utilities
Commission (AUC), 2016Jydropower discussions have arisen in recent years in part dueftadd S NI I Q &
Climate Leadership Plawhichestablished aggressive targets for renewable enefgpplicationsvere

madein 2017for two on-stream runof-river hydropower sites on theainstemof the Athabasca River

the Pelican Renewable Generating Station Project@umiog Renewable Generating Station Project
upstream of Fort McMurrafingram, 2018)However, he applicant subsequentlinformedthe

Canadian Environmental Assessment Agéhayit wasnot proceeding with thewo projects andthe
EnvironmentalAssessmat process for both projects was terminated Bebruaryl4, 2018

A number of outcomes are possible for this strateg@pehding on the sizand operating rulesf the
storage facilityMany potential benefits and tradeffs could arise from ostream stoage It is assumed
that a full analysis of benefits arichde-offswould beaddressed through detaileehvironmental
assessmentfor anyproposedprojects they are not explored fully in thigitiative.

3.3.3.2 Modelling done to test this strategynd modelling results

Three m-stream storagssites identified in the 2010 AUC report wesienulatedin the AIRMo explore
the effects of orstream storage at different locations in the basthe McLeod site, the Mirror site, and
the Grand Rapids si(gee Figureb).
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Figure25: Three onstream storage sites simulated in AIRM to help explore-sineam storage.

Each site was simulated for mytturpose operations and for operations focussmelyon hydropower,
so theoperatonal differences could be compared. The mufiurpose operating objectives were varied

for each site to provide insight into different types of objectives that could be met with sstream

storage facilityThefollowing model runswere simulated in AIM:

1 Onstreamtributary facility- McLeodsite

This reservoir would have a maximum storage of 69438 andwould operateto meet
downstream flows for navigation and IFN flows on the McLeod River. The reservoir would only
release water when it is needddr these purposesThe McLeod reservoaould also be

simulated to operate for hydropower purposes orfResults for the two McLeod simulatioase
comparedbelow.

Onstreammainstemfacility - Mirror site

This reservoir would have a maximum storagé 809,600dam?® and would operate for low
flow augmentation and hydropower production. The Mirror reserwomld also be simulated to
operate for hydropower purposes onlgesults for the two Mirror simulationare compared
below.

Onstreammainstemdowngream facility- Grand Rapidsite

This reservoir would have a maximum storage of 407¢¥%° and would operate to meet the
following objectives in priority order: 1) meet downstream ecosystem fl@ysneet
navigatioral flow requirements3) reduce sharlges,and 4 maximize hydropowelheGrand
Rapidgeservoircould also be simulated to operate for hydropower purposes drdgults for
the two Grand Rapidsimulationsare comparedelow.
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Results: Orstreamtributary facility - McLeod site

In the firg variation of this strategya McLeodreservoirwould release water only when it is needed
downstream for navigational purposémeasured on the Athabasca Riyer to meet IFN targets on the
McLeod RiverThe minimum flow for navigatiowasset to400m?®/s downstream of the Firebag
confluencefrom April 158" to October 28 each year. The IFN target tire McLeodRiverwasset tothe
greater of either a 15% instantaneous reduction from natural flow or the 80% exceedance of natural
flow based on a weeklyrhestep. If the natural flowent below either ofthese thresholdgfor example

in October of 2001)the McLeod reservoir auld release water to keep flows at 400°/s for navigation
(Figure26), andabove the IFN target othe McLeodRiver Any year thathe reservoir requires refilling,

it would doso primarily during the peak summer flowtherefore, under this strategyeak spring

summer flows are lower. In this variation, the reserwe@rsnot operated with hydropower as riority,
but hydropowercould be generated.

In the second variation (McLeod hydro), when operated for hydropower only, the reservoir doasmot
to meet the navigational flow or IFN requirement, and watasreleasedonly for hydropower
purposes, slightly augmenting low flowsdaslightly dampning pealflows (Figure26).

2000 +
; \
w“‘ : f
11 | 4 |
1500 [} P Y
0 o |
» ‘
5 \
£ | |
= . \ | Base case
3 A T ‘
é’ 100071 | \ — McLeod
e W \ McLeod hydro
© \
& N
500 A \/
“ﬁv’/\'\'ﬂ\ Iy,
0 -

01 Jul 2001 01 Oct 2001 01 Jan 2002 01 Apr2002 01 Jul 2002

Figure26: Historical conditiong2001)on the Athabasca River downstream of the Firebag confluence, under
base cas€orange) McLeod storagestrategy(green), and McLeod hydro stratgy (blue) The 20032002 year is
shown to help visualize effects of the strategy during a timeframe when flow augmentation is necessary.

Table5 and Table6 at the end of this sectiodisplaythe PM results for both variations of the McLeod

reservoirstrategy under all three conditions relative to base case.
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The Aboriginal Extreme Flow (AXF) target@m?'s would be met 100% of the time under the first
variation of this strategy, due to the augmented flows from thestream reservoi(Table 5) This

would occur under the historic conditions as well as the dry conditions. The wet conditions would not
exhibit any days below the AXF threshold, thus flow augmentation would not be necd?eaujts
suggesbne more day of navigational flow underthahe historic and dry conditionshen operated for
hydropower only This is because simulated hydropower operations would increase baseflows and
dampen peak flows, but not to the same degree as with a minimum flow target.

In both variations, summer floswvould decrease, whiatouldnegatively affect walleye recruitment
since walleye fry rely on natural summer flows at the mouth. This effaaidbe greater under the
hydropoweronly variation since the reservoir would require refilling evauynmer (Figte 27). When
operated for norhydro purposes, the reservoir would not need refilling in some years, lessening the
negative impact on walleye recruitment.
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Figure27: Annualwalleyerecruitment reduction (%) over dry, historic,rad wet conditions, undeibase case
operations (orange)McLeod storagestrategy(green), and McLeod hydro strategy (blue).

An onstreamtributary facilityat the McLeodsite showed someromise inthe screening assessment
described further at the end ohts strategyWorking Group members agreed it would show more
promiseif the reservoirdid not refillduring the walleyegecruitmentwindow.

Results: Orstreammainstemfacility - Mirror site

A Mirror reservoiron themainstemof the Athabasca River, if operated for low flow augmentation,
would dampen peak flows and augment low floimgthe basin Ths change in flowwould be
demonstrabledown to the mouth, making it detectable at large scales, and wootir most noticeably
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under the historic and dry conditionEigure28). When operated purely for hydropower, low flow

would not be augmented to the same degree (Fige8p
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Figure28: Averagedaily streamflowin the Athabasca River at theouth, with base cas®perations (orange)
Mirror reservoir strategy (green), and Mirror hydro strategy (blue)under dry, historic, and wet conditions.

Tables7 and 8 displaythe difference in PM results for the Mirror reservoir stratggpth variations)

relative © base caseperations, under all three conditions.

Operation of the Mirroreservoir for low flow augmentatiooouldhave a relatively large negative
impact on walleye recruitment due thhe damped summer flows at th@outh each yeaKFigure29).
Sincewalleye rely on natural flowshis coulddecrease their recruitment potentiaDperating for
hydropower onlycouldalso decrease recruitment, but to a lesser extent (Fi@@éecause the
reservoir would not draw down as loandwould not require as muctefilling during springsummer

peak flows
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Figure29: Annualwalleyerecruitment reduction (%) over dry, historic, and wet conditions, undease case
operations (orange)Mirror storagestrategy @reen), and Mirror hydro straegy (blue)

Similarly, mderthe Mirror reservoirlow-flow augmentation operations, thereouldbe fewer days
meeting the AXF navigation flow target relative to the base case (Tadiowever, thiMis improved
under the hydropower option, showing ancrease in the number of days meeting the navigation flow
target relative to the base case (TaBle

During dry conditions, imter shortagecoulddecrease substantially undére Mirror reservoirlow-flow
augmentation operationsThe reservoiwould augnent low winter flows andhus avoid triggering the
SWQMHKFigure30). Under hydropowepnly operations, winter flows decrease and cause more
shortages relative to base case (FigBga
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Figure30: Basinwide seasonal shortagegduring dry, historic, and wet conditions, under base case (solid
orange), Mirror storage strategy (dashed green), and Mirror hydro strategy (dashed blue).

As currentlymodelled, the Mirrorreservoirexhibitssomepromiseas a strategy for flexible water
management in the ARB.

Results: Orstreammainstemdownstream facility- Grand Rapids site

In generala Grand Rapideeservoiron themainstemof the Athabasca Riveouldresult in higher flows
during open water season to meet the navigational flow regmient of 400 n¥s and the SWQMF flow
requirements. Figur81 depictsan increase in winter flow under the Grand Rapig¢ion to meet the
SWQMF targets and avoid shortages. Later in the year, the flow is sustained at/4@6 meet the
navigation targetind refill the reservoir. OperatirgGrand Rapideeservoirsolely for hydropower
could result irslightlyhigherbaseflowsn late spring butwould not meet the navigational flow target
and would not decrease any shortages caused through the SWQMFe(Elyut is important to note
that Fgure 31 depicts a particular timefram@1(Jan 2003 t®1 Jan 2004) within the overall 3@ar
simulation in order to effectively visualize the changes from this strategy.
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Figure31: Dry conditions on the Athabasca River downstream of the Firebag conflueinc003 underbase
caseoperations (orange)Grand Rapids reservostrategy(green), and Grand Rapids hydro strategy (blue).

Tables9 and 10 present thedifference in PM model mults for theGrand Rapideeservoirstrategy(both
variations)relative tobase caseperations, under all three conditions.

Operating this strategy for multiple purposes other than hydropoeairlddampen peak flows and
augment low flows to meet naviganal requirements or the SWQMF flows whenever necesgafy.
dayscouldincreaseunder historic and dry condition(&igure32). Therewould beno increase under wet
conditions because 100% of the days already meet the tafdes. strateggouldalso leado fewer
shortages compared to the base case.

Operating for hydropower purposes only wolikelyresult in asmallincrease in dayshere the AXF is
not met (Figure32). This operation assumed ruof-river, where water would essentially pass through
the reservoir.
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Figure32: Number of days not meetinghe AXF flow targever dry, historic, and wet conditionsunder base
case(orange) Grand Rapis storage strategy green), and Grand Rapids hydro strategy (blue)

Operating a Grand Rapidsservoirfor hydropower purposes onlgouldhave less negative impact on
the walleyerecruitmentPMthan operating it as a mulpurpose reservoir (Figur@3). This is becausin
the multi-purpose strategy, theeservoirwould require more refilling when it is used for navigation and
to fulfill the SWQMF.

60



Onstream storageExplore nevon-streammulti-purpose storage options

Dry Historic Wet

Recruitment Reduction (%)

—

1990 2000 2010 1990 2000 2010 1990 2000 2010

Base case — Grand Rapids —— Grand Rapids hydro

Figure33: Annualwalleyerecruitment reduction (%) over dry, historic, and wet aditions, underbase case
operations (orange) Grand Rapidstorage strategy green), and Grand Rapids hydro strategy (blue)

The Grand Rapideeservoirstrategywas assessed as havimgderately high benefitgiven its potential
to meet basin objectives that may includavironmentalflows, increased navigation, hydropower, and
water supply for future users.
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Table5: Summaryof PM results forMcLeodon-stream storage strategyrelative to base caseunder historic, wet, and dry conditionfor a 3Gyear period.

Period and Location |

Dry-McLeod

‘ Historic - McLeod

| Wet - McLeod

Change in number of day®meeting Aboriginal Extreme FlovwChallenge: Ensure sufficient flow for navigation

Annual- below Firebag confluence 43.0 Day# 59.0 Dayﬁ 0.0 Days
Change in number of days over 1:100 flood threshol@$allenge: Limit damage from floods
Annual- AthabascaRiver at Athabasca 0.0 Days 0.0 Days 0.0 Days
Annual- McLeod River 0.0 Days| 0.0 Days 0.0 Days
Annual- Athabasca upstream of Whitecou 0.0 Days 0.0 Days 0.0 Days
Annual- Athabasca River at Hinton 0.0 Days 0.0 Days 0.0 Days
Annual- Lesser SlavRiver 0.0 Days 0.0 Days 0.0 Days
Annual- Pembina River at Sangudo 0.0 Days 0.0 Days 0.0 Days
Annual- Ft. McMurray 0.0 Days 0.0 Days -2.0 Days
Change in annual instream flow needs violatior@hallenge: Maintain or improve ecosystem health
Annual- Mouth of the Lac La Biche River 0.0 Days 0.0 Days 0.0 Days
Annual- Mouth of the McLeod River -1904.0 Daysq -1701.0 Daysg -1640.0 Days
Annual- Mouth of the Clearwater River 0.0 Days| 0.0 Days 0.0 Days
Annual- Mouth of the Lesser Slave River 0.0Days 0.0 Days 0.0 Days
Annual- Mouth of the Pembina River 0.0 Days 0.0 Days 0.0 Days

Annual- below Ft. McMurray

Change in walleye recruitment reductiorChallenge: Maintain or improve ecosystem health

Change in seasonal streamfloas a percentage of naturalized streamflohallenge: Minimize the effect of development footprint on basin hydrolo

Summer- at the Mouth 0.26% 0.37% 0.68%
Spring- at the Mouth 1.16% 1.10% 0.77%
Fall- at the Mouth 0.25% 0.66% 0.56%
Winter - at the Mouth 0.35% 0.32% 0.65%
Change in seasonal system shortages3(s). Challenge: Provide water supply certainty for municipalities and development
Spring- whole system -0.01m3/s -0.0m3/s 0.0m3/s
Winter - whole system -0.0m3/s 0.0m3/s -0.01m3/s
Fall- whole system 0.0m3/s 0.0m3/s 0.0m3/s
Summer- whole system 0.0m3/s 0.0m3/s 0.0m3/s
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Table6: Summary ofPM results for theMcLeod strategy for hydrorelative to the base caseunder historic, wet, and dry condition®r a 30year period

Period and Location

| Dry ¢ McLeodhydro

| Historic ¢ McLeodhydro

| Wet ¢ McLeodhydro

Change in number of days meeting Aboriginal Extreme El@allenge: Ensure sufficient flow for navigation

Annual- below Firebag confluence 1.0 Days| 1.0 Daysl 0.0 Days
Change in number of days over 1:100 flood threshol@$allenge: Limit damage from floods
Annual- Athabasca River at Athabasca 0.0 Days 0.0 Days 0.0 Days
Annual- McLeod River 0.0 Days| 0.0 Days 0.0 Days
Annual- Athabasca upstrearaf Whitecourt 0.0 Days 0.0 Days 0.0 Days
Annual- Athabasca River at Hinton 0.0 Days 0.0 Days 0.0 Days
Annual- Lesser Slave River 0.0 Days 0.0 Days 0.0 Days
Annual- Pembina River at Sangudo 0.0 Days 0.0 Days 0.0 Days
Annual- Ft. McMurray 0.0 Days 0.0 Days -1.0 Days

Change in annual instream flow needs violatior@hallenge: Maintain or improve ecosystem health

Annual- Mouth of the Lac La Biche River 0.0 Days 0.0 Days 0.0 Days
Annual- Mouth of the McLeod River _ -7.0 Days—
Annual- Mouth of the Clearwater River 0.0 Days| 0.0 Days 0.0 Days
Annual- Mouth of the Lesser Slave River 0.0 Days 0.0 Days 0.0 Days
Annual- Mouth of the Pembina River 0.0 Days 0.0 Days 0.0 Days

Annual- below Ft. McMurray

Summer- at the Mouth

Change in walleye recruitment reductiorChallengeMaintain or improve ecosystem health

Change in seasonal streamflow as a percentage of naturalized streami@@hallenge: Minimize the effect of development footprint on basin hydrolo

Spring- at the Mouth 1.11% 0.99% 0.61%
Fall- at the Mouth 0.00% 0.00% 0.00%
Winter - at the Mouth 0.00% 0.00% 0.00%
Change in seasonal system shortages3(s). Challenge: Provide water supply certainty for municipalitiesdawtlopment
Spring- whole system 0.0m3/s 0.0m3/s 0.0m3/s
Winter - whole system 0.0m3/s 0.0m3/s 0.0m3/s
Fall- whole system 0.0m3/s 0.0m3/s 0.0m3/s
Summer- whole system 0.0m3/s 0.0m3/s 0.0m3/s
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Table7: Summaryof PM results forMirror on-stream storage strategyrelative to the base caseunder historic, wet, and dry conditionfor a 3Gyr period.

Annual- below Ft. McMurray

Summer- at the Mouth

Period and Location | Dry - Mirror | Historic - Mirror | Wet - Mirror
Change in number of days meeting Aboriginal ExtreFlew. Challenge: Ensure sufficient flow for navigation
Annual- below Firebag confluence 0.0 Days
Change in number of days over 1:100 flood threshol@hallenge: Limit damage from floods
Annual- Athabasca River at Athabasca 0.0Days 0.0 Days 0.0 Days
Annual- McLeod River 0.0 Days| 0.0 Days 0.0 Days
Annual- Athabasca upstream of Whitecou 0.0 Days 0.0 Days 0.0 Days
Annual- Athabasca River at Hinton 0.0 Days 0.0 Days 0.0 Days
Annual- Lesser Slave River 0.0 Days 0.0 Days 0.0Days
Annual- Pembina River at Sangudo 0.0 Days 0.0 Days 0.0 Days
Annual- Ft. McMurray 0.0 Days 0.0 Days -3.0 Days
Change in annual instream flow needs violatior@hallenge: Maintain or improve ecosystem health
Annual- Mouth of the Lac La Bicliver 0.0 Days 0.0 Days 0.0 Days
Annual- Mouth of the McLeod River 0.0 Days| 0.0 Days 0.0 Days
Annual- Mouth of the Clearwater River 0.0 Days| 0.0 Days 0.0 Days
Annual- Mouth of the Lesser Slave River 0.0 Days 0.0 Days 0.0 Days
Annual- Mouth of the Pembina River 0.0 Days 0.0 Days 0.0 Days
Change in walleye recruitment reductiorChallenge: Maintain or improve ecosystem health

Change in seasonal streamflow as a percentage of naturalgteeamflow. Challenge: Minimize the effect of development footprint on basin hydrolo

Spring- at the Mouth 20.49% 16.95% 0.41%
Fall- at the Mouth 8.53% 8.43% 6.16%
Winter - at the Mouth 50.03% 29.01% 6.66%
Change in seasonal system shortages3(s). Challenge: Provide water supply certainty for municipalities and development
Spring- whole system -0.79m3/s -0.0m3/s 0.0m3/s
Winter - whole system -2.98m3/s 0.0m3/s -0.02m3/s
Fall- whole system 0.0m3/s 0.0m3/s 0.0m3/s
Summer- whole system 0.0m3/s 0.0m3/s 0.0m3/s
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Table8: Summaryof PM results for theMirror strategyfor hydro, relative to the base caseunder historic, wet, and dry condition®r a 30year period

Period and Location | Dry ¢ Mirror hydro | Historic ¢ Mirror hydro | Wet ¢ Mirror hydro
Change in number of days meeting Aboriginal Extreme El@allenge: Ensure sufficient flow for navigation
Annual- below Firebag confluence | 2.0 Days| 2.0 Daysl 0.0 Days
Change in number of days over 1:100 flood threshol@hallenge: Limit damage from floods
Annual- Athabasca River at Athabasca 0.0 Days 0.0 Days 0.0 Days
Annual- McLeod River 0.0 Days| 0.0 Days 0.0 Days
Annual- Athabasca upstream of Whitecou 0.0Days 0.0 Days 0.0 Days
Annual- Athabasca River at Hinton 0.0 Days 0.0 Days 0.0 Days
Annual- Lesser Slave River 0.0 Days 0.0 Days 0.0 Days
Annual- Pembina River at Sangudo 0.0 Days 0.0 Days 0.0 Days
Annual- Ft. McMurray 0.0 Days 0.0 Days -1.0 Days
Change in annual instream flow needs violatior@hallenge: Maintain or improve ecosystem health
Annual- Mouth of the Lac La Biche River 0.0 Days 0.0 Days 0.0 Days
Annual- Mouth of the McLeod River 0.0 Days| 0.0 Days 0.0 Days
Annual- Mouth of the Clearwater River 0.0 Days| 0.0 Days 0.0 Days
Annual- Mouth of the Lesser Slave River 0.0 Days 0.0 Days 0.0 Days
Annual- Mouth of the Pembina River 0.0 Days 0.0 Days 0.0 Days
Change in walleye recruitment reductiorChallenge: Maintain or improwecosystem health

Annual- below Ft. McMurray
Change in seasonal streamflow as a percentage of naturalized streami@@hallenge: Minimize the effect of development footprint on basin hydrolo
Summer- at the Mouth
Spring- at the Mouth
Fall- at the Mouth
Winter - at the Mouth
Change in seasonal system shortages3(s). Challenge: Provide water supply certainty for municipalities and development

1.03%
0.00%

1.08%
0.00%

Spring- whole system 0.0m3/s 0.0m3/s 0.0m3/s

Winter - whole system

Fall- whole system 0.0m3/s 0.0m3/s 0.0m3/s

Summer- whole system 0.0m3/s 0.0m3/s 0.0m3/s
e ————— 1
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Table9: PM summaryresultsfor Grand Rapid®n-stream storage strateg, relative to the base caseunder historic, wet,& dry conditionsfor a 30yr period.

Annual- below Ft. McMurray

Summer- at the Mouth

Period and Location | Dry ¢ GrandRapids ‘ Historic ¢ GrandRapids | Wet ¢ GrandRapids
Change in number of days meeting AborigirEttreme FlowChallenge: Ensure sufficient flow for navigation
Annual- below Firebag confluence 43.0 Daysl 59.0 Day4 0.0 Days
Change in number of days over 1:100 flood threshol@hallenge: Limit damage from floods
Annual- Athabasca River at Athabasca 0.0 Days 0.0 Days 0.0 Days
Annual- McLeod River 0.0 Days| 0.0 Days 0.0 Days
Annual- Athabasca upstream of Whitecou 0.0 Days 0.0 Days 0.0 Days
Annual- Athabasca River at Hinton 0.0 Days 0.0 Days 0.0 Days
Annual- Lesser Slave River 0.0 Days 0.0Days 0.0 Days
Annual- Pembina River at Sangudo 0.0 Days 0.0 Days 0.0 Days
Annual- Ft. McMurray 0.0 Days 0.0 Days -1.0 Days
Change in annual instream flow needs violatior@hallenge: Maintain or improve ecosystem health
Annual- Mouth of the Lac LBiche River 0.0 Days 0.0 Days 0.0 Days
Annual- Mouth of the McLeod River 0.0 Days| 0.0 Days 0.0 Days
Annual- Mouth of the Clearwater River 0.0 Days| 0.0 Days 0.0 Days
Annual- Mouth of the Lesser Slave River 0.0 Days 0.0 Days 0.0 Days
Annual- Mouth ofthe Pembina River 0.0 Days 0.0 Days 0.0 Days
Change in walleye recruitment reductiorChallenge: Maintain or improve ecosystem health

Change in seasonal streamflow as a percentage of naturalgteeamflow. Challenge: Minimize the effect of development footprint on basin hydrolo

Spring- at the Mouth 16.18% 1.17%
Fall- at the Mouth 0.00% 0.00%
Winter - at the Mouth 75.90% 0.00% 0.04%
Change in seasonal system shortages3(s). Challenge: Provide water supply certainty for municipalities and development
Spring- whole system -0.79m3/s -0.0m3/s 0.0m3/s
Winter - whole system -2.94m3/s 0.0m3/s -0.02m3/s
Fall- whole system 0.0m3/s 0.0m3/s 0.0m3/s
Summer- whole system 0.0m3/s 0.0m3/s 0.0m3/s
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Table10: PM summary results for Grand Rapidgrategyfor hydro, relative to the base case, under historic, wetnd dry conditions for a 36year period.

Annual- below Ft. McMurray

Summer- at the Mouth

Period and Location | Dry- GrandRapidshydro | Historic ¢ GrandRapidshydro | Wet ¢ GrandRapidshydro
Change in number of days meeting Aboriginal Extreme El@allenge: Ensure sufficient flow for navigation
Annual- below Firebag confluence 1.0 Daysl 0.0 Daysl 0.0 Days
Change in number of days over 1:100 flood threshol@hallenge: Limit damage from floods
Annual- Athabasca River at Athabasca 0.0 Days 0.0 Days 0.0 Days
Annual- McLeod River 0.0 Days| 0.0 Days 0.0 Days
Annual- Athabasca upstream &¥hitecourt 0.0 Days 0.0 Days 0.0 Days
Annual- Athabasca River at Hinton 0.0 Days 0.0 Days 0.0 Days
Annual- Lesser Slave River 0.0 Days 0.0 Days 0.0 Days
Annual- Pembina River at Sangudo 0.0 Days 0.0 Days 0.0 Days
Annual- Ft. McMurray 0.0 Days 0.0Days -1.0 Days
Change in annual instream flow needs violatior@hallenge: Maintain or improve ecosystem health
Annual- Mouth of the Lac La Biche River 0.0 Days 0.0 Days 0.0 Days
Annual- Mouth of the McLeod River 0.0 Days| 0.0 Days 0.0 Days
Annual- Mouth of the Clearwater River 0.0 Days| 0.0 Days 0.0 Days
Annual- Mouth of the Lesser Slave River 0.0 Days 0.0 Days 0.0 Days
Annual- Mouth of the Pembina River 0.0 Days 0.0 Days 0.0 Days
Change in walleye recruitment reductiorChallenge: Maintain amprove ecosystem health

Change in seasonal streamflow as a percentage of naturalized streami@@hallenge: Minimize the effect of development footprint on basin hydrolo

Spring- at the Mouth 3.31% 2.99% 1.17%
Fall- at the Mouth 0.00% 0.00% 0.00%
Winter - at the Mouth 0.00% 0.00% 0.00%
Change in seasonal system shortages3(s). Challenge: Provide water supply certainty for municipalities and development
Spring- whole system -0.02m3/s -0.0m3/s 0.0m3/s
Winter - whole system 0.0m3/s 0.0m3/s 0.0m3/s
Fall- whole system 0.0m3/s 0.0m3/s 0.0m3/s
Summer- whole system 0.0m3/s 0.0m3/s 0.0m3/s
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3.3.3.3 Benefits andtrade-offs

The benefitf this strategyaccrueto the basinfrom changngthe natural flow regimef the riveron
which the storage is builThere are potentially large benefits to the basin fromstream reservoirs;

the nature of the benefits would depend on whaljectives the storage facility is built and operated to
meet.

Onstream storage would allow for storage of watkrring periods ohigh flow and releaseduring low
flow periods. This could be used to hetiget navigational flows more ofteneduceshottages to
licersed demands, andeduce downstreamFN violations (if storage were on the major tributaries).
Flow regulation or augmentation may offer potential for managingaces and could result in fewer
flood daysfor communities by capturing and siag peak flowsHaving orstream storage would create
more flexibility to deal with changing flows due to climate chariye. climate change adaptation
benefit from onstream storageouldhelp manage shifts inydrologc conditionsthat are likely toresult
from longer,warmersummers.

The operating objectives for an @tream project should include basin objectives and hydropower
generation objectives; the balance of these two is key in supporting water management while still
having an economicallyiable project.The Working Group noted that introducing-stream storage
could have the unintended consequence ofideentivizing industrial, municipand agricultural
improvements in water efficiency practices. That said, having both the certaortydn-stream storage
and improvements in water efficiency together might make Alberta industries that much more
competitive.

Onstream storage could havargeimpacts on environmental factors and traditional communitiesr
example this strategywas slownto havenegative impacts on walleye recruitment during the summer
period, as walleye rely on naturalized summer flows for recruitm@nrtstream storage may have
negative effects on Indigenous communities, land usescailtdral sites Other cultural ad recreational
uses of the river, such as canoeing, may be negatafidgtedby this strategybutin some instances
these same uses have seen benefits from flow augmentation from sto@ther potential tradeoffs
includechangesn flow to the PAD sediment transport from trapping of sediment in the reseryoir
possible reduction in spring and summer peak flows (due to reservoir filliittghssociated
implicationsfor riparianhealthandimpactson fish migrationas a result of the darbeing abarrier.

There would likely be consequences for terrestrial and aquatic habitat and potentially for communities
upstream as well.

3.3.3.4 Implementationchallenges and actions

This strategyvill be challenging to implement as it would involgbstantialcoststo develop,build, and
operatelarge storage infrastructure as well asdertakenumerousfeasibility studies and impact
assessmentbjectives can often beonflicting,and the facility would neg to create a revenue stream
to be economically viabl& chdlenge in implementing oistream storage is establishing a shared vision
of the structured &  LJdAM&r#isiafo an opational challenge to proactivetiming releasesrom a
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reservoirto meet flowobjectives hundreds of kilometeraway. This is much easier to do in a model than
in realtime but can be done wittappropriatetools and knowledge

Environmental concernsvould need to be identified and addressed for an-stneam storage project to
proceed,includingflows to thePAD terrestrial and aquatic habitat loss, geomorphologic functiish
passageand icejamming; these should be managed through federal and provincial environmental
assessment and mitigation measures

SomeWorking Groupmembers believasuchfacilities shoulde developed to maintain river function
Cthersare of the viewthat becausehe inevitableadverse environmental impactsannot be adequately
mitigated, these facilities should not be builthe appetite for orstream (and oflstream) projects is
ultimately influenced bygovernment prioritiesand policy direction. There appears to be greater
willingness to discuss estream dams and reservoirs today than there was disgyears ago.

Actionsthat could be undertaken to move this strategy toward implemdiatainclude:

91 Developclearpurposes for any potential eatream storage facility; should a project be
advanced, ishould meetspecificbasin objectives in addition to energy generation

1 Perform site selection, project feasibility and environmetsdessments in the context of
defined basin purposes

T Align with best practice guidelines through-frpnt engagement and consultation and conduct
such activitiesn accordance with federal and provincial regulations

3.3.3.5 Screeningassessment

Views on this stategy varied considerably. Overalijg strategy wasiewedas being least promising to
having some promise

The strategy was considered to have low feasibility (contingertdite selection, feasibility studies,
environmental assessmentadequate engagment, and adequate financial support), with high
potential benefit, but also higtrade-offs.

Somein the Working Group felt thahe greatestoverallbenefit ofthis strategyis management of
downstreamwater quantity (flow).
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3.3.4 Off-stream sbrage: Develop newand existingoff-stream storage sites to meet multiple basin
water management objectives

3.3.4.1 Strategy overview

This strategy is intended to develop newd existingff-stream storagesites to meet multiple basin
water management objectives, such as enhancing industrial water supplylatingflow for aquatic
health, improing riparian health or navigation, argeneratinghydropower.

Two types of existing ofitream storage were expled to differing degreesThefirst wasMcMillan Lake

in the LAR(Figure34). McMillan Lake is a closed lake system with a small drainageaadia anon-fish-
bearingbrine lake. The lake drains througte sub-surface area surrounding ithis strategyvould

involve building dive-meter berm and increasing the capacity of the lake to ,000dan?. Water would

be pumped 100netersup into the lake in the spring when river flows are high and released as needed
downstrean.

LW,

Britis Columbis

McMillan damands:
- Only operates to meet
the SWOMF

McMillan AXF
- Operates to meet the AXF
- Also operates 1o meet the SWOMF .

& e

4 p

Figure34: Off-stream storage site that was simulated in AIRM to help explore-giiftam storage as a strategy.

The seconaption reflectedthat several oil sands sitéa the ARB alreadyave oftstreamfreshwater
a02NF 3Sd C2NJ SEI Yiite Hhgstotage lcipatiy fof makpAvkt€l for a3y NI
period. These siteean thatoperatorsdo not need todivert water during low flow periodsAlthough

70



Off-stream storageDevelop new and existing effream storage sites to meet multiple basin water management
objectives

the siteswere not built and designed to meet multiple basin water management objectiiesNVaking
Group discussed how existing storage in ponds now holding raw water or tailings might offer another
form of off-stream storage fofuture water managemenpurposes; thesaites were discussed but not
simulated as there was recognition that anothernkiog group was looking at release of treated tailings
water from pondsAs companies design their operation and reclamation plans, these assets (both the
facilities and the water they hold) could be viewed as opportunities to be leveraged for water
managenent. Generally, it is assumed that the impact to the natural flow regime of the source river will
be affected less by offtream storage than ostream storage.

Augmented low flows, decreases in shortages, and/or improvements in downstream navigiion
possible outcomes of this stratedytydropowercould be generated as water is released from the
reservoir. In the case of McMillan Lake, energy would be requirgaimp water up to the lakand
there are some environmental concerns about wetland and laakiiss related to thisite that would
need tobe better understood

3.3.4.2 Modelling done to testMcMillan Lake offstream storage and modelling results
Two model runs were done to test this strategy:

McMillandemands This model run assumes both a maximum anitial storage of 100,008an?¥ in
McMillan LakeWater wouldonly be pumped oubf the lakewhen necessary to meet downstream
licence demands

McMillan AXE This run assumes both a maximum and initial storage of 10@@08in the lake.Water
would be pmped outof the lake toa) meet the AXF navigation floterget downstream, and) meet
any downstream licence demands.

McMillandemands

Operation of McMillan Lake to meet downstream demamdsild augmentow flows at Fort
McMurrayto meet the SWQMHow thresholds. Thdéakewould then refill immediately after
these flows have been met. These higher flovegild enable oil sands users in the Lower
Athabasca to withdraw greater volumes of water to meet their densafRtjure35 shows the
cumulative watewithdrawal from oil sands operators in the Lower Athabasca. During late
winter the cumulativewithdrawal under the strategy (blue lineggreater than the withdrawal
underthe base caséorange linexdue to the augmented flows thatre coincident in timig.
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Figure35: Cumulative oil sands water withdrawal under wet conditioriis 1986,in the Lower Athabasca, under
base caseperations (orange) and McMillan demands strategy (blue).

Tablell presentsthe PM model results for thBcMillan demands strategy relative tiase case
operations undedry, historic, and wetonditions.

Winter water fiortagescoulddecrease relative tbase casegspeciallyjunderdry conditions Figure36).
Thiswould beat the expense of other PMs suchrasvigation since McMillabakewould refill and
decrease flow during the navigation windoRidure37).
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Figure36: Seasonal bBsinwide winter shortages over dry, historic, and wet conditions, undegise case
(orange), andhe McMillan demandsstrategy (blue)
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Figure37: Number of days not meeting the AXF flow target over dry, historic, and wet conditions, urdee
case(orange) andVicMillan demandsstrategy (blue).

McMillan AXF

Operation of McMilan Lake to meet the AXF flow target downstream waédorm similarly to the
McMillandemands variation aboydowever, the lakewould now pump water out to meet the
navigation target as welFigure38 showshow the McMillan AXF strategy, under dry camzhsin 2010
2011, sustairs a flow of 170m%s to meet the SWQMF, and then later in the year sustarflow of
400m®/s to meet the navigational flow requirements.
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Figure38: Dry conditions on the Athabasca River below thkérebag confluence, unddrase cas®perations
(orange) and McMillan AXF strategy (blydjetween Jan 1, 2010 and Jul 1, 2011

Table 12howsthe PM model results for the McMillan AXF strategy relativiease caseperations
under all three conditions.

Results suggestpmerating McMillan Lake for navigati@mdto meet water demandsouldincrease the
number ofnavigdle days relative tdase casbecausevater would be pumped out ahe lake to
supplement flow during the navigation windowigure39). Ths would occur at the expense of walleye
recruitment because the lakeouldrefill in the summer and caudewer than natural streamflow
during the summer fry period.
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Figure39: Number of days not meeting the AXF flow target overy, historic, and wet conditions, undelbbase
case(orange) and McMillarfor AXFstrategy (blue).

If McMillan Lake is used for edtream storage to augment low flows, the SWQMF flow thresholds and
the navigational flow targetsould be met more often réative to base case. Astradeoff, walleye
recruitment wouldlikely be negatively affected due to the lake refilling during the sumpeziod.
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Tablel1: PM results forMcMillan off-stream storage for demandselative to the base caseunder historic, wetanddry conditionsfor a 30year period.

Period and Location

| Dry ¢ McMillan demands

‘ Historic ¢ McMillan demands

| Wet ¢ McMillan demands

Change in number of days meeting Aboriginal Extreme El@allenge: Ensure sufficient flow for navigation

Annual- below Firebag confluence 0.0 Daysl 0.0 Days
Change in number of days over 1:1060d thresholds.Challenge: Limit damage from floods
Annual- Athabasca River at Athabasca 0.0 Days 0.0 Days 0.0 Days
Annual- McLeod River 0.0 Days| 0.0 Days 0.0 Days
Annual- Athabasca upstream of Whitecou 0.0 Days 0.0 Days 0.0 Days
Annual- Athabasca River at Hinton 0.0 Days 0.0 Days 0.0 Days
Annual- Lesser Slave River 0.0 Days 0.0 Days 0.0 Days
Annual- Pembina River at Sangudo 0.0 Days 0.0 Days 0.0 Days
Annual- Ft. McMurray 0.0 Days 0.0 Days 0.0 Days
Change in annual instream floweeds violations Challenge: Maintain or improve ecosystem health
Annual- Mouth of the Lac La Biche River 0.0 Days 0.0 Days 0.0 Days
Annual- Mouth of the McLeod River 0.0 Days| 0.0 Days 0.0 Days
Annual- Mouth of the Clearwater River 0.0 Days| 0.0 Days 0.0 Days
Annual- Mouth of the Lesser Slave River 0.0 Days 0.0 Days 0.0 Days
Annual- Mouth of the Pembina River 0.0 Days 0.0 Days 0.0 Days
Change in walleye recruitment reductiorChallenge: Maintain or improve ecosystem health
Annual- below Ft.McMurray 0.00%‘ 0.00% 0.00%

Change in seasonal streamflow as a percentage of naturalized streami@@hallenge: Minimize the effect of development footprint on basin hydrolo

Summer- at the Mouth 0.00% 0.00% 0.00%
Spring- at the Mouth 0.00% 0.00%
Fall- at the Mouth 0.00% 0.00% 0.00%
Winter - at the Mouth 36.91% 0.00% 0.04%
Change in seasonal system shortages3(s). Challenge: Provide water supply certainty for municipalities and development
Spring- whole system -0.13m3/s 0.0m3/s 0.0m3/s
Winter - whole system -2.09m3/s 0.0m3/s -0.02m3/s
Fall- whole system 0.0m3/s 0.0m3/s 0.0m3/s
Summer- whole system 0.0m3/s 0.0m3/s 0.0m3/s
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Table12: PM results forMcMillan off-stream storage for AXFelative to the base caseunder historic, wet, and dry conditionfor a 30year period

Period and Location

| Dry ¢ McMillan AXF

‘ Historic ¢ McMillan AXF

| Wet ¢ McMillan AXF

Change in number of days meeting Aboriginal Extreme El@allenge: Ensumifficient flow for navigation

Annual- below Firebag confluence 32.0 Daysl 51.0 Day§ 0.0 Days
Change in number of days over 1:100 flood threshol@$allenge: Limit damage from floods
Annual- Athabasca River at Athabasca 0.0 Days 0.0 Days 0.0 Days
Annual- McLeod River 0.0 Days| 0.0 Days 0.0 Days
Annual- Athabasca upstream of Whitecou 0.0 Days 0.0 Days 0.0 Days
Annual- Athabasca River at Hinton 0.0 Days 0.0 Days 0.0 Days
Annual- Lesser Slave River 0.0 Days 0.0 Days 0.0 Days
Annual- Pembina River at Sangudo 0.0 Days 0.0 Days 0.0 Days
Annual- Ft. McMurray 0.0 Days 0.0 Days 0.0 Days
Change in annual instream flow needs violatior@hallenge: Maintain or improve ecosystem health
Annual- Mouth of the Lac La Biche River 0.0Days 0.0 Days 0.0 Days
Annual- Mouth of the McLeod River 0.0 Days| 0.0 Days 0.0 Days
Annual- Mouth of the Clearwater River 0.0 Days| 0.0 Days 0.0 Days
Annual- Mouth of the Lesser Slave River 0.0 Days 0.0 Days 0.0 Days
Annual- Mouth of the Pembin&iver 0.0 Days 0.0 Days 0.0 Days

Annual- below Ft. McMurray

Change in walleye recruitment reductiorChallenge: Maintain or improve ecosystem health

Change in seasonal streamflow as a percentage of naturalized streami@vallengeMinimize the effect of development footprint on basin hydrolog

Summer- at the Mouth 0.00% 0.00% 0.00%
Spring- at the Mouth 1.02% 0.00%
Fall- at the Mouth 0.03% 0.49% 0.00%
Winter - at the Mouth 36.91% 0.01% 0.04%
Change in seasonal systeshortages (n3/s). Challenge: Provide water supply certainty for municipalities and development
Spring- whole system -0.14m3/s -0.0m3/s 0.0m3/s
Winter - whole system -2.09m3/s 0.0m3/s -0.02m3/s
Fall- whole system 0.0m3/s 0.0m3/s 0.0m3/s
Summer- whole system 0.0m3/s 0.0m3/s 0.0m3/s
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3.3.4.3 Benefits and tradeoffs

The benefits to the basin from e$treamreservoirs would depend on what objectives the storage
facility is built and operated to meet. Some possible benefits inghadential reduction in shortages to
water usersmore days meeting desired navigational flow targetsd higher winter streamflav to
augment low flowshydropower generation may be possible depending on how the facility is @it
stream storageouldcreate water temperature and water quality concerns depending on the site
selected and operating parameterkis strategy shoulénsure that McMillan Lake does not refill
during thesummer period, which is thealleye fry windowthat the brine concentration in the lake
does not create unwanted water quality impacésd thatreleaseslo notcreate unwantedmpacts on
water temperatre.

3.3.4.4 Implementationchallenges and actions

As modelled at McMillan Lakeyis strategy may be moderately feasible to implement. It would require
building afive-meter berm to increase storage capacity of th&daas well apumping water up 100
metersinto the lake during spring high flows and out of the lake as needed during low flows.

Overall, offstream storage options may teemoderately expensive undertaking relative to some of the
more passive strategies considered through this Initiative; h@neiff-stream projects are likely
smallerand more feasible than a largecale on-streamstoragefacility.

Using industrial pondthat now hold raw water or tailings water will encounter additional
implementation challenges as uncertainty remaiagardingthe necessary treatment and end state of
the water held in these reservoirshe concept of stored tailings water being treated and released is
being examined by an industry and governmematrkinggroup, and COSIA is doing detailed modelling to
support the discussion. Oil sands operations need a specific policy or directive that aligns with federal
and provincial government policy to regulate oil sands process water relandesstandard of water
guality would need to be defined in terms of thevel of treatment that is required.

Two potential actions would help move this strategy toward implementation:

1 Develop potential purposes for an effream storage facilitin the ARBThe purposes or
objectives of having an efitream storage facility resl to be clearly defined.

1 Undertake éasibility andengineering studieand anenvironmental assessmeft identify any
negative consequences to the environmentliodigenous valueand rightsin the area.
Consideration of the surrounding areas near McfilLake is recommended identify any
specific Indigenousghts. The impactson downstreantisheries dudo timing of flows and
water quality should also be considered
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3.3.4.5 Screeningassessment

This strategy wagiewed ashaving some promise

TheWorkingGroupreflected thatif a location foroff-stream storage can be identifiedotential
conseguences to naturean be mitigated, anthe facilityshows a positive cosbenefit, it should be
consideredThis strategy is moderately feasible to implemantithe benefitsto the basin could be
significant depending on how the facility is designed, paiitd operated.
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3.3.5 Existing infrastructure Alter existing water storage infrastructure and operations to meet
multiple basin watermanagementobjedives

3.3.5.1 Strategy overview

This strategy is intended to alter existing water storageastructure andperationsto meet multiple
basin objectives for flexible water managemewthile many small weirs and structures exist in the ARB,
only two are of suffi@nt size to potentially offer basiscale water management benefits. Therefore,

this strategy explorealtering operations on the Paddle River Dam and altering the weir infrastructure
on Lesser Slave Lake. These maodifications may help meet multiple wdgeictithe basin, incluilg

storage for flow augmentatioand to meetlicence use, flood mitigatiomndrestoring natural flow
regimesdownstream.

The Paddle River Damusedfor flood control and recreation. It contains a relatively small reservoir
with some capacity to capture freshet under current conditidtseffect on downstream flows is
minimal. The weir on Lesser Slave Lake was installed in 1983 to reduce fluctokltidee water levels
and diminish floochazard in the area.

Improvementgo downstream flowsmight be possiblewith dynamic operatiorof the Lesser Slave Lake
weir and the Paddle River Da@hanges to the fishgrofthe PaddleRiverDam reservoir would be
expectedwith operational changeandis animportant aspectto consider.

3.3.5.2 Modelling done to test this strategynd modelling results

Alterations to the Paddle River Dam and the Lesser Slave Lake weir were modelled together. Paddle
RiverDam operations we modified so that downstreamsers could withdrawvater from the

reservoir during low flowperiodswhen they need it. The weir on Lesser Slave Lake was raisedchy 30
to simulate increased storage in the lake.

Two variations of this strategy wemeodelled Variation lincludeddownstream minimum flows to

meet the SWQMHow targets (shown in Figu#0l & &9 EA &G A Y 3 Avriated 2ncuddzO (G dzNEB ¢
a simple minimum flow of 15 #s on Lesser Slave River (shown in Figre & & 9 E Asiricturg 3 A Yy F NJ
without SWQMF)Whenneeded water would be drawrfrom Lesser Slave Lake to meet these

downstream minimum flos.

This strategyould result in lower baseflows on the Lesser Slave River because the lake would be able to
store more water (that isgischarge less) with the weir raised by 30 cm. However, since the lake level
couldbe kept at a higher elevation through the winter, at the onset of freshet it would discharge more
water relative to base case operations making peak flows higher undestthtegy (Figurd0). Simple
operations were implemented in the modeljttv Lesser Slave Lallescharging wateto meet the

SWQMF minimum flow@&/ariation 3. These simple operations resulted in vaigh flows during the

winter under the dry condition {§ure40). This would essentially cause winter flooding which is not
natural, desirable, or realisti¥ariation 2 of this strategy simulates a simple minimum flow in Lesser

81



Existing infrastructureAlter existing water storage infrastructure and operations to meet multiple basin water
management objectives

Slave Riveandwould provide a more realistic operation (Fig4i@.
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Figure40: Averagedaily streanflow in the Lesser Slave River, withase cas®perations (orange)existing
infrastructure strategy green), and existing infrastructure strategy without SWQMF (blye)nder dry; historic,
and wet conditions.

Tables 1&nd14 at the end of this section shothie PM results for thexistinginfrastructure strategy
(both variationsyelative tobase caseperations under all three conditions.

This strategygould lead to fewer navigation days relative to base chseause of the lower baseflows
that are coming into the Athabasca River from Lesser Slave River and the Paddle River under both
simulations.Thissimulation coulcalso lead to more IFN violations in these sasins under historical
and wet conditions, biufewer violations in the Lesser Slave dodsin under dry conditiond=igure41).
Under the SWQMF variation of this stratgijariation 1) the flowin the Athabasca at Fort McMurray
would require augmergtion every yeartherefore, the discharges from Isser Slave Lake would be
higher relative tdbase caseFrom this, there woultlkelybe fewer IFN violations under the dry
conditions in the Lesser Slave dodsin.
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Figure4l: Total IFN violations over the dry, historic, and wet condition, under thase casgsolid orange),
existing infrastructure strategy (dashegreen), and existing infrastructure strategy without SWQMF (dashed
blue), within the Lesser Slave Lake and the R#na sub basis.

The SWQMF variation of this strategnuld substantially reduce downstream winter shortages
especiallyunder dry conditionsbecause of te augmented low flowsn Lesser Slave River to meet the
SWQMF targetdVithout the SWQMF rules, wiat shortagesouldincrease substantially (Figude);

even though a minimum flow exists for the Lesser Slave River, it is not high enough to meet the SWQMF.
Furthermore, the SWQMF would be triggered more often and would restrict withdrawals because of the
decreased baseflow from Lesser Slave Lake
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Figure42: Seasonal bsinwide seasonakhortages over dry, historic, and wet conditions, undease case
(orange),existinginfrastructure strategy ¢lashed greel, and existing infragucture strategy without SWQMF
(dashed blue).

The higher peak flows thabuldoccur on theLesser Slave Riversult inmore flood days relative to
base casenderall three conditionsand under both variations of the model run (Figy+®).
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Figure43: Number of days per yeawhere the 1:100 flood flow thresholds are exceededlag¢sser Slave River
below Lesser Slave Lake, over dry, historic, and wet conditions, under base case (orarigéngnfrastructure
strategy @reen), and existing infrastructure strategy without SWQMF (blue).

In summary, aising the weir at Lesser Slave Lake wdik&dy lower winter flows; however, the need to
also meet the SWQMF woulitely increaseflow inthe Lesser Slave River intermittently dgithe
winter. This result may not be realistic, and a more plausible strategy is to implentdggharminimum
flow rather thansimplytrying to meetthe SWQMF.

With a raised weir, flood hazard on the Lesser Slave River wikellgincrease. This woulde especially
noticeable during spring freshet under wet conditions. Htiategymay increase erosion and
sedimentation of the lake and river channel, which is already an issue. Local comminrhige&esser
Slave region may potentially lzdfected bythis increased floothazard

The change in streamflow from this strategyuld alsohave a considerable impact on IFN violations as
streamflow deviates substantially from th&se case

This strategy demonstrates the need frarefullake management in #1ARB. By manipulating the

existing infrastructure on Lesser Slave L.akdstantial changes in the current flow regime ti&aly be
achieved. The learnings from this strategy can help us move toward better water management for lakes
and reservoirs, in tens of establishing lake level needs (similar to IFN for rivers).

Aquatic health impacté.g., ripariarhabitat, fish habitat and movement, channel maintenance,
sediment transporxfor both lakes and downstream flow, should be considered in effective lake
management, althougthey are not easily modelled in this exercidéood and droughtprotection,
ecosystenhealth, and navigation considerations should also be prioritized.
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Tablel3: PMresults for the existing infrastructurgwith SWQMFYelative to base caseunder the historic, wet, and dry conditionfor a 30year period.

Period and Location

| Dry ¢ Existinginfrastructure

| Historic ¢ Existinginfrastructure | Wet ¢ Existinginfrastructure

Change in number of days meeting Aboriginal Extreme El@allenge: Ensure sufficient flow for navigation

Annual- Mouth of the Lesser Slave River

-606.0 Day

Annual- Mouth of the Pembina River

Annual- below Firebagonfluence 0.0 Days
Change in number of days over 1:100 flood threshol@hallenge: Limit damage from floods
Annual- Athabasca River at Athabasca 0.0 Days 0.0 Days 0.0 Days
Annual- McLeod River 0.0 Days| 0.0 Days 0.0 Days
Annual- Athabasca upstream of Whitecou 0.0 Days 0.0 Days 0.0 Days
Annual- Athabasca River at Hinton 0.0 Days 0.0 Days 0.0 Days
Annual- Lesser Slave River . 20Day  1370Dayy  502.0Days
Annual- Pembina River at Sangudo 0.0 Days 0.0 Days 0.0 Days
Annual- Ft. McMurray 0.0 Days 0.0 Days -6.0 Days
Change in annual instream flow needs violatior@hallenge: Maintain or improve ecosystem health
Annual- Mouth of the Lac La Biche River 0.0 Days 0.0 Days 0.0 Days
Annual- Mouth of the McLeod River 0.0 Days| 0.0 Days 0.0 Days
Annual- Mouth of the Clearwater River 0.0 Days| 0.0 Days 0.0 Days

Change in walleyeecruitment reduction.Challenge: Maintain or improve ecosystem health

Annual- below Ft. McMurray

0.00%|

0.00%|

0.00%

Summer- at the Mouth

Spring- at the Mouth

Fall- at the Mouth

Winter - at the Mouth

0.08%

Change in seasonal streamflow as a percentage of naturalized streami@hvellenge: Minimize the effect of development footprint on bhgdrology

0.06%

0.03%

Change in seasonal system shortages3(s). Challenge: Provide watsupply certainty for municipalities and development
Spring- whole system -0.8m3/s -0.01m3/s -0.0m3/s
Winter - whole system -2.93m3/s 0.0m3/s -0.02m3/s
Fall- whole system 0.0m3/s 0.0m3/s 0.0m3/s
Summer- whole system 0.0m3/s 0.0m3/s 0.0m3/s

86



Existing infrastructureAlter existing water storage infrastructure and operations to meet multiple basin water management objectives

Table14: PM results for existing infrastructure (without SWQMF) relative to base case, under the historic, wet, and dry conditioas30year period.

Period and Location

Dry ¢ Existinginfrastructure
without SWQMF

Historic ¢ Existinginfrastructure
without SWQMF

Wet ¢ Existinginfrastructure
without SWQMF

Change in number of days meeting Aboriginal Extreme El@allenge: Ensure sufficient flow for navigation

Annual- below Firebag confluence 0.0Days
Change in number of days over 1:100 flood threshol@hallenge: Limit damage from floods
Annual- Athabasca River at Athabasca 0.0 Days| 0.0 Days| -1.0 Days
Annual- McLeod River 0.0 Days| 0.0 Days| 0.0 Days
Annual- Athabasca upstream of Whitecou, 0.0 Days 0.0 Days| 0.0 Days
Annual- Athabasca River at Hinton 0.0 Days 0.0 Days| 0.0 Days
Annual- Lesser Slave River | 200Dayd  1340Dayy  4950Days
Annual- Pembina River at Sangudo 0.0 Days 0.0 Days| 0.0 Days
Annual- Ft. McMurray 0.0 Days 0.0 Days| -6.0 Days
Change in annual instream flow needs violatiorGhallenge: Maintain or improve ecosystem health
Annual- Mouth of the Lac La Biche River 0.0 Days 0.0 Days| 0.0 Days
Annual- Mouth of the McLeod River 0.0 Days| 0.0 Days| 0.0 Days
Annual- Mouth of the Clearwater River 0.0 Days 0.0 Days| 0.0 Days

Annual- Mouth of the Lesser Slave River
Annual- Mouth of the Pembina River

-262.0 Day.

Change in walleye recruitment reductiorChallenge: Maintair improve ecosystem health

Annual- below Ft. McMurray

-0.12%

| -0.06%|

0.00%

Change in seasonal streamflow as a percentage of naturalized streami@@hallenge: Minimize the effect of development footprint on basin hydrolo

Summer- at the Mouth

0.13%

0.06%

Spring- at the Mouth
Fall- at the Mouth
Winter - at the Mouth

1.21%

0.40%

Spring- whole system
Winter - whole system
Fall- whole system
Summer- whole system

Change in seasonal system shortages3(s). Challenge: Provide water supply certainty for municipalitiesdawtlopment

0.0m3/s

0.03%

0.0m3/s

0.0m3/s

0.0m3/s
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3.3.5.3 Benefits andtrade-offs

Thepotential benefits to the basin would depend on what objectives the revised operations of the
existing infrastructure are intended to meé&the modelling and discussion conducted in this project
suggest little benefit could be achieved byaoling the existing operations that are focused on flood
control, recreationand lake stability.

The trade-offs fromintroducing additional objectives includecreased flooding hazard on Lesser Slave
Rverand onSlave Lake due to higher peifdws and increased lake elevation. Decreased water quality
may be expected as increased erosion and sedimentation could result from higheftqesk_ower
winter flows would also be expected on Lesser Slave Rigewouldcreate more IFN violations and
could poentially increase shortages.

3.3.5.4 Implementationchallenges and actions

As modelled, this strategy may be challenging to implenastitere would be negative social and
recreational impacts associated with a change in water level on Lesser Slave Lake anftiihn&Rar
ReservoirThe operational changes proposed in this strategy may not be feasible or useful givewthe
benefitsthat were identified

A key priority reinforced by this strategy is tewelop and implement a lake management plan for the
LesselSlave Lake region. This plan should create clear management objectives for lake levels, water
allocations, and dowstream flows on Lesser Slave Riweoptimize aquatic healtfflood mitigation,
andrecreatioral and navigatioal opportunities.

3.3.5.5 Screeningassessment

This strategy was identified adeastpromising strategy.

As it was modelled, the effect of modifying existing infrastructure and operations in the basin may not
be socially or ecologically feasible due to increased flooding risk and indriédeviolations
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3.3.6 Environmental flows Establish IFNsr similartargetsfor all tributaries in the basin as a
precautionarywater management measure

3.3.6.1 Strategy overview

This strategy looks at setting IFN or similar ftavgets (e.g., environmental flow needs) some larger
tributaries in the basin as a precautionary water management measure using the existing Alberta
DesktopMethod (Alberta Environment, 201170 examine this strategy diits potentialeffect, the
Working Group looked at how often the IFN flow targets would be violated if a minimum #o& w
implemented and all upstream users wetenied water andthe volume of shortages that would result
in such a casd his strategys inended to proactively mamge ecosysterhealthand @nbe used to help
inform amodified desktop methodhat is being developed to guide water allocaticared maintain
ecosystem health

Examples oéstablishedninimum flows in the basin
9 The Lower Athabasca Region SWQMF

0 Theobjective of the SWNIF (Alberta Environment and Parks, 2015) is to manage
cumulative oil sands mining water withdrawals to support both human and ecosystem
needs, while balancing social, environmengald economic interestsThe SWQMF
requires most of thevater withdrawals by existing operators and all watéthdrawals
by new operators to stop during low flow periods and sets water withdrawal limits for
all mineable oil sands operators during moderately low flow periods. It also establishes
metrics desiged to detect when flow conditions are moving outside of the modelled
conditions that were used to inform the withdrawal limits. One of these metrics is the
Aboriginal Navigation Index, which uses the Aboriginal Extreme Flow and Aboriginal
Base Flow fronCandler et al(2010.

1 Water sharing agreements between oil sands operators

0 An important part of the SWQMF in the LAR is watgiring agreements between oil
sands operators. The overall (cumulative) withdrawal limit is identified within the
Framework, buthe companies work out among themselves exactly how to share it. This
O2yOSLIi ¢l & dzaSR Ay GKS atKFaS mé OSNBAZY

YFEAYdzY AyaidalyidlyS2dza 6AGKRNI gl NI GSa aLISc

Sands Water Managnent Agreements focus on the winter weeks because the
withdrawal limits for the open water period are high enough that no coordination
between the companies is yet required. In addition, the companies collaborate on a
weekly email report on their withdraals that tracks their compliance with the
agreement and the limits.

1 Allnew TDLs issued are subject to IFNs as calculated using the Alberta Déstktog

o All new TDLs that are issued in the ARB are subject to IFNs as calculated using the
Alberta DesktopMethod (Alberta Environment, 2011). The Alberta Desktop Method is a
method to balance water use for human consumption with water needed to maintain
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healthy aquatic ecosystemi is used where sitspecific information to establish an
environmental flow imbsent. IFNs are scienbased quantities and qualities of water to
sustainthe ecological integrity of riparian systems. By staying within recommended
limits, there is a low probability of ecological effects. The level of environmental flow
recommended byhe Alberta Desktop Method is the greater of either (i) a 15%
instantaneous reduction from natural flowr (ii) the lesser of either the natural flow or
the 80% exceedance of natural flow based on a weekly or monthly timestep.

1 The modified desktop methodow being developed will make it mandatory to consider
environmental flows when allocating new licences

o0 AEP is working onraodified desktop method (referred to as the Surface Water
Allocation Directivén the Working Group meetingyswhich will providea province
wide, consistent approach tieelp determinewater withdrawal applicationsand may
enhance, expand, or replace the Alberta Desktop Metidds modified method is
intended to guide establishment of water allocations so that ecosystem healthecan
maintained and would likely not apply to waterbodies already covered by an existing
Water Management Plan &ater Conservatio®bjective.

This strategy would result in a more natural hydrograph and may support improved ecosystem health.
When simulatedn the AIRM, his strategydemonstrateshow often the IFN flow targets would be met if

a minimum flow were implementednd the shortages that woulariseif licences wereut off under
historical, wet, and dry conditions.

3.3.6.2 Modelling done to test this straeégyand modelling results

The Alberta Desktop Method was applied to five tributaries in the model (McLeod, Pembina, Lesser
Slave, Lac La Biche, and Clearwater) to set an IFN minimum flow target at the mouth of each tributary.
Upstream demands were shortéd meet the IFN whenever necessary.

Results demonstrate that thigtrategy would increase flows, primarily during low flow periods, in the
major tributaries where IFN targets are set (Figuégldly causing upstream shortages.
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Figure44: Average daily streamflow at the mouth of the Pembina Riyaith base cas@perations (orange) and
IFNstrategy (blue), under dy, historic, and wet conditions

Table B showsthe PM resultdor the IFNstrategy relative tdase caseperations under all three
conditions. This strategy performs the best undey conditions, wherghere is the greatest increase in
number of days that the IFN is méinder dry conditions this strategy also increases the ddyerev
navigation is possible at tHerebag confluence by three days.

This strateggoulddecrease IFN violations in all sbasins under altonditions two subbasinsare
illustrated inFigured5. As Figurd6 shows, the natural hydrograph that is supported under this strategy
has a positive effect on walleye recruitmeftverall, it was identified that implementing environmental
flows is importantThese flows need to be defined on a seasonal basis to adalgesdic healtrandfish
population viability However, because the mechanism to achieve these results is by shutting off
upstream water users, this strategy could increase basite shortages in all seasons (Figure 47).
Therefore, it will be important tevaluate tradeoffs between ecosystem and human water needs.
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Figure45: Total IFN violations over the dry, historic, and wet condition, under thase cas€orange) and
environmental flows strategy(blue), within the Lesser 8Ve Lakeand Pembinasub-basirs.
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Figure46: Annualwalleyerecruitment reduction (%) over dry, historic, and wet conditions, undease case
operations (orange) aneénvironmental flowsstrategy (blue).
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Table15: Summaryof PM results for thelFNstrategy relative tobase caseunder the historic, wet, andiry conditionsfor a 3Gyear period

| Dry ¢ Environmental flows ‘ Historic ¢ Environmental flows | Wet ¢ Environmental flows
Change in number of days meeting Aboriginal Extreme El@allenge: Ensure sufficient flow for navigation

Period & Location

Annual- below Firebag confluence | 3.0 Days‘ 0.0 Daysl 0.0 Days
Change in number of days over 1:100 flood threshol@$allenge: Limit damage from floods
Annual- Athabasca River at Athabasca 0.0 Days 0.0 Days 0.0 Days
Annual- McLeod River 0.0 Days| 0.0Days 0.0 Days
Annual- Athabasca upstream of Whitecou 0.0 Days 0.0 Days 0.0 Days
Annual- Athabasca River at Hinton 0.0 Days 0.0 Days 0.0 Days
Annual- Lesser Slave River 0.0 Days 0.0 Days 0.0 Days
Annual- Pembina River at Sangudo 0.0 Days 0.0 Days 0.0 Days
Annual- Ft. McMurray 0.0 Days 0.0 Days 0.0 Days
Change in annual instream flow needs violatior@hallenge: Maintain or improve ecosystem health
Annual- Mouth of the Lac La Biche River -30.0 Days -16.0 Days -20.0 Days
Annual- Mouth of the McLeod River -470.0 Days -177.0 Days -156.0 Days
Annual- Mouth of the Clearwater River -189.0 Days -37.0 Days -56.0 Days
Annual- Mouth of the Lesser Slave River -2661.0 Dayg -1481.0 Days -1953.0 Days
Annual- Mouth of the Pembina River -577.0 Days -504.0 Days -328.0 Days
Change in walleye recruitment reductiorChallenge: Maintain or improve ecosystem health
Annual- below Ft. McMurray -13.50% -7.15% -7.85%

Change in seasonal streamflow as a percentage of naturalgteeamflow. Challenge: Minimize the effect of development footprint on basin hydrolo

Summer- at the Mouth 0.70% 0.24% 0.34%
Spring- at the Mouth 1.91% 0.73% 0.69%
Fall- at the Mouth 1.23% 0.31% 0.47%
Winter - at the Mouth 2.48% 1.01% 1.18%

Spring- whole system

Winter - whole system

Fall- whole system

Summer- whole system

Changen seasonal system shortagesif/s). Challenge: Provide water supply certainty for municipalities and development
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3.3.6.3 Benefits and tradeoffs

This strategy woultikelyresult in fewer IFN violations throughout the baaimd wouldlikelyincrease
seasonal naturalizestreamflow; therefore increasig walleye recruitmentandsuggesingan

improvement to fishery healthUnder dry conditions this strategguld also result in slightly more days
meeting the navigational flow target. Tieade-off to this strategy idikelya substantial increase in

water shortages to all users over all seasasdicences are shorted to meet IEFM&rking Group
participants suggested would be beneficial to look at this strategy along with other strategies, such as
storage.Increasing wateshortages to upstream users may or may not be an acceptable-ttidg

remains important to balance environmental and other objectives, and this strategy can help inform the
modified desktop method currently being drafted, to achieve such objectives.

3.3.6.4 Implementation challenges and actions

In the absence of a water management pfanthe ARBhat speaks directly to IFNthis strategy would
be moderately difficult to implement. However, with titempletionof amodified desktopmethod, this
strategy 6r a variation of it) may be more feasible to implement in the near future.

Challengeselated tothis strategy would likely includsome resistanc&om senior licence holderi§
new IFN conditions were applied to their existing licent®ater supply ceainty would be another
challengeassenior licence holders may be worried that their licesa®uld be cut off.

The Working Group notedegeral actionghat could move this strategy toward implementation
including:
1 Establish IFNs in an approved water management plan by exploring the potential odusing
modified desktopmethod to establish the IFN targets
1 Develop a database of tributaries that have habitat at risk and/or species at risk and limit water
allocationsjmplement IFNs, and/or restrict activities in those areas
1 Determine watershed withdrawal limits based on environmental factors (&sb.habitat
needs)and manage licences with that limit in mind
T Communicate broadly, in an accessible way, when IFNsw@temented on a licence or a
specific stream

3.3.6.5 Screeningassessment

This strategy was identified as a most promisingtstyy.

This strategy woultikely have positive net benefits and high feasibilithe AIRM could be useid
determine whee this strategy would have the highest impact agplying the Alberta BesktopMethod
(or a modified desktopmethod) to see where the pressures are for water supphis can be used to

AffdzAGNF 0SS | yR ljdzZ yGATE & dzLleXueueiNhedNVorkingiGeoupli KS ay SE

guestioned whether this strategy should apply only to new licences or also to existing lidémades.
licences are subject tminimum flowsthere would be greater beneffor the basin; however, it is
important to remember thevolume of licence shortages that this strategy would create when
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considering tradeoffs. It was acknowledgeth the Working Group meetings th#te approach of
applying IFN conditions to new licences amaLs islready being done by AEP and thbertaEnergy
Regulator
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3.3.7 Navigational flows Implementminimum flows to improve navigation in the lower Athabasca
basin

3.3.7.1 Strategy overview

This strategy would implement minimum flows to improve navigatiorthe Athabasca River

downstream of the Firebag River cardnce during the open water seasdrhe minimum flows based

on the AXF, a flow established for navigatiotheCandler etalZ010NB L2 NI a! & [ 2y 3 | &
Flows¢ The AXF definesmainimumflow of 400m?/s in the Athabasca River below the carghce with

the FirebadRiver betweerApril 16andOctober 28 fotal of 196 days)In this strategy, pstream lience

demands are shortetb meet the AXFow targetwhenevernecessary

The Working Groumoted that the navigational flowsre not met naturally in many cases. This strategy
explored the idea of meeting navigational flows more often through management.

At present, there is no established minimum flow for navigational purposes in theGgRBnunities are
collecting éta throudh an Indigenous navigation app help determine the navigationglinch points.

This strategy is expected to increase flows on the Lower Athabasca River, which would improve
navigation for Indigenougeoples, allowing them to practise their traditional aities more freely and
without restriction. To achieve these higher flows, the strategy would increase shortages upstream of
the Firebag confluence.

3.3.7.2 Modelling done to test this strategyand modelling results

Based on the flow and timing suggested by &3¢, the model applies a minimum flow target of
400m?s downstream of the confluence with the Firebag River, between April 16 and October 28 of
each yearlt was assumed that thmodel will short upstream liceseesduring that period to keep flow
in the river and reach the 400 s target

The volume of demands is small relative to the flow in the AthabB&gzr,so this strategy would not
substantiallyincreasestreamflow in the Athabasca mainsteluring dry yearse(g.,2001)the target of
400 n¥/s isnot attainable, everby shorting all upstream water users (Figu@.
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Figure48: Historicconditions on the Athabasca River below the Firebag confluedoeng a dry year (2001)
under base cas®perations (orange) anahavigational flowsstrategy (blue).

Table 16howsthe PM resultdor the navigatiorstrategy relative tdase caseperations under all
three conditions. This strategy performs the best under dry conditions, showing the greatest increase in
navigation days anthe fewestIFN violations.

By shorting all upstream users, six additional days under historic conditions and 13 additional days under
dry conditionscouldmeet the navigational minimum flow requirements (Figd@. This represents a

small increase in navigation because it is expressed over the entiea@Qimeseries. Although it is a

small change, this strategy shows that water camizele available without building large storage
infrastructure.

This strategy should considehichusers are being shut off. Realistically, all water licences upstream of
the minimum flow should not and would not be shut off. It is more likely they woaldebuced or a
subset of licences would be shaftf, but this approach would diminish the simulated benefits to the
AXF.
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Figure49: Number of days not meeting the AXF flow target over dry, historic, and wet conditions, urdse
case(orange) andhavigational flowsstrategy (blue).

It was discussed in the Working Group meetings thaéimhandscould not be managed to meet
navigational flows, then a suite of alternatives couldex@amined Alternative means to enable
navigationcould include:

1 Using alternative water vessels that could operate in shallower depths, similar to the air
boats that are used in Fort Chipewyan

1 Dredging channels to create boat passage. Dredging was done in the past on the Athabasca
River for bargesThisended wherthe winter road was built and since thesand bars have
developed that impede boat passage. This option should consider the associated
disturbance to fish and fish habitaf dredging

9 Building structures to create deptit navigation pinch gints.

Building an ofstream storage facility and operating it to meet the AXF

1 Increasing road navigation by building ansgson permanent road to Fort Chipewyan.
However, an alkeason road would significantly worsen certain environmental impaatsh)
as those to wildlife and wetlands.

=

As Figuré&0 shows, shorting upstream licences (typically during spring anamaillld result inmore
flow in the Athabasca Rivesut would not be sufficient to reach the 40C%s target all the time.
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Navigational flowsimplement minimum flows to improve navigation in the lower Atsda basin
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Figure50: Basinwide seasonal shortages over dry, historic, and wet conditions, untase cas@perations
(orange) andnavigational flowsstrategy (blue).
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Table16: Summaryof PM results for the navigatiorstrategy relative tobase caseunder the historic, wet, and dry conditionfor a 30year period

Period and Location | Dry ¢ Navigatioral flows ‘ Historic ¢ Navigatioral flows | Wet ¢ Navigatioral flows
Change in number of days meeting Aboriginal Extreme El@allenge: Ensure sufficient flow for navigation
Annual- below Firebag confluence | 13.0 Daysl 6.0 Daysl 0.0 Days
Change in number of days over 1:1060d thresholds.Challenge: Limit damage from floods
Annual- Athabasca River at Athabasca 0.0 Days 0.0 Days 0.0 Days
Annual- McLeod River 0.0 Days| 0.0 Days 0.0 Days
Annual- Athabasca upstream of Whitecou 0.0 Days 0.0 Days 0.0 Days
Annual- Athabasca River at Hinton 0.0 Days 0.0 Days 0.0 Days
Annual- Lesser Slave River 0.0 Days 0.0 Days 0.0 Days
Annual- Pembina River at Sangudo 0.0 Days 0.0 Days 0.0 Days
Annual- Ft. McMurray 0.0 Days 0.0 Days 0.0 Days
Change in annual instream floweeds violations Challenge: Maintain or improve ecosystem health
Annual- Mouth of the Lac La Biche River 0.0 Days 0.0 Days 0.0 Days
Annual- Mouth of the McLeod River -1.0 Days 0.0 Days 0.0 Days
Annual- Mouth of the Clearwater River 0.0 Days| 0.0 Days 0.0 Days
Annual- Mouth of the Lesser Slave River -10.0 Days -1.0 Days 0.0 Days
Annual- Mouth of the Pembina River 0.0 Days 0.0 Days 0.0 Days
Change in walleye recruitment reductiorChallenge: Maintain or improve ecosystem health
Annual- below Ft.McMurray -0.29% -0.48% 0.00%

Change in seasonal streamflow as a percentage of naturalized streami@@hallenge: Minimize the effect of development footprint on basin hydrolo

Summer- at the Mouth 0.00% 0.00% 0.00%
Spring- at the Mouth 0.03% 0.02% 0.00%
Fall- at the Mouth 0.02% 0.02% 0.00%
Winter - at the Mouth 0.00% 0.00% 0.00%
Change in seasonal system shortages3(s). Challenge: Provide water supply certainty for municipalities and development
Spring- whole system 0.0m3/s
Winter - whole system 0.0m3fs
Fall- whole system 0.0m3/s
Summer- whole system 0.0m3/s 0.0m3/s 0.0m3/s
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3.3.7.3 Benefits and tradeoffs

Under dry conditions this strategy provides 13 more days where the navigational flow targets are met,
whereasunder historic conditions the navigational\fidargets are met six more dayBhis strategy
increases walleye recruitment because of higher strfaw during the open water season which
overlaps withthe walleye recruitment windowT his strategylsodecreases the number of days when

the IFN is violated in some silasinsby a small amount

In this strategyupstream water users would be shortedrihg the spring and fallheywould be
shorted in a prioritysequenceput all couldexperience a shortage.

3.3.7.4 Implementation challenges and actions
Several implementation challenges with this strategy were identified:

1 Implementationwould require a greateunderstanding of navigational needs along different
reaches in the Lower Athabasca River, at different temporal scales. This involves understanding
what constitutes minimum acceptable conditioasd optimal conditiongor navigation

1 A better understandig of theeffectsof climate change on navigational requirements would
facilitate implementation. For example, under wet conditions temperatures may be warmer,
potentially extending the open water season. This may create demand for a longer navigation
window, and the minimum flow shodladjust to reflect that demand.

1 There is no water management plan in place that defines minimum flows for optimal and sub
optimal navigation

The Working Group thoughtitould be beneficial to look at this strate@yconjunctionwith other
strategies, such as e$tream storagdi.e., the McMillan Lake strategygtoring watelin off-stream
natural lakeguring times of surplus would decrease the need to short upstream water licences and
diminish the need for largmfrastructure.

Actions that could help move this strategy toward implementation:

1 Develop a navigation model to understand navigation channels and their changes through time.
Ensure that this model considers possible future changes in strearafidvgeomorphic
conditions

1 Develop a navigation model to understand navigation channels and their changes through time;
this model should consider possible future changes in streamflow

1 Develop a better understanding of navigation challenges experiengedfmmunitieswhich
wouldfill gaps and enabla better understanding of how to approach this strategy.,where
are communities experiencing pinch pointé® noted data are already being collected on
navigational pinch points through an Indigenowigation app

1 Assess means of obtaining minimum flows for navigation or alternate navigation

1 Develop a binding water management plan that defines minimum flows for optimal and sub
optimal navigation, which vary by season and location within the bassmcleted with such a
plan is a need to specify a clear and concise way to meet these minimum flows, such as shorting
all or some upstream users
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3.3.7.5 Screeningassessment
This strategy was identified ademstpromising strategyas it is modelled).

Most Working Group participants thought this strategy would have little benefit and that it would be
reasonably difficult to implementespecially when it came tutting off all water licences upstream.
However, it was widely noted that minimn flows for navigation should be implemented in conjunction
with other water management strategies, such assifeam storage. Combining this strategy with
others could maximize the benefits and make implementation more feasible.
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Land conservation: Increase the quantity and improve the condition of conserved and restored land across the basin

3.3.8 Land conservationincrease the quantity and improve the condition of conserved and
restored landacrossthe basin

3.3.8.1 Strategy overview

This strategyimsto increase theamountand improve the condition of conserved and restofdednd
across the basin, particulsuin areas of hig biodiversity or hydrologic importanc&his stréegy is
intendedto maintain and improve hydrologic function and watershed hetitough land conservatian

It has potential throughout thentire basin,but this analysigocused on the upper and centrpbrtions

of the watershedUnderLARP, approximately 16% of the Lower Athabasca's land base is managed as
new conservation areas in addition to the 6% already protected as wildland provincial parks

Other aeasfor conservation and restorationave been idntified bythe Canadian Parks and Wilderness
Society (CPAWShe Alberta Wilderness Association (AWandDucks Unlimited Canada (DUC)
Example areas of conservation within the ARB include the CPAWS high conservation areas for
biodiversity, the CPAWS Neresent Value model are@Bigure 51)the AWA areas of concern, and the
DUC key wetland areas.

This strategy minimizes the lost opportunity cost of protegtanarea by identifying areas that have a
lower value for resource development but still mdsbdiversity targetslt focuses on the hydrological
changessuch as streamflow and water qualithat can occur when areas with high biodiversity and
hydrologic importanceare conservedwhile providing for a wellnanaged and intact landscape that can
help to mitigate flooding, etc.

15 Restoration isnot the same as reclamatiomw S Of I YIF GA 2y A& LdzidAy3a G4KS tFyR ol Of
OF LI oAfAGe=Ze YSIFIyAy3a GKFG GKS FoAfAGeE 2F GKS flFyR G2 &
similar to the ability that existed prior to antagty being conducted on the land, but that the individual land uses

will not necessarily be identicdRestoration could be used in some cases to return the land to its original natural

state,but this is very difficult. This strategy should ensure tthet challenges regarding restoration are recognized
0STF2NBE RS@St2LIYSyd Gl 1Sa LIXFOS® CNRY (KS Y2RSt Qa LISN&LJ
converting human footprints back to their natural state (as if development never happened finghglace)

Reclamation (not restoration) is the legal requirement for many kinds of disturbance.

104



Land conservation: Increase the quantity and improve the condition of conserved and restored land across the basin

L4 lisvers

o | :5 NTIARAIS S NFR AN

TN DT ARES

o' )

SEANMENT A a

Brifish Columbla

B i .‘t"~
. < o, o ‘-. 4 V‘.',
' ) Yollod
' 4 ] 3 3 -
= L} ) [ e
q s < O WS i
H PP TELTY AOREE,
i S
: et
1 “" %
' e X
: g
' -
' q ! W
: SE SN
. BRI W g
' N R ,
' ; N ve -l <
i 7 b
‘l. I ~ » »
- 3 { y : * P lssaskaithewan.
i | ¢
S < x % ' ' <
£ _r S o : :
{
b % "
} 5 i - .
o : : . 7 \ e
- ‘} . / 3 ~ ~ . ! |

oL - {

Figure51: CPAWS20 and CPAWSHS0 areas identified through the Net Present Value (NPV) analysis.

3.3.8.2 Modelling done to test this strategy and modelling results

Modellingfor this strategy relied on presus modelling workonducted in the development of the
Conservation Blueprint of Northern Albert@RAWS2015).This work suggests that for Alberta to meet
acceptable levels of conservation there must be a commitment to protect at least 20% of thgalsed
by 2020 and 50% of the land base forevaeas of high conservation value were determined using a
combination of irreplaceability, rarity, diversity, and richness indicators.

Through this strategyhumanmadefootprints weresimulated as being rested to a natural land cover
in areas identified in the CPAWS20 and CPAWS CPAWS50 analyses (Figoogobihts to be restored
included agriculture, minessmall roadspipelines, seismic lineand powerlines. Featuret be
excluded fronrestorationincluded urban ares major roads, recreatiomareas, andrails. In the model,
fires were suppressed and would not be active in the conserved landscapepplosichwastakento
isolate the effect of conserving land without other confounding factors.

In general, peak streamflow decreased under this strategy. As agriculturadtaeddisturbed land is re
vegetated, a higher proportion of precipitation is assumed to be interceptetithus does not

contribute to streamflow. & modelled, conservation scenasiwould lead to a net zero change in
streamflow because, by definition, they have no change in land cover relative to current day. To model
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the effects of conservation, the run would have to be compared with an estimate of future land cover
changewith and without conservation (i.e., againstbasiness asisualdevelopment scenarip

This strategy demonstrates the effect of scale and local variation in streamflow response. Since
landscape change is not uniform across the whole basin, results can belamoomstrable at local
scales. For examplstreanflow in the Swan River does nsthowsubstantive change under this strategy
given that there is limited area to restore or reclaim in that-$asin (Figur&2). Streamfow in the
Clearwater River, on thetlver hand, shows notable reductions in spring freshet due to the large areas
that were identified to beestoredin that sub-basin (Figur®3).
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Figure52: Averagedaily streanflow in the Swan River near Kinuswith base cas®perations (orange)
CPAWS28trategy green) and CPAWS50 strategy (blyeinder dry, historic, and wet conditions.
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Figure53: Averagedaily streanflow in the ClearwaterRiverat Draper, with base caseperations (orange)
CPAWZ0 strategy green), and CPAWSS0 strategy (blyender dry, histore, and wet conditions.

Overall, this strategy could result in more &N navigational flow violatiorgiven that streamflow
would likely be reduced relative to the base cdse tolarger amounts of water being stored on the
landscape (Table 17 and Table 18). Contrary to this overall finding, the Pesubipasin could have
fewer IFN violations (Figutt, Table 17, and Table 18). This is because the Pembina is an area of
concentrated agcultural activity whenagriculturalland is reforestegthe soils retain water longer,
which increases recharge and supplements-g#ason streamflowThese results reflect how IFN
violations are calculated, where it is assumed that flow reductiorsivel to the base case are not
desired. This is confounded by the fact that the base case does not assume a natural landscape.

The dampening effects of forest cover on streamflow are demonstrated through reductions in peak
streamflow. As a result, thisrsttegy could decrease flood days, particularly in the Lesser Sléndsasin
(Figure 55).
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Figure54: Total IFN violations over the dry, historic, and wet condition under thase casdsolid orange)
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Figure55: Total number of days over the entire simulation period where the 1:100 flood flow thresholds are
exceeded at Lesseld@e River below Lesser Slave Lake, over dry, historic, and wet conditions, ureder case
(orange) CPAWS20 strategy (green), and CPAWSEQegy (blue).

Although this strategy could lead todacrease in streamflow relative to the base case, there ddbel
no associated increase in shortages except under the dry condétimhthe shortages are small.
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Table17: Summaryof PMresults for the CPAWS2rategy relative tobase caseunder the historic, wet, and dry conditiofor a 30year period

Land conservation: Increase the quantity and improve the condition of conserved and restored land across the basin

Annual- Mouth of the Lac La Biche River

Period and Location | Dry- CPAWS20 | Historic - CPAWS20 | Wet - CPAWS20
Change in number of days meeting AborigirEttreme FlowChallenge: Ensure sufficient flow for navigation
Annual- below Firebag confluence 0.0 Days
Change in number of days over 1:100 flood threshol@hallenge: Limit damage from floods

Annual- Athabasca River dthabasca 0.0 Days 0.0 Days 0.0 Days
Annual- McLeod River 0.0 Days| 0.0 Days 0.0 Days
Annual- Athabasca upstream of Whitecou 0.0 Days 0.0 Days 0.0 Days
Annual- Athabasca River at Hinton 0.0 Days -3.0 Days

Annual- Lesser Slave River -1.0Days -4.0 Days -23.0 Days
Annual- Pembina River at Sangudo 0.0 Days 0.0 Days 0.0 Days
Annual- Ft. McMurray 0.0 Days 0.0 Days -1.0 Days

Change in annual instream flow needs violatior@hallenge: Maintain or improve ecosystem health

Annual- Mouth of the McLeod River
Annual- Mouth of the Clearwater River
Annual- Mouth of the Lesser Slave River

Summer- at the Mouth

Spring- at the Mouth

0.05%

Fall- at the Mouth

Winter - at the Mouth

Annual- Mouth of the Pembina River -73.0 Day -52.0 Day. -21.0 Days
Change in walleye recruitment reductiorChallenge: Maintain or improve ecosystem health

Annual- below Ft. McMurray 0.00%| 0.00%| 0.00%

Change in seasonatreamflow as a percentage of naturalized streamflo®@hallenge: Minimize the effect of development footprint on basin hydrolo

Change in seasonal system shortages3(s). Challenge: Provide water supply certainty for municipalities and development
Spring- whole system 0.0m3/s 0.0m3/s
Winter - whole system 0.0m3/s 0.0m3/s
Fall- whole system -0.0m3/s 0.0m3/s 0.0m3/s
Summer- whole system 0.0m3/s 0.0m3/s 0.0m3/s
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Table18: Summaryof PMresults for the CPAWSSrategy relative tobase caseunder the historic, wet, and drgondition for a 30year period

Period and Location | Dry- CPAWS50 | Historic - CPAWS50 | Wet - CPAWS50
Change in number of days meeting Aboriginal Extreme El@allenge: Ensure sufficient flow for navigation
Annual- below Firebag confluence 0.0 Days
Change in number of days over 1:100 flood threshol@hallenge: Limit damage from floods

Annual- Athabasca River at Athabasca 0.0 Days 0.0 Days -1.0 Days
Annual- McLeod River 0.0 Days| 0.0 Days 0.0 Days
Annual- Athabasca upstrearaf Whitecourt 0.0 Days 0.0 Days 0.0 Days
Annual- Athabasca River at Hinton 0.0 Days -3.0 Days

Annual- Lesser Slave River -4.0 Days -22.0 Days -68.0 Days
Annual- Pembina River at Sangudo 0.0 Days 0.0 Days 0.0 Days
Annual- Ft. McMurray 0.0Days 0.0 Days -5.0 Days

Change in annual instream flow needs violatior@hallenge: Maintain or improve ecosystem health

Annual- Mouth of the Lac La Biche River
Annual- Mouth of the McLeod River
Annual- Mouth of the Clearwater River
Annual- Mouth of the Lesser Slave River

Annual- Mouth of the Pembina River -199.0 Day. -160.0 Day. -115.0 Days
Change in walleyeecruitment reduction.Challenge: Maintain or improve ecosystem health
Annual- below Ft. McMurray | 0.00% 0.00%) 0.00%
Change in seasonal streamflow as a percentage of naturalized streami@hvellenge: Minimize the effect of development footprint on bhgdrology

Summer- at the Mouth
Spring- at the Mouth
Fall- at the Mouth
Winter - at the Mouth

Change in seasonal system shortages3(s). Challenge: Provide watsupply certainty for municipalities and development
Spring- whole system 0.0m3/s 0.0m3/s
Winter - whole system 0.0m3/s 0.0m3/s
Fall- whole system 0.0m3/s 0.0m3/s 0.0m3/s
Summer- whole system 0.0m3/s 0.0m3/s 0.0m3/s

110



Land conservation: Increase the quantity and improve the condition of conserved and restored land across the basin

3.3.8.3 Benefits and tradeoffs

This strategy would have many benefits that cannotbsessetby lookingonly at streamflow e.g,

potential improvements in water quality, a more natural landscejita potentially higher biodiversity,

and potentially less alteration to the hydrologic regime of the basin. The modelling results suggest that
this strategy could result irefver flood days on the Lesser Slave Riaad ewer IFN violations in the
Pembinasub-basin However, if large areas of landeaconserved or restoredndustrial activity may

move from inside the conserved or restored areas to other parts of the ARB, poteimiafigsinghe
industrial footprint in other regions of the basin. Alternatively, concentrating or centralizing
develgpment while maintaining larger areas of intact land could have positive effects overall

The model also highlighted some tradffs: more days where flow is below the navigational target

because water is being stored rather than contributing to rupadfid more IFN violations in all other

sub-basins However, this is confounded by the current IFN calculatjiiven that the IFN comparison

assumes streamflow reductions relative to the base case aréanotableeven though the base case is
likelylessof ayl GdzNF ¢ adlkriS® ¢KS Y2RStf o¢shorRgey S F2NJ (K
under dry conditiondecausemore water is being retained on the landscape.

3.3.8.4 Implementation challenges and actions

An increase in land set aside for conservation igyfliteepresent political challenges given that human
populations and subsequent recreation arsource extraction are increasing. An important point

relative to this simulation is that the largest areas restored comprised agricultural landltissugh t
isunlikely that agricultural lands will be restored to their natural stateentives could be implemented

to help conserve land with high ecological or hydrological value in an agricultural setting. Funding should
be available to support these typesiaftiatives and a good example of this type of fundingi@t Qa
Watershed Resilience and Restoration Program (WRRP). To aid in implementing this strategy, land use
plans should be developed across the basin to ensure clear targets are in place for aimsemneas. A

clear and concismanagemenpolicy should also be developed for these areas, and regular monitoring
should be undertaken to evaluate its effectiveness.

Identifying sites of highest conservation and restoration priority that would haveteatest positive
impact on peatland complexes, tributaries, and connectivity is a big opportunity iARB:There is
potential to build on work from a recent WRRP project in the Bow River ,Basichused the ALCES
land use model to identify restoratn projects of greatest hydrological effect in thasin. Defining a
systematic approach to site identification is imperatige successful implementation of this strategy.

3.3.8.5 Screeningassessment

This strategy was identified &swving some promise.

Considering that the LARP sets aside 16% of the land in that region for conservation, a CPAWS 20%
conservation target may be achievable. A 50% target would be more challenging. As mentioned above,
achievable targets should be set out in larmkylans across the basin.
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3.3.9 Forestrypractices Support practices in Forest Management Agreements (FMAS) that minimize
hydrologic change

3.3.9.1 Strategy overview

Timber harvest has the potential to alter hydrologic regimes given trastcanopieglaya role hthe
interception and subsequent evapotranspiration of precipitation, affect snow accumulation and

ablation, and can influence soil water stora¢uttle, 2011 ,CarreraHernandez et al., 201 Green and

Alila, 2012)Therefore, nanaging forest$o maintain critical hydrologic features and connectivity while
preserving spatial heterogeneity and diversity in hydrologic function is important in terms of-telong
strategy for promoting watershed healtiC{eed et al.2011). This strategy envisions sustalyle forest
management and stewardship, focusing on practices that minimize hydrologic change. Examples of such
practices include:

1 Completing Detailed Forest Management Plans and Sustainability Plans

9 Assessing harvest levels relative toithiefluence on streamflowan indicator that can be used
for this type of assessment is Equivalent Clearcut Area

Maintaining riparian reserve zones and management areas

Deactivating oads

Wet area mapping

Collaborations such as the Foothills streanmssing partnership

= =4 -4 -

FMAs established in the AR®lude Forest Management Plans that are implementeddsure
sustainablenanagemenbf forests andther values. The provincial government is responsible for
preparing Forest Management Plansareas notoveredby FMAs. These plans atevelopedon a 10
year time frameand follow the process set out in the Alberta Forest Management Planning Standard
(Alberta Sustainable Resource Development, 2006).

If implemented, forest management aimed at reducing lojdgic change should result imanimally
altered flow regimelmproved water quality would also be expected bast managementractices
(BMPs) that minimize erosion and other water quality impacts would be implemented.

This Initiative did not evaluatieiture land use trajectoriesodid notattempt to evaluate the
effectiveness of implementing different forestrglated practicesRather,modelling conducted for this
strategy was done to demonstrate the role of forest cover on the hydrologic reginte GRBy
removing forest cover in the model

3.3.9.2 Modelling done to test this strategy and modelling results

The model was used to evaluate the potential effect of harvest on streanaffaassumed an
approximate doubling ofoungseral forest (forestess hanfive years old) relative towrrent levels
given that young forests are assutht® have lower hydrologic functionghis leads to approximately
28,000 knd of young forestrelative to base cas&his was donéo demonstrate an effecsincethe scale
of this modelling work is very large and hydrologic effects fhamvest are typically mosfisible at
smaller spatial scale&(een and Alila, 2012
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Doublingthe amount of young forest on the landscaleel to higherstreamflowasthere wouldbe less
forest canopy to intercepprecipitation Changes in streamflow would not be uniform across the
landscape, with greater changes occurring in regions where large argasmjforestoccur, or where
forested area comprises a large proportionaofiatershed. The East Prairie Rivaatershed for
example, had a high level of disturbance in this scenario and was heavily forested, resulting in a
substantial change in streamflow, primarily during the spring period (Fid)re&Conversely, the Berland
River would likely experience a smaller change in streamflow (Figlidu® to the scale of the
watershed and relatively low level of forest disturbance occurring in this simulation.
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Figure56: Average daily streamflow in thedst Prairie River near Enilda, with base case operations (orange) and
forestry practices strategy (blue), under dry, historic, and wet conditions.

These results demonstrate that forest canopies can play a substantial role in governing the water
balance. Th analysis also demonstrates that the scale of disturbance ultimately determines the
hydrologic response of a given watershed. This suggests marthgiteyel offorest disturbance in the
ARB is important for minimizing hydrologic change
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Figure57: Average daily streamflow in the Berland River near the mouth, with base case operations (orange)
and forestry practices strategy (blue), under dry, historic, and wet conditions.

3.3.9.3 Benefits andtrade-offs

Benefits would be most notiedle in smaller watershedhkat havehigher relative levels of disturbance
andmore forest cover, as opposed to the entire basin. The results demonstrate that increasing the level
of forest disturbance does affect streamflow; therefore, a benefit of mamadisturbance levels is

reducing the potential to alter streamflow regimes.

There are continual challenges with managing forests in a sustainable and economically viable way.
Trade-offssuch axchangego timber supplyshouldbe evaluated when determining how forest harvest
regimes coulde modifiedto minimize effects on streamflow. These typegrafie-offs are difficult to
guantify at the screening level given that efficiencies and innovative practices can play a role in
offsetting the effects of reduced timber supply.

3.3.9.4 Implementationchallenges and actions

Implementation of this strategy reds largelyonS | OK 2 LF®rdst Madagddn@nt Plans. Hydrologic
values are typically described in these plansia shift towards exjicitly managing forthé G NI 4§ S3& Qa
values would be beneficial. Forest Management Plans typically include watershed disturbance
assessments. However, there is no clear definition of the most appropriate spatial scale for assessment
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nor are there weldefined targets in terms of disturbance levels associated with scale. Implementing
this strategy should clearly define spatial scales for assessment and disturbancdnepieisientation
should also ensure adaptive management is applied as new science amdatibm become available

Actions that could help implement this strategy include:

1 Completing detailed watershed assessments to identify potential for hydrologic alteration

1 Altering harvest regimes in some watersheds

1 Limiting harvest in hydrologicalbensitive watersheds

1 Improving compliance and application of forestry BMPs, such as those noted below, and others

Incentivizing BMPs, broader education, and raising awareness are other means to improve forest
management in the ARB. Examples of BMPs include

1 Harvest in a manner that focuses on desynchronizing runoff from the watefshed

1 Aggressively ehctivate logging roads

1 Continue to etain riparian reserves and management zones around lakes, wetlands, and

streams

BMPs can help mitigate the hydrologiffects of forest disturbance at all scales but they are not always
put in place. As well, deviations can be granted to Operating Ground Rules with little transparency
Although provincial standards are in place, riparian area management Yrame®ne FMA to another
and forestry activities are not regulated on private land. As such, clearly defining pritwritiesintain
consistency across the ARB is necessary.

3.3.9.5 Screening assessment
This strategy was identified as having some promise.

This strategy is eggo implement and would yield moderate benefit, with higher benefits at smaller
spatial scales. Implementation may be feasible with increased effort by government and industry, and
the environmental and ecological benefits to the basin would be wortreffat. However,

advancements in technolody reducetimber demand would be required should harvest levels be
dramatically altered. This strategy is generally seen as an integral and necessaryastieievong
sustainable and flexible water and watersh@dnagement in the ARB

18 The concept of watershed synchronization considers the distribution of elevation zones in a watershed and the
effect that different elevations have on &rate and timing of flow generation. For example, a flat watershed
mostly within the same elevation zone will genergeak flows from different sources at a similar time.

115



Wetlands:Avoid further wetland loss and functional impairment and promote more wetlastonagion,
education, and best management practices focused on minimizing impacts

3.3.10 Wetlands Avoid further wetland loss or functional impairment and promote more wetland
restoration, education and best management practices focused on minimizing impacts

3.3.10.1 Strategy overview

This strategy focuses on avoidwetland losor functional impairmenand promotng wetland
restoration through the continued refinement, implementation, and enfonemt of related legislation,
policies, and mechanisnssich aghe Alberta Wetland PolicyVetlands create unique and diverse
habitats for a wide range of organisms, serving a vitally important role on the landSdapeationale
for this strategy is to maintain or improvke hydrological benefits of wetlangdncludinggroundwater
recharge, sustaied baseflow, water quality, flow attenuation, and othef$e strategy would be most
effective in the central and lowggortions of the basinvherewetlands play a larger rolen the
landscape

Apart from the provincial Wetland Policy, there is no wetland conservation and restoration plan in place
and specific to the ARB. DUC, Albdrtific Forest Industries InEgrestProducts Association of
CanadaCanadian Forest Products Ltd., Millar Western Forest Products Ltd., Tolko Industries Ltd., West
Fraser, and Weyerhaeuser Compamg engaged in a thregear collaboratiorfocused on Boreal forest
wetland conservation. Tiacollaborationg the Forest Management and Wetland Stewardship Initidfive

¢ is integrating wetland and waterfowl conservation into forest management planning and operations.
In the oil sands regiorguncor and Syncrude have active wetland reclamation pi®j&uncor has

reclaimed approximately 48 hectares of wetlands and lakes, with recent innovation in reconstructing
swamps, marshes, and fens. Likewise, Syncrude has implementedeztade wetland research project
focused on fens. These projects all gdamthe importance of wetlands in terms of hydrologic and

ecologic function and demonstrate more work is heeded to improve wetland construction technigues
that enable natural wetland functions.

It is expected that wetland loss would resultdnver basefows, higher peak flows, and decreased water
guality. This strategy would encouragristained baseflows, improved water qualiand peak flow
attenuation wherever wetlands are conserved or restored.

3.3.10.2 Modelling done totest this strategyand modelling reslts

To test this strategy, modelling wdsneto evaluate the effect of wetland removalssuningthere
would be a30% decrease in wetldncoverage in the following stimsins:

1 Athabasca River (between Athabasca and Fort McMurray)

I Lac La Biche

1 House Rive

9 Christina River

This represents approximatefs8 knt of wetlands convertedo disturbed(nonpermeable) land.

17 Seehttp://boreal.ducks.ca/aboutus/collaborate/forestmanagementwetland-stewardship-initiative-fmwsi/
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Usingthe Lac La Bichsub-basinas an examplenodellingresults demonstrate that the wetland loss
under this scenario would lead toore watr inthe Lac La BichBver (Figures8). Under this scenario,
precipitation falling on tturbed areasvould run off more quickly due to reduced permeabilitas

would spring snowmeltunderthe base casgunoff from these events would be absorbed by wetlands
and subsequently released.

The modelling was relatively high level and did not account for the effects of wetland connectivity or the
influence of groundwatesurface water interactions that could ladtered through wetland loss.

However, results do demonstrate that wetland area can play an important role hydrologasally

changing these areas is likely to have a substantial effect on the hydrologic regime. It is also likely that
wetland loss willesult in lower lateseason streamflow, particularly during dry periods. The simulation
demonstrates this effect in that there was no change in streamflow for the Dry Scenario, suggesting the
effect of lower infiltration is outweighed by a reduction in tb&dorage.
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Figure58: Averagedaily streanflow in the La Biche River below Lac La Bichéth base caseperations (orange)

and wetlands strategy(blue), under dry, historic, and wet conditions.
Note: This strategy has not be@sted under the dry condition, as wetland disruption is already included in this stress
condition.

3.3.10.3 Benefits and tradeoffs

Simulation results suggest there could be higher streamflow as a result of less storage of water in
wetlands Conserving and resting wetlands and maintainingtheir function can increase overall

117



Wetlands:Avoid further wetland loss and functional impairment and promote more wetlastonagion,
education, and best management practices focused on minimizing impacts

ecosystem health, providing habitat for wildlife, hydrologic connectivity, and diversity across the
landscape

This strategy has thegpential to add challenges to future developmemt creaing additional
challenges that development would need to overcome in order to proceed. Also, the gestaming
wetlandscan be quite large.

3.3.10.4 Implementation challenges and actions

This strategy would benefit from a deeper understanding and classircat wetland types and

associated hydrological sensitivities. For example, fens (which are connected to groundwater) may be
more sensitive than bogs, swamps, or marshes. This sensitivity might also depend on the wetland class,
degree of richness, locatian the watershed, and connectivityhile classificatioms being dondy AEP
andDUC TraditionaKnowledge could banother valuable resource for better understanding wetlands

and their role and the need to protect and conserve th@maditionalkKnowledgeshould be used at the
discretion of theFirstNation providing it, followng proper cultural protocol and knowledge transfer

laws.

A number of key actions would help move this strategy toward implementation:

1 Implement restrictions to limit devefimentand itsimpacts on lakes and wetlandbhe Lac La
Biche area was identified as a specific area of concern relative to residential development.
1 Improveunderstandng ofhydrologically sensitive vilands. Work conducted by [LJindustry,
and the Univesity of Alberta should be incorporateddéitional data and modéng are likely
also needed to support this.
1 Undertake aditional research
o abouthow changes in hydrologic connectivity affstteamflow to better inform this
strategy.
o0 on wetland constrution methods that result in natural wetland function is still required.
o to fill gaps on effects on wetland function and restoration techniques.
1 Make wetland monitoring (e.gtracking loss of wetlands, functional impairment, best
management practice angkstoration effectiveness) a priority
1 The Wetland Policy should be adequately implemeritethe Borealregion
1 WetlandBMPs should be implementethd adopted as standard operatigrend the Wetland
Policy adhered to in terms of avoidance of wetland s functional impairmentBMP
examples include:
o Ensuring crossings and road design account for hydrologic connectivity
o Limiting peat harvest, especially around the McMillan Lake area
0 Limiting wetland fragmentation and maintaing connectivity

3.3.10.5 Screeningassessment
This strategy was identified &swving some promise

This strategy would provide moderate benefits with a number of positive impacts on water quality,
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streamflow, and ecosystems. Implementation would be fairly easginiplymeans followingle
Alberta Wetland Policy more rigorously. Alternatively, if it means that all wetlands in the ARB must be
preserved, implementation would be much more challenging.
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3.3.11 Linear onnectivity. Reclaim or deactivate linear features and reduce future linear
disturbances in watersheds

3.3.11.1 Strategy overview

Thisstrategy was intended toeduce the total lineafootprint on the landscapby 40%through
mechanisms such as road and trail deactivation, seismic line reclamation, and restioctiofis
highway vehicle usd.inear features fragment the landscape and have the potential to inperr
hydrologic functiongandultimately affect streamflowalthough industry does reclaim features such as
roads where possibl&his strategy reduces this interrupti@md aims to determine the hydrological
impact of linear disturbances in terms of chasde streamflowThis strategy hagotential application
for the whole basin

The ARB is a convergence zone of linear disturbance pesssuith recreational pressu@ming from
the south and industrial pressupeming from the north These pressures fiaimplications for
projections offuture disturbance and cumulative effects in the arBaimary issues from linear
disturbances aréragmentation fromroads, pipelines, and compacted seismic;licteannelization of
rivers and creeks for water conveyarmamn also disturb the landscap€his strategys an opportunity to
identify areas of high priority for linear reclamation and therebynaturalize thdlandscape by a)
identifying areas that are beneficial to hydrological processes, and b) emphasizingptiréance of
reclamation from a hydrological standpoint and encouraging the enforcement of reclamation.

This strategy may also help inform current reclamation requirements, which allow for a range of end
aldldSad ¢2RIF&Qa NBOf | aruriberbiBMRSSdjatzd thl&ns&wing ér regtdrimK € A 3 K
hydrologicaprocessesbut many are not being followed. Implementing these BMPs is an important step

in this strategy, as is monitoring their effectiveneSQSIA has a few major initiatives to addtewsar
disturbancesincluding theAlgar Historic Restoration Projetinear Deactivation Projecand the

CerovusCaribou Habitat Restoration Projeéts well, a integrated land management plan outlined in

LARP strongly emphasizes timely restoratiotingfar disturbances.

It is expected that reclamation of linear featuresuld decrease spring floggiven that precipitation
would not run off as quickly and there would be a secondary effect of increased interception from
vegetation regrowthThat said, de to the narrow nature of the linear features, a 40% reduction in
those featuresvould only affectabout0.6% of the area of the basiApossible increase in baseflow
due to higher infiltration and connectivityould be expected, but increasesapdranspirationcould
counteract this effect
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3.3.11.2 Modelling done to test this strategyand modelling results

This strategy was tested bgalainming 40% oflinearfeatures {rails,minor roads,seismiclines,pipelines)
in the following regions:

1 Christira River(15 kn¥ reclaimed)

1 Hangingstae River (4 kiireclaimed)

1 Muskeg Rier (20 km reclaimed)

1 MacKay River (8 kimeclaimed)

The AIRMeplaces disturbed featuresvhich are characterized Isprfaces witHow permeability and no

vegetation with forest(higher ®il permeability and vegetationMany of the linear features in the basin

FNE y20 GKFENR adz2NFIF O0Sazé FyR KIS @INRBAYy3I RSINBSaA
gravel, earthen) and compaction (high use to low uBe) interruption andchanges in runoff routing

were not simulatedn the modelsothese effects are not captured.

Table 19resentsthe PM results for the linear featurstrategy relative tdase caseperations, under
all three conditionsThe magnitude of change in streamfidirom this strategy would likely be smatl
the basin scale. Howeven smaléer regioral watershed withvery denselinear features, the strategy
could result iranoticeable morelocalized response
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Table19: Summaryof PM results forthe linear featurestrategy relative tobase caseunder the historic, wet, and dry condition®r a 30year period

Period and Locatio

| Dry ¢ Linearconnectivity

‘ Historic ¢ Linearconnectivity

| Wet ¢ Linearconnectivity

Change in number of days meeting Aboriginal Extreme El@allenge: Ensure sufficient flow for navigation

Annual- Mouth of the McLeod River

Annual- Mouth of the Clearwater River

Annual- below Firebag confluence 0.0 Days‘ 0.0 Daysl 0.0 Days
Change in number of days over 1:100 flood threshol@$allenge: Limit damage from floods
Annual- Athabasca River at Athabasca 0.0 Days 0.0 Days 0.0 Days
Annual- McLeod River 0.0 Days| 0.0 Days 0.0 Days
Annual- Athabasca upstream of Whitecou 0.0Days 0.0 Days 0.0 Days
Annual- Athabasca River at Hinton 0.0 Days 0.0 Days
Annual- Lesser Slave River 0.0 Days 0.0 Days 0.0 Days
Annual- Pembina River at Sangudo 0.0 Days 0.0 Days 0.0 Days
Annual- Ft. McMurray 0.0 Days 0.0 Days -1.0 Days
Change in annual instream flow needs violatior@hallenge: Maintain or improve ecosystem health
Annual- Mouth of the Lac La Biche River 0.0 Days 0.0 Days

0.0 Days

Annual- Mouth of the Lesser Slave River 0.0 Days 0.0 Days 0.0 Days
Annual- Mouth of the Pembina River 0.0 Days 0.0 Days 0.0 Days
Change in walleye recruitment reductiorChallenge: Maintain or improwecosystem health
Annual- below Ft. McMurray 0.00% 0.00% 0.00%

Change in seasonal streamflow as a percentage of naturalized streami@@hallenge: Minimize the effect of development footprint on basin hydrolo

Summer- at the Mouth 0.00% 0.00% 0.00%
Spring- at the Mouth 0.01% 0.00% 0.00%
Fall- at the Mouth 0.00% 0.00% 0.00%
Winter - at the Mouth 0.00% 0.00% 0.00%
Change in seasonal system shortages3(s). Challenge: Provide water supply certainty for municipalities and development
Spring- whole system 0.0m3/s 0.0m3/s 0.0m3/s
Winter - whole system -0.0m3/s 0.0m3/s 0.0m3/s
Fall- whole system 0.0m3/s 0.0m3/s 0.0m3/s
Summer- whole system 0.0m3/s 0.0m3/s 0.0m3/s
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3.3.11.3 Benefits and tradeoffs

Based on the modelling, theis alow net benefit to streamflow at the scale of the basin, since
hydrologic change is often proportional to the area disturbed and linear feature@t@present a
large area in and of themselvds&om an ecosystem persgiéve, reclaiming linear features can help
improve water quality by reversirtgabitat fragmenttion effects on wildlife

Although more water is held on the landscape, resultindighty higherIFN violationsthis is again a
function of the way the IFMiolations are calculated. Reductions in streamflow relative to base case are
assumed to be negative for IFNs af@not necessarily represent a more natural conditidhere is the
potential for this strategyto add challenges to future development frommiting linear disturbance

There is alsa large cost to reclaim existing linear features.

3.3.11.4 Implementation challenges and actions

This strategy should be viewed as an opportunity to be more proactive in reducing linear disturbance of
development. The focushould be first on conservation of natural landscapes and then on reclamation
or deactivation of linear features. Technigues to reduce linear disturbance in development include
pooling leases, encouraging common infrastructure, implementing BMPs, aridghad

decommissioning of roads.Q, revegetating redundant roads).

Several actions could help move this strategy toward implementation:

1 Develop policy that describes appropriate levels of linear development. An example of this is the
draft LivingstonePorcupine Hills Land Footprint Management Plan for southwest AlGRER,
2018)

1 Reduce linear disturbance of development by encouraging industry to collaborate and minimize
disturbance.

1 Increase reclamation compliance by revisiting old reeiom plans and matching their intent
and details with current policy goals and practices, and by improving enforcement and timing of
reclamation.

9 Address access management by improving land use management to minimize the impact of all
types of access ormeé landscape.

9 Target priority reclamation sitemodelled afterthe WRRP work in the Bow Basin for identifying
high value restoration and conservation sites.

9 Filldata and science gaps by increasing understanditngwfchanges in hydrologic connectivity
affect streamflow andby acquiringdataaboutwhich seismic lines are and are not compacted in
the basin.
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3.3.11.5 Screeningassessment
This strategy was identified &swving some promise.

Although the overall net benefit is low at the scale assessed in this an#igsgrategywould be

feasible and easy to implement. It would likely have environmental and ecological benefits that are
unrelated to water quantity, such as improved watetadjity and aquatic health, improvealildlife

habitat and connectivity, and improved biodiversity. There is already a push for linear reclamation in the
ARB and this strategy coubeé part of a greatecconservation and reclamatidand usestrategy.
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3.3.12 Extraction industry reclamationContinue to set and meet high standards of reclamation of
extraction footprint to maintain or improve hydrological functions in a watershed

3.3.12.1 Strategy overview

This strategy isitendedto support continued reclamation practices aedforcement in theaesource
extraction sectorlt aims to ensure mineand pitsare reclaimed in a manner that restores or improves
watershed functionandwould apply wherever there is axtractionfootprint in the basin.

There are examples of this typé reclamation already in the basin today. Individual oil sands and coal
mining facilities are each required to develop and implement extenrsiglamation plangs part of

their regulatory approval processes and commitments to stakeholdersMTlis&eg Rier Watershed
ManagementFramework(Alberta Environment, 2008pecifiesvater quantity and quality limits in an
area with extensive extraction activity and reclamation.

Reestablishing hydrological functions and, potentially, returning thatershedto anearnatural state

are the expected outcomes of this strategy. It has been difficult for reclaimed landscapes to recreate
swamp,peatland and wetland functions. The strategy may have a relatively small impact on water
guantity but improvements to water qality would be expected.

3.3.12.2 Modelling done to test this strategynd modelling results

No modelling was done for this stratedirectly as detailedfacility-scale water management was
outsidethe scope of the project

If this strategy were modelledt would need to besimulated at a much more local scale, with finer
details and assumptions. Detailed modelling assumptions that are required include:

1 Whichareasshould be reclaimed?
T How muchof these areashould be reclaimed?
1 What landscape shoultllbe reclaimed back to?

This strategy is closely related to the lalpalsed strategies explored in this initiative, including wetlands,
forestry, conservation, and linear connectiviind the modelling from those strategies provilite
logic to support tiis strategy.

3.3.12.3 Benefits and tradeoffs

One mtential benefitis there-establishment of hydrologic functionExtraction disturbance can
dramatically altehydrologic functiorthrough sitescale water management. Although this sseale
management is impaant during operations, there may be opportunities togstablish hydrologic
functions during closure, resulting in more natural streamflow regimes. From a-lwatérperspective,
there would be social benefits and potential water quality impacts follgwnplementation of this
strategy.
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Atrade-off would be potential decreases in streamflow as a result of increased intercegmidime
landscape.

3.3.12.4 Implementation challenges and actions

Endof-life reclamation plans should already be in place for existpegations in the basin. Companies
are required to carry out reclamation in their closure plans. The tinyipigallydepends on the rate of
development and the life of the project. Progressive reclamation is becoming more common as
companies, regulatorand investors prefer staged reclamation throughout the life of the facility. This
restores the hydrologic functions sooner and allows companies to reach natural certification sooner.

3.3.12.5 Screeningassessment

This strategy was identified &gwving some promise.

However, detailed modelling should be conducted to thoroughly and more confidently screen the
degree of promise that this strategy holds.
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Throughinformed discussions with the Working Groapnumber ofrelatedlearningsemergedand

were explored These learnings wereot strategies for sustainable water management; instead, they
were facts or observations about the basin and water management that either supported or provided a
counterpoint to commonly helgerceptions Thesedarnings are includkhere toadd to the

information andplatform of knowledgehat offersa reference point for water questions in the basin.

4.1 Where does the water inhe ARB come from?

Commonly held perceptiohe water in the Athabasca River and its tributaries comes fuiltiple
sources, mainly glaciers, melting snamd rainfall.

Learnings from this project:

Generally, streamflow in the ARB follows a snowrdelninatedflow regime. Steamflow is low during
the winter months, peaks during the spring due to snowmelt, and tapers off into the fall as the winter
snowpackis depleted. The Athabasca River is supplemented during the late summer by glacianchelt
groundwater During thespring,summer, and fall, strearflow periodically increases due to large
summer precipitation events.

More specifically, the pattern of contributions to Athabasca River flow varies by season and between
regions. In the mountainous parts of the basin (generally upstream of Hinton), figfpack, high

glacier coverage, and a large elevation gradient make for a highly seasonal pattern. In this region, the
volume of winter snowpack and the timing of spring snowmelt are the primary factors driving
streamflow. These factors generate a hydrqurdahat has a large spring runoff, moderate flows during
the late summe, and low flows during thevinter months.

Conversely, regions with low elevation gradients, such as the Pembiteashedand most of the

Boreal Region, have a much less seasonaltyimnt hydrograph. In these areas, snowpack is often
substantially lower, and melts out early in the spring. This leads to a quick peak in streamflow (typically
in April), followed by relatively large sporadic increases in streamflow following summepitaten

events. These areas are mafectedby nontopographicallydriven hydrologic processes such as
wetland connectivityand antecedent moisture conditions more detailed description of surface water
hydrology is provided in Secti@
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4.2 Where doeghe water in the ARB go?

Commonly held perceptionndustry withdraws and consumes a large portion of the water in the
Athabasca River and its tributaries every year.

Learnings from this project:

LY yed NRAGSNI ol aAys ¢l G SMhvasdne Bagik a niindoer fldiffedentRdyF T S NB y
Natural uses include evaporation (rising of vapor), transpiration (movement through plants), infiltration
(seepage into soils), and percolation (trickling into groundwater reserves). In any season, some of the

water in the basin is going through these natural processes to either leave the basin or be stored in

natural forms. Human uses are, for the most part, managed through a system of water diversion

licences issued by AEP under ¥Water Act Municipalitiescompanies, individuaJ&nd others can hold

a licence to divert a specified volume of water at a specified time and rate from a specified location for a
specified use.

Currently, more than a thousand water diversion licemallow up to ~835 million fof water to be
withdrawn from the ARB surface water sources (rivers, streams, lakes) in a year. Thess licen
authorizewithdrawalsfor a range of uses, as shownTiable 20

Table20: Summary of water licenes held in the AthabastRiver Basin by allocation volume and type of user

Type # Licences| Withdrawal volume | % by volume
Higher volumelicences S7 733,428,757 m 88%
Agricultural & Irrigation 1 1,800,000 n31
Commercial & Industrial 36 682,795,155 m
Environmental Managemeht 3 11,103,400 m
First Nation 8 838,000 M
Municipal 9 36,892,202 m
Lower wlumelicences 651 32,116,155 m 3.8%
Agricultural & Irrigation 233 3,529,876 m
Commercial & Industrial 303 10,477,726 m
Environmental Management 64 9,090,616 m
Municipal 51 9,017,936 m
TDLs 336 68,800,806 m s
TOTAL 1045 834,345,718 m 100%

*e.g., lake controktructures and Ducks Unlimited pond enhancements (attempting to account for evaporatiye loss
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The question then becomeklow much of the water in the ARB goes to these human?ighe simplest
answer would be to look at the average annual flow inteinstem of the Athabasca River. If it is
measured aEmbarrasjust upstream of Lake Athabasca, the average annual volume in the Athabasca
River is approximately 19.5 billior*ifbased on data from 1971 to 2015) and it follows the seasonal
pattern shown in the hydrograph belo{iFigure 59)

3000} 4

Mean Daily Discharge {m™/s)
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1000

Jén Alpr JII_I -cht .Jaln

Figure59: Daily average streamflow (1974.2015) for the Athabasca River at Embarras (WSC: 07DD001).

SourceWater Survey of Canad2018

This suggests that over an average year, with ~19.5 billfoof mater flowing in the Athabasca River at
Embarras, abbf the water licence withdrawal allocationthat is ~834 million ) would account for ~4%
of the water inthe Athabasca River. Of this, 83.1% goes to industrial trsmefore, industrial use
accounts for ~3.5% of the annual flow inarerageyear atEmbarrasMunicipal uses amount to 5.5&6
allocations or ~0.24% of the annual flow in amerageyear at Enbarras.Another0.6%of the allocation
goes to agricultural uses, accoimg for ~0.26% of the annual flow in @verageyear atEmbarras

CKAAE A& | OSNEB AAYLES OASg 2 FdodsRat consited Kow muci 8 NJ a 32 S
this withdrawal allocation is actually taken nor does it factor in how much of the withdrawal is fully

consumed instead of being used then treated and returned to the river as returniflaw. I f a2 R2SayQ
consider individubtributaries or the seasonal distribution of withdrawhi.a basin as large and diverse

as theARB, it ismportant to look athow much water is actually allocated, withdrayamd consumedcht

a number of points throughout the basin.
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4.3 What will climatechangelikely mean for water supply in the ARB?

Commonly held perceptior€limate change will typicallmeanless precipitation (snow and rain) each
year and warmer temperatures causing earlier melting of glaciers and snow. All of this means less water
suppy in most years.

Learnings from this project:

As explained isection 2.3, thescenariosnodelled in this studguggest that spring streamflow timing
will shiftto earlier in the seasoand there may be an overall increaseaimualstreamflow; with
redudions in streamflow during the summer and f@tigures 10 and 1). These results are consistent
with other recent studies, suggesting the most challenging time for water supply is likely to be the
summer given that studies suggest summer streamflowédylito decline in the future, while spring and
winter flows could increase (Eum et,&014).

4.4 How might melting glaciersffect long-term water supply in the ARB?

Commonly held perceptiorlaciers worldwide are melting faster now than historically duearmer
air temperatures from climate chang€his is expected to be the casedtaciers in the AR&s well,
meaning thatglacier water supplwill be depleted in the nebo-distant future

Learnings from this project:

As explained isection 2.3future changes in climate are likely to result in higher glacial contribution to
streamflow over the medium term (next 50 years or so) from higher ice. Mieis will increaagly

deplete the volume of water stored in the glaciersvé the longterm (in the next 100 years), glaciers
will contribute less and less to streamflow in the Athabasca as glacier ice recedes substantially.

4.5 How mightchangesn land use affect water supply in the ARB?

Commonly held perceptior€hanges in how land is used (naturaleeeforestry, farming, resource
extraction, townsetc.) and what covers the land (forest, rangeland, crops, cut lines, trails, paved
surface etc.), can significantly change the amount of water that flows in the . ri€egs

Learnings from this project:

The impact of land use on the hydrological functions in a watershed is increasitigliyunderstood

and documented. If surfaces are hardernedy, changed from grass to paveménless water infiltrates
the soil and more water drains off the area.rdés and shrubs are removed, less snow is intercepted,
less watercan belost to evapotranspiration, and snow melts and drains faster. If waterbodies are
intersected by linear featuresuch agoads,trails, seismic linegand cut lines, natural drainagafterns
are changed resulting in water typically running off the landscape faster.

Each of these dynamics, and the many other and often more complex hydrological dynamics resulting
from changes in land use, are typicalben and manageshost effectivelyin local areasThis reflects
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the layers of planning that occur in the ARB, includingregional and municipal planning that are
better suited to manage the changes at the smaller scales.

Over the scale of a basin as large as the ARB, it is difficsdet@ignificant effectsn streanflow from
changes in land us@hat was the case in this wafkigure 60)the AIRM was used to simulate the effect
of wetland reduction, changes in linear footprint, and forest cover reduction. In all of the modelling
results, the changes in flow in timeainstemof the Athabasca Rivevere directionallyintuitive but

barely discerrile given that the scale is so largegure 60 also demonstrates that the smaller the
spatial scale (e.gthe Gregg River near the mouth), the larger the potential effect of changes in land
use.

Athabasca River Basin Foothills Model
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Figure60: Daily average streaniddw at four locations under baseline (1972015) and under 50% higher forest
harvest.
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4.6 Which has greatepotential effect on surface water qualitgand quantity:
converting landinto farmland or increasing irrigation?

Commonly held perceptioievelopinghew farmland will cause water quality problems due to sediment
and nutrient runoff. Increasing irrigation will create higher water demand leading to water quantity
problems

Learnings from this project:

Using AIRM, a 30% increase in agricaltarea wassimulated by replacing forest stands with crops.

Results suggest this would not have a substantial effect on surface water quantity at the scale assessed.

However, there is still a need to minimize the effects on water quantity at smaller spatial scdles an
limit the effects of agriculture on water quality. There maydb@nges in streamflow at smaller spatial
scalesandissues with sediment and nutrient runpfivhich could potentially be mitigated with BMPs

It was also discussed that due to a warrolmate there may be an opportunity to irrigahew areas of
farmland Simulations doubled water uder existing agriculture licences in the ARB during the growing
season. The results did not show substantial changes to watmtity; rather, with increased

agricultural demand, water quality may be maffectedthan water quantity.

If agriculture were to expanitis land or water use in response &changing climate (warmer air
temperatures and longer growing season), the main consideration is likelgngreect of runoff into river
systems. Increased demand would be small as current demands are small, so evedauitiiing of
K248 RSYlIYyR&asz &akK2NIl3Sa I NByQi SELSOGSR G2 Ay
The Working Group discussed that if new farmlandendeveloped or irrigated, it should have no net
impacton sediment and nutrient runoffsuch impacts can be managed throdagtger riparian buffers

around waterbodiesind use obest farming practicedor example Education is neededndincentives
suchas grants to farmerand ranchergor implementing BMBhaveworked well in the past.

4.7 Wil usingalternativesto freshwater inin-situ facilities make a noticeable
difference in flow in the Athabasca River?
Commonly held perceptionn-situ facilities arrently use a lot ofreshwaterin their operations and

asking industry to change to alternative processes orfreshwatersources will result in less water
being diverted from the Athabasca Riaedits tributaries.

Learnings from this project:

Very Bw in-situfacilities holdsurface wateilicencesto divert freshwaterand of them, very few, if any,
actively draw from freshwater sources. These operations typically use saline water from groundwater
wells Because a small number have lices to withdraw freshwater, the Working Group used AIRM to

132

@)

N

B



ALBERTA &

watersMART

Water Management Solutions

A Roadmap for Sustainable Water Management in the Athabasca River Basin

model thesdicensed withdrawals to see the impaan flow of eliminating them. The licences included
in this analysis are shown in Tablk 2

Table21: Licences in théARBfor in-situ freshwater use.

Approval ID Number | Approval Holder Water Source Quantity
0032540900-00 ATHABASCA OIL CORPORATION Unnamed Lake 41,500 ni
0032560200-00 ATHABASCA OIL CORPORATION Unnamed Lake 267,500 M
0032564400-00 ATHABASCA OIL CORPORATION Unnamed Lake 263,000 M
0036851100-00 ATHABASCA OIL CORPORATION Unnamed Lake 30,000 ni
0007617600-00 ATHABASCA OIL CORPORATION Unnamed Lake 32,000 i
0003148800-00 ATHABASCA OIL CORPORATION Unnamed Lake 50,000 ni
0002955900-00 ATHABASCA ORPORATION Unnamed Lake 75,000 ni

Source AEP Water Licence Database

Asseen in Figuré1l,the simulation showed no detectable difference in flow in thainstemby using
alternatives to freshwater use in currently liced in-situ facilities.
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Figure61: Comparison of average daily streamflow for the Athabasca River below Firebag during base case and
removingin-situ withdrawal.

4.8 Can shutting off water licencevithdrawals improve navigation on the Athabasca
River?

Commonly helgberception:Industrial water withdrawals are high. If they are sbif higher flows
would substantially help navigation in the lower basin.

Learnings from this project:

The SWQMF supports minimum flow targets in the Lower Athabasca by setting withtinaitgabn
industry during times of low flow. Licence withdrawals for the total oil sands vary but are limited to
4.4m?¥s during low flow periods, defined as <87/min the Athabasca River at Fort McMurray.

Thereport 6As Long as the River Fl@d€andér et al, 2010suggested 400 s as a minimum extreme
flow (AXF) and ~1,600%s as an ideal flowicalled the Aboriginal Base Flothiat would support
Aboriginal navigation and access to traditional lands in the lower basin.

The Working Group exploreti¢ potential for improvements in flow for navigation purposeshia
AIRM by applying a minimum flow target of 40&/srdownstream of the confluence with the Firebag
River, between April 16 and October 28 (open water season) of eachlyeashorting upgream
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licences to try to meet the target minimu(figure 62) The results showed that by doing this, flows
generally increased on the Athabasca River downstream of the Firebag confluence during the open
water season but nasubstantially and the400 n¥/s target was not achieved all the time even when all
upstream licences were shorteBigure 6hows thatthe navigational flows and the base case overlap
almost all the time, with a few minor exceptians
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Figure62: Example of water year 2001 under the base case and shorting water licences to meet navigational
flows.

Recognizing the limitedontributionthat stopping licesed withdrawals couldnake toachieving higher
flows in the lower basin to support navigatiohgtWorking Groupdentified potential alternativeto a
minimum flow. These might include:

1 Construction of instream structures to increase water depth in locations identified as navigation

pinch points.

1 Construction of a upstreamdam and reservoir desigdeand operated testore,and release
water as needed to meet the AXF or similar minimum flow for navigation.

i Betterstream channel data antavigation models to understand navigation channels and their
changes through time to assess options for the lownasib. This may lead to suggestions for
channel management including targeted dredging in the lower Athabasca River as has been
done in the past
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1 Investment in alternate transportation including replacement of water dogfthose that can
maneu\er in shdlower watersandchanging to road navigation by building ansshson
permanent road to Fort Chipewyan and other areas in the lower basin.

4.9 What criticalgapsexist in water related data, processes, policy, and knowledge
for the ARB?

Commonly held perceptiohere are many gaps in what we need to know to properly manage water in
the ARBWhile much haveenand continues to be done towards sustainable water management, gaps
exist in data collection and access, fundamental scienaaaland informal processes, provincial and
local policies, and individual and collective knowledge.

Learnings from this project:

Throughout this project, participants and interviewees were asked to identify the gaps they have
encountered in their work ashdiscussions related to sustainable water management in the ARB. The list
of gaps, whilaeither exhaustive nor comprehensively vetted, was lengthy. shimvnin Appendix=

Table 2Zummarize gaps that were identified during the projecnd his sumnary was shared with
the Working Group.
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Table22: Summary list of data, knowledge, process and policy gaps identified in this project

Data

Knowledge

Processes

Policy

Technology for reaime
measurement of winteflows

Monitoring and data
collection of snowpack,
tributary streamflow, and
meteorological data in the
upper portion of the ARB

Awareness of and ready
access to all public datasets
(e.g., snow surveys)

Spill tracking records systen
and reporting requiremets

Groundwater withdrawal
reporting

All water use data for
allocation management

Understanding the linkage
between hydrology, soll
moistureand wildfires

Mapping of hydrologically
sensitive areas in the basin th
supply water to sulbasins anq
are locally important to
communities

Development of indicators tha
correlate changes in flow and
ecosysteneffects

Understanding of the
hydrological effect of
watershed and local scale
connectivity

Understanding of the effect o
oil sandgminingon subbasin
hydrology

Address how to managg
tributaries where there i
currently no flow data

Include water incident
related reporting and
monitoring (industrial
incidents) in water data

Prioritize reclamation
throughcomprehensive
reclamation modelling

Understand more of the
specific concerns aroun
TraditionalKnowledge
(TK)andimplementing
TK into policyRequireTK
in the procesf policy
development

Implement a basin
wide waterre-use

policy

Establish a water
conservation objectiv
for the basin

Establish a water
management plan for
the basinfocusing
efforts on greatest
risks

The Working Group could not identify which of these gaps would be considered most critioabatdit
likely vary between groups depending on needs and perspectives. That said, an underlying theme for
addressing many of these gaps is awareness and ready access to data. There are instances where
significant investment and effort wva gone into develojmg datasets that are not productively used as
they are not known or cannot be readily accessed.
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This Roadmap is a set of strategies and practical actions, developed by a collaborative and inclusive
Working Groupthat serves as a recommended path toward sustainable water management in the ARB.
It is intended to inform future planning and management efforts as they relate to water. The set of
strategies are:

1. Effluent reuse: Enable reuse of industrial or municgstilient to reduce reliance on freshwater

2. Water conservation: Continue to achieve water conservation and efficiency improvements
communities develop

3. Onstream storage: Explore new etream multipurpose storage options

4. Off-stream storage: Develop newd existing offstream storage sites to meet multiple basin
water management objectives

5. Existing infrastructure: Alter existing water storage infrastructure and operations to meet
multiple basin water management objectives

6. Environmental flows: EstablisiNE or similatargetsfor all tributaries in the basin as a
precautionary water management measure

7. Navigational flows: Implement minimum flows to improve navigation in the lower Athabasca
basin

8. Land conservation: Increase the quantity and improve the tmmdof conserved and restored
land across the basin

9. Forestry practices: Support practices in Forest Management Agreements (FMAS) that minimize
hydrologic change

10. Wetlands: Avoid further wetland lossd functional impairmenand promote more wetland
restoration, education, andest management practicdecused on minimizing impacts

11. Linear connectivityReclaim or deactivate linear features and reduce future linear disturbances
in watersheds

12. Extraction industry reclamation: Continue to set and meet highddads of reclamation of
extraction footprint to maintain or improve hydrological functions in a watershed

These strategies were developed in response tolthginchallenges that were brought up in the first
few Working Group meetingshese challengeimcluded

1 Maintaining or improving ecosystem health

Providing water supply certainty for development

Minimizing the effect of the development footprint on basin hydrology
Ensuring sufficient flow for navigation

Limiting damage from floods or extreme events

Maintaining or improving the health of the Peag¢habasca Delta
Addressing concerns around Indigenous rights

Accessing waterelated data and knowledge in the basin

= =4 =4 4 -8 -4 A
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1 Maintaining or improving water quality
1 Understanding the renewable energy potential bétbasin

This project was not designed to solve any one problem in the basio,recommend actionn any
particular time frameNeverthelessmanyindividuals and organizations feel an urgetmyaddress
water challengei the basimow, andto be mae proactivewith future approaches tavater
managementDecisions, actions, and inactions today aftectingthe longterm sustainability of the
basin;there is aneed to determine whaiswanted forthe basinin the long term and act accordingly.

I £ 6 S Glifhatell @adership Plas pressing for more renewable energyd there is interest itydro
potential in the ARBo provide renewable capacitower energy prices are forcing diversification
throughout the provincial economyo how might thathange water use and water needs in the basin?
Municipalities continue to seek residential, commerciald industrialgrowth. Regulatory frameworks

are demanding reclamation plans be set and begun early in project life cgolkéongterm land use
plansare beingpreparedfor the basin Mandates of the UN Declaration on the Rights of Indigenous
Peoples (UBRIP) and the Truth and Reconciliation Commission @@Ghiftingindigenaus

involvement and expectations on natural resource decisibrom a susainable water management
perspective, considering the many interests and perspectives in the basin, how do we collectively want
to move forwardAVhat does this mean for the basin?

With those issuein mind, below aresixrecommendations based on ttmutcomes fromthis project
that will serve as a path toward sustainable water management irAIRB The purpose and approach
for each recommendation is noted in italics, aratlk recommendation is accompanied firactical
actionsto advance implementation.

5.1 Recommendationdor sustainable water management in the ARB

1. Maintain or improve the natural hydrological functions of the watershed

U to protect water supply, water quality, and watershed health

U by embedding hydrological priorities in land use planning aadforcement at the regional,
sub-regional, and local scale.

Implementable actions:

1 Identify sites of highest conservation and restoration priority that would have the greatest
positive impact on peatland complexes, tributaries, and connectivity

1 Improve understanding dhe location and overall function diydrologically sensitive wetlands

i Fill data and science gaps by increasing the understanding of how changes in hydrologic
connectivity affect water volumes

1 Support and inform conservation amestoration areas in future land use plans and ongoing
planning
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2. Establish environmental flow needs for the Athabasca River and all tributaries
U to clarify flows needed for watershed health and volumes available for use
U by calculating and publicly communitiag reachspecific IFNs or simildargets.
Implementable actions:
9 Establish IFN targets for atreams and riverdikely usinga modified Alberta QesktopMethod
1 Communicate broadly, in an accessible way, all IFNs that are calculated for the ARB

3. Reduce water navigation limitations in the lower basin

U to maintain traditional access and activities

U by recognizing that further minimum flow targets are unlikely to provide navigational flows
and, instead, employing a suite of alternative methods.

Implementable actions:

1 Investigate potential for instream structures to increase water depth in specific locations

9 Better understand navigation channels and their changes throughadimieonsider select
channel management including targeted dredging

1 Investigatethe potential for investment in alternate water craft and provision of yeamd
road access

4. Increase the adaptive capacity of the basin

U to be more resilient to climate change impacts on water supply while meeting multiple basin
needs

U by investigatingmulti-purpose infrastructure to manage the flow regimes of the Athabasca
River and major tributaries.

Implementable actions:

1 Establish multpurpose objectives for new projects to understand and inform how future
storage could support basin flow needs

5. Continue to develp the means to share and apply Traditionahéwledge
U tolend the experience and expertise bfdigenous Roples to formal sustainable water
management in the basin
U by developing and enabling meaningful processes tisapportthe UNDRIPad TRC
mandates.
Implementable actions:
1 Example: collect and share a dataset of traditional sites in the ARB

6. Address the most critical gaps in water data, processes, policy, and knowledge
U to better inform sustainable water management
U by prioritizing andclosing gaps most critical to the ARB.
Implementable actions:
1 Continue to provide resources, budgahd mandate to AEP in its work to publicly and
efficiently share already existing water data
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1 Find and invest in the instrumentation solution to provideanesal timemeasurementainder
ice flow

1 Complete andmplement the provincial water reuse policy that is currently under development
to change, clarify, or create clear direction for decisions on water reuse

1 Resource and incentivize water communicationnform sustainable water management
decisions individually, organizational4nd collectively

1 Close the gaps between Traditionald¥ledge, culture, and societyriugh inclusion of
Traditional Kowledge into policy

Collectively, these six recommeattbns touch on each of the water challenges identified by the
Working Group, as seen Trable 23 Appendix Hists the @ps identified through work and discussions
related to sustainable water management in the ARB Initiative

Table23: Water challenges in the ARB

Challenges Recommendation

1 2 3 4 5 6
Maintaining or improving ecosystem health K K
Providing water supply certainty for development K K
Minimizing the effect othe development footprint on basihydrology | K K K K
Ensuring sufficient flow for navigation K K
Limiting damage from floods or extreme events K
Maintaining or improving the health of the Pead¢habasca Delta K K K K
Addressing concerns aroutiddigenousights K K K
Accessingvater-relateddata and knowledge in the basin K K
Maintaining or improving water quality K K K
Understanding the renewable energy potential of the basin K

5.2 Closing statement

Thefindingsof this project reflect the importance of thinking about and planréngesponséo future
change in the ARB. They provide a Roadmapdee ustowardsnew and enhancedpproaches to
water and watershed management in the basin that can be implemented ®&hging imminent crises
of flood, drought, overallocation, or stalled developmeridecisions, actions, and inactions today are
affectingthe sustainability of the basin, and tHadmap can help determine whate want the basin
to look likein the longterm, so we caract accordingly.

The strategiesind recommendations presemthat can be donén the near termto build the adaptive
capacity of the water management system in the ARB Rbadmap is intended tstimulate
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investment inresilierceand adaptive capacity and raise awareness of potential water quantitytasks
encouragevater managemenpreparednes®fforts andarrangementsallto better equip the basirio
respond tothe range ofpotential future watersituationsand challenges.

Many activities are already in progress to make the ARB more resilient and to address specific issues and
concerns. Water management decisions are informed by risk and hazard assessments, regulations,
science, political decision making, and economic conditidforking collaboratively, knowledgeable

and experienced water users and managers from across theds®Bmed andidentified opportunities

to optimizeand build orthe programs, regulatory frameworkand physical infrastructure already in

place tomanage the basi@ water supply tesupport continued population and economic growth with
improved environmental health. All of these elements will need to align to see a true shift in the

adaptive capacity of the basin.

Participants contributed an enormous anmt of time and expertise to thigitiative. Their insight and
knowledgewere invaluable to the success oktproject, and their enthusiasm for the collaborative
process was remarkable. WaterSMART is deeply grateful to the individuals and organthatigfeyed
a part in building this Roadmdpr sustainablevater management in the ARB.

WaterSMARTiopesthat all readers will consider the findings of this report and how they may
contribute to implementing its recommendations. Vilee hopeful thatthe outcomesfrom this workwill

be woven intopolicies, plans and strategiéisat are influencingvater management ithe ARBe.g.,

land use plans)e hopeindividual water managers, watershed groups, and water users will act on this
opportunity to champion ad support the advancement of effective water management strategies for
their stakeholders and their watersheds.
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B-1.Components of the AIRM

The AIRM was developed duriigarl of the ARB Inititive. The AIRM is an integrated model with four
components: climate, land useydirology, and river system (see Figur&)BThese distinct component
are coupled for ge in the collaborative modelling process durifigrking Group meetingdhis section
summarizesach of the componentsf the AIRM additionaldetails regardinghe climate scenarios
developed for this workan be foundn Appendices C.

Input: opportunities (e.g., changes in demand/wateruse, flow
targets, infrastructurechanges, land use and landscape change,
changes in climate, etc.) and expertise.

‘Sl 5& . -_hi

Enae et
iy

Outputs: changes to streamflow based on
changes to climate and landscape,
changes in snowpack, soil moisture, etc.

Dutput: future daily precipitation
and air temperature

() ALCES

Dutputs: changes in landscape
composition from various scenarios

Outputs: Changes to streamflow and
PMs that show effects of strategies on
the system

Figure B63: The AIRM and its components, the flow of how they fit togethend inputs and outputs relative to
use with the Working Group.

B.1.1 Landscape simulator development and input to AIRM

ALCES Onling the basis for landse modelling in the AIRMdeFigure B2). It is used to simulate

changes in landscape and land useoas the ARB. These changes in landscape will be run through the
hydrological model, as describedS$ectionB.2 to enable dynamic simulations of how changes on the

land affect hydrology, and hence streamflow, in the ARB. ALCES Online-lsasegliepesentation of
G2RIFe&Qa fFyRaOl LIS I yR -défined scenariosin teRutuie dr p&se Thasé NHzO
scenarios can be defined to differ with respect to the rate and spatial pattern of future or past
development and natural disturbance. The siation engine can incorporate numerous drivers, such as
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forestry, mining, settlements, oil and gas exploration, agriculture, transportation networks, fire, pests,
climate change, and reclamation. The flexible simulation engine and relative ease withsedizrios

can be defined make it possible to explore the outcomes of numerous scenarios and develop an
understanding of the range of lantse options and uncertainties that exist. Simulation outcomes in
terms of changes in the abundance, location, anda@fggatural and anthropogedn land covetypes are
applied to create maps of future landscape composition and indicators of interest.

Figure B64: ALCES Online component of the AIRM.

Completing the scenario analysis for thisject with ALCES Online required the following steps:

integrating data layers to assess current composition of the landscape; simulating changes to landscape
composition under a range of scenarios that differ with respect to development rate, management
practices, and natural disturbance; and assessing the consequences of the scenario to hydrology
through the RAVEN hydrologic modetdSectionB.2). Detailed information on theéatasetsintegrated

into ALCES Online is provided in Tab&ds thisAppendk. Any potential future landise scenarios will

be developed by the Working Group based on interests and assumptions about future landscape
changes in the ARB.

B.1.2 Hydrological model development for AIRM

The hydrological component of the AIRM is buiihgghe Raven hydrologic modelling platform. Raven

was used to simulateaily streamflow in the ARBy representing physical hydrological processes and

producing streamflow as an output. Climate and landscape changes from the climate scenarios and

ALCES @ne are fed into Raven, which simulates hésequent changes in streamflow and then

inputs thatdatainto the river system component of the AIRMRavensg asemidistributedhydrological

Y2RSt GAGK Y2RAFTAOLBNIGDGO2 SYdziit 8F8F ém@BONSREI S |
hydrologic model. The HBRC model is a Canadian version of the original Scandinavian watershed
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