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Executive Summary

The purpose bthis report is to onsolidate environmentalinformation on Jackfish Lakand its
watershed in an effort to support future planning andmanagement @cussions. The report
provides perspective on currenenvironmental conditions at the lakerelative to regional and
historic trends The report is provided as advice to tlackfish Lake ManagemeAssociation
(JLMA), Alberta Environment and Parksd Parkland County

The technical information contained in this document is detailed autreses many lake and
watershed features Jackfish Lakéas beenunder significant development and recreational
pressurefor many decades; these factanaveimpacted certain compaents of thelake ecosystem.
In addition, climateatternshave contributed to londerm water level declingat Jackfish Lakand

other small lakes in the regionurrentlevelsarethe lowest recordedor the past half century.

Water quality conditios in Jackfish Lake have remained reasonable over the years. Howbler, a
green algal advisory was issued by Albétiealth Servicesduring summer 2015, andé significant
fish killoccurred during winter 2016Theserecentevents are likelya direct responseto the low lake
levels

The Jackfish Lake community is encouragedupport sustainablaesidential anddevelopment
practicesin the watershed,jmprove the managenent of boat traffic, beginthe rehabilitation of
damaged riparianzones andconsicer other restoration needsThe condition of the lake has
deteriorated in recent years; actiois required to prevent further degradation and farotect the
lake for future generations.

Collaboration withkey partners including Parkland County, AlberEavironment and Parkand the
North Saskatchewan Watershed Alliariserecomnended to address the diversity of issues at the
lake. The agoing collection of lake&vater quality data isalso recommendedeither through the
LakéNatch program (ALMS) or bige Government of Alberta
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1.0 Introduction

1.1 Purpose of Report

The purpose of this report is tprovide benchmark environmentaihformation that will guide

land and watermanagement practices at JadfiLake.The report is provided as advice to the
Jackfish Lake Managemefssociation (JLMA), Parkland County, and Alberta Environment and
Parks.The North Saskatchewan Watershed Alliance has prepared this repogsponse to a
requestreceived fromthe JLMAnN 2014

1.2 Scope of Report

This report examinescurrent conditions and historical trendst lake and discusses this
information within theregional context Thecontents of thereport includelocal histay, public
perceptions and concernsguiding municipal and provincial policies environmental
characteristicand general recommendationsTechnical information is provided on lake water
guality and hydrology, natural attributegjatershed characteristics drclimate

1.3 History of the Area

az2zad 2F !''foSNIlIQa fF1Sa 6SNBE F2N¥SR | FGSN GdKS ¢
ago. Glacial Lake Leduc and Glacial Lake Wildweoglformed from large areas of stagnant ice

left behind by therecedingmainice front. As part of a sequence giacial meltwatedakes that

covered north central Alberta, they werprecursors tothe creation of Jackfish anthe
neighbouringsmall/lakes on the Carvel Pitted Deli@etails inSectian 3.3. Till deposited during

GKFIG GAYS ONBIFIGSR GKS af I NAS INBlFLa 2F NRftfAy3 dz
& f 2 dz3 K &Pdainand DiskrigiHistorical Committee, 1992

Archaeological evidence indicatdsrst Nationspeople hunted rear Mewassin (just south of

Jackfish Lake) around 8,500 years ago. Anthony Henday was the first European éognoesgt

living west of EdmontonA Y wMT pn ® I S RS aONX 6,5Raceflkwidod LIS 2 LI S
Rg St t Bhaifinferdction with Europeans andther First Nationsgroupsincreased rapidly

during the expansion of th&ur trade. A trading post wasestablished near Wabamun in 1801.

The influence of European missionaries was felt as early as the 1850s and eventually led to the
introduction of catte and gardening practices in the ared&he First Nations peoplef the

Jackfish Lake aressgned with Treaty Six in 1876, but were able to contitraditional activities,

particularly fishing, which helped them weather the loss of the buffalgBison bisen) that

devastated many southerimdigenouspeoples(Hills of Hope Historical Committee, 1976).

European settlement of the Jackfish Lake region began in the edtige2@ury and intensified
with the arrival of the railway in 1909. A number of honessts were establishedround the
lake in those years and it soon became a popular site for music festivals and community picnics.

1
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A trail networkfor carts was also created. iftcluded the Old Mill Trail t&dmonton whichran
south of Jackfish Lake (Hibf HopeHistorical Commite, 1976).

Fishing has been a prominent part of the history of Jabkfake and is the likely roof its

name.a WF O1 FAa4Ké Aa (GKS O02YY2y yIYS TF2N GishS 1 1S5Qa
weighing over20 Ibs were reportedly caughtduring early settlement and the species remained

dominant, representingover seventy percent of the sport fish population during a 1986 survey

(Stony Plairand DistrictHistorical Committee, 198Mitchell et al, 1990. Thef | {n&nfedas

beenofficial since at least 1958arrison, 1994)

1.4 Public Perception and Concerns

Concerns over the condition dackfish Lakbave been voiced for a number of decadeghe

Jackfish Lake Management Association (JLW&s)formedin the fall of 195. ¢ KS I NP dzLJQa FA N
major action was to request afArea Sructure Plan to regulate development around Jackfish

Lake. This work wasompleted by Parkland CountyNovember 1997, amende@002) and

identified the followingkey ganning issues

1 Increasingconcerns regarding environmental degationof the lake, particularly water
quality

1 Increasing fears related to boating safety and conflict between different lake user
groups

1 Growing concern regarding the loss of natural wildlife habitats and fish spgvameas

as recreational use and development increases

Perceived decline of recreational experience

Perceiveddiminished capacity of thedketo support additional residential development

Ensuring public access to the lake is maintained

Ensuring additionadevelopment is done in a manndmat will not further aggravate

water quality and boating capacity concerns

= =4 =4 =N

Many of these issueare still ofconcernto JLMA members todagdLMA, 2015 The group
continues to work as a volunteer nguofit associationaimingdto provide for the management
and conservation of Jackfish Lake for present and future generatioraffégng lake users
educational and recreational opportunities that support stewardship of thke and its
ddzZNNR dzy RAy3a | a BLMA 2015dzNRe$pondible dakediddd Slévelopment,
reducing boating pressuresducatingand increasing communication amongdake uses have
been thefocus for the past number of yearsA blue green algae advisory posted August 11,
2015 and growing concermover local and regional water level declines have creatednewed
sense of urgency within the organization.

Residents of &kland County havelso provided their opinions related to lake watershed
managementover the years Some findings were reportedn the 2006 Discussion Papfr
Issues and Policy Implications in Parklg@dunty (Lovatt PlanningConsultantsLtd. 2006.
Highlightsincluded the following
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1 The public strongly supportprotecting the environment environmentally sensitive
areas and wdlife corridors.

f The public consideds I NRK Odzf G dzZNB | & |y A YL} NI and fgel LI NI
that both the agricultural land base and the agricultural lifestyle should be preserved.

1 The public strongly supporistegration of the natural ervironment in designing new
subdivisions, and desires opportunities for walkingil$r and green space between
subdivisions. Some resistance to new subdivision is evident.

1 Public support fortrails is strong although a concern exists that use of trails be
controlled and enforced so that adjacent landowners and livestock are not negatively
impacted. Some support is evident for a trail network and for separate trails for non
Y202NAT SR FyR Y2@i2NRT SR dzaSaod ! ¢+Qa | NB
popular with many. Considerable interest is evident for more park space as well as open
space in the form of natural areas.

1 The public supports the continuectlustering of industrial and commercial
developmentsin designated areas. Buffering and proper scragrof industrial areas is
considered desirable. Resource extraction activities in particular should be separated
from other norcompatible uses.

Many of these concerns and interests persist today and were evident in a more recent public
engagement worksh L) Sy (TERIGUSS RA ya G KS ¢ ABakiSNICoirky, 20)# m n
Additional commentselated to lake managenm included:

Interest inmovingthe countylake management plarfiorward

Desire for geater public collaborationon lake management &nvirormental concerns
Request for mor@roactivemeasurego helpestablishfisheriesin lakes

Concern over developmeirih Environmentally Sensitive Areasnd sewageconnection
to lakes and rivers

=A =4 =4 =9

In ummary: environmental, social and economic consideratiores al very important for
residents of Jackfish Lake and its surrounding ardéhough the emphasis of this report is
environmental, NSWA recognizes teemplexinteractions of all three aspectm lake and
watershed managemerdiscussions

27T
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2.0 Guiding Policies

There is a widgange of policies pertinent to lake and watershed management in Alberta.
Federal and provincial legislatioprovide overarching laws for both public rights and
environmental protection(Tables 1 and 2 Regional planninguidelnes outline goals and
priorities for areas such as tHeapital Region of Edmonton and the North Saskatchewan River
basin (see Section 2.2. Local planningfforts have to work within the broader scope of
legislation and guidelinesf senior governmentso provide more specific bylaws and plans at
the municipal leve(seeSection 2.3. With no single entity governingl policies applicable to
lake watershed management, collaboration is a necessljty.

2.1 Provincial and Federal Legislation

Tablel. Federal legislation applicable to water and watershed management in Albedep(ed
from Haag et al., 2010).

Federal &gislation/policy Description

Currently used to enable joint flood cootrand agricultural watel
projects.
Last amended 2014

Canada Water ActR.S.C.
1985,c.G11

t N2PGSO0Ga GKS Lzt A0Qa NRIKIUG
prohibiting the building, placing or maintaining of any work
whatsoeve in, on, over, under, through or across any such
navigable water, without the authorization of the Minister of
Fisheries and Ocean Canada.

Last amended 2014

Federal Navigable Waters
Protection Act FOC
R.S.C.1986. N22

Regulates and enforces onrhaful alteration, disruption and
destruction of fish habitat in Section 35.
Lastamended2013:focuson protecting the productivity of
recreational, commercial and Aboriginal fisheries.

Fisheries Act Fisheries and
Oceans Canada (FOC) R.S.C
1985 cF14

Regulates activitiethat could harm migratory birds or their
Migratory Birds Convention  nests, and prohibits deposits of certain materials that might be
Act1994, 1994, c.22 harmful in water frequented by migratory birds.

Last amended 2010

Prohibits the destruction of critical habitédr species at risk.
Species at Risk Ac.C. 2002, Provides stewardship opportunities of critical habitat. Prohibit
c.29 killing, harming or harassing endangered species as defined.
Last amended 2015
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Table2. Provincial legislation applicable to water and watezd management in Alberta
(adapted from Haag et al., 2010).

Provincial egislation/policy

Description

Alberta Land Stewardship Act
S.A 2009,

Alberta Water Act,R.S.A.
2000, c.W3

Agricultural Operations
Practices AC(AOPAX
Natural Resources
Conservation Board (NRCB)

Environmental Protection and
Enhancement Act (EPEA)
R.S.A. 2000, c:R2

Historical Resources Act
Culture and Community Spirit

Land Titles ActR.S.A. 2000,
c.l-4

This legislation supports implementation of the Larsk
Framework. It creates the seven lande regions, gtablishes the
Landuse Secretariat and gives authority for regional plans,
creation of Regional Advisory Councils and addresses the
cumulative effects of human and other activity.

Last amended 201 tlarifies the original intent of the legislatian
to respect the property rights of individuals.

Governs the diversion, allocation and use of water. Regulates
enforces actions that affect water and water use management
the aquatic environment, fish habitat protectigpractices, in
stream construction practices, storm water management.
Last amended 2013

Regulates and enforces confined feedlot operations and
environment standrds for livestock operations.
Last amended 2014

Management of contaminated sites, storage tanks, landfill
management practices, hazardous waste management practic
wastewater mangement, and enforcement.

Last amended 2015

Concerns any work of humans that is primarily of value for its
prehistoric, historic, cultural or scientific significance, and is or
was buried or partidy buried in land or submerged beneath the
surface of any watercourse or permanent body of water.

Last amended 2013

t NEPOARSAa F2NJ 62dzyRI NBE OKI y3¢
changes through erosion or accretion whee title to lands is a
Gyl GdzNF £ 062dzy Rl NB£ @ t dzof A O
seeLaw of Property AcR.S.A. 2000, c:L.

Last amended 2015
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Provincial egislation/policy

Description

Municipal Government Act
R.S.A. 2000, c.N6

Public Lands AcR.S.A. 2000,
c.P40

Safety Codes AeMunicipal
Affairs

Wetlands Policy, 2013

Weed Control ActR.S.A.
2000, c.W5

Wildlife Act,R.S.A. 2000 c.W
10

Provincial Parks Act &
Wilderness Areas, Ecmjical
Reserve and Natural Areas
Act¢ ASRD and Community
Development

Regional Health Authorities
Act ¢ Alberta Health

Provides municipalities with authority to regulate watar o
municipal lands, management of private land to control hon
point sources, and authority to ensure that land use practices
compatible with the protection of aquatic environment.

Last amended 2015: enhance municipal accountability, opera
efficiercy, viability, municipal and intanunicipal planning

Regulates and enforces activities that affect Cramwmed beds
and shores of water bodies and some Creawned uplands that
may affect nearby water bodies.

Lastamended 2015

Regulates and enforces septic system management practices
including installation of septic field and other subsurface dispc
systems.

Last amended 2015

This policyis intendedto protect wetlands and mitigate losses

Municipalities are delegated authority to pass local bylaws to
control restricted, noxious and nuisance weeds on municipal
lands and on certain public lands such as highwaydmws.

Last amended 2010

Regulates and enforces protection of wetladependent and
wetland-associated wildlife, and endangered species (includin
plants).

Last amended 2015

Both Acts can be used to minimize the harmful effects of land
activities on water quality and aquatic resources in and adjace
to parks and other protected areas.

Last amended 2®land 2006

RHA have the mandate to promote and protect the health of tt
population in the region and may respond to concerns that me
adversely affect surface and groundwater.

Last amended 2015
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2.2 Regional Planning Guidelines

North Saskatchewan Watershed Alliance Integrated Watershed Management Plan

In 2005, the North Saskatchewan Watershed Alliance (NSWA) was appdigtethe
Government of Albert#o serveas the Watershed Planning and Advisory CouwRAC) for the
North Saskatchewan River bagligurel). As one of the partnerships und&vater for Life:

f 0 SNI I Qa { NI ((8083), thd BIWA vakditeh A yidndate byAthe §overnment
to prepare an tegrated Watershed Management Plan (IWM&) the basin The IWMPwvas
completed in 2012 It provides watershed management advice to addressnerousissues
raised by stakeholders and to achieve the three goals oWXtager for LifeStrategy: safe, secure
drinking water; healthy aquatic ecosystems; and reliable, quality water supplies for a sustainable
economy

The IWMP contains 5 overarchinGoals, along withdetailed watershed management
recommendations and identified responsibilitie$heGoals of he plan are as follows:

Water qualityin the North Saskatchewan River watershgdnaintained or improved
Instreamflow needs of the NSR watershed are met

Aquaticecosystem healtlin the NSRvatershedis maintained or improved
Thequality and quantityof non-salinegroundwaterare maintained and protected for
human consumption and other uses

1 Watershed management is incorporated iftmd-use planningprocesses at all scales
in accordance with the recommendations in the report

=A =4 =4 =4

The NSWA is implementing th&/MP throughmultiple initiatives, including aew network of
inter-municipal watershed partnershipeollaborative projects with local watershed stewardship
groups and regional industries, all wighpport from Alberta Environment and Parks.

Capital Rgion Growth Plan

In 2008 the Govenment of Alberta created the Capital Region Board and called upon the Board
to create aCapital Regiomntegrated GrowthManagementPlan TheBoard is composed of 24
municipalities in the greater Edmonton areand incldes Parkland CountyFigure2). The
resulting 2009lan deals with four main priorities: regional lane planning, intemunicipal
transit, information services and affordable housifglberta Municipal Affairs016a) It
includes twentytwo detailed policies that fall undehe followingsixprinciples

Protect the environment andesources
Minimize regional footprint

Strengthen communities

Increase transportation choice

Ensure efficient provision of service
Support regional economic development

= =4 -8 -4 -8 -9
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Public feedback during plan development showed that residents in the Capital Region felt that
strong consideration for the environment was necessary and that it should be incorporated into
regional planning and pullipolicy to support growth and to address water management and air
guality (Capitl Region Board, 2010)

The Land Use Frameworflor the Province was used as the guiding document for the Capital
Region Growth PlanThe 30year growth management strateghdt evolved from this plan was
termed Growing Forward The Capital Region Board is currently working through ayfes
review and updateto be implemented in 2016. The newly integrated growth plan will set a
sustainable course fahe NB 3 A 2 y QCapitdl BzgideNRBard, 2015).

North Saskatchewan Regional Plan

TheNorth Saskatchewan Regional PINSRP) is intended to integrate numerous policies and
strategies surrounding natural resource development, the economy and the environment. It
will be one of a number of regional plans in the province that provide regional direction and
clarification for policy and decision making at all levels of government. The designated area for
the NSRP follows county boundaries that cover the majority of the NBaskatchewan River
Watershed and just over half of the Battle River Watershegure3).

In May 2014, a Terms of Reference was approved and the provincial government released a
regional profile of the NSR. Pigband stakeholders provided input on regional issues over the
next few months. In July 2014 a Regional Advisory Council was appoinBabibgt to provide

advice for the regional planA report wasprepared by the RAC and submitted to the provincial
government. After release and feedbacknahis advisory report, the plawill move into the
second phase whemethe government wilcomplete theregional plan.
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Figurel. The eleven Watershed Planning and Advisory Councils (WPACS) in Alberta
(AESR201)
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Redwater

Gibbons
Morinville Accord Bruderheim

Sturgeon County Lamont

/  Fort
Saskatchewan Lamont County

St. Albert
Ll Spruce Grove

Wabarmun
Edmonton:  Sherwood Park
Stony Plain
Paridand County Savon Strathcona County
Beaumont
Calmar
Thorsby Leduc
Leduc County

Figure2. Municipalities on the Capital Region Bo&hidberta Municipal A&irs, 2016a)
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2.3 Local Planning Documents

This section summarizes thdocuments currentlyused to guide municipal planning in the
Jackfish Lake watershed. They amet of a network of planning documents recommended
under the Municipal Government AGMGA (Figure4). Municipal Development PlarfMDPs)
are required for large municipdities while Intermunicipal Development PlangIDPs) are
voluntary documents created by neighbouring municipalitiedrea Structure PlansArea
Redevelopment and Special Studies adopted as bylaswnder theMDP. Area Structure Plans
usually surround dake and provide a framework for future subdivisions, development and
other land use practiced the area Land Use Bylawdivide the municipality into land use
districts and determines parameters feoning,redistricting, subdividing and permit$zormore
details,pleaseconsultthe original plangreferenced inSection 6.0.

Municipal
[ | Government Act

|

‘- Intermunicipal
\ Development Plans

!

Policy Planning
Documents

Municipal
Development Plans

i

Area

Area Structure \ [ . . \
Plan \ Redevelopment | Special Studies
Plan /

Land Use Bylaw |

¢

Development
Measures

\

| . Devel \
——  Redistricting | Subdivisions e‘:e:’n’:i':‘:m |

Figure4. Municipal policy and development flow chdMSWA, 2015)

Ui
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1981¢ JackfishMayatan AreaStructure Plan

An Area Structure Plan (ASP) was prepared for Jackfish and Mayatan lakes in 1981 by Parkland
County. The goal of the plan was to identify suitable land uses for the area, while protecting the

natural aesthetics and recreational potential (Parkland @pui©81). The plan stated that the

area was well suited formedium to high densitycountry residential and recreational

development, with limited commercial uses being allowadd development designs in
GKEFENXY2ye gAGK GKS yI i ddnd 1981). \DBv&IGpMedSof residénttatzy 1 & 2 F
or active recreational areas was to be prohibited environmentally sensitive area@o

explanation of how these were definedJ.he plan also identifies an intebnnecting nevork of

open space areas that were be intended to protect drainage courses, catchment basins and

other environmentally sensitive areas from development activities and to provide for a
continuous natural open space systeffigure 5). It suggeststhat the carrying capacity

(population limit)2 ¥ G KS I YR oo fhe RRSsioSiNdymaios supplied by Alberta
OYPBANRYYSYI NBfl GAy3 02 R2YS&adGAO ¢ GSNJ adzJi A
consideration for topographyaccess, availabilitynal adequacy of municipal sepés (Parkland

County, 1981).

1997- Jackfish Lake Area Structure Plan

In 1996, the newly formed Jackfish Lake Management Association requesigutiated Area
Structure Plan (ASP) from the County of Parkland. The ires@R97 document examined an
FNBF GKIFIG AyOf dzRSR FLIWINREAYIF (St & (y2ekaessfllly 6 KS € |
manage the environmental and recreational resources of Jackfish Lake in a responsible and
adza Gl AYlFof S YI yy 2008). The rhajedty of tieRand wBedpglidydsaction was
updated and approved i2002. Highlights of the Plan include a list of goals to preserve the
natural and recreational state of Jackfish Lake as well as consideration of land, water and social
factorsthat could be limitingor development. Some of these restrictions included high water
tables and flooding, topography, water quality and perceived declines in the recreational
experience for both owners and visitor§he plan identified environmentall\essitive area®f

the lakeby combining public surveys, reviewing published data sources and incorporating field
surveys by Alberta Environmental Protectidfish and Wildlif@ersonnel Figure6).

An external bating carryng capacity study referenced in the plan suggests the lake was either
at capacityor exceeding capacity byp to seventeen percent depending on the parameters
used. It was recommended that boating access be controlled additional developmenon

land continue only if recreational pressures on the lake did not incteBsating policies were
outlined and mappedHRigure7). Jackfish Lake was not considered to dieor over carrying
capadty from a lard use perspective.
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Figure5. JackfisiMayatan Are&Structure Plan Map (Parkland County, 1981)
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2004- Environmental Conservation Plan

The Environmental Conservation Plan created by WedtwAssociates Environmental Ltd. and

IPS Consulting Ltd. in 2004 identifi&hvironmentally Sensitive Areas (ESAs) throughout

Parkland County. Jackfish Lake was considered pairtto WI O1 FA &8 K Are&Rain W2 Ky y @ Q¢
ESA of local significance thas@lincluded Mayatan Lake and Mink L@kigyure8). The Jackfish

andJohnn@a [ |1 S ! NJnbderaté sensifivity@rRiggbekcause of important habitat,

biological diversity, hydrologic significancecreaton potentialand geomorphology The plan

suggested that efforts to preserve remaining shoreline habitat and control agricultural runoff

would help maintain ecological functions and recreational values (WestwAgbociates

Environmental Ltd.2004).

2011 - Parkland County Integrated Community Sustainabil®yan(ICSP)

The 2011 ICS@iscussedour sustainability pillarso guide future planing in Parkland County
environment, economic development, governance and social and culturaliiféentifieswater
and natural areasas priority areasunder the environmental pillar Goals and strategies
emphasizereducing water consumption, water contamination development footprint, and
vehicle/horse/pedestrian damage to environmentally sensitive areasDestruction of
waterways, wetlands and riparian areare also included

2014- Parkland County Environmental Conservation Master PIBhase F ESA

The 2014 ECMP provides a thorough inventory and analysis of the most environmentally
significant areas As) in thd?arkland Countyo update the 2004 Environmental Conservation
Plan Recommendationdor policy updates, related procedures and management tools
accompany each ESA. Tinewer 2014 masteplan identifies theJackfish Lake as part of the
JackfisiLake/Stal.ake Complex, an ESA of regional significéFigerre9).

The Jackfish Lakéfar Lake complex includes the lakes antDO m precautionary buffefan

area that does not preclude development, but rathecludes many already developed lots

well as connecting habitat areas of several small lakes and wetlands. The complex is attributed
regional significance for its role as a production and staging area for waterfowl and shorebirds.
Environmental sigficance is considered high due to high groundwater sensitivity, high surface
water quality and theunique shape of the lake that makes it susceptiblewater quality
degradation in Jackfish Lak®2 Planning and Design Inc., 2014).

2015¢ Parkland Couty Municipal Development Plan
The County releasea consolidated MDP in July 2Q3hich includedall recentamendments to

the 2007 MDP. The Environmental Management section of the MDP lists the following goals
and objectives (Parkland County, 20}:5a
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Goals

1 The Countpgupports communitieghat are designedo minimize air, water, and soil
pollution, reduce resource consumption and waste, and protect natural systems that
support life.

1 The Countywupports protecting environmentally significant aredasidentified by the
Environmental Conservation Plan, 2004) and, in particular, it supports maintaining the
environmental integrity of rivers, streams and lakes.

Objectives

1 Protectenvironmentally significant areasas identified by the Environmental
Consevation Plan, from inappropriate development that would threatbe existence
of these areas

Reduce thémpact of developmenton the natural environment to the extent possible.
ApplyEnvironmental Reservand other provisions to protedESAs.

Protect waer quality and quantity througleffective subdivision design.

Require &Biophysical Assessmeits part of the development process.
Promotepublic awarenessegarding the impact of development on the environment.

=A =4 =4 =4 =9

The Policy section indicates that landleemed to be environmentallgignificant will be
protected using a variety of legislative and voluntary techniqueBhese @chniques could
include Environmental Reserve dedication or the use of Conservation Easements and/or Land
Trusts with a particula emphasis on the protection of lakes, streams and rivers witha t
County (Parkland County, 20)5&etbacks from the high water maok lakes or stream banks

are to be appliedwith the appropriate distance determined by a qualifiedgineerfsurveyor
(Pakland County, 2015a

2015- Parkland County Land Udgylaw (LUB)

The LUB for Parkland County was created in 2009 and amendments wermdidatesl for
convenience in 2015 The document regulates type, location and intensity of land uses and
buildings in the county. It also outlines the process for rezoning and development permit
application. For details on land udistricts aroundJackfish Lake, s&ection 36 of this report.

2016- Parkland County Lakdsand Us Plars

An initiativeto improve themanagement of lakes in Parkland County was initiated in the fall of
2013 when a partnership developed between tloeal municipalities, theCounty, NSWA and
others. Five lakes were chosan priorities for the develapent ofland use plans: Wabamun,
Isle, Hubbles, Mayatan and Jackfish. Wabamun is being used as thergiat because it has
the largest area and greatest variety of land uses that will need to be addressety ke in

the County. The plan will takseveral years to implement. Planning is currently underway for
Wabamun LakéParkland County, 2016)
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2.4 Historical Planning

Lake managementissues in Alberta were the subject of many studies during the 1970s.
Development, access issues and environmental conditions were of great public corfaeon.

studies that examined development at Jackfish Lake were published in August 19#gy tDair

year, the Alberta Conservation and Utilization Committee (CWk&@sk Force on Shoreladds

examined lakescross the province and preparedeport titled dLake Shorelands: Subdivision

Development PressuresA consulting firm(Bird and Hale Ltd. dbsulting Engineers and

Biologisty alsoLINB LJF NER | NB L2 NI T2 NJ DdvalofrehitCapabilitg A N2 Y Y Sy
Study for Jackfish and Mayatan Lakes

The CUC report examindite LINE & 8 dzZNB 2y GaK2NBf I yR NB a2 dzZNDOSa ¢

Natural environmental conservation
Infrastructure services required for development
Compatibility of recreation with other uses

Use of the water surface of lakes

Balance between public and private ownership

=A =4 =8 =8 =4

Jackfish Lakevas identifiedas one of fortyfive lakes of immediate conceut of 630 lakes that
were assessedAt the time of the report approximatelyl.8 of 8.1 miles of the Jackfish Lake
shorelinehad beensubdivided with 112 approved lots.Of these approved lots37had not yet
been developed.The lake was thought to have highbdivision pressurat the time, butlow
future subdivision pressures were predicted

It was recommended that no further development ocaircertain key lakesintil strategies

were prepared todeal with these issue@lberta CUC, 1976This resultedn the proclamation

of Regulated Lake ShorelaBavelopment Operation Regulat®fi977)under theLand Surface
Conservation and Reclamation ActThis regulation effectively froze development at 16

provincial lakes until the local municipalities develdgef I 1S Y I yIF 3SYSyd L} | yaé
YIEyFE3aSYSyid I yR .d#ieSakes 8uifjdcl/td this rédulatignaircluded Baptiste,

Gull, Garner, Island, Isle, Lac la Biche, Lac la Nonne, Lac Ste Anne, Moose, Muriel, Nakamun,
Sandy, Skeleton, Sturgeon andZéfid. The Regulation were repealed in 1986, after all lake
management plans had been completed.

TheBird and Haldevelopment Capability Study for Jackfish and Mayatan he&es detadd

study prepared forthe Land Conseation and Reclamation Divisioof Alberta Environment

(Bird and Hale, 1976) It alsorecommended no further development on JackfighMeayatan

Lake at the timebased onpreliminary evaluationof the local soils, bedrock, topography,
vegetation,groundwater that were used to compike shoreline rating system for development
potential. The study noted improper location of development in low lying areas that were
subject to flooding and posed risks to the water quality of Jackfish Lake. It suggested that future
cottage and associatesewage development occur beyond the first height of land away from
the lake and tht further resort residential development adjacent to the shoreline should only
be considered if theemedialmeasuresvere in place to protecivater quality.
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3.0 Watershed Characteristics

3.1 General Description

Jackfish Lakis located60 km west of Edmontoand approximately 10 km south of Highway 16
on Secondary Road 770Thewatershedis covered with hummocky landscapesith steep
shorelines around the lake aritte nearby sloughs(Mitchell et al, 1990) The Jackfishdke
watershed is lodzd in a slightly largeénon-cortributing are& of the Modeste Sulwatershed

of the North Saskatchewan River Bagtig(rel0, Figurell). This means that, on averaghe
surface water in the Jackfish Lake region ordyschargesto the North Saskatchewan River
duringabove averagéow years

The functional and specifichydrologicboundary of the Jadish Lake watershed idifficult to

define because of lose hummockylandscaps surrounding the lakeThedgross drainage aréa

is defined by the height of land, but the watershed containsumber of n-contributingareas

at the smaller scalavhich may only connectto the lakeduring above average flow yearsThe
RStAYSIGAZ2Y 2F (GKS aSTFSOUADBS RNIAYF3AS I NBFE A&
(see further discussion isection 4.2. The delineation ofthe watershed boundary and

contributing \ersus non-contributing areas for Jackfish La&isovary slightlydepending on the

perspective ananethodsof the delineator(Figurel2). The delineatioprovided by Sali§liuzzi

and Associate€016 is used in further analyses throughahis report(Appendix 2

The Jackfish Lake watershed is one of the most heavily developed in the Carvel Pittedd2elta
located west of Edmontan This landform is uniqgue geomorphtogical feature consisig of
extensive hummocky terrain interspersed wittumerous small kettle lakes and wetlands
(Section 3.3 WI O1 T A aektendivily {d&/€lgpedshoreline hostsalmost 12 buiings per
kilometer whenaveraged across thentire lake Section 3.7 and numerous country residential
units and agricultural lands are located within the small waterst&zti{on 3.¢. The addition
of daily/sea®nal lake users visiting from Edmonton and other centers pléagber human
pressuresn the lake and its watershed.
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FigurelO. Location of the Jackfish Lake watershed in the Modestevatdrshed,
one of twelve subwatershis in the North Saskatchewan RiBasin(NSWA, 2015)
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Figurell. Location of Jackfish Lake and its watershed withéngreater noncontributing region of the North Saskatchewan Watershed
(NSWA, 2016)
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Tributary Subwatersheds and Local Contributing Areas of Jackfish Lake
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Figurel2. Jackfish Lake watershed delineatipesurces listedrom left to right:
Mitchell et al(1990); Sal Figliuz& Associate$2016); Alberta Environment and Park2015).
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Figurel3. NaturalSubregion®f Alberta; thered box indicates approximate location of Jackfish
Lake, in the Dry MixedwodBubregionadapted fromSchneider, 2013
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3.2 Climate

JackfishLakeis located inthe Dry Mixedwoodlubregion Eigurel3). Thisregion generally has
warm summers and mild winters witapproximately 460 mm mean annual precipitation
(Natural Regions Committee, 2006)lhe maprity of precipitation occurdetween April and
August Figureld). Peak precipitation is often a result of convective storms in the heat of June
andJuly (NRC2006). Precipitation at Jackfish Lake is estinthte be slightly higher with a long
term average of 524.7 mm from 19&@D11 andmore recent average of 492.1 mm from 1993
2011 Gal Figliuzand Associates2016).

The summer of 2015 wamuch dryer than normalRigurel5). This cause®arklandCountyand

a number ofother, surrounding countieso declare éagricultural states of emergency Fall
rains and early winter snow$rought annual precipitation t@392.4 mm but temperatures
remained above seasonal with October 204eing the warmest on record globally
(Environment Canada, 2049N0OAA, 153). Althoughsnowpacklevelsin recent yeardiave not
been abnormally lowthe high temperatures can increase sublimation rates and prevent snow
from turning into spring runof{Figure 1§. Winter precipitation during201516 was extremely
low (Alberan Agriculture2016).

A longterm climate cyclingpattern, with wet and dry periodshas beendescribed for the
central Alberta region This has been documented for the North Saskatchewan Bagimusing
data reconstructed from tree rings that #nd back many centuries(Sauchyn et al.2015
Sauchyn et al., 20)1 The cyclestypically extendover a decade or moreEvidence for these
cyclic patterns can bseen in the historical precipitatioand temperaturelevels forthe nearby
Stony Plain weathestation, which recordedwetter and cooler conditions in the lat®0s, $0s
and early'80s and thera transition intodrier and warmer conditions by the lat@0sand into
the 22 century (Figurel?).
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Figureld. Canadian Climate Normdtk981-2010 for Edmonton Stony Plain station.
(data fromEnvironment Canada, 2046
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Figurel5. Actualprecipitation and temperature datfor 2015compared tonormals at Stony
Plain (data from AlbertaAgriculture, 2015)
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Figurel6. Snowpack at Stonglain Station from 1966 to 201&th snow on ground shown as
measured on the last day of each moifttata fromEnvironmenitCanada, 2014
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Figurel7. Annual precipitation and temperature data for Edmonton Stony Plain station,
relative to the average from 1968015(data fromEnvironment Canada, 2015a)
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These cycles arehought to be intricately linked to two climate driverdie El Nfio Southern
Oscillation (ENS@ndthe Pacific Decadal Oscillation (PEyurel8, Figurel9). ENSO refs

to Pacific Ocean temperatures off the coast of South America along the equator and cycles on
timescales of 2 7 years NOAA,2015). The PDO involves temperature shifts in the northern
Pacific and a much longer cycle of-20 years $CONC, 2015 Both lave two phases with
similar influences that can amplify climatic responses when they are ali{@@ANC, 2015 In
general, both El Nino and warm phase (positive PDOwill bring warm dry conditions to
western Canada while Bifiz Qa a A a ( S NJandrdoldpghase(redativéPDQ il result

in cool wet conditions for the regioMfompson, 2013<ump et al., 2010

However, this is not always the case. For example, in the early 2000s, the Jackfish Lake area
experienced warmer and drier climatean namal even though the PDO was mostly in the
negative(cold) phase(Figurel?, Figure20). Yet during the summer of 2015, strongEl Nifio

and a positive(warm) phase PDOaligred to produce drought likeconditionsin the region

(NOAA, 2015a; NOAA, 20)5b

There are numerous factors that make specific outcomes of these two phenomena difficult to
understand andpredict Each cycle of a phaseften producesslightly dfferent results With

the current combination of the positive PDO and strengthening El Niremyforecasterscalled

for a mild winterin 2016 with minimal snowfall NOAA, 2015aNOAA 201%). Yet,others
argueda strong high pressure ridge along theswveoastwould create an interaction that would
bring more snow than anticipated in an El Nifio year during the latter winter months
(Thompson, 2015Gillham, 201k

Currently, a transition to ENS@@utral is predictedsometime during the late spring ararly
summer of 2016, with a near 50% chance of La Nina conditions developing in fall (NOAA, 2016).
In addition, some suggesh negative (cold) phase PDOwill return soon which would
theoretically bring wet conditiom back tothe region (Tollefson,2014) Regardless of the
uncertainty in the timing and result of global climate cycles, they remain strong influemces
local weather patternsand consequently on the hydrology of local lakes.
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Figurel8. Phases of the Wifio Southern Oscillation (Fiondella, 2014)
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Figurel9. Phases of the Pacific Decadal Oscillation (Tollefson, 2014)
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Figure20. Positive (warmred) and negative (coldblue) phases of the Pacific Decadal Oscillation (PDO) over the past 150 year2801854
(NOAA, 2015)
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3.3 Geography

Jackfish Lake is located west of Edmonton on the CRitteld Delta Figure 22 and Figure 23

This uniquegeomorghological feature consists of extensive hummocky terrain interspersdd wit

small lakes and wetlands. It is the result of uneven melting and settling after deposition of

deltaic sediments on glacial ice. The Carvel Pitted Delta is of regional signifinaceetral

Alberta because is it such an excellent example of this rare landscape (Parkland County, 2004).

LG A& Ffta2 RSAONAROSR I ¥ anduhdyl&idy landgcBpe inSvbiichtaS ¢ G 2 L2
disordered assemblage of knolls, mounds, or ridges ofailddit is interspersed with irregular
RSLINS&daAz2yas LWAGaAaTZ 2N 1SaGdtSa GKIG FNB O2yvyzyf e
(Bates and Jackson, 1984; Lindsay et al., 1968)

The topography of the Carvel Pitted Delba key contributor to the hydrtmgic function of the
region. Surface water is able to panldepression@mongst the hummocks and infiltrates the
sandy tills to recharge underlying groundwater aquifefdany of these depressions become
filled semipermanently, creating what is commiyrreferred to as a potholg2 NJ & {lakei (G f S ¢

This portion of the Dry Mixedwood sub region alternates between undulating plains and
hummocky uplands.The presence of one landform versus the otheofien dictated bythe
underlyingbedrock formationsricluding the Upper Cretaceous shale, sandstone and siltstone
formations. The region is dominated by a moderately fine textured, moderately calcareous
glacial till with significant organic deposits and gldtiwial sands with few glacilacustrine
materials Figure 2). Soils are typically medium to fine textured gray and dark gray luvisols
with the occasionamesdsolor gleysol underlying various wetlands (NRC, 2006).

Figure21. Examples of glacial till (Natural Regi@mmmittee, 2006)
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\

Carvel Pitted Delta

An area of hilly terrain indented by small kettle
lakes and wetlands, the only geomorphological
feature of its kind in central Alberta.

Yellowhead Highway 16

This land form creates valuable wildlife habitat. The fine,
silty soil and steep slopes makes it difficult to use for large
agricultural production. It is, however, popular with people
wanting a rural get-away, because of the pastoral,
undulating landscapes, wildlife watching opportunities

and convenient fishing spots.

Wmmmwmm o1 Conservation Master Plan 2014

Figure22. Map of Carvel Pitted Deltdaewing the location of numerous smékttle lakes (adapted fron®2 Design and Consulting014)
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Figure23. Environmentally significant geal@ features and landforms in Parkland Coulte$tworth Associates Environmental Ltd., 204
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3.4 Groundwater

Jackfish Lake sits above tpee-glacial Beverly Channel and thtorseshoe CanyoBedrock
Formations. Two important groundwater aquifers are foundree The Beverly Valley aquifer is
part of the preglacial Beverly Channahd composed of sands and gravels, while the Wapiti
Formation is found ithe Upper Horseshoe Canyon Formatitive uppermost bedrock layer.

racharge transition  discharge

Figure24. Groundwater recharge, discharge and transition areas in Parkland County
The approximate location of Jackfish Lake is indicated by the red square
(Hydrayedogic Consultants Ltd., 1999).

Distance of potentiometric surface abowve (-} or below (#) land surface [m)

Discharge Areas Recharge Areas
Hl -50to-100 [] ototo
Bl - [ 1wzs
I 4wz [ EE]

[ ¢ A Government
[ 2¢to-10 B 500 'ERCB ‘ AGS A~ of Alberta m
[] @wo Il i0ito=is0 Pame Dints Pt iy Sl Dnda Mmoo L84

Figure25. Recharge and dischge potentials in the Edmontoarea. The approximate
location of Jackfish Lake is indicated by the red square (Barker et al., 2011)
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The lake is located in a groundwater recharge z(iigure24, Figure25). This means more
water flows from the surface into the groundwater system than the reverse; however, exact
volumes of the groundwater inflows and outflows are not known. The groundwater
contamination risk for Jackfish leaknd its surrounding area was considered moderate to high
by Hydrogeologic Consultants Limited in 198@yre 26). The groundwater in this region is also
of exceptionally high qualityQ2 Planning and Design In2014).

; |
3 { |
¢ |
\\'A‘\g’/
J
Risk ,
CJrow Moderate | togh N Vecy High

Hgure 26. Groundwater contamination risk in Parkland Couftige approximate location of
Jackfish Lake is indicated by the red square (Hyeftogic Consultants Ltd., 1999).

Well Density (wellsikm')

QERCB | AGS/— Gliienan

P Dinks Pov by Sl Dinks Mamatiocem L4

B 2
.
-,

Figure27. Water welldensities in the Edmonton are@he approximate location
of Jackfish Lake is indicated by the blue sqBegkeret al., 201)
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Groundwater wells are now commonplace around Jackfish Lake and throughout Parkland

County Figure270 ® | HAMH adz2NBSe o6& tFN]JflyR /2dzyieQa
revealed 76% of respondents used wells as their potable water source (Parkland County, 2012).

A recent estimationusing the Alberta Environment and Parks groundwater Ilwdatabase

suggests there are over 150 wells in the area immediately surrounding Jackfish Lake and even

more in the watershed (Alberta Environmeamd Parks201%).

Between 1990 and 2010 groundwater levels felDigto 2.5 min all countytest wells(Parkland
County, 2012) This includes nearby Hubbles Lake wells, which connect t8¢kerly Channel
Aquifer found under portions of Jackfish Laka-{gure 3). Groundwater levelsn the Beverly
Channel Aquifelhave stabilizedin recent yearsand some surface groundwater wells have
shown varying levels of recove(fyigure 2& and 28I).

Water yields for aquifers in the Jackfish Lake region have been evaluated in at least two
comprehensive studiesGroundwater Availability Jackfidflayatan Lakes Aregrepared by

Alberta Environment in 1981 and the 19%8:gional Groundwater Assessment for Parkland

Countyfrom Hydrogeologic Consultants Limited. The first study focused on sandstone bedrock

aquifers located approximately 60 to 90 m below the surface. Itlcoied there were sufficient

ANRdzy RglF G SN adzlJL) ASa F2NJ at2¢g RSyaAaie O2dzyiNE |
YFE22N) LRNIA2Y 2F (GKS addzRe FNBFE gAGK | OOSLIiF of
Locations east and south of Jackfishe_dld not have acceptable bedrock aquifer sources due

to excessive levels of sodium, sulphate and bicarbonate. The Beverly Channel aquifer, with its

high calciuraimagnesium and iron levels, was suggested as a potential alternative.

The 1999Regional Grouwtwater Assessment for Parkland Couatdressed numerous aspects

of groundwater functions and connections throughout the region. Yields for both
surficial/upper and bedrock/lower aquifers were mapped. The location of two buried bedrock
valleys and a melater channel were also illustrate&igure 29. Although these maps show an
apparent abundance of groundwater under Jackfish Lake, groundwater levels have dropped
almost a meter in the sixteen years since the regional assessatentding to the well reard

at Hubbles Lake (Alberta Environmemd Parks2015b)

The depletion of local groundwater supplies may be due to a combination of climate
cycling/change (extended warm dry weathdgndscape changes affecting recharge and water
use effects in the Mdeste and Sturgeon subwatershed. Groundwater connectivity to surface
waters is still not well understood in the Jackfish Lake region; this is an extremely important area
that should benvestigatal in the near future.
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Figure28a. Groundwater levels from 1980 to 2015\Wagne Natural AreaEntwistle and
HubblesLake(data from Alberta Environment and Paréroundwater Observation Well

Network, 2015b).
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Figure28b. Groundwater levelérom 1980 to 201t Devon
(data from Alberta Envimmentand Parks$sroundwater Observation Well Network, Z8).
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Figure29. Apparent yield for (a) upper (b) lower and (c) all water wells completed
through sand and gravel aquifers in Parkland Coilihiy approximate loca&n of
Jackfish Lake is indicated by the red squares (HydtogicConsultants Ltd., 1999)
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3.5 Land Cover

The Dry Mixedwood subregiois characterized by spen (Populus tremuloidgsstands and
scattered white spruceRicea glauch interspersed withvarious wetlands There are also
cultivated areas on suitable soils througho&pproximately 15% of this subregion is covered by
wetlands NRC 2006).Wetlands are important features on the landscape, providing water and
carbon storage, groundwater rechargaildlife and waterfowl habitat, and removal of excess
nutrients and contaminants from surface wat@itsch and Gosselink, 2000).

Wetlands and wetland complexes have been greatly impacted by agricultural activities within
Alberta, with many wetlands in ehcentral region of Alberta drained for agricultural production
(Wray and Bayley, 2008Dn moist, rich sites, balsam popldopulus balsamifejaaspen and
white spruce occur as pure or mixed stands. Understories contakosieat dogwood Cornus
stolonfera), prickly rose Rosa acicular)s and a diverse array of herbaceous species in
deciduous and mixedwood stands, or a carpet feAther mosses(Hypnaceaespp) and
horsetails Equisetunspp.) in coniferous stand8IRC 2006).

The Jackfish Lake waterghis compsedof similar terrain. The upland forests surrounding the
wetlands of the Jackfish Lake/Star Lake ESA complex are mostly aspen and white @pruce (
Planning and Desig2014. Balsam poplar, willow and birch were also documeiineithe Atlas

of Alberta Lake$1990)

In 1981, approximately 60% of the watershed was cleared for agricultural use: both annual
cropping and livestock pasturingvith shoreline pasturing and wateringccurringalong the

north end of Jackfish Lak®litchell et al, 1990). During the same year, 42% of the shoreline
and islands were developed. There were 235 cottages and trailers at the lake with 20% housing
permanent residents(Mitchell et al, 1990) By 2009 development in theJackfish Lake
watershedconsisted 0378 properties with391 permanent residentsTable 3 Section 3.§. The
majority of the landcover changes over these three decades occurred around the southwestern
and nothern bays of the lake<igure 30).
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Figure30. Land cover in the Jackfish Lake watershed for the years 1982 (left) and 2010 (right)

(Mitchell et al, 1990 andABM| 2010)
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3.6 Land Use

Land usagenerallyrefers to how an area is zoned or intended to be us€te greatest land use

in Parkland Countis agricilture at approximately two thirdsfollowed by housingnd resource
extraction Figure31). Almost 45% of the agricultural land is cropland and nearly the same
amount is used for pasturd-jgure32). There aresignificant development pressures including
gravel pits, coal mines, country residential and lakeshore residential .aréhs isa growing
concern throughout the entire lakeegion in Parkland Countyas populationcontinues to
increasg(O2 Planning and Desigh014.

AGRICULTURE INDUSTRIAL
67% 1%
// PARKS
,M/ 2%
EXTRACTION
13”
HousING
17%

Figure31. Percenageof land use in the County of Parkland
(Parkland County, 20)2

CROPLAND SUMMERFALLOW
a5% 1%
OTHER

/ -
< ! CHRISTMAS

. ___Trees/WOODLANDS
JWETLANDS

7%
PASTURE

22% NATURAL PASTURE
22%

Figure32. Percentof crop type grown in ParklancbGnty during 2011
(Statistics Canadz011a)
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Figure33. Population growth inthe TrilCommuniy Regiorof Spruce Gree, Stony Plain
and ParklandCountybetween 1965 and 2015 (data from Alberta Municipal Affairs, )16

County numbers have grown slightly sindes 2005 (29,679)and 2009(30,089) municipal
censes. he 2011 federal census reports Parklarai@ty with a total population of 3G70 and

a medianage of 42.2 yearsSfatistics Canada, 201jlb These numbers do not include the
populations of Spruce Grove and Stony Rlaihich recorded populations of 32,036 and 16,127
respectively during municipaensesn April 2015 (Alberta Municipal Affairs, ). The total
population in theTrkCommunity Regioms now approximatelyseven times the populatioof
fifty years agoKigure33).

The 2009 municipal censter Parkland Countyevealed a total of 378 properties inhabited by
391 permanent residentsn 19 subdivisions at Jackfish Lalegure 34 Table 3. Lake
population increases rapidly during the summer monthsconservative estimate that assumes
each property from the 2009 municipal census brings at least two peopktdish Lake would
result in a summer population géist over 750 peoplagemporarily living in the Jackfish Lake
watershed, with more than 500 people in subdivisions containing lakefront propdite 2014
survey conducted by JLMA found that the feeight respondents average 60 person weeks at
the lake Table 4.

Within the Jackfish Lake watershed there are six land use districts:- AGf&ulture General,
AGR- Agriculture RestrictedPC - Conservation, CR Country Residential, CRRCountry
Residenial Restricted and LSR.akeshore Residential Districidure 39. The majority of the
agricultural lands are zoned as restrict®fiGR)n an attempt to prevent premature scattered
subdivisions. To achieve this, a number of uses are eitbepermitted or not considered
discretionary uses in the AGR district. These include agricultural support services, natural
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resource extraction and processing, outdoor participant recreation services and tourist
campgrounds.Lands zoned as Agriculture GengraGG allow for limited norfarming related

land uses on a discretionary basis. Conservation districts are for the preservation of
environmentally sensitive and significant areas as well as passive recreation and educational
sites (Parkland Count20153. The three residential districteCR, CRR, LSRah be viewed on a
spectrum with the County Residential being the most lenient and the Lakeshore Districts being
the most conservativin terms of development restrictionsThe CR district allows for a number

of related uses including minor agricultural pursuits. Lands in the CRR district are intended to be
low density sustainable developments that strive to maintain natural amenities. LSR areas are
reserved for existing lake front parcels on Jackfish, Walvaamd Isle Lakes to be developed or
redeveloped with no additional subdsions (Parkland County, 20)5a

In 2014 the JLMA Environmental Committee conducted a survey of lake users in order to gather
a baseline inventory for this report.The survey inclled questions regarding the type of
property, property use, land use, shoreline condition, services, sewage and watercraft. Answers
were collected from fortyeight respondents. A summary of the survey restétated to land

use arepresented inTable 4 Boating related results are presentedSection 4.7

Table3. Property and population counts for subdivisianghe Jackfish Lake Watershed
Lakefront areas ardenotedby an asterisksParkland County, 2009

SUBDIVISION PROPERTIES  YEARROUNDPOPULATION
Amity Bay* 8 16
Bayshore Estates* 5 14
Bergman Estates 26 79
Evergreen Bay* 21 6
Genesee Park 29 53
Jackfish Lake* 10 3
Jackfish Lake Island* 35 0
Kenglened* 26 3
Lakecrest 29 66
Paramac Cove* 28 5
Paramac Point* 30 30
Rainbow Beach Estates* 25 10
Star Lake Estates 10 9
Steven Beach* 8 4
The Farm Eh 4 6
Terralta 7 11
Tranquility Hills 9 2
Two Island Point* 14 11
Weekend Estates* 54 63
TOTAL 378 391
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Table4. Reponseson the property questionnairefrom 48 Jackfish Lakeesidents(JLMA, 2014a)

SURVEYQUESTION USERRESPONSES
Profile of the property Total
Your property directly boarders the lake 27
There is an environmental reserve between your property and the lal 20
There are one omore other properties between your own and the laki 1
Useof the cottage/house each year Total
This is a summer cottage property 28
This is a permanent residency property 15
Shed/ Garage only (no residency) 3
m of the weeks occupied by each residpat property 60 weeks
(for example: 1 person @ 3 weeks + 2 people @ 50 weeks =103 wet (average)
Land use of thdotal property Average
% maintained lawn 33%
% natural trees & shrubs 38%
% disturbed (e.g. concrete, house, patio, stone ways) 25%
% othe 2%
Condition of the property shoreline Average
% natural area (not disturbed) 79%
% disturbed (e.g. concrete, wood, stone ways) 5%
% maintained lawn 8%
% artificial beach 7%
Property servicedor water, gas and kctricity Total
There igpower and a meter on the lot 45
There is natural gas serviced to the lot 30
There is an individual water well for this lot (water is drinkable) 22
There is a central water well and seasonal piped system 4
There is a cistern on this property (water is trucked in) 13
Water is pumped directly from the lake 6
Sewage handling on the property Total
Septic tank that is pumped out periodically by vacuum truck 33
Evaporation field S
Pressure mound 0
Surface discharge 1
Unlined pit toilet 4
Sewage lagoon 0
Composting toiletgstem 2
Direct discharge into lake 0
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Figure34. Subdivisionsn the Jackfish Lake watershed
(data from Parkland CountglS service2014

Legend

Parkland County Land Use Districts
Zoning
[0 Agncutture General District
Agriculture Restricted District
I Conservation District
| Country Residential District
[ County Residential Restricted District
I Lokeshore Residential District

Figure35. Land Use Districts ithe Jackfishake watershed
(data from Parkland CountglS service019
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3.7 Riparian Health

The combined intensity of development and recreational uses in the Jackfish Lake watershed is

of increasing concerf 2 NJ G KS KSIfGK 2F GKS f Ite &QreliNh LI NA | vy
density indicates that Jackfish Lake has the most lakefront properties per unit shaseliea

averaged over the entire lakbore) compared to a number of other recreational lakes in the

region west of Edmonto(Figure 3§. Lakefront progrties numbers were obtained by counting

buildings on the most recent Google Earth imagery. Shoreline lengths were estimated from

recent Riparian Health Assessments, Atlas of Alberta Lakes or Google Hasie. numbers are

extremely coarse and should nbe used in further analyses unless verified by more accurate

future studies.

The 2014 Jackfish Lake Riparian Health Assessment used imageaninomanned air vehicle

(a drone) and a prexistingscorecardTable5) to assess ancank segments of thdackfish Lake
shoreline asither healthy, moderately impairedr highly impairedDuring the assessmer2,1 7
lakefront property buildingsvere identified 101 located in the Riparian Management Area
(RMA) surveyed in the report and an additional 116 dings adjacent to the RMA (NSWA,
2014a). The scorecard was first developed by Alberta Conservation Associltfoocused on

the Riparian Management Area (RMA) which includes emergent vegetation, riparian areas and
buffer zones around the entire laKEigure 37. Impairment implies that aegment ofRiparian
Management Areas partly or fully incapable of performing valuable ecological functions. The
assessment isonsidereda coarse scaleanalysisfor the lake shoreline as a whole, andnist
intendedto provide site specific recommendations for individual property owners.
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Figure36. Estimate of shorelinbuildingdensiiesaveraged over the entire lakeshof@ a
number of lakes in the Jackfish Lakgion west of Edmonto(NSWA, 2015).
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In order to calculate a riparian health rating for Jackfish Lake, the RMA was divided into
homogenoussegmentsof varying lengthwhich were then rankedusingthe criteria listed in

Table 5 These rankings were weighted according to Telelaned Walker (2008) to provide a

value between 0 and 11 for each segmewith higher values indicating healthier riparian
SOz2aeaiSvrao {S3avySyida ao2 Ndgyay Li-SAaNSS RE B yo KA £ § NJi |
0SG6SSY c mbdgrRelyyy LI MBNBERé aOYRE | 02@8f §KAYRAOBWSH G &
of RMA Figure 38. For more details on methodology, consult theport Riparian Health

Assessment of Wabamun LadSWA, 2014b).

The overall weighted sum of scores foetentire Jackfish Lak®MA was8 out of a possiblell,
which places its RMA in thie Ybderatelyimpairec category. Of the 16 km examined, 9.5 km
were 02 ¥y & A Ré&lhiz, RB.0 &nKwereO 2 v & A R Sdedtély intpaited and 3.9 km were
a ighlyimpairec (Table6). Areas of all threeategoreswere found in both private and public
lands andin most subdivisionsHigure 39 and 40

”
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Figure37. Diagram of a Riparian Management Area (RMA) and its components: the emergent
vegetation zone, the riparian zone, and theffer zone. Source: Treb and Walker (2008).
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Table5. Weighted average outcomder all segmentst Jackfish Lakéor each question asked

in the scorecard. Outcomes are calculated by dividing the total points obtaineddsibfm

points available for each question. Higher outcomes equate to healthier riparian ecosystems.
Developed byscrimgeour and Wicklum (199®) the Alberta Conservation Associatjon

updated by Teichreb and Walker (2008).

Scorecard Question Average
outcome
1. More than 85% of the RMA is covered with vegetation of any kind 61%
2. Cattails and bulrushes are visibly growing in the adjacent littoral zone 62%
3. More than 15% of the RMA contains woody plant® (willow, birch, 6%
poplar) °
4. Within the woody area (identified in question 3), the abundance of tree 6%
isdense °
5. In less than 35% of the RMA, there are signs of human activity (e.g. 33%
cutting or mowing of vegetation) °
6. In less than 35% of the RMA, there are signs of hnrnaused alteration 750
to the soail (e.g. cultivation of soil, addition of concrete, patios, buildings) °
7. The segment appears timpacted 38%

Table6. Summary of results for the 2014 Jackfish Lake riparian health assedsyn&SWA

Item Result

Total shoreline length 16.5 km

Total number of segments 233

Total weighted sum of scores 8/11 (Moderately Impaired)
1. Rating: Healthy Length= 9.5 km; Percent= 58%
2. Rating: Moderately impaired Length= 3.0 km; Percent= 18%
3. Raing: Highly impaired Length= 3.9 km; Percent= 24%

Total length of unnatural beach 1.7 km

Area of bare ground 0.02 kn#

Length of hard armoured shoreline 10m

1 Unnatural beaches are detd as shoreline where any manade alterations have occurred. This could
include introduction of artificial sand or removal of vegetation from a naturally sandy shoreline.
2Bare ground is coarsely defined as arehexposed soilesulting fromvegetation removal. These areas
include unpaved dirt parking lots and extensive unnatural beaches (greater timmtets in width)
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Figure38. RiparianHealth Assessment falackfif Lake usiganunmannedaerial vehicldNSWA, 2014a
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Figure39. Jackfish Lake jurisdictionsnsidered in the riparian health assessm@EWA, 20149a
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Figure40. Jackfish Lake Riparian Health Assessmestibgivisionarranged by length
of riparian area. The Lease Lots North are located on the eastern shore of the north bay
and the Lease Lots South are just north of Weekend Estia@é/A2014).
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3.8 Wildlife

Wildlife commonly seen in the Dry Misdwood sulvegion include beaverQastor canadensis
moose Alces alces hares epusspp.), wolvesanis lupus and many bird species including
least flycatcher Empidonax minimys house wren Troglodytes aeddn ovenbird §eiurus
aurocapillg, redeyed and wadbling vireos Yireo spp.), Baltimore oriole (cterus galbul® and
rose-breasted grosbeakPheucticus ludovicianus Other birds such as the yelldwellied
sapsucker gphyrapicus varis>X { ¢ | A y a £3f@rds udtianizoliary dvireo Vireo
solitarus), magnolia warbler Oendoica magnolia whitethroated sparrow Zonotrichia
albicollig, pileated woodpeckerOryocopus pileatysand northern goshawkAgcipiter gentilis
are often found in mixedwood forests &iiral Regions Committe@006). A numbe of species
at riskwere listed for this areaas part of theParkland County State of the Environment Rejport
2012. They included 13 endangered specl@shreatened species andl3 species of concern
(Table?).

Table7. Endhngered, threatened and species of concern nativtheoboreal plains and prairie
ecozonegadapted fromParkland County, 2012)The statis of some of these specibave been
updated since 2012nd are denoted with an asterisk (&ltta Environment and Pks, 20163

BENDANGERED THREATENED CONCERN
Bison Barren Ground Caribou Arctic Grayling
Limber Pine Bull Trout Barred Owl
Mountain Plover Grizzly Bear Black Throated Green Warble
Piping Plover Lake Sturgeon Harlequin Duck
t 2NAEAf RQa . NE Peregrine Haon Loggerhead Shrike
Sage Grouse Shortjaw Cisco LongBilled Curlew
Slender MouseEarCress SmallFlowered Sand Verbeni: LongTowed Salamander
Soapweed St. Mary Sculpin Prairie Falcon
Swift Fox Stonecat { LINY 3dz5Qa t AL
Tiny Cryptanthe Western Grebe* Trumpeter Swan*
Western Spiderwort Western Silvery Minnow 2 SARSYS@SNDa
Whitebark Pine Westslope Cutthroat Trout ~ Western Small Footed Bat
Whooping Crane White-Winged Scotey

The Jackfish Lake area is a nesting habitat for several of thdiwengiterfowl species such as
the Western Grebe Aechmophorus occidenjal Trumpeter SwanQygnus buccinatoysand
White-Winged Scoter Melanitta fuscd. All three require undisturbed sites with emergent
vegetation for nesting from late spring until falln addition, Trumpeter Swans are sensitive to
loud noises and female Whi@&/inged Scoters return to their birth site (AESRD143).
Preservation of shoreline habitats is vital for the success of these species.
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The forests surrounding Jackfish Ladtevide prime habitat for other bird species at risk that
prefer old growth forests, wetlands and riparian areas for their nesting sites. The Barred Owl
nests in cavities of old tree trunks from reitiarch until July. The Black Throated Green Warbler
inhabits mixedwood trembling aspen, balsam poplar and white spruce forests from May to
September avoiding disturbed edge habitats and small forest patches (AESRIp 2014

Figure4l. Bird species at risk in the Jackfiskd.areaBarred Owl Trumpeter Swan, Black
Throated Green Warbler, Whit¢/inged ScoteWestern Greb€d AESR[2014a)
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3.9 Air Quality

The Jackfish Lake region is part of the West Central Airshed Society Rreasociety iene of
nine independent mui-stakeholder organizations that collaborate with the provincial
government to monitor air quality and develop air quality management pldfigue 42).
Numerous stations located throughout the airshed colleayiray data parameters, often on an
hourly basisKigure43).

Air quality is often assessed using the Alberta Air Quality Health Index (AQHI) and ambient air
jdzl £t A& 20 2S OARMIGrEnksbair quéalify S NIsdal® &romtd 10 using the
concentration of five major pollutants: carbon monoxide (CO), nitrogen dioxide),(ld@one

(Gy), fine particulate matter (PM2.5) and sulfur dioxide SOA lower score indicates less
pollution in the air. The ambient air quality objeets consist of target levels under which
pollutants should remain for hourly, monthly or yearly measurements.

There are no AQHI measurements for Jackfish Lake specifically; however, readings are available
from nearby stations hourly. Tomahawk station gagpximately 35 km southwest of Jackfish
Lake) and Genesee station (approximately O south of Jackfish Lake near Telfordville)
averaged 2.1 and 1.8, respectively, from 2008 to 2015 (CASA, 20h8%e levels are slightly
f26SNJ GKIYy 9RY 2)8ioetfeGdme befidMable3dS All2HFee stations remain

in the Low Risk category with indices below 3. There are a number of stationstoldsekfish

Lake but theydo not measure all five parameters required for the index

More detailedambiert air levelsnear Jackfisthakeare presented inTable 9 The five closest

West Central Airshed Society staticansd their2015ambient air quality measurementsf the

five major pollutantsare compared to annual, daily and hourly guideline#\ll annualvalues

GSNBE ¢Sttt o0St2g ! toSNIIQa ! YHoufy¥iteedancesloffide £ A 1 & D
particulate matter were reported at Genesee, Tomahawk and Powers less than one percent of

the time (West Central Airshed Society, 2015)o carbon monoixle valueswere available for

these stations.

Information on the releasef air pollutants is also available from the National Pollutant Release
Inventory. Preliminary data indicate a minimum of 3,700 tonnes carbon monoxide, 42,800
tonnes nitrous oxide12,900 tonnes of total particulateg4,800 tonnes sulfur dioxide and 400
tonnes volatile organic compounds were released from seven plants withinkm5@dius of
Jackfish Lake during 2014 (Environment Canada, 015 his includes two gas plants at
Tomahawk and Kitto Lake, the Border PayiBatch Plant at Stony Plain, two thermal electric
power generating plants near Wabamuake Keephills Sundance)the Highvale coal mine and

an oil and gas extraction site near Highvale. These levels may appeainglabut the
combined emissions are still not enough to increase the overall air quality risk for the region
abovelow ratings according tdhe provincialAir Quality Health Index
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Figure43. West Central Airshed Society boundaries and statidiered squarendicatesthe approximate location of Jackfish Lake.
(adapted fromWest Central Airshed Society, 2013)
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Table8. Air Quality Health Index values for three stations nearest Jackfish Lake. All averages fall
into the Low Risk categowyith an index betveen 1 and JCASA, 2015)

STATION 2008

2009 2010 2011 2012 2013 2014

2015

AVERAGE

Edmonton 2.7
Genesee 1.9
Tomahawk 2.2

2.9 3.0 2.9 2.7 2.8 2.7
2.0 1.9 1.8 1.7 1.8 1.7
2.2 2.2 2.1 2.0 2.1 2.1

2.6
1.7
2.1

2.8
1.8
2.1

Table9. Compliance with Alberta ambient air quality guidelimgive stations nearest Jackfish
Lake in 2015. Netwe reading indicate very lowevels(West Central Airshed Society, 2015).

PARAMETER SO2 NO NO2 NOX 03 (6{0) PM2.5
UNIT PPB PPB PPB PPB PPB PPB UG M3
2015AVERAGE LEVELS NERRBY STATIONS
Genesee 0.43 0.53 3.54 4.05 22.64 n/a 3.64
Meadows 0.22 4.71 7.09 11.74 n/a n/a n/a
Powers -0.53 -0.83 2.85 2.06 n/a n/a 3.94
Tomahawk 0.37 0.70 3.93 4.71 28.77 n/a 5.05
Wagner 0.61 1.74 5.74 7.54 n/a n/a n/a
ALBERTA AMBIENT AIRALITY GUIDELINES
Annual 10 30 30 30 n/a n/a n/a
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4.0 Lake Characteristics

4.1 General Description

JackfishLake isa small and shallow lake with five islands, an irregular shoreline and three
distinct basins. Two of these basins reach 9 m in ddfijute 44. Itis a dimictic lake, meaning
the water column mixes vertically most yeatsring spring and fall, but stratifiethermally in

the summer and winter month#\(bertaLake Management Societ§001). This stratification, or
layering of different temperature waters, can often lead to depleted oxygen levels at depth
which induces therelease of sedimenphosphorusand may supportalgal blooms in late
summer. Jackfish Lake is classifiedwsophic, ormoderatelyproductive AESR2013.

Flow through Jackfish Lake is extremely limited andgitessdrainageareais small The later
has beenestimatedat only 3.8 to 6.9 timeshe lake aregTable 10. There is no permanent
surfaceinflow and evaporation rates are higthus precipitationand groundwateiare evidently
important for maintining waterevels A singlesurface outlé is restricted by a weiflabelled as
WwO2y i NRt MRgirkaninstaidtSr01988 vt an elevation of 729.72(Mitchell et al,
1990) Only when lake levels are above the weir will water exit the lake.

Tablel0. Basin characteristics for Jackfish Lakeke measurements vary with lake level and
drainage basin area varies with the watershed delineation used.

TIME PERIOD 1982 1967¢2011 2015
MITCHELL ET.AL RGuuzz) ALBERTA ENVIRONMENT
SOURCE 1990 2016 ANDPARKS2015
Max: 730.13 —
Elevation (m) 730 Mean: 729.32 “;’;rl'_”%g 22'71
Min: 728.44 ' '
Max: 8.701
Volume (million n¥) 8.18 Mean: 6.904
Min: 5.178
Max: 9.0
S (i, Mean: 3.4
Shoreline length (km) 18.1
Max: 2.341
Lake surface area (kfj 2.39 Mean: 2.100 2.81
Min: 1.822
Gross drainage basin area,
excluding lake surface (kfh 12.6 14.55 108
Basin to lake area ratio 5.3 6.9 3.8
Mean annual precipitation (mm) 500 524.7
Mean annual evaporationrim) 664 679.8
Residenceime (filling time -yrs) >100 77
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Figure44. Bathymetry and shoreline features of Jackfish Lakiéchell et al, 1990)
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4.2 \Water Balance

The land area surrounding the lake whose surface runoff dritts the lake is called the
drainage area, catchment area or watershed arBacause of the glacial landscape and climate
of the Canadian Prairies, the watershed area which contributes to the runoff reaching a
waterbody can vary significantly from evetd event and from yeato year, due to local
depressions or storage areasdeally, a water balance would be carried out for each of these
storage and depressioareato identify the actual quantity of runoff reaching the water bady
However, as this lal of analysis is not practical or possible in most instances, the concept of
GIANBAAE | ydRaindg&a®d asoonte 3® £ommon use to accatfor this variability

in the contributing drainag area These terms are defined as follows:

1 Gross drinage areais the land surface area which can be expected to contribute runoff
to a given body of water under extremely wet conditions. It is defined by the
topographic divide (height of land) between the water body under consideration and
adjacentwatersteds.
i Effective drainage areé#s that portion of the gross drainage area which can be expected
to contribute runoff to a body of watennder average conditiong he effectivedrainage
area excludes portions of the gross drainage doeawn asonon-contributing drainage
areag which drain to peripheral sloughs and other depressjgmevening runoff from
reaching waterboisin a year of average rundff 2 NJ ¢ RS R¢ | NBlF & GKIFG y¢

Computation of water balance components was completed ushe gross and effective

drainage areas illustrated HRigure45, andlongterm hydrology and climatelata for the period

19672011 (Sal Figliuzziand Associates2016). Precipitation data wre obtained from the

Environnent Canada weather station at Stony Plain. This value was rthétiplied by lake

surface area to obtaithe volumeof water added to the lake as precipitatiofcvaporative loss

calculations incorporated updated Morton gross lake evaporation values fréiberta

Environmentk YR GKS t N} ANRS CINY wSKIFIOATAGIOGAR2Y 1 24420
Evaporation for thePrairiesfrom 19712000. Strawberry, Tomahawk and other nearby creeks

were usedto develop water yields for the surfacenoff assessmdn Change in storage was

determined from lake elevation changes.

Surfacewater calculationgnitially utilized the period wha there was no outflow from Jackfish
Lake (1992011). This allowed the hydrologist to set the surface outflow at zero arefrdete
the water balanceresidual which was negative and thereforeattributed to groundwater
outflow. The groundwater outflow was then usedn the longterm water balance calculation
(19672011) Details are iPAppendix2. The resulting water balance shows high precipitation
inputs and evaporative losses compared to surface and groundwater f{iiadde 11 Figure
46). Alengthyresidence timeof 77 years wasstimated(the time required tofully replacethe
lake volum¢. Residencewas calcubted as lake volumelivided bylongterm surface outflow.
The absolute volumes of groundwater inputs antr outputs remain unclear Only net
groundwater movementcan be estimated ashe residual in the surface water balance
Independent measures of groundwater flux using isotopic tracers would be very helpful for the
longterm management of Jackfish Lak@&verall, the lake haa lengthy filling time, and alow
flushing rate(1.3% of lak volume per yearyendering itverysensitive to pollution effects
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Figure45. Effective and gross drainage areas for Jackfish. The dark blue line delineajessthe
drainage area. Section Al, A2, arglafe considered nofontributing. L2 and connects to L1
and as such is considered to be part of the effective drainage area. Islands are labelled B, N, S
and W(Sal Figliuzzi and Associatesl &0
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Tablell. Summary of the Water Balance for Jackfiske(SalFigliuzzand Associate®016)

PHYSICAPARAMETERS AMOUNT
Gross drainage areaxcluding lake surface area) 14.55 km?
Effective drainage area (excluding lake surface area) 7.8 knt
Non-contributing drainage area 6.75 kn?
Lake surface areatf mean elevation of 729.32 m) 24 kﬁ? o
(not includingislandg
Lake storage volume (at mean elevation of 729.32 m) 6,904,000
HYDROLOGIPARAMETEREA 96 -2011PERIOD AMOUNT
Mean water level 729.32m
Longterm annual specific runoffyield) 56,605m%km?
Longterm surface inflow to Jackfish Laf®!) 441,515 m
Longterm surface outflowfrom Jackfish LakéSO) 89,676 nd
Diversion (D) 1,003 n¥
Net groundwater outflow (G@sl) -36,756 nd
Longterm mean annual precipitation (P) 524.7 mm
Longterm precipitation inputs(P) 1,101,870 m
Longterm mean annual gross evaporation (E) 679.8 mm
Longterm evaporation losseE) 1,427,490 m
Change in storage from 19&011 PS) -11,540 i
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Figure46. Jackfish Lake water baleain millions of cubic meters for the period 198711
(Sal Figliuzzi and Associates, @01
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4.3 Lake Levels

Jackfish Lake levetieclined1.69 m betweenl983 and 205. Rising levels during the 1970s
became a concern after a few very wgearswhen high siowmelt brought the lake to its
maximum recorded elevation of 730.13asi (metersabove sedevel)in 1983 Thisincreased
the lakesurface area to almost 2Km? that samesummer(Mitchell et al, 199Q Appendix L
The weir was installed at that time treduce flooding risks and damage to lakefront properties.
Since installation, water levels have rarely breached the amdirhavegenerally been declining
ever sincgFigure4?).

The observeddecline in waterlevels over the past several decades dausing new local
concerrs. [eclining water levelglsewherehave been associated with declining water quality
(Taranu et al., 2005 The historic low 072832 masl was recorded in October 261 breaking
the previous recordlow of 728.44 in October 2010 The lower levels are similar to those
measuredmmediately before the wet period of the mitB70s. Lake levels in October of 1969
and 1970 reached lows of 728.634 and 728.57, respectidberta Environmenand Parks
2019%).

Jackfish Lakeater levels appeagd to loosely follow rainfall patterns until the turn of th21
century. From this point on there is a steeper decline and dampened response to precipitation
variations, likely due to warmer tempdraes in the current climate cycleFigure 48).
Additional stressors include increasimggional water use and land cover changes altering
surface flowpathsand infiltration to groundwaterwhich may be influenag aquiferslevels

The same pattern of decline has been observed regionally in other small lakes on the Carvel
Pitted Delta Preliminary results indicate thanajority of the lakes examined hawery similar
historic water level patternsvhen comparedto Jackfish Lak@-igure49).

Changing lake leveland chemistryin NBalLl2yaS (2 RNRdAAKG NBE 2FGSy
landscape positie and connection to groundwate(Kratz et al., 1997 Lakes with small

watersheds that are isolated from groundwater inputs are extremely dependent on
precipitation to maintain water levels and will respond quickly to drougbakes with larger
watershedswill show less of a declinaluring drought conditiondecause of the addinal

surface runoff received by the laK&erkhoven, 2012 Lakes with strong groundwater inputs

are the most resistant to drough{Kratz et al., 2006)Lakessuch as Jackfish that alecated in

groundwater recharge zones may lose water to the undeghyaquifers, as is suggested by the

water balance calculations above.
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Figure47. Water levels from 1962013 for Jackfish Lake measured in meters als@eelevelfasl).
Thegolddotted lineindicates theweir elevation (dtafrom Alberta Environmenand Parks20150).
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Figure48. Jackfish Lake water levels compared to annual precipitation and temperature at Stony Plain
(data from Alberta Environmergind Parks2015band Environment Canada, 2015)
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Figure49. Regional decline of lakes in tlarvel Pitted Deltaest of Stony Plain. Levels are graphed relatiibiédviay 1996 elevation.
(data fromSalFigliuzzand Associates, 2015
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Declining lake levels are also a concern for winter fish kills. A comprehensive study of shallow

prairie lakes in the 1970s concluded that lakes with an average dejiter 2m arein a regular

winterkill mode, lakes within a depth rge of approximately 2 to 3 m occasionally winterkill and

lakes with a mean depth greater than 3 m haweérrisk (Barica and Mathias, 1979)

WI O1 F A dolgtefnt dveda@einean depth has been calculated as 3.29 Based on the
recent lake level deitle and volume loss, the mean depth in fall 204®stimated at2.8 m

(Table 12. This reduction in mean deptiasincrease risk of winterkill and in fact Jackfish Lake

experience its first winterkilbn record in March 2016(Figure 50 (Spencer S, 2016, pers.

comm.)

Tablel2.l AaG2NAOIE OKFy3aSa G2 WFHO]FAAK
Elevation Volume Area Mean Volume
(masl) (méx 10) (m?) Depth (% change
(m) from averagg

Historical Maximum 1 1 1 0
(1983) 730.13 8.701 2.341 3.72 26%
Historical Average 729.321 6.9041 2.1001 3.29 0%
Historical Minimum 5 2 2 0
(2019 728.32 4.8 1.7 2.8 -30%
Sources:

1 Sd Figliuzzi and Associates, 180
2NSWA (estimate based on Aré2apacity Curve from BRigliuzzi and Associates, 2016
3 Alberta Environment and Parks, 2@l5

Figure50. Photo of the fish kill at Jackfish Lake taken in early April 2016.
Both walleye angackfish were identifiedyhryn,M., 2016 pers. comm.).
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4.4 Surface Water Quality

AlthoughJackfish Lake is categorized amildly eutrophic lake, ithas displayedelatively good
water quality compared to may lakes in theregion. Composite integrated euphotic zone
samples were taken during the open water season by rédbénvironment in 1980, 1981, 1996
and 2007 andoy the Alberta Lake Management SocidiLMS)LakaVatch Program in 2001,
2011, 2012 and 2013Samples were analyzed frclude nutrient concentrationsyater clarity,
oxygen levels, tempetares, some metds andion concentrations.Thefrequency andange of
sampling dates vamgver the years, making year to year comparisons diffi¢ugure 3).

Apr01 May 01 Jun 01 Jul0o1 Aug 01 Sep 01 Oct 01 Nov 01

1980

1981

1996

2001

[ ] [ ] [ ] ® 2007

2011

[ ] L o o [ ] @ 2012
[ ] [ ] [ ] [ ] L ®2013

Figure51. Rangeand frequencyof water qualitysampling dates for Jackfish Lake

Nutrient concentrationsn Jackfish Lake varied during each of the open water seasons sampled
(Figure 2). The highest overall average concentrasion total phosphorus (TP), Chlorophall
(Chla), and total Kjeldahl nitrogen ewe observed by Lak&atch in 2011. However sampling
datesin 2011were concentrated in late summeduring peak algal growth conditional(M$
2011) Figure B) and the data for this year may be somewhat skeweWater clarity was
measured by Secchi disk with an average seakpth of between 2.14 and 3.00 m (Alberta
EnvironmentALMS.

Overall, the phosphorus and chlorophyll a levaldackfish Lakieave beerrelatively good over
the years andsimilar in magnitudeto Mayatan (west basin) and Wabamumjt much lower
thanthe heavier algal conditions seenliake Isle, Lake St#&nne, Nakamun and Lac la Nonne.

Various metals and ions in Jackfish Lake wase sampled during each of the studies. All
metals reported were well withiCCME Guidelines for the Protection acé$hwater Aquatic Life
(ALMS$ 2013. Total dissolved solids are highmpared to other lakes in the region, (Mitchell et
al., 1990; ALMS, 2013)The water isconsideredhard with calcium and sulfate as the dominant
ions (Mitchell et al., 1990). In 20L& averaged 2.(ALMS, 2013).
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Figure52. Annualranges forchlorophylta, total phosphorus andotal kjeldahlnitrogenin
Jackfish Lake during the open water season (Alberta Environment and 22802013
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Figure53. Monthly ranges for chlorophy, total phosphorus and total kjeldahl nitrogen in
Jackfish Lake betwed®80and 2013 (Alberta Environment and ALMS832013
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Unfortunately, water quality data are unavailable for 2015. Anéaideeports indicated that

algal blooms in late summer were of a magnitude not seen at Jackfish Lake before, and in
response Alberta Health Services issued a blue green algal advisory. Declining water levels in
2014 and 2015, combined with warmer air teerptures, may have led to increased water
temperatures, increased bottom sediment temperatures, and increased anoxia which in turn

likely triggered increased phosphorus release from the bottom sediments, stimulating algal
blooms.

Oxygenprofile dataat Jackfish Lake regulartlisplay oxygen depletion and anoxia deeper
portions of the lakefrom late June until turnover in SeptembéFigure %, Figure %). These
processes are often linked the thermal densitystratification that separates the deeperaters
from surfaceoxygen supplies. The anoxic portion of the lake often rises to withif & of the
surface by August. Although Jackfish Lake is considered dimictic, mixing has not been observed
every spring and fall. The lake did not mix compiete spring 1981 and had very low DO levels
in March 1983 when the water was already anoxic below Mitchell et al, 199Q Appendix L
During the Lakewatch samplipgogrammeasurements were not taken early enoughdefine
spring mixingcharacterisics and only one of the four sampling seasons (2012) observed full
mixingin early September. It is quitgossible that this event occurred later in falls of 2001,
2011 and2013thanit did in 1981. For future diagnostic work at Jackfish Lake it woulo/éwey

useful to have a sampling program in place run for the entire open water season (early May to
late October).

Daa collected during a student research projectvismter 2016 indicate that dissolved oxygen
levels were extremely lown January, and pgressively lower in FebruaFigure ®) (Claytm,
M.and J. WoodY A Y 3 Q& 12016, S .dmin)) dHEsedata support the conclusion that
the probable cause of the 2016 winterkill was anoxia, exacerbated by low water levels.
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Figure54. Temperature (left) and oxygen (right) profiles in Jackfish Lake during the 1981 open
water season showing mixing in spring and fall with periods of anoxia at depth in summer

(Mitchell et al, 1990
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4.5 Phosphorus Budgets

Phosphorus is considered to be the most conmiimiting chemical factor for algal growth in
freshwater lakes (Schindler et al., 2008). The nitrogen content of freshwater lakes can also be
an important factor and may influence the patterns of algal succession that occur during the
openwater growingseason (Prepas and Trimbee 1988). Other factors such as salinity, turbidity
and physical mixing patterns are important determinants of the quantity and types of algae that
develop (Bierhuizen and Prepas 1985).

Algal blooms are a major feature of summwater quality in Alberta lakes, affecting water
transparency and aesthetics directly, and other lake features such as oxygen concentrations and
cyanotoxicity. The control of excessive summer algal blooms is therefore an important goal of
lake managemenin this province.

The development of phosphorusudgets andmodels hae become commonplace in the lake
research and management disciplines, and they are used as diagnostic tools to quantify
pollution sources and evaluate loitgrm managenent options fo lakes (OECD 198Rast et al.
1989). The refinement and application of eutrophication models has been an ongoing focus in
limnology since the first watershed/lake nutrient relationships were developed in the 1960s
(Vollenweider 1968).

Three phosphorus budgets have been created for Jackfish Lakedascribe the annual
contribution of vaious external and internaphosphorussources Table 13. The first was a
preliminary, theoretical examination of external phosphorus sourdesn the gross drainage
area. Goundwater and sediment inputBad notquantified at that time, although they were
thought to beimportant (Mitchell et al., 1990Appendix 1) The external load was estimated at
332 kgl/yr or 0.12 g/rhlake area using nutrient export data collecteflom Lake Wabamun
streams (Mitchell 1985) Sewage was unmeasured, livas estimaté usinga preliminaryfigure
derived by Mitchell (198 from inshore surveysonductedwith a device known as & & S LJG A O
ay 2 2 LISk Wabgmun and Pigeon LaRbat studyobserved septic leachate plumes in
front of approximately4 % ofshoreline residencesln the absence of other measured data, this
figure was used to estimat@otential shoreline sewage loads in subsequdake studies.
Overall, the majority of phosplmas was estimated as coming from agricultural and residential
runoff (Figure57).

Therecent phosphorus budgetsere developed usindBATHTUBan empirical eutrophication
model developed by the United States Ar@grps of Engineers (USACE) for use on reservoirs
and lakes (Walker, 2006BATHTUR/as designed to calculate water and nutrient mass balances
in a spatiallysegmented hydraulic network that replicates lake processes over a broad time
scale. Besides simating current conditions, BATHTUB can be used as a planning and
educational tool for evaluating future watershed development/restoration scenarios. It predicts
steadystate (average) concentrations, and in the case of Alberta lakes is best used to
characerize conditions during the opemater season. Nutrient and algal dynamics vary
extensively between winter and summer in this region. From an ecological and lake
management point of view both seasons are extremely important. However, the recreational
user focus and most sampling activity occur during the summer.

75



North Saskatchewan
JackfishLake State of the WatersheReport Watershed Alliance

BATHTUB has been tested in preliminary applications for a number of other lakes in Alberta
(Pine, Baptiste, Lake Isle, Lac Ste. Anne, Lac St Cyr, Lesser Slave, Wabamun, Pigeon and
Mayatan) by w&ff from Alberta Environment and Parks (AEP) and the North Saskatchewan
Watershed Alliance (NSWA).The phosphorus budgstfor Jackfish Lakenodelled using
BATHTURre described in detail in Appendix(#uiningaand Trew 2016)

Jackfish Lake was modellaging two different watershed scenarios, reflecting its landscape and
hydrologic complexities. The first simulation was based on the smaller Effective Drainage Area
(EDA) and the second on the larger Gross Drainage f&2A) Areas of the various larabver

types were assessed and assigned appropriate runoff and nutrient concentrations values
(Appendix 4)

Theexternal phosphorus loadinggepared by Mitchell (252 kg) and by this BATHTUB analysis
(300 kg) were similar at the full watershed scale (5DEhe Effective Drainage Area generates
slightly more than half of the full watershed load. The total of sewage and precipitation loading
estimates is similar between the two studies. The primary difference in this BATHTUB analysis is
the inclusion of a internal loading estimate.

Table13. Theoretical total phosphorus loading to Jackfish Linkelograms per yaa

MITCHELL BATHTUB BATHTUB
SOURCE

1988 GDA2016 BEDA2016

Watershed

- forested/bush 37

- agriculture/cleared 157

- residential/cottage 58

- effective drainage area 159.4 159.4

- Al A2, A3 140.8
Sewage* 25 12.4 12.4
Precipitation/dust fall 55 66.6 66.6
Internal load 164.2 164.2
TOTAL 332 543.4 402.6
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Figure57. External tiosphorus loading to Jackfish Lalata from Mitchell et al., 1990
*estimate using 4%eaching
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Figure59. External and internal phosphorus loading to Jackfish Lake
using thegross drainage ared(iningaand Trew 2016
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For most Alberta lakes modelled to date, the application of external i#ernal Ploads,
combined with careful hydrologic estimates have resulted in reasonably @gseement
between predicted andbserved iAlake total phosphorus (TP) concentrations. Final calibration
procedures to achieve accurate TP predictions hauallysbeen minor.

However, in the case of Jackfish Lake, the model-predicted observed dke TP by ~40% in
both EDA and GDAcenarios (Appendix)4 Sgnificant calibrationadjustmentswere needed;
these adjustmentgequire further investigation. Awumber of factors should bevaluated
including:

1 External loading estimatemay betoo high:

0 Specifically, e land cover analysimay betoo coarsefor this small scale
watershed work. KS WRS @St 2 LIS R Bas fikely leereRepyg@@atbd Of | & &
(ABMI 2010) which means that theunoff from developed lands and linear
features may have been overestimated. higher resolution GIS data base
should be used.

1 Internal loading estimatesnay betoo high:

0 The net internal loading rates estimated for Laké&bamun was applié to
Jackfish, but the slsiand lakesof the Carvel PittedDelta are unique The
phosphorus cotent of Jackfish Lake watershed soils and lake sediments may be
different from Lake Wabamun

0 The entire bottom sediment area of Jackfish Lak@s used in the internal
loading calculation. However, %% of the lake bottom is below the
thermocline and phosphorus released into those deeper bottom waters may be
effectively trapped there during portions of summer.

1 Phosphorus is being removed fno the water columnin a way that the model has not
simulated

A full discussion of management priorities based on phosphorus loading may be delayed
pending further refinement of our understanding of watershed function for Jackfish Lake.
However, some besic principles should still be considered:

1 As lake levels continue to dromternal loading may become relatively more important
in the annual budget. Declining water volumes and increasiatgr temperatures
phosphorus release ratemay increase summaelgal blooms.

1 Ongoing recreational, development and agricultural pressures on this lake must be
managed in a way to reduce watershed phosphorus loads. This is crucial to ensuring the
recreational value that Jackfish currently presents to local residemdsvisitors. The
principle of watershed management remains fundamentally important to prevent any
further degradation in the water quality of Jackfish Lake.

1 Current total phosphorus levels of approximateBb ug/L should be rigorously
protected.
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4.6 Aquatic Biology

Phytoplankton, zooplankton and benthic communities were surveyed by Alberta Fish and
Wildlife on August 9, 1966. On this particular date the most abundant phytoplankton were the
blue-green algaeLyngbyaCoelosphaeriunAnacystisand Anabaena Diatoms and desmids
were also present, but few. Dominant invertebrates wéne crustacearbiaptomusand the
rotifer Keratella The sediment dwelling benthic community consisted mainly sdails
(Gastropoda: Planorbidagnd Lymnaedag scuds Amphipoda:Gammaridag¢ and midge larvae
(Diptera: Chironomidgewith some caddis fly larvaerlrichopterd and leechesHirudineg.
Phantom midge larvaeDeptera Chaoboruy dominated below 5 m depthsMjtchell et al,
1990). It is not known if any more rect dataare available.

Aquatic macrophytes were surveyed in September of 198Rly & L. Environmental Services
Ltd. for the GOA. Dominant emergent macrophytes weredges Carexspp.) and common
cattail (Typha latifolia. Some common great bulrusBdirpusvalidug were also observed.
Submergent macrophytes were found between 1 and 5 m depths. Stone@Wbsrgspp.)
dominated, but Sago pondweed P@dtamogeton pectinatys northern watermilfoil
(Myriophyllum exalbesceips largesheath pondweed Rotamogeton vamatus) and star
duckweed Lemna trisulcawere also present. The location of dominant species was mapped in
the Atlas of Alberta LakeBigure ®).

Fisheries at Jackfish Lake have historically been dominated by norther(Egikduciug. The
species made up 71 percent of catches in a gill net survey performed by R.L. & L. Environmental
Services Ltd. in 1986. Yellow pe(fterca glavescehsind walleye(Sander vitreuswere the
second and third most prevalent species during a 1982 creel surveyghthwoerch were stunted

and walleye numbers were quite low. Brook stickleb&Cllaea inconstans spottail shing
(Notropis hudsoniysand lowa darter(Etheostomaexile were also found in 1986. Populations

of both pike and perch were large enough forpmd fishery at the time These two fish species
depend on the aquatienacrophytesalongthe shoreline for spawnindpabitat (Mitchell et al,

1990). Fishing limits for Jackfish Lake are liste@able 14 There has been no fish stocking in
Jackfish Lak(Alberta Environment and Parks, 2016b).

Table14. Keep size limit for fish at Jackfisike (Alberta Fishing Guide, 2016

HsH KEEP LIMITADDITIONAL RESTRANY
Northern Pike 1 @ll fish under 63 crmust be releaseyl
Walleye 0 (catch and release only)

Yellow Perch 5
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Figure60. Distribution of aquatic macrophytes in Jackfish Lake, September 1986
(Mitchell et al, 1990
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4.7 Recreation

Jackfish is a heavily used recreational lake. In addiidime permanent and seasonal residents,
numerous day visitors come to the Jackfish Lake Recreation Area to swim, boat and fish on the
lake. Public access the day area parking lot is controlled during weekends and evenings with

a $20 charge per vehiclarkland Gounty, 201%). Winter ice fishing is also popular. The
combined stresses of these recreational pressures alongside residential development have the
LJ2 G Sy lsighificantly 2omgromise the ecological integrity and hydrolodisattion of the

AN v oA A ¥ A 9~

F NBF AT OF NNBEAyYy3 OPldhnidg andDsign In20B1). SEOSSRSRe 6

Boating activity is of particular concern. A 1996 property survey determinedathaverage of

1.86 boats were owned by each Jackfish resident household (Parkland Ca068). A
volunteer boat count on July 23, 2014 found 144 power boats, 48 fishing boats, 52 pontoon
boats, 86 personalvatercrafts and 171 nomamotorized boats (kayaks, sailboats etc.) on
NEAARSYGAQ {20 FNRYyGA OW[ a!

During the Riparian Health $essment conducted in in the fall of 2014, 217 docks, 19 boat
launches, 280 motorized boats and 197 rootorized boats were observe(NSWA,2014)

This does not include any boats being launched by day users at the Jackfish Lake Recreation
Area. Additional boating information from the 2014 survey of Jackfish Lake users from the JLMA
Environmental Committee are summarizedliable 15

Research shows that motor boats can have a variety of impacts on water quality. These may
include increasedturbidity from sediment resuspension, leadingo increased nutrient
concentrations andncreased algal growth or direct damage to aquatic plants in shallow regions
(Asplund2000). It was determined decades ago that a 100 hp engingezanspend all size
sediments meoe than 10 ft below thesurface (Yousef et al, 1978). Larger engines have the
potential to disturb even greater amounts of sedimenBoat wakesmay also contribute to
shoreline erosion though it is very difficult to distinguish how much erosion is froatifg
activity as opposed to winthduced wave action or land use changes.

A studyconductedby Anthony and Downin¢2003 on an lowa lake found that the combination
of wind and boat traffic can create substantial daily nutrient fluxes. Boat traffie found
responsible for increases in turbidity of up to fifty percenthe resulting resuspension of
benthic sediments may contribute to the suppression of {sbdiments can smother fish eggs
and disrupt spawning areaahd macrophyte communities.

Theincreasingly high boat traffibas generakd concerns about the effects on wateuality,

public safetyand the overallquality of recreational experience at Jackfish Lakianovative
approaches to managing boat traffic will be required, particularlytret low water levels
currently observed at the lake.
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Tablel5. Results from the survey of 48 Jackfish Lake users related to boating (JLMA, 2014a)

SURVEYQUESTION USERRESPONSES
Quantity and types of watercraftstored and usel on the property Total
Motorboat with inboard engine 26
Motorboat with outboard engine 7
Pontoon boat 9
Personal motorized watercraft 12
Kayak 14
Canoe 18
Rowboat 2
Sailboat 4
Transfer of watercraft Average
Between Jackfish Lake andhetr water bodies whin Alberta No
Outside of Alberta No
Measurestakento prevent the spread of invasie species

Inspect for obvious plant or animal debris 2
Drain water ballast and bilges 1
Clean the boat using power wash/ hot water /chlorine 3
Dry the boat for at least 8ays before transferring into a new lake 1
Avoid transferring your boat between lakes 3
Handling and sbring watercraft on the property

Permanent fixed dock 7
Rolkin dock on piers 13
Floating dock 24
Boat lift (covered or open) 22
Permanent boat houseroshore 3
No boat storage or handling facilities or structures 6
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4.8 Summary of Lake and Watershed Features.

A wide range of land and water characteristics may be considered in the developmiake of
and watershed management plansSeveral keyimnological, hydrological and anthropogenic
factors have been discussed in this reporfhe challenge is to integrate the information
contained in these variousictorsinto an overall assessment.

The Cariboo Regional Government in B.C. developedaigahscreening toola support lake
planning in 2004 (Caribou Region District, 2004 challenge they faced was to assess and
determine the suitability of many different lakes in their jurisdiction for future recreational
development. They developed series of land and water metrics to assess the risk of
degradation to lake water quality; those metrics included current trophic state, hydrologic
characteristics, mean depth and watershed characteristics (size, land use). Many of these
metrics were based on original eutrophication management principles published byQE€D
(1981).

Hutchinson Environmental Sciences Ltd (HESL) have prepared a summary of lake and watershed
risk assessment approaches used in British Columbia, Ontario and MinnesotafoFimation

was presented by HESL at workshop hosted by NSWA and Alberta Environment and Parks in
June 2015 (HE3X2015). These various jurisdictions have used key lake and watershed factors to
develop cumulative assessment approaches for assessingvidkerability to water quality
degradation Much danning guidance has been deriviedm this approach

A similar screening and assessment tool has been developed for Jackfish Lake. The metrics used
have been derived from lake management literaturedamater science principlesA summary

of 15 key factors is presentelddelow andin Table 16 The potential to influence or impact lake

water quality is used athe end-point for the screeningeriteria. The condition of Jackfish Lake

and its watershed witliespect toeachfactor isscreenedas low, medium or highoncern and

then an overallinterpretation is presented

Watershed Factors:
1 Watershed Land Cover
9 Tributary Water Quality
1 Watershed Area to Lake Surface Area Ratio

Shoreline Factors:
1 Proportion of Shoreline Developed
1 Riparian Zone Health
1 Soil Suitability for Septic Fields
1 Shoreline Complexity

Lake Water Quality Factors:
9 Trophic Status
1 FisherieSummerkill Risk
9 FisheriesWinterkill Risk
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91 Internal P-LoadingRate

Hydrologic and Morphometric Famsk:
1 Hydrologid-lushing Rate
1 Groundwater Inflow
i LicengdWater Withdrawas
9 Littoral Zone Extent

Data are currently available toassess 12 out of the 1Betrics. Six metrics indicate high
concern five indicate moderate concern and onmalicates low cacern Based on these various
characteristics, Jackfish Lake is considenaghly sensitive to human encroachment. Strict
measures are required to minimize the potential for future degradation of the lake resulting
from shoreline disruption, or watershddnd use changes.
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Table16. Summary of lake and watershed features for Jackfish.LiBetrics with insufficient data are denoted with an astetisk

METRICS LOWCONCERN MODERATEONCERN HIGHCONCERN
WATERSHEBACTORS
0/ 0, I
Watershed Land Cover NaturalSate (0-25% disturbancérom Natural) (e ﬁ;f:;;bancﬁom
Tributary Water Quality Good Fair Poor
[TP] <100 ug/L [TP] 100250 ug/L [TP] >250 ug/L
Watershed Area: Lake Surface Area High Ratio Medium Ratio Low Ratio
Ratio (surrogate factor forwater supply) >10 5-10 <5

SHORELINEACTORS

Proportion of Shoreline Developed

Natural State

Moderate Development

High Development

0%- 25% 25%- 75%
Riparian Zone Health Healthy Moderately Impaired Highly Impaired
Sol suitability for septic Depth toGW Depth toGW Depth toGW
(depth to groundwater) * >3.0m 1.0-3.0 m <1.0m
Shoreline Complexity SDE D SDE 3 SDE >3

(shoreline development factoP)

3 The shoreline development factor (SDF) is the ratio of the lake shoreline length todhmfarence of a circle of the same area. It is often used by
fisheries biologists with a high SDF resulting in more abundant fish habitat. In this case, a high SDF is of high caunserih theans there is a greater
length of shoreline that could potgially be impacted by development.
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METRICS

LOWCONCERN

MODERATEONCERN

HIGHCONCERN

WATERQUALITYCONDITIONS

Trophic Status

OligoMesotrophic

Meso-Eutrophic

Eutrophic

Summerkill Risk Well mixed Moderate rate of hypolimnetic Extended hypolimnetic [DO]
¢ high [DO] [DO] depletion spring/fall mixing depletion
. S Mean depth Mean depth Mean depth
Winterkill Risk >3.0 m 20-30m <2.0m

Internal Phosphorus Loading

< 1 mg/m2/day

1¢ 5 mg/m2/day

>5 mg/m2/day

HYDROLOGIC ANDORPHOMETRIEACTORS

Flushing Rate

0, 0/ - 0, 0,
(% of Lake Volumelyr) >10%l/yr 3%- 10%l/yr <3%lyr
Groundwater Inflow to Lake High Inflow Medium Inflow Low Inflow
Water AllocationVolume % of Iflow*
0, 0/- 0, 0,
(not enough data for this watershed) pRaCEE DAY S0 =A%
Littoral Zone (< 4m) as % of Lake Area Low K 25% Moderate 25%- 50%9 High & 50%
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5.0 Conclusions and Recommendations

The findings of this report are diverse, and adsfrenany lake andiatershed featires. Jackfish

Lake is under significant development and recreational pressures that are putting stress on the
lake and its riparian ecosystems. In addition, climate effects have contriliatéohgterm

water level declinen Jackfish Lakandthroughout the region; levels are at record lows for the
past half century and the lake is at high risk of further degradation.

Water quality conditions in Jackfish Lake have remained reasonable over the years. However, a
blue green algal advisprwas issued by Alberta Health Services during summer 2015, and a
significant fish kill occurred during winter 2016. Thesegentevents are likely a direct response

to the low lake levels.

The functional and specific hydrologlmoundary of the Jackfishake watershed idlifficult to

define because offtosehummocky landscapesurrounding the lake¢ KS G aINRP &a RNI Ayl 3§
is defined by the height of land, but the watershed contains a numbeopfocontributingareas

at the smaller scalevhich may only connect to the lake duringbove average flow yearsThe
RStAYSIGA2Yy 2F GKS aSTFFSOUAGS RNIAYIFIS | NBFE Aa

A preliminary phosphorus modelling exercise was undertaken for lake and its watershed using
BATHUB an empirical eutrophication model developed by the United States Army Corps of
Engineers (USACE) for use on reservoirs and lakes (Walker 2B06)most Alberta lakes
modelled with BATHTUB to date, the application of external and interted®, conbined with
careful hydrologic estimates have resulted in reasonably chageement between predicted

and dserved inlake total phosphorus (TP) concentrations. Final calibration procedures to
achieve accurate TP predictions have usually been minor.etawin the case of Jackfish Lake,
the model overpredicted Lake TP by approximately forty percémtboth EDA and GDA
scenarios (Appendix)4and significant aibration steps were requiredThese calibration steps
require further investigation.

The ackfish Lake watershed is one of the most heavily developed in the Carvel Pitteci@alta
located west of Edmonton. This landform isigique geomorphological feature consigl of
extensive hummocky terrain interspersed witiumerous small kettle lakesand wetlands
WI O F A Zektendivédy [d&/€apedshoreline hosts numeroukakefront cottages. @untry
residential units and agricultural lands are located within the small watershieel addition of
daily/seasonal lake users visiting from Edmontord asther centers placedurther human
pressuren the lake and its watershed.

A wide range of land and water characteristics may be considered in the development of lake
and watershed management plans. Several key limnological, hydrological and agthnip
factors havebeen discussed in this report anstreening and assessment tool has been
developed for Jackfish Lake. The potential to influence or impact lake water quality is used as
the endpoint for the screening criteria. The metrics used hawerb derived from lake
management literature and water science principle®A summary of 15key factors was
presented anddata were available to assess thirteersixmetrics indicate high concerrfive
indicate moderate concern and one indicates low concer Based on these various
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characteristics, Jackfish Lake is considemeghly sensitive to human encroachment. Strict
measures are required to minimize the potential for future degradation of the lake resulting
from shoreline disruption, or watershed ldmuse changes.

Environmental, social and economic considerations are all very important for residents of
Jackfish Lake and its surrounding aredthough the emphasis of this report is environmental,
NSWA recognizes theomplex interactions of all thre aspectsin lake and watershed
managementiscussions

The Jackfish Lake community is encouraged to support sustairestideential anddevelopment
practicesin the watershedjmprove the management dfoat traffic, beginthe rehabilitation of
damaged fparian zones and consider other restoration needse condition of the lake has
deteriorated in recent years; actiois required to prevent further degradation and tarotect
the lake for future generationsPractical suggestions from the Parkland Cougrntyironmental

| 2y aSNDI A2y tanlod Ja&kishdind Sfa@ Bakessll Be considered (O2 Planning
and Design Inc., 2014).

Collaboration wittkey partners including Parkland County, Alberta Environment and Rarks
the North Saskatchewan Wathed Alliancas recommended to address the diversity of issues
at the lake. The ongoing collection of lakater quality data isalso recommended, either
through the LakeWatch program (ALMS) or by @wvernment of Alberta
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Appendix 11 Jackfish Lake Brochure
Simmary ofFindings in the Atlas of Alberta Lakes
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JACKFISH LAKE




For more information contact:

Lakes aftract people. And people want to know why "their”
lake is the way it is — why is it so green in July? Is the water
quality really deteriorating? How do our activities affect the
lake?

This brochure, one of a series on Alberta's lakes, attempts
to answer these questions by presenting findings of water
quality studies conducted by the Environmental Assessment
Division of Alberta Environment.

As you read through the brochure, you may find that you
have questions about the concepts and illustrations. At the end
is a section called Explanation of Lake Characteristics.
Refer to this for further interpretation.

Brochures are available for the following lakes:

Sandy Lake Pine Lake Lac la Biche

Lac la Nonne Garner Lake Nakamun Lake

Wizard Lake Skeleton Lake Lac Ste. Anne

Pigeon Lake Jackfish Lake Baptiste Lake
April 1989

Environmental Quality Monitoring Branch

Alberta Environment

9820 - 106 St., 6th Floor
Oxbridge Place

Edmonton, Alberta T5K 2J6
Phone 427-5883
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Jackfish Lake is an atiractive,
heavily used recreational lake
located about 50 km west of
Edmonton. To reach the lake, take
Highway 16 wes! lrom Edmonton to
Secondary Road 770. Drive soulh
for about 10 km and turn west to the
eas! side of the lake.

Almost all of the shoreline
around Jackfish Lake is privately
owned. Eight subdivisions and
leased properties have been
developed near the lake and on
three islands, these properties
include 250 coftages and trailers. On
the eas! shore, the county-owned
Jackfish Lake Recreation Area
provides day-use facilities including
picnic siles, a boat launch and
loilets

Jackfish Lake is often very busy
on summer weekends.
Powerboating and walterskiing are

favounte activities. Many people
swim in the lake, although there are
no developed beaches. The diverse
recreational activities at Jacklish
Lake sometimes conflict with each
other,

Fishing

Jackfish Lake has a moderately
active sport fishery, particularly for
northem pike {jackiish) and yellow
perch. The lake also supports small
numbers of walleye, as well as brook
stickleback, spottail shiners and
lowa darters. Northern pike are
caught more frequently than other
lypes of fish. The extensive beds of
aquatic plants along the shore
provide excellent pike spawning and
reanng habitat. Yellow perch in
Jackfish Lake tend to be stunted in
size, but fairly abundant’,

Physical Characteristics

Jacklish Lake is small, with an
irregular shape and many bays. The
lake consists of three distinct basins,
and there are five islands {see the
Depth Contour map). The treed
shoreline, bays and islands provide
shelter from strong winds. The
maximum depth of this shallow lake
is about 9 metres

The basin of Jackfish |ake Is
situated in a glacial depression,
There are only intermittent creeks
flowing into the lake, and water
drains in from diffuse runoff,
groundwater and precipiation.
Before 1982, the oullet channel on
the south end of the lake was
overgrown and usually dry. Between
1970 and 1982 the water level of the
lake rose by 1.4 metres (see the
Historial Water Level graph). In 1982
the County of Parkiand cleared the

e . - ————

' AL & L. Environmental Services Ltd. 1987, County of Parkland lisheries inventory: Jackfish Lake. Prep. for Alta. Foreslry, Lands and
Wildlile, Fish and Wildlife Division, Edmonlon.
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Depth Contours of Jackfish Lake
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Historical Water Level of Jackfish Lake
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Nutrient Sources sediment at the bottom of the lake Although the total amount of

The growth of plants, including may contain very large amounts of phosphorus entering Jackfish Lake
algae, in a lake depends upon the this nutrient. Under certain each year is not very large, the lake
amount of nutrients available to conditions, particularly in July and itself is small. The annual areal
them. Phosphorus is the nutrient that August, phosphorus moves from the loading figure of 0.14 g of
most directly determines whether a sediment to the overlying waler. phosphorus per square metre of lake
lake is green and weedy or clear Blue-green algal blooms are often area is typical of mildly eutrophic
and clean. The Theoretical the result of this “fertilization”, (fertite) lakes,

Phosphorus Supply table shows the
astimated amounts of phosphorus
that enter the lake from different
external sources. Much of the
phosphorus entering Jackfish Lake
each year originates from runoff from
the watershed, which is only about
five times the size of the lake. As
shown on the Watershed Map, 60%
of the watershed has been cleared
for agriculture; this land accounts for
almost half of the estimated
phosphorus supply. Seplic systems
in lakeshore developments probably
contribuie a relatively small amount
of phosphorus to Jackfish Lake,
although it has never been
measured. The quantity reported in
the table is estimated from studies
on other Alberta lakes.

Unquantified sources of
phosphorus include groundwater
inflow {springs in the lake), and the
lake bottom mud. The mud or

SEE “EXPLANATION OF LAKE CHARACTERISTICS"” AT END OF BROCHURE FOR CLARIFICATION OF THESE TERMS AND CONCEPTS.
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Watershed of Jackfish Lake
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Temperature and Dissolved
Oxygen

The level of dissolved oxygen in
Jackfish Lake may become
extremely low during winter. This is
shown on the Temperature and
Dissolved Oxygen graph for 26
February 1981. Dissolved oxygen
was less than about 4 mg/L in the
area of the lake that was sampled

In summer, as shown for 20
August 1981, the lake was
“thermally stratified”; that is, the lop
four metres of water were warmer
than water near the bottom of the
lake. Under these conditions the
water in the deeper regions resists
mixing on windy days. Oxygen from
the air cannot replenish this bottom
water, and natural decay and



Temperature (°C) and Dissolved Oxygen (mg/L) in Jackfish Lake
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respiration reduce oxygen levels Chemistry and calcium (Ca). In many Alberta
The graph shows that no oxygen The water in Jacklish Lake is lakes the dominant ion is
remained in the water below depths fresh, even though the salinity bicarbonate (HCOs). Groundwater in
of seven metres. From April to (saltiness) is slightly higher than in the Jackfish Lake area has high
September in 1981 there was no most freshwater lakes. The pattern of levels of sulfate, which might
oxygen in the bottom metre of ions, as shown in the lonic Diagram, account for the high sulfate in the
Jacklish Lake. In spite of periodic Is interesting because the major ions lake .2 The water has less alkalinity
low levels of dissolved oxygen, fish are sulfate (SO4), magnesium (Mg} than in many Alberta lakes.

kills in winter and summer do not
seem lo be a problem in this lake.

IONIC DIAGRAM Relative proportions of lons In
Jackfish Lake 1980-1981

CHEMISTRY Ice-Free Season Averages - 1980-1981 a

Cl

CONDUCTIVITY uSiem 918
pH (RANGE) 7.4-96 : Ca
ALKALINITY mg/L* 98
TOTAL DISSOLVED

SOLIDS mg/L 569
e e —— ____— 1
" milkgrams par bire = one tousandt of a gram in a litre = pars par milkon S 04

? Rippon, RE 1981. Groundwater availability — Jackfish-Mayalan lakes area, County of Parkland. Depl. of the Environment,
Environmental Protection Services, Earth Sciences Division.
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Trophic Status of Jackfish Lake
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Algae and Trophic Status The water quality of Jackfish summaer. It is likely that the lake's

The fairly high concentrations of Lake is quite acceptable for fertile condition results in part from
phosphorus and chlorophyll {a recreational pursuits, even though the recycling of phosphorus from the
measure of algae) in Jackfish Lake the water is green at times during the bottom sediments.
suggest that the lake is mildly
eutrophic. Blue-green algae
sometimes form nuisance blooms or
scums. Depending on the type of
algae, they may look like short grass
T ik TROPHIC CHARACTERISTICS Average Values May - October
in many lakes in the area, and are 1980 1081
typical of eutrophic or fertile water PHOSPHORUS pgiLt . 49
bodies,

The Trophic Status graph shows g:rgsoegml. ﬂt '2"-;925 ""9 2
oW, suncontraNons of phiosplhary SECCHI TRANSPARENCY 30 24
and chlorophyll changed over the n - -
peﬁod that Jackfish Lake was free of —_—_—— - ————
ice in 1981. The phosphorus level * Miarpgrwms pes s = cnt: millonth ol 3 gramn 3 lre = pavts per ilion
fluctuated considerably. Chlorophyll Davor S

was highest in early May, and the
clarity of the water [Secchi depth)
was lowest at this time.
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Explanation of Lake Characteristics

PHYSICAL AND
HYDROLOGICAL
CHARACTERISTICS

Drainage Area or the watershed
of a lake is lhe land surface from
which a lake receives its water. As
rain water or snowmelt gathers in
sireams, |t picks up soil particles,
nutrients and other maternials and
carries them to the lake.

A study of more than 30 Alberta
lakes shows that when drainage
areas are large compared to lake
areas, [ie. when the Drainage
Area/Lake Area ratio is large), lakes
have more algae (are more
eutrophic) (see TROPHIC
CHARACTERISTICS).

Mean Depth is the volume of the
lake divided by the surface area.
Shallow lakes are often more
eutrophic than deeper lakes of a
similar surface area.

Inflow is the total volume of water
entering the lake in a year. Il is
related to Residence Time, which is
the time it would take the inflow to
completely fill the empty lake basin,

The Geodetic Elevation on the
water level graph indicates the level
or elevation of the lake above mean
sea level,

TEMPERATURE

Alberta lakes show two basic
annual pattemns of temperature
distribution through the water,

Deep lakes, or those protected
from strong winds, form layers with
the coldest water near the bottom In
summer. Because this colder water
is denser, it resists mixing into the
warmer, lighter, upper layer.

For much of the summer, the
bottom portion of water is isolated
from the top portion, In spring and
fall, these lakes usually mix from top
10 bottom by wind action as the
water becomes uniform in
temperature and density. In winter,
under ice, the warmest water (about
4°C) is on the bottom, because water
Is most dense al this temperature.

Shallow takes mix throughout the
summer or layer only temporarily, In
winter, the temperature pattern of
these lakes is similar to that of deep
lakes.

DISSOLVED OXYGEN

Oxygen is essential to the life in
lakes. Oxygen from the air dissolves
readily in water, especially on windy
days when waves break up the lake
surface. The photosynthesis of small
aquatic plants also supplies a large
amount of oxygen to the lake water.

Oxygen is consumed by
respiration of animals and plants,
and by the decomposition of dead
organisms by bacteria. A great deal
can be learned aboul the “health” of
a lake by studying its patterns and
quantity of oxygen,

Lakes that are unproductive
(oligotrophic) will have sufficient
oxygen throughout the year at all
depths. But as a lake becomes more
eutrophic, and increasing quantities
of plants and animals respire and
decay, the balance shifts towards
consumption — especially near the
lake bottom where dead organisms
accumulate.

In deep productive lakes (see
TEMPERATURE), the oxygen in the
Isolated bottom layer may deplete
rapidly, forcing fish to move into the
upper layer (fish are stressed when
oxygen falls below about 3 mg/L).
Fish kills occur when decomposing
or respiring algal populations use up
the oxygen. In summer, this usually
happens when an algal bloom
"collapses" or dies suddenly.
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SALINITY AND TOTAL
DISSOLVED SOLIDS

Lake water contains a multitude of
dissolved substances. These can be
seen by allowing a dish of lake water
1o evaporate. If the water is filtered to
remove living organisms and other
particles, and then allowed to
avaporate, the residue is called
Total Dissolved Solids.

The lons® that make up most of
this residue can be measured
individually. The lonic Diagram
presents all of the major ions in a
lake in proportion to each other, The
salinity or saltiness of the water is
indicated by its conductivity, Water
that is low in conductivity (salinity)
conducts elactricity poorly.

Salinity is controlled by the types
of rock or soil in the watershed and
by the amount of evaporation relative
to precipitation, Lakes of high
salinity, such as many of those found
in southeastern Alberta, have fewer
species of plants and animals than
freshwater lakes; many are too
saline to support fish.

* lons: Chemical form In water of
constituents such as sodium and
carbonale.

pH AND ALKALINITY

The pH of lake water refers to its
concentration of hydrogen ions on a
scale that runs from 0 {extremely
acidic] to 14 (extremely alkaline). A
pH of 7 is neutral - neither acidic nor
alkaline,

Most Alberta lakes fall between pH
6 to 9, with the majority on the
alkaline side, Alkalinity refers to the
capacity of water to neutralize an
acid, and is a measure of the
alkaline materials present in the
water.

Alberta lakes that were formed in
sedimentary bedrock have a large
capacity to neutralize acids entering
them, such as from acid rain.



THEORETICAL
PHOSPHORUS SUPPLY

Lake scientists know that for most
lakes, the amount of algae in the
water is related directly o the
amount of phosphorus. This is
because phosphorus is usually in
shortest supply relative 10 all the
nutrients that lake plants need. When
it runs out, the algal population can
no longer increase. A larger
phosphorus supply usually results in
more algae.

Based on studies from all over
North America, the quantity of
phosphorus contributed by a hectare
of forest during runoff is remarkably
similar no matter where the lake is
located. Similarly, agricultural or
cleared land overlying sedimentary
bedrock contributes fairly similar
quantities of phosphorus per hectare
in most lake watersheds. This was
confirmed for Alberta by measuring
quantities of phosphorus supplied by
various land uses in several lake
waltersheds.

In all studies, the phosphorus
supply from cleared or agricultural
lake was greater than that from
foresl, averaging 2 10 5 times more.

The Theoretical Phosphorus
Supply is estimated by multiplying
phosphorus supply factors for each
type of land use by the area of that
land use, and then summing the
products.

Similar factors are used for the
supply from precipitation. The supply
from sewage is estimated based on
a perceniage of the total amount that
could be generated by cottages and
camps on the particular lake.

It might be expected that a large
phosphorus supply would produce a
eutrophic lake. But the size of the
lake is also important. If the total
phosphorus supply is divided by the
surface area of the lake, the resulling
Areal Loading figure can be
compared with other lakes, and can
be used as an indication of trophic
status.

* equivalent to parts per billion

TROPHIC
CHARACTERISTICS

The word "trophic” literally means
nourishment.

Mountain lakes usually are "poorly
nourished™ or oligotrophic. Leveals
of nutrients such as phosphorus and
nitrogen are low, plant life is sparse,
and the waler is clear. Fish
production is low.

On the other end of the scale are
well-nourished or fertile lakes called
eutrophic. In these lakes, aguatic
plants, including tiny suspended
algae, flourish because the water
contains abundan! nutrients,

Mesotrophic lakes, those
intermediate in fertility, often
combine the best features of the
other two types.

In some lakes, the nutrient supply
is s0 high that plant growth inhibits
certain recreational uses of the lake,
Lake users may consider such a
lake to have poor water quality. One
of the purposes in studying lakes is
10 determine whether fedility is
increasing.

There are several ways 1o
measure a lake's fertility or Trophic
Status.

Phosphorus and nitrogen can
be measured directly, Phosphorus in
lakes of the Boreal Forest/Parkland
areas of Alberta ranges between 10
and 200 micrograms per litre* (ug/L)
{oligotrophic to highly eutrophic), and
nitrogen ranges between 500 and
3500 ug/L

Transparency of the water
declines as a lake becomes more
fertile. It is measured with a black
and white plate called a Secchi
Disk, which is lowered through the
waler on a line marked at metre
intervals. The depth at which it can
no longer be seen is the Secchi
Transparency.

The quantity of algae in the water
can be determined by measuring its
content of Chlorophyll a, the green
photosynthetic pigment.

110



Appendix 21 2014 Water Balance

Completed by Sal Figliuzzi and Associates

111



This page is intentionally leftdnk.

112



WATER BALANCE
FOR
JACKFISH LAKE, ALBERTA

Submitted to:

North Saskatchewan Watershed Alliance
April 2016

By

Sal Figliuzzi and Associates Ltd.
Edmonton, Alberta

113



ACKNOWLEDGEMENTS

The author gratefully acknowledges the contribution of the following persons for their
help and support towards the completion of this report. Candace Vanin of Agriculture
and Agri-food Canada for delineating the gross and effective areas for Jackfish Lake
watershed, Terry Chamuluk of Alberta Environment for providing Morton monthly
evaporation estimates for the City of Edmonton. Ron Woodvine of Agriculture and Agri-
food Canada for providing precipitation and evaporation tables and maps for the
Canadian Prairies. Mary Ellen Shain and Ed Hoyes of the North Saskatchewan
Watershed Alliance for their extensive review and editing of this report.

114



EXECUTIVE SUMMARY

Jackfish Lake is a small lake in central Alberta that is located in Parkland County about
40 Km west of the City of Edmonton and within the North Saskatchewan River basin.
The North Saskatchewan Watershed Alliance (NWSA) is a non-profit society whose
purpose is to protect and improve water quality and ecosystem functioning in the North
Saskatchewan River watershed in Alberta. As part of this responsibility, the NSWA is
undertaking an initiative, in partnership with Parkland County, to develop a better
understanding of the hydrology and water quality for a number of primary recreational
lakes in the North Saskatchewan River basin; including Jackfish Lake.

Within this context, the objective of this report is to conduct a long-term water balance
for Jackfish Lake so as to increase the general understanding as to the relative water
guantity contributions to Jackfish Lake from each of the hydrologic components. The
relative contributions from each hydrologic component are then to be used in a separate
nutrient balance analysis to gain a better understanding of the water quality.

The values of significant physical and hydrologic parameters estimated within this report
are as follows:

Physical Parameters:
1 Gross drainage area (including Lake surface area) = 16.65 km?,

Effective drainage area (excluding lake surface area)= 7.8 km?,
Non-contributing drainage area =6.75 Km?,

Lake surface area (at mean elevation of 729.32 m) = 2.1km?,

Lake storage volume (at mean elevation of 729.32 m) =6,904,000 m?.

= =4 =4

Hydrologic Parameters (1967-2011 period):
Mean water level (729.32 m),
Long-term annual specific runoff = 56.6 dam3/Km? or 56,605 m3/km?,

Long-term surface inflow to Jackfish Lake = 441,515 m3,
Long-term surface outflow =89,676 m3,

Net groundwater inflow (GI-GO) = - 36,756 m?3,

Long-term mean annual precipitation = 524.7 mm
Long-term precipitation input = 1,101,870 m3,

Long-term mean annual gross evaporation = 679.8 mm, and
Long-term evaporation losses 1,427,490 m?3.

= =4 =4 4 8 45 9 -2 _2
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1 INTRODUCTION

Jackfish Lake is a small lake in central Alberta that is located in Parkland County
about 40 Km west of the City of Edmonton (Figure 1) and within the North
Saskatchewan River basin.
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Figure 17 Location map i Jackfish Lake

The North Saskatchewan Watershed Alliance (NWSA) is a non-profit society
whose purpose is to protect and improve water quality and ecosystem
functioning in the North Saskatchewan River watershed in Alberta. As part of this
responsibility, the NSWA, in partnership with Parkland County, is undertaking an
initiative to develop a better understanding of the hydrology and water quality for
a number of primary recreational lakes in the North Saskatchewan River basin;
including Jackfish Lake.

The objective of this report is to conduct a long-term water balance for Jackfish
Lake so as to increase the general understanding as to the relative water
quantity contributions to Jackfish Lake from each of the hydrologic components.
The relative contributions from each hydrologic component are then to be used in
a separate nutrient balance analysis to gain a better understanding of the water
quality.
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1 WATER BALANCE 7 GENERAL DISCUSSION

A water balance is simply an accounting of all water inputs to and outflows from a
water body. In its simplest form the water balance can be represented by the
following equation:

PS =0 (1)
Where:
pS= the change in | ake water storage,
| = water inputs to the lake, and
O = water outflows from the Lake.

For any given time period, Equation 1 can be expanded to its individual
components and expressed as follows:

S =I+P(+6lI) - (SO+EL+GO+D) (2)
Where:
S| = the surface inflow into the lake from the lake's catchment or drainage
area (DA),
SO= Surface outflow T generally through a channel leaving the lake,
Pl = Precipitation input T rain and snow (P) falling directly on the lake

surface area (LSA),

EL = Evaporation losses 1 evaporation (E) from lake surface area (LSA),

Gl = Groundwater inflow T water entering the lake via buried channels and
connections to aquifers,

GO= Groundwater outflow - water leaving the lake through the
groundwater system, and

D = Diversions i water diverted into (-D) or from the lake (+D) due to
human activity.

Because the absolute quantity of surface inflow, precipitation and evaporation
cannot be measured directly; equation (2) is often expanded and expressed as
follows:

PS = ( BBAMISR*(P-E)+(GI-GO)-D (3)
Where:
SR = the specific runoff (runoff per unit area) estimated from gauged

stream courses, all other parameters are as previously defined.

The parameters within the above equation are estimated in the Sections of this
report that follow.
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1 ESTMATION OF JACKFISH LAKE WATER BALANCE PARAMETRS

This Section of the report estimates the various parameters within equation (3)
towards developing an understanding as to the quantity and relative importance
of the various input and output parameters in the water balance of Jackfish Lake.

o] Computation of Lake Surface Area (LSA) and Storage

Jackfish Lake is a small, irregular shaped lake located approximately 40 Km west
of the City of Edmonton. The Bathymetric survey of Jackfish Lake (Figure 2),
carried out on September 5, 1964 when the lake was at a relatively low level,
indicates that the lake may be considered as being comprised of three joined
water bodies, a northern arm which has a maximum depth of about 7.5 meters, a
central water body which has a maximum depth of about 9.0 meters, and a
southern water body which has a maximum depth of about 9.0 meters. A fourth
water body, which appears as a separate pond at the south west end of the lake,
becomes fully connected to the lake at higher water level elevations and is
believed to be hydraulically connected, at a subsurface level, at even the lower
levels.

The bathymetric data from Alberta Geological Survey includes bathymetric DEM
or Digital Elevation Model data [report DIG-2008-0444] and contour [report DIG
2008-0613] data. This data was used by Agriculture & Agri-food Canada (AAFC)
to construct an elevation-area relation and subsequently an elevation-capacity
relation for Jackfish Lake (Table 1 and Figure 4) using Spatial Analyst tool in
ArcGIS- Jackfish Lake boundary data [DIG 2008-0782] from Alberta Geologic
Survey was compared with hydrology [1:20K water body polygon] data from
AAFC.
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Figure 21 Jackfish Lake bathymetry i historic depths.
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Figure 31 1 meter bathymetric contour map 7 Jackfish Lake
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Figure 41 Elevation-Area-Capacity relation 17 Jackfish Lake

Table 1 - Jackfish Lake - Elevation-Area-Capacity Relation

Lake Depth | Water Level | Lake Surface | Lake Volume
{m) {m}) Area (km2) {m3)

0.00 720.00 0.0 0

1.00 721.00 0.0017 861

3.00 723.00 0.2175 220,083

6.00 726.00 0.8714 1,853,231

8.00 728.00 1.6823 4,407,103

9.00 729.00 2.0006 6,248,561

10.00 730.00 2.3007 8,399,189
11.00 731.00 2.6123 10,855,681

Mote - Lake surface area for elevations at and above 728 m
includes pond at south west end of lake.

Table 1 and Figure 4 shows that, at a lake elevation of 731.0 m Jackfish Lake
has a maximum depth of over 10 meters (33 feet), a lake surface area of about
2.61 Km?, and a capacity of about 10,856,000 m?3.
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Miscellaneous water level records for Jackfish Lake are available from May 1968
to October 2013 (Figure 5). During this period, the lake has fluctuated from a
high of 730.13 m in July 1983 to a low of 728.44 m in October 2010; a fluctuation
of 1.69 m. The mean elevation, computed taking the average of annual
averages, during this period was 729.32 m. The lake surface area (LSA) and
storage volume at each of these key water elevations is shown in Table 2.
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Figure 571 Historical geodetic water levels i Jackfish Lake

Table 21 Lake Surface Area (LSA) and Lake Storage at Key Water Levels

Key Water Level Elevation (m) LSA (Km?) Storage (m3X 10°)
Historical Max 730.13 2.341 8.701
Historical Average 729.32 2.100 6.904
Historical Min 728.44 1.822 5.178
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o] Computation of Drainage Area (DA)

The land area whose surface runoff drains to a particular point or body of water

(lake, stream course, etc,) is called the drainage area, catchment area or

watershed area. Because of the relatively level or gently undulating landscape of

the Canadian Prairies, the numerous depressions which can capture runoff, and

climatic conditions, the portion of a watershed area that can potentially contribute

to the surface runoff reaching a water body and the land area which actually

contributes to the runoff reaching the water body can vary significantly from event

to event and from year to year. In addition to the type of landscape, the local

surface form [also called landforms] within a given landscape strongly influence

surface runoff and eventual off-site drainage based on characteristic of slope

gradient, slope length and density of depressional areas. Ideally, a water balance

would be carried out for each of these storage and depression areas towards

identifying the actual quantity of runoff being captured by each depression and

the actual quantity of water reaching the water body under consideration.

However, as this level of analysis is not practical or possible in most instances,

the concept dofiefidrreaead $ ¥ e@an domainto@mmonase ea has
to account for this wvariability in the ficonf
defined, based on Stichlingés arefiecti@l ac kwel |
drainage areas, as follows:

Gross drainage area of a stream [or body of water] at a specified location is
that plane area, enclosed by its drainage divide, which can be expected to
entirely contribute runoff to that specified location [or body of water] under
extremely wet conditions. The gross drainage boundary is the drainage divide
(i.e. the height of land between adjoining watersheds).

Effective drainage area is that portion of the gross drainage basin which
might be expected to entirely contribute runoff to main stream during a
flood with a return period of two years. This area excludes marsh and
slough areas and other natural storage areas which would prevent runoff
from reaching the main stream in a year of

A third important concept is that of dead drainage. Drainage is considered
dead if there is no outflow from an area even under very wet conditions. This
situation is common on the Canadian Prairies where major depressions having
sloughs and shallow lakes with no outlets are usually associated with dead
drainage. A dead drainage basin includes all areas draining to the depression.
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Both the gross and effective drainage boundaries appear to be distinct lines,
but in practice they are not. In theory, a gross drainage boundary is a definite line
because it is based solely on topography. However, in areas of poor drainage,
gross drainage boundaries become less distinct and other physiographic factors
such as slope, drainage patterns, and depression storage are used as visual cues
in the delineation process. Effective drainage boundaries are more conceptual
because they pertain to the natural average runoff (approximately the two-year
flood event) and are based mostly on hydrologic factors rather than on
topography alone. Because of the non-distinct nature of the boundaries, an
appropriate workable method for delineation was developed.

A complete discussion of the drainage boundary delineation methods can be found in
Hydrology Report #104 (PFRA Hydrology Division 1983) of Agriculture & Agri-food
Canada.

The gross drainage area (including the lake surface area) for Jackfish Lake was
estimated at 16.65 Km? from the 1:50,000 NTS maps and the 25m DEM [Digital
Elevation Model] data from AESRD (Figures 6a and 6b).

Jackfish Lake is situated on the Mink Lake Plain and the landform surrounding
the lake is described as hummocky with moderate relief [H1m] [source:
AGRASID]. Hummocky, moderate relief landforms have, on average, slopes with
8% grade, slope length of 150m, slope relief ofSm, approximately 60
depressional areas per 100 ha, and 10% off-site drainage. Due to the hummocky
landforms around the lake, some of these areas (areas Al, A2 and A3 in Figures
6a and 6b) do not contribute to the surface inflow of Jackfish Lake in an average
year. Instead, only under very wet conditions does the surface runoff from non-
contributing areas contribute to the surface inflow of Jackfish Lake. The middle
branch at southern-most extent of Jackfish Lake (labeled as L2 in Figure 61)
becomes physically connected to Jackfish Lake (area L1 in Figure 6a) at higher
water level elevations and appears to be hydraulically connected to the lake even
at lower lake levels. The effective drainage area, or area contributing surface
runoff directly to Jackfish Lake, when the lake is at its average elevation of
729.32 m was estimated at 7.8 Km? by subtracting the non-contributing areas
and lake surface area from the gross drainage area as shown in Table 3.
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Jackfish Lake Watershed

Figure 6a 1 Jackfish Lake Watershed
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Legend
Jackfish_Watershed
V/A A3 - Non-contributing area
[/// A2 - Non-contributing area
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igh : 845,

—
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Figure 6b i Gross and non-contributing drainage areas for Jackfish Lake
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Table 317 Computation of effective drainage area for Jackfish Lake
Description Symbol on Area (Km?) Comment
Figure 6
Gross Drainage Area 16.65
Non-contributing Areas Al 3.30
A2 2.87
A3 0.58
Lake surface area Excluding islands
L1+L2 2.10 (BN.W.S)
Effective Drainage area 7.80 Includes islands
Note 7 Area draining to L2 is considered as contributing as the pond is connected to Jackfish
Lake

o] Computation of Surface Outflow (SO)

Historically Jackfish Lake had an outlet at the southeast end of the lake (Figure

2) however the outlet had become blocked for many years prior to 1983. In the

early 198006s residents at the I|Isngwatebhecame ¢
levels and the County of Parkland re-established an outflow by clearing the old

stream bed and constructing a culvert under a road near the southeast basin

(Twach 1988). During the winter of 1982/83; the county built a concrete cut-off

wall that forms a low broad-crested weir with side walls that constrict to the

culvert (Figures 7a and 7b). Water drains over the weir and through the culvert

when lake levels surpass 729.72 m. However, due to the declining lake levels the

outlet has not been used since 1992 (Figure 5).

It was initially intended that surface outflows from Jackfish Lake would be
estimated by applying the recorded water levels to the outflow rating curve
(stage-discharge relation) of the outlet structure. However, as the structure plans
filed with Parkland County did not include a rating curve and as a theoretical
stage-discharge relation, which assumes the inlet structure to be the control
point, resulted in unrealistically high outflow volumes (indicating the control point
is either in the outlet channel or influenced by ponding at the outlet of the
culvert), an alternative method of estimating outflow was developed. The
alternative method consists of the following:

i. First estimate the net groundwater inflow (GI-GO) by conducting a water
balance for the 1993-2011 period; a period for which were no outflows.
ii. Estimate the surface runoff (SO) by conducting a long-term (1967-2011)
water balance using the net groundwater i

In the remaining sections, each of the parameters is estimated for both the 1993-
2011 period and the long-term (1967-2011) period used for the water balance.
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600 mm

Figure 7b 7 Schematic of weir and culvert structure on Jackfish Lake outlet
channel.
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o] Computation of Surface Runoff (SR) and Surface Inflow (DA*SR) to
Jackfish Lake

The surface runoff (SR) and inflow (SI=DA*SR) to Jackfish Lake is not measured.
The procedure generally used to estimate surface runoff for ungauged areas is to
determine the specific yield (runoff per unit area) for nearby gauged basins and
to apply the specific surface runoff from the gauged basin to the drainage area of
the ungauged basin.

The nearest hydrometric stations to Jackfish Lake which can be used for the
estimation of runoff include:

1 Sturgeon River near Magnolia Bridge (WSC Station #05EA010),

1 Tomahawk Creek near Tomahawk (WSC Station #05DE009), and,

1 Strawberry Creek near the mouth (WSC Station #05DF004).

While there are two other stations (Atim Creek near Spruce Grove, and Atim
Creek near Century Road - WSC Station #05EA009 and 05EA012) to the east of
Jackfish Lake they are not considered in the estimation of surface runoff to
Jackfish Lake due to their short and incomplete period of record and because of
groundwater pumpage into the Creek by the Town of Stony Plain. Figure 8
shows the location of these hydrometric stations relative to Jackfish Lake.

Atim Creek near
Century Road

Figure 81 Location of hydrometric stations near Jackfish Lake.
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The historical runoff for each of the three stations is summarized in Appendix A,
Tables Al, A2, and A3. The gross and effective drainage areas, computed by
Agriculture & Agri-food Canada, along with a summary of the runoff volume (SI)
and the specific surface runoff (SR) for each of the three basins used for the
estimation of surface runoff for Jackfish Lake is summarized in Table 4.

Table 4 - Computation of Specific Surface Runoff (SR) and Surface Inflow (DA*SR)for Jackfish Lake

Watershed Period of Record Drainage Area Runoff Volume Specific Runoff (SR)
gross | effective per unit Effective area
{(km?) | (km?) | {dam?) {m?) [damaﬂ(mz]l {m*/Km?)
Long-Term Specific Surface Runoff (SR) and Surface Inflow (DA*SR)
Strawberry Creek near
1967-2011 502 580 28,035 | 28,035,000 47.60 47,598
the Mouth
Tomahawk Creek near 1985-1998
04.3 04.2 5,743 5,743,000 60.97 60,966
Tomahawk 2000-2011
Sturgeon River near
. . 1982-2011 121.2 121.2 7,164 7,164,000 59.11 59,109
Magnolia Bridge
Strawberry Creek near same as
592 589 27,537 | 27,537,000 46.75 46,752
the Mouth Tomahawk Cr.
Strawberry Creek near | same as Sturgeon
592 589 27,551 | 27,551,000 46.78 46,776
the Mouth R.
Tomahawk Creek near | adjusted to 1967-
. 94.3 94.2 5,847 5,846,861 62.07 62,009
Tomahawk 2011 period
Sturgeon River near adjusted to 1967-
. . . 121.2 121.2 7,290 7,289,853 60.15 60,147
Magnolia Bridge 2011 period

Jackfish Lake long-term average - based
on average specific Yield of Strawberry
Creek, adjusted Tomahawk Creek and
ajusted Sturgeon River

7.8 442 441,515 56.60 56,605

1993-2011 Specific Surface Runoff (SR) and Surface Inflow (DA*SR)

Strawberry Creek near
1993-2011 502 589 22,669 | 22,669,000 38.49 38,487
the Mouth
Tomahawk Creek near 1993-1998
94.3 94.2 4,528 4,528,000 48.07 48,068
Tomahawk 2000-2011
Sturgeon River near
. . 1993-2011 121.2 121.2 5,625 5,625,000 46.41 46,411
Magnolia Bridge

Jackfish Lake 1993-2011 average - based
on 1993-2011 average specific yield for - - 345,712 P 44,322
Strawberry Creek, Tomahawk Creek and

Sturgeon River

Table 4 shows that during their period of record Strawberry Creek, Tomahawk
Creek and Sturgeon River had a mean annual specific runoff (SR) of 47.60
dam?®km?, 60.97 dam3km?, and 59.11 dam3®km? respectively. Due to significant
difference in specific runoff for Strawberry Creek versus Tomahawk Creek and
Sturgeon River, the mean annual specific runoff in Strawberry Creek was also
computed for the same period as for Tomahawk Creek and for the Sturgeon
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River so as to determine to what degree the difference was attributable to
differences in the period of record versus climatic conditions. The analysis (Table
4) shows that the specific runoff in Strawberry Creek for the shorter period of
record is very similar to that for the 1967-2011 period thereby indicating the
difference is due to climatic conditions rather than differences between the two
periods of record. Given the foregoing, the long-term specific runoff (SR) and
surface inflow (DA*SR) for Jackfish Lake were calculated by first adjusting the
runoff for Tomahawk Creek and Sturgeon River by the ratio of the 1967-2011
specific runoff to the shorter period specific runoff for Strawberry Creek and by
then taking the average long-term specific runoff of the three stream courses. As
shown in Table 4, the long-term specific runoff (SR) and surface inflow (DA*SR)
for Jackfish Lake are 56.60 dam®km? (56,605 m3/Km?) and 442 dam?® (441,515
m3) respectively.

Table 4 further show that 1993-2011 mean annual specific runoff (computed
simply as the average for Strawberry Creek, Sturgeon River and Tomahawk
Creek) and mean annual surface inflow to Jackfish Lake are 44.32 dam3km?
(44,322m3/km?) and 346 dam? (345,712 m?3) respectively.

o] Computation of Precipitation (P) and Precipitation Inputs (LSA*P)

The total precipitation inputs to Jackfish Lake is computed as the lake surface
area multiplied by the mean annual precipitation, where the lake surface area
was previously calculated at 2.1 km?.

The only precipitation station within a 50 km radius of Jackfish Lake having a
complete set of monthly precipitation is Edmonton Stony Plain, about 20 miles
east of Jackfish Lake. The long-term (1967-2011) mean annual precipitation for
this site is 503.9 mm while the 1993-2011 average is 456.0 mm (Table 5). As
precipitation in the area increases from east to west, a second table of monthly
and annual precipitation was constructed from partial records of stations to the
west and south of Jackfish Lake. The 1967-2011 mean annual precipitation for
these sites to the south and west is estimated at 545.5 mm while the 1993-2011
mean annual precipitation is estimated at 528.2 mm (Table 6).

Therefore, the long-term (1967-2011) and 1993-2011 mean annual precipitation
at Jackfish Lake are estimated at 524.7 mm and 492.1 mm respectively based on
the average of the two sites.

The long-term (1967-2011) precipitation input (DA*P) to the Jackfish Lake water
balance is therefore estimated at 1101.87 dam?® or 1,101,870 m3 (2.1 Km? lake
surface area X 524.7 mm mean annual precipitation) while the 1993-2011
precipitation input is estimated at 1033.41 dam? or 1,033,410 m3.
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Table 5 - Monthly and Annual Precipitation (mm) for Stony Plain

Year Jan Feb Mar Apr May | Jun Jul Aug Sep Oct Nov Dec Annual
1967 30.0 142 | 325 58 170 | 640 | 340 | 452 33| 361 269 | 399 348.9
1968 348 30 185 | 216 | 292 | 678 | 592 | 693 | 338 | 259 41 404 407.6
1969 16.5 19.3 76 | 234 | 351 353 | 919 | 1245 | 823 | 305 | 206 12.7 499.7
1970 175 165 | 257 43 147 | 1207 | 1097 | 495 | 292 | 406 | 358 18.0 482.2
1971 544 36| 315 64 173 | 1313 | 1862 122 | 465 25| 262 | 528 570.9
1972 213 | 450 | 234 | 414 | 439 | 1140 | 521 848 | 300 51 279 | 297 518.6
1973 8.9 18.3 71 460 | 531 | 1933 | 577 | 1049 | 389 | 432 | 447 | 201 636.2
1974 373 | 333 | 437 | 269 | 564 | 859 | 1290 | 363 | 442 8.9 08 | 252 528.9
1975 15.0 109 | 224 | 409 | 554 | 1521 584 | 1656 8.1 20.1 71 46.0 602.0
1976 19.3 196 | 206 142 | 330 | 1166 | 871 88.1 274 152 150 | 442 500.3
1977 28.8 92 118 | 261 | 1667 | 398 | 1151 | 1002 | 455 02 118 | 216 576.8
1978 35.3 15.3 142 | 300 | 621 626 | 1443 | 746 | 1461 139 | 665 115 676.4
1979 5.6 | 509 95| 472 | 439 ] 946 | 991 38.1 47.0 14.2 125 | 467 509.3
1980 302 | 235 | 262 75| 602 | 1698 | 1423 | 1252 | 579 | 237 96 | 558 7319
1981 97 159 15.3 141 388 | 427 | 1460 143 | 390 | 343 48 185 3934
1982 737 | 227 | 532 165 | 385 174 11902 | 771 360 | 352 19.1 58 585.4
1983 10.1 173 | 338 | 270 8.9 | 130.0 | 1344 183 | 527 | 308 190 | 224 504.7
1984 318 67 | 237 24 | 821 | 1081 323 | 431 | 1153 | 554 | 234 | 370 561.2
1985 148 | 301 44 | 480 | 398 | 919 | 613 | 964 | 700 | 250 | 293 | 329 543.9
1986 122 162 | 355 | 472 | 378 | 706 | 1905 | 294 | 941 258 | 322 112 602.7
1987 76 13| #12 173 | 804 | 593 | 823 | 1187 15.5 5.3 28 179 459.6
1988 119 | 342 8.4 125 | 239 | 1408 | 1850 | 1162 | 573 27 14.0 16.5 6234
1989 453 106 73 179 | 896 | 873 | 1439 | 1182 | 297 | 327 | 350 | 203 637.8
1990 141 16.6 162 | 603 | 506 | 527 | 1596 | 856 146 | 326 | 323 | 319 567.1
1991 305 | 303 165 | 365 | 987 | 1055 | 240 | 788 198 | 866 50 18.3 550.5
1992 309 | 416 46 | 318 | 326 197 | 605 | 510 | 689 5.8 | 251 21.0 393.5
1993 28 98 | 212 | 224 | 497 | 1030 | 795 | 698 | 221 128 | 243 121 429.5
1994 60.1 16.7 08 38 | 537 | 1193 | 839 | 849 | 442 157 18.0 104 5115
1995 14 101 50 19.3 196 | 670 | 945 | 795 126 120 | 428 16.2 380.0
1996 20.8 66 128 | 428 | 442 | 1324 | 1106 | 680 | 824 138 | 556 16.2 606.2
1997 11.0 90 | 264 | 334 | 540 | 1593 | 609 | 546 | 504 | 493 24 34 5141
1998 16.6 0.0 10.8 124 | 546 | 1095 | 421 520 | 522 | 423 | 246 | 212 438.3
1999 432 6.2 143 | 258 | 569 | 582 | 913 | 743 16.0 86 96 6.0 4104
2000 18.2 8.0 16.8 192 | 730 | 1072 | 1422 | 457 | 514 54 126 106 510.3
2001 0.6 4.0 96 38 | 262 | 688 | 1952 | 492 | 302 | 218 15.8 1.8 427.0
2002 6.1 46 | 248 | 352 148 180 | 564 | 552 106 19.8 98 70 262.3
2003 379 | 210 | 244 | 490 | 438 | 762 | 682 | 692 | 280 | 270 12.4 144 4715
2004 436 50 170 | 318 | 516 | 476 | 1162 | 702 | 776 | 368 28 | 272 5274
2005 226 140 | 346 68 | 528 | 1044 | 662 | 560 | 380 | 226 72 90 434.2
2006 2.4 16.4 198 | 505 | 1008 | 872 | 684 | 408 | 1020 | 535 | 410 6.8 589.6
2007 146 | 250 04 | 654 | 858 | 1048 | 1042 | 412 124 90 12.4 152 490.4
2008 152 104 142 | 479 | 523 | 318 | 882 | 300 | 231 96 44 | 222 349.3
2009 286 16.7 156 | 237 | 266 | 249 | 736 | 270 46 | 286 48 | 326 307.3
2010 76 0.2 70| 312 | 1021 684 | 1208 | 544 | 574 82 16.8 194 493.5
2011 59.3 184 | 230 140 | 277 | 1422 | 1424 | 473 8.2 6.5 19.2 7.0 511.2
Average| 235 | 164 | 19.0 | 269 | 51.1 89.0 | 1018 | 674 | 439 | 235 | 197 | 217 | 503.9
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Table 6 - Monthly and Annual Precipitation (mm) for other station to the west and south of Jackfish Lake

Year |Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
1967 432] 262] 643 117] 132 48] 401] 274] 107] 373] 193] 536[ [ 395.0
1968 300 145] 178] 175] 343] 866] 848] 899] 305/ 338 64| 528| [ 4989
1969 274] 284] 201] 424] 424 254] 1227 1664 1295 345 368] 157| [ 691.7
1970 422] 145] 394 53| 201] 839] 986] 498] 297 541 493] 302| [ 5221
1971 57.2 66 396 107] 236] 1529 187.7] 351| 422 86| 378] 599| [ 6619
1972 384 427 439] 224 488| 1326 45 48] 361 183 32| 396| [ 545.8
1973 84| 224 20| 480] 749] 1488 411 1351] 457| 569 544| 358| [ 6735
1974 787| 511] 673] 605] 579] 1024 1473] 384] 432 94| 36| 302| [ 690.0
1975 277] 239] 249] 338 368 1481] 6200 1618] 267 178] 119] 663| [ 6417
1976 200] 254 201] 284 279 973] 907 1237] 208] 150 76| 691| [ 555.0
1977 412 84| 234 15] 162.1] 589] 1445 699] 466 16] 118] 295| [ 6129
1978 32.0 05/ 140] 513] 912] 808] 1754] 683] 1247 166] 402 6.9 [ 7109
1979 50/ 208 46| 267] 499] 951 1305] 30.8] 244 202] 185] 425| [ 469.0
1980 200 170/ 230] 134] 697] 1393] 701] 1275] 608] 180 48] 611| [ 6247
1981 120] 150[ 189] 158 56.9] 141.0] 260/ 559] 354 06] 229| [ 4392
1982 68.0] 107] 526 58| 300] 298] 2774| 605] 418 342 8.0 15| [ 6203
1983 80| 145 300/ 200 84| 1073] 918] 202] 502] 272| 104] 17.2| [ 4052
1984 275 37| 244 04| 986 394 358 1160] 566] 215 310| [ 5487
1985 232 175 33| 494| 384 732| 436 1118] 692] 253 169)aad| [ 505.2
1986 125 137|080 413 444] 592 2192] 190 948 276 220 40| [ 587.0
1987 35 56/ 146] 888] 614] 482] @8r2| 770| 114] 106] 20] 112| [ 4215
1988 55 346 32| 155] 4641] 1506 1145] 915 664 42 74 112| [ 5507
1989 58.9 6.0 6.6 42| 838] 978] 1483] 1544] 426] 298] 275 50| [ 664.9
1990 140] 164 20/ 229] 522 660] 1246] 1064 88| 260] 276] 273| [ 4942
1991 130] 382 06| 773] 1204] 1200/ 863] 461] 259] 738 62 136| [ 6304
1992 194] 224 18] 142] 660[ 292 470] 497] 578 14] 170] 255| [ 3514
1993 100] 150[ 210] 152] 660] 728 782] 792] 366 26| 188] 148| | 4302
1994 | 0944] 166] 52| 70| 552(000898| 1132] 902[ 400 171] 290[0080| | 562.5
1995 116] 120] 110] 242 500( 875 940 1101] 288 132] 630[ 130/ | 5184
1996 37.0 50/ 372| 265 403| 1278] 857 1183] 712] 117| 860] 225 | 669.2
1997 260] 200/ 410] 311[ 375 1350 1231] 767 756] 398] 156 92| | 630.6
1998 17.0 00] 210 80] 407] 1318] 1171] 812] 610] 480] 380] 26.0| | 5898
1999 765 135] 390] 295] 618] 694 1691] 1220 147 120] 218] 101| [ e639.4
2000 165 115] 301] 256] 955] 1123] 1522] 333] 397 82| 210] 186| | 5645
2001 1.0/ 203 79 66/ 365] 1072 1183] 400] 150] 157] 340] 105| | 4130
2002 16.0] 190] 540 463] 162[ 144] 530 584] 354] 2890] 200] 120| | 3736
2003 555 465 285 358 547 837] 537 316] 475] 370] 355 6.0] | 516.0
2004 417 45 257| 707| 862] 720] 1381| 1012| 744] 245 205] 660/ 7255
2005 [I2BB] 56] 30/ 52| 400[ 808 638 640] 368 262 50 70| | 363.4
2006 32 28 06| 564] 640] 660 752] 493] 1353] 486] 481| 214| [ 5709
2007 217] 378 55/ 818] 1262 1298| 940] 771| 286 50/ 273] 152| | 650.0
2008 177 05| 263] 678 564| 342 753] 361] 219 103] 34] 322| ] 3911
2009 243] 202] 200] 307] 280] 143] 693] 352 49] 391 68| 476| | 3494
2010 175 15 36/ 306] 1147] 400] 1282] 519 504 132] 133] 335| [ 5074
2011 758] 155/ 162] 216] 205 2127 1274] 244 88/ 158 200/ 129 [ 5716

Average | 29.7] 175 224 30.3] 56.3] 895 1064 722 475 247 229] 262| | 5455

XXX.X |Highvale data other stations

Data -

Source XXX.X |Darwell data XXX.X |Glenevis

XXX.X |Breton data
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o] Computation of Evaporation (E) and Evaporation Losses (LSA*E)

Evaporation or gross lake evaporation is the depth of water that evaporates from
a water body due to the warming effect of solar radiation, mild to hot
temperatures and wind. The total evaporation loss from Jackfish Lake is
computed as the lake surface area multiplied by the mean annual depth of
evaporation, where the long-term average lake surface area was previously
calculated at 2.1Km?.

The depth of evaporation from a lake cannot be measured directly and must be
estimated using energy balance calculations that generally include temperature,
wind, solar radiation, sunshine, relative humidity, etc. Two evaporation models
are in common use for the estimation of evaporation in Alberta; the Morton CRLE
model used by Alberta Environment and Sustainable Resource Development
(AESRD) and the Meyer model that has been used by Environment Canada, and
Agriculture and Agri-food Canada.

Alberta Environment has recently updated its lake evaporation estimates for all
major sites across Alberta and, based on the 1980-2009 average at these point
estimates, has developed a map of Mean Annual Lake Evaporation (Figure 9).

Table 7 presents the monthly and annual Morton gross lake evaporation
estimates for Edmonton International Airport; the nearest site to Jackfish Lake for
which monthly gross lake evaporation estimates are available.

It was initially intended that the gross lake evaporation would be transposed from
Edmonton International Airport to Jackfish Lake by adjusting the former by the
ratio of the long term average indicated in Figure 9. However, as Figure 9 shows
no appreciable difference in the 1980-2009 gross lake evaporation for the two
sites, the gross lake evaporation for Edmonton International Airport was used
directly as representative of gross lake evaporation at Jackfish Lake.

Based on the above analysis, the long-term (1967-2011) mean annual Morton
gross lake evaporation (E) for Jackfish Lake is estimated at 679.8 mm while the
evaporation losses (LSA*E) are estimated at 1427.49 dam? or 1,427,490 m?3.

The 1993-2011 mean annual Morton gross lake evaporation (E) is estimated at

682.5 mm while the evaporation losses (LSA*E) are estimated at 1439.61dam?
or 1,439,610 m3.
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Figure 91 Mean Annual Gross Evaporation (mm) in Alberta (1980-2009).
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Table 7 - Monthly and Annual Gross Lake Evaporation (mm) for Edmonton International Airport (Morion CRLE Model
Year | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec [| Annual
1967 20 -10 30| 610 | 1130 | 1330 | 1470 | 1380 | 730 | 210 50 -20 689.0
1968 40 30 | 310 | 710 | 1320 | 1200 [ 1470 | 1020 | 450 | 200 30 5.0 669.0
1969 -30 20 | 280 | 670 | 1210 | 1390 | 1490 | 1350 | 450 | 230 50 40 703.0
1870 40 -10 | 150 | 760 | 1150 | 1370 | 1350 | 1300 | 560 | 210 -30 -20 675.0
1971 10 30| 190 ] 770 [ 1310 [ 1100 | 1400 | 1320 | 490 | 230 30 10 679.0
1972 -10 10| 210 | 680 | 1260 | 1480 | 1260 | 1280 | 370 | 220 40 6.0 666.0
1973 2.0 10 | 2900 | 170 [ 1270 [ 1330 | 1520 | 1120 | 530 | 200 30 -1.0 636.0
1974 10 00 30| 660 | 1010 | 1450 | 1460 | 1060 | 500 | 260 70 30 654.0
1976 80 30| 240 | 540 | 1090 | 1230 | 1480 | 990 | 660 | 210 6.0 -40 667.0
1976 20 00 | 280 | 780 | 1210 [ 1180 | 1440 | 1160 | 640 | 210 70 20 693.0
1977 30 90 | 310 | 860 | 1070 | 1510 | 1260 | 980 | 430 | 250 5.0 -20 676.0
1978 20 -10 | 280 | 560 | 1060 | 1480 | 1490 | 1070 | 460 | 270 10 -20 663.0
1879 10 00 | 380 | 590 | 1090 [ 1320 | 1480 | 1190 | 670 | 220 70 -30 697.0
1980 -30 -10 | 160 | 830 | 1180 | 1230 | 1410 | 930 | 480 | 230 50 -10 645.0
1981 40 60| 340 | 710 | 1020 [ 1350 | 1310 | 1330 | 590 | 210 3.0 -4.0 687.0
1982 -10 -10 90 | 690 | 1230 | 1400 | 1320 | 1040 | 580 | 250 0.0 20 656.0
1983 -20 10 10| 690 | 1090 | 1110 | 1390 | 1280 | 480 | 210 20 -10 622.0
1984 10 90 | 280 | 770 | 840 )| 1270 | 1500 | 1140 | 420 | 190 20 1.0 648.0
1985 -20 10| 320 | 710 | 1240 | 1480 | 1630 | 1060 | 380 | 210 -1.0 -10 700.0
1986 10 -10 | 300 ) 610 | 1120 | 1380 | 1080 | 1290 | 400 | 250 00 -20 641.0
1987 10 80 | 210 | 780 | 1230 [ 1460 | 1250 | 870 | 720 | 260 50 10 693.0
1988 00| 100 | 340 | 880 | 1300 | 1340 | 1440 | 1090 | 560 | 280 30 20 738.0
1989 00 10 | 230 | 860 | 1110 [ 1350 [ 1520 | 950 | 630 | 240 50 0.0 695.0
1990 00 40 | 390 | 640 | 1200 | 1330 | 1480 | 1110 | 750 | 220 40 00 7200
1991 1.0 100 | 300 | 730 | 1160 | 1140 | 1660 | 1260 | 570 | 200 20 -1.0 7100
1992 20 10 | 370 | 640 | 1010 | 1440 | 1380 | 1120 | 460 | 240 20 -3.0 662.0
1993 -30 20| 300 | 570 | 1220 | 1230 | 1260 | 1100 | 570 | 240 60 20 656.0
1994 -30 10 | 350 | 770 | 1130 | 1200 | 1530 | 1060 | 640 [ 240 00 5.0 683.0
1995 20 60 | 330 | 570 | 1240 | 1270 | 1170 | 930 | 700 [ 220 10 A0 647.0
1996 00 30| 260 | 630 | 680 | 1100 | 1380 | 1260 | 440 | 200 -1.0 -10 596.0
1997 00 60| 180 | 670 | 960 [ 1310 | 1540 | 1220 | 640 | 190 20 20 || 6810
1998 00 -10 | 190 | 830 | 1370 | 1220 | 1430 | 1300 | 610 | 220 40 -10 7180
1999 00 20 | 230 | 710 | 1010 | 1290 | 1270 | 1120 | 680 | 250 40 3.0 665.0
2000 00 40 | 200 | 620 | 1050 | 1260 | 1480 | 1110 | 570 | 250 50 00 6720
2001 40 50| 360 | 770 | 1200 | 1220 | 1430 | 1370 | 640 | 220 40 -20 7320
2002 40 6.0 30| 600 | 1060 | 1450 | 1470 | 960 | 510 | 180 6.0 1.0 635.0
2003 00 10 | 200 | 600 | 1090 [ 1210 | 1490 | 1300 | 540 | 220 30 20 659.0
2004 20 00| 330 ] 740 | 1140 | 1360 | 1360 | 1030 | 500 | 200 50 40 665.0
2005 50 20 | 300 | 790 | 1240 | 1150 | 1450 | 1030 | 510 | 220 40 6.0 664.0
2008 40| 110 30 | 840 | 1270 | 1340 | 1730 | 1330 | 670 | 240 70 60 7340
2007 40 40 | 290 | 660 | 1140 | 1500 | 1810 | 1230 | 660 | 330 70 6.0 766.0
2008 50 00 | 420 | 800 | 1040 | 1420 | 1600 | 1300 | 730 | 310 70 50 759.0
2009 -30 3.0 40 | 680 | 1190 | 1390 | 1440 | 1170 | 740 | 190 69 -30 681.0
2010 6.4 81 | 371 | 1028 | 1144 | 1474 | 1392 | 1088 | 534 | 204 55 60 706.6
2011 59 47 -25 | 800 | 1584 | 1238 | 1334 | 1249 | 953 | 250 41 90 71586
Average| -1.6 16 | 240 | 702 | 1148 | 131.7 | 1433 | 1162 | 673 | 231 | 22 | -21 || 679.8

As indicated earlier, Agriculture & Agri-food Canada has generated estimates of
evaporati
Provinces having sufficient data. The resulting 1971-2000 mean annual gross
evaporation for these sites was then used to produce a map of Mean Annual

gross

Gross (Lake) Evaporation for the Canadian Prairies (Figure 10).
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MEAN ANNUAL GROSS EVAPORATION (mm) IN THE CANADIAN PRAIRIES FOR THE STANDARD 30-YEAR PERIOD 1971-2000

Figure 10 7 PFRA Estimated Mean Annual Gross Evaporation (mm) for the
Canadian Prairies (1971-2000).

Figure 10 which is basedon t he Meyer 6s esti mate of me an
evaporation indicates Jackfish lake to have a mean annual gross lake
evaporation (1971-2000) of about 675 mm; a value very similar to the 672 mm
estimated for the same period using AESRD©®Gs

As both sources indicate a relatively consistent depth of lake evaporation, the
long-term (1967-2011) mean annual Morton gross lake evaporation (E) for
Jackfish Lake is estimated at 679.8 mm while the evaporation losses (LSA*E) are
estimated at 1,427.49 dam® or 1,427,490 m3. The 1993-2011 mean annual
Morton gross lake evaporation (E) is estimated at 682.5 mm while the
evaporation losses (LSA*E) are estimated at 1,439.61dam? or 1,439,610 m3.
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o] Computation of Change in Storag e ( S)

Table 8 shows the water levels and storage at the start and end of the long-term
(1967 and 2011) water balance and at the start and end of the 1993-2011 water
balance. Table 8 further shows that from 1967 to 2011 Jackfish Lake lost
519,300 m3of st orage ( pSiyear @and that Hyribgdthe 1983-2011

year .

period it lost 1,866,700 m3 or 96,247 m3of st orage ( ®S) per
storage reflects natural variation due to climatic effects of precipitation and
evaporation over time. Lakes in the vicinity of Jackfish Lake rely greatly on spring
runoff from snowmelt and spring rains. In years with below average spring runoff
or summer rain, lake levels on Jackfish Lake and other lakes in the area are at
risk of declining.
Table 81 Change in Storage (S jor Jackfish Lake
Start of Period End of Period p Sto (00)
Period Elevation | Storage Elevation | Storage Storagelyr
(m) (m) (m) (m°) (m°) (m°)
Long-term 728.795 | 5,871,100 728.513 | 5,351,800 | -519,300 -11,540
1967-2011
1993-2011 729.451 | 7,218,500 | 728.513 | 5,351,800 | -1,866,700 | -98,247
o] Assessment of Diversions (D)
The lake water balance can be significantly affected by human activities which
divert water into or away from a lake. With the exception of domestic use, in
Alberta all water diversions must obtain an approval from AESRD, and are
therefore documented.
A search of AESRDOG6s EMS system indicates

Registration within the effective drainage area of Jackfish Lake. The Registration
has an allocation of 1003 m3/year and is located within NW17-52-2W5. This
guarter s not located adjacent to the lake but is within the watershed. This same
quarter section was recently subdivided [i.e. converted from agricultural use to
country residential use].

It is noted that the allocation represents the maximum diversion that is allowed
during any one year and actual diversions and consumption often depend on a
number of factors, including weather conditions. While in most instances the
actual diversion or consumption is substantially lower than the water allocation, in
the absence of information as to actual consumption, the full allocation has been
assumed to be a consumptive diversion.
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o] Computation of net Groundwater Inflow (GI-GO)

Groundwater inflow to and outflow from a lake are generally small compared to
the other parameters because of the relatively low speed at which groundwater
moves. Groundwater inputs are also difficult to quantify because of the difficulty
in obtaining enough data to describe the how the geology of an area varies both
vertically and horizontally and how the various layers or aquifers interact with
each other as well as with the lake under consideration. While sophisticated
computer models are at times used to estimate groundwater inflows and
outflows, estimates often have very large associated errors, even under
conditions where there is a significant amount of data upon which to calibrate the
models. As such, the net groundwater inflow (GI-GO) is often back calculated as
the residual in a lake water balance.

To conduct a back calculation, equation (3) in Section 2 is rearranged as follows:

(GI-GO) =i DASSR +SO i LSA*P+ LSA*E + D (4)

Applying all previously computed 1993-2011 inflows and outflows to equation 4

resultsinthefollowi ng esti mate of finet groundwater

(GI-GO) = -98,247 m37 345,712 + 0m®7i 1,033,410 m3 + 1,439,610 m3 + 1,003 m?®
=-36,756 m3 or - 36.8 dam?

The above computation indicates that Jackfish Lake is a groundwater recharge
area,; that is the mean annual groundwater outflow from Jackfish lake is 36.8
dam? (36,756 m?) greater than the groundwater flowing into the lake. Caution is
advised in the use of this estimate as it can be out significantly due to
inaccuracies in other more significant parameters.
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o] Computation of Surface Outflow (SO) Using a Water Balance

Historically Jackfish Lake had an outlet at the southeast end of the lake however
the outlet had become blocked for ma
the County of Parkland re-established an outflow by clearing the old stream
channel and constructing a culvert under a road near the southeast basin and a
weir at the inlet to the culvert. Unfortunately, the plans for the structure did not
include a stage-discharge relation for the outlet and as no discharge
measurements were taken during the period when there were outflows and as a

theoretical stage-discharge relation for the structure results in unrealistically high
estimates of outflow, an alternative method of computing surface outflow (SO)
had to be devised. The devised procedure is one in which the surface outflow
(SO) is back calculated as the residual in a lake water balance.
To conduct the back calculation, equation (3) in Section 2 was rearranged as
follows:

SO =(GI-GO)-®»S + DAESAW -HSA*E-D (5)
Applying all previously computed 1967-2011 inflows and outflows to equation 4
results in the following estimate of surface outflow:

SO=- 36,756 m®i (-11,540) + 441,515 m® +1,101,870 m?3 - 1,427,490 m3- 1,003 m?3

= 89,676 m3 or 89.7 dam?

The above computation indicates that Jackfish Lake has a mean annual surface
outflow (SO) of about 89.7 dam?® or 89,676 m?.
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1 SUMMARY AND CONCLUSIONS

This report has conducted a generalized water balance for Jackfish Lake towards
getting a better understanding of the Lake and the relative values of each of the
water balance components. The findings can be summarized as follows:

Physical Parameters:
1 Gross drainage area (including Lake surface area) = 16.65 km?,

Effective drainage area (excluding lake surface area) = 7.8 km?,
Non-contributing drainage area =6.75 Km?,

Lake surface area (at mean elevation of 729.32 m) = 2.1km?,

Lake storage volume (at mean elevation of 729.32 m) =6,904,000 m?.

= =4 =4

Hydrologic Parameters (1967-2011 period):
Mean water level (729.32 m),
Long-term annual specific runoff = 56.6 dam3/km? or 56,605 m3/km?,

Long-term annual surface inflow to Jackfish Lake = 441,515 m?3,
Long-term annual surface outflow =89,676 m?,

Net groundwater annual inflow (GI-GO) = - 36,756 m?,
Long-term mean annual precipitation = 524.7 mm

Long-term annual precipitation input = 1,101,870 m?3,

Long-term mean annual gross evaporation = 679.8 mm, and
Long-term annual evaporation losses 1,427,490 m3.

= =4 =4 4 -4 4 8 -5 -2

Residence time refers to the average amount of time that water entering the lake
stays in the lake before it flows out of the lake. Residence time is estimated as
the volume of water stored in the lake divided by the average outflow. Based on
the above calculation, it is estimated that Jackfish Lake has a water residence
time of about 77 years (6,904,000 m3/89,676 m?3/yr). This calculation does not
account for water removed by groundwater outflow or diversions.

Flushing rate refers to the percentage of lake storage that, on average, flows out
of the lake (is flushed) in a given year. Flushing rate is estimated as the mean
annual outflow from the lake divided by the volume of storage in the lake. Based
on the above calculation, the flushing rate for Jackfish Lake is estimated at 1.3%
of the lake storage volume per year ((89,676 m?3/yr/6,904,000 m3)*100).
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APPENDIX A

Historical Runoff for Stream Courses
Near Jackfish Lake
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Table A1 - Monthly Flows and Annual Runoff for Strawberry Creek near the mouth (05DF004) [Gross Drainage

Area=592 Km? Effective Drainage Area=589 Km?
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec |Volume

(m?/s) | (m?/s) | (m?/s) | (m?/s) | (m*/s) | (m*/s) [ (m?/s) [ (m?*/s) | (m*/s) | (m*/s) [ (m*/s) [ (m*/s) [ (dam®)
1967 - -| 0.022] 476 o0.783] o0.732] o0.053] o©.074] o0.003] 0.003 o0.003 -| 16755
1968 - - 2.8 0.135] o0.049] 0.014 0.01 o0.0%9] o0.045 0.045 o0.048 -| 11188
1969 - o/ 0.009 7.20| 0.505| o0.064] o0.057] ©0.052] o0.083] o0.072] o0.065 -| 21566
1970 - 0 0 49| o0.222] o0.141] o0.055] o©.028] 0.021] 0.039] o0.023 -| 14181
1971 -| 0.007] o0.008 11.6] o0.200] o0.623 1.73| o0.083] o0.005 0.02] 0.021 -| 27524
1972 - - 1.49 6.88| 0.600 0.263] o0.102] o0.052 0.03] 0.046 0.04 -| 25007
1973 - - 0.69 5.09 1.05 2.52 s.11| o0.195) o0.071] o0.135 0.04 -| 29244
1974 - -l o072 24.5 2.4 o0.748] 4.31] o0.182] o0.067] 0.075 0.04 -| 85755
1975 - -l 0.001 2.21 1.03] 0.127] o0.081] o0.031] o0.022] o©.000 0.04 -| 11808
1976 - - 0.07 2.2 0.072| o0.024] 0.017| 0.272| o0.026] o0.007] 0.04 -| 7662
1977 - - 0.204 1.11 6.21] o0.482] 0.057] o0.032] o0.020 0.065 0.04 -| 21923
1978 - - 1.87 1.28] o0.793] o0.797 1.76] 0.139 2.65] 0.328 0.04 -| 25480
1979 - - 2.54] 464 2.03] o0.351] o0.122] o0.004] o0.042 0.05 0.04 -| 26102
1980 - -|  o.028 557 0.112 8.57 1.18) 0.429 1.27] 0727  o0.04 -| 46673
1981 - - 3.27 1.26 1.49 1.18 1.28| 0.386 0.03| o0.058 0.04 -| 23873
1982 - - 0 13| o0.953] 0.067 0.9 0.174] o0.101] 0.200 0.04 -| 4571
1983 - - 1.19 2.64| 0462 o0.606 2.48] o0.162] 0.031 0.05 0.04 -| 22827
1984 - - 1.1| o0.544] o0.720 13| o0.023| o0.003] o0.567] o©.458 0.04 -| 12548
1985 - - 7.49 10.9] o0.662] o0.158] 0.053] o0.073] o0.057] o0.102 0.04 -| 51350
1986 - - 2.95 1.12 2.85]  o0.101 11.8] o0.503] 0.379] o0.255 0.04 -| se009
1987 - -l 0.551 2.56| 0.675] o0.218] o0.178] o0.512] o0.147] o0.075 0.04 -| 13277
1988 - -| 0.122| 0.233] o0.072] o0.061 2.22| o0.851 - - 0.04 -
1989 - -l o.019 6.36 2.23 D.56 2.06 1.17| o0.311] o0.484] 0.04 -| 37496
1990 - - 32.19 4 1.84]  2.28 14.9] o0.167] o0.004] 0.112 0.04 -| 71012
1991 - -| o0.98s 47 5.03 2.22 2.56| 0.128| o0.056] o0.084] o0.04 -| 44338
1992 - - 2.24| 0.008 0.46| 0.512| 0.044] o0.016] o0.063] 0.031 0.04 -| 14269
1993 - - 2.03| o0.782| o0.192 p.09| o0.078] 0.103] o0.087] o©.042 0.04 -| o128
1994 - - 4.47 1.4 0.300] 0.217] 0653 o0.122] 0.058 0.146 0.04 -| 19707
1995 - o/ o089 o0.492] 0357 o0.175] o0.067] 0.241] o0.103] 0.089 0.04 -| sa73
1996 - - 43| 442 o532 2.8| 0.508 161 o0.123] o0.118 0.04 -| 282335
1997 - - 1.12 10.5 1.65 2.79| 0.384| 0.225 0.465 0.32 0.04 -| asesa
19908 - -| 0.5 o0.519] 0.327] o0.521] 0.377] o0.003] o0.054] o0.151 0.04 -| 7es1
1999 - - 0 12.3 1.39]  o0.488 1.85] o0.472] o0.326] 0.000 0.04 -| 44277
2000 - - 1.67] 0.732 1.99 2.25 12.4] 0.3 o0.100] 0.112 0.04 -| 54371
2001 - -| 0.151] o0.478] o0.182] o0.123 3.73 0.74| 0.042| 0.043 0.04 -| 14776
2002 - - 0 2.21| 0475 o0.059] o0.000] o0.025 o0.007] o0.014] o0.04 -| og9s
2003 - -| 0.037] 208 o0.s0s| o0.119] o0.019] o0.00e] o0.004f o0.005 0.04 -| eags
2004 - -| o0.769] w0.412] o0.151] o0.234] o0.206] o0.013] o0.111] o0.005 0.04 -| s371
2005 - - 7.02| 428 o0.205] o0.117] o0.022 0.07| o0.108| 0.102 0.04 -| 319020
2006 - - 0 199 o0.195] o0.165 0.073] o0.038] o0.021] 0.140 0.04 -| soss
2007 - - 2.63 6.84 13.4]  o0.26] 0.240 0.11| 0.046| 0.048 0.04 -| 65229
2008 - -| o0.000] ©0.203 o0.705 0.11] o0.051 ©0.016 o/ 0.012 0.04 -| =272
2000 - - 0 1.01] o0.112] o.055) 0.021] o©.018 o] 0.002 0.04 | =274
2010 - -| 0.044] 0.141] o0.308 0.5/ 0.525 0.09| o0.114 o0.114] 0.04 -| 49ss
2011 -| o0.008 0.022 8.47 1.02 2.67] 578 0251 0.05| 0.083 0.04 -| sos13
Mean 0 1.4] 420 1.3] 0.926] 2.03] 023 o0.181] 0.124 0.0303 28035
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Table A2 - Monthly Flows and Annual Runoff for Tomahawk Creek near Tomahawk (05DEA009) [Gross Drainage
Area=94.3 Km?, Effective Drainage Area=94.2 Km?]

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec |Volume
(m¥/s) | (m*/s) | (m*/s) | (m*/s) | (m*/s) | (m*/s) | (m*/s) | (m*/s) | (m/5) | (m*/s) | (m*/s) | (m*/5) | (dam?)
1985 0.049 2.64 0.246 0.147 0.03 0.031 0.096 0.132 8779.8
1986 0.614 0.218 0.352 0.039 2.47| 0.218 0.135 0.273 11793.3
1987 0.076 0.255 0.216 0.192 0.132 1.44 0.117 0.052 6593.7
1938 0.042 0.05 0.015 0.094 1.41 0.135 0.151 0.112 5355.4
1939 0.039 0.781 0.617| 0.437] 2 1.33 0.163 0.185 14751.2
1990 0.487| 0.587] 0.431 0.671 1.54 0.037] 0.018 0.034] 10081.1
1991 0.136 1.14 1.19 0.246 0.155 0.02 0.014] 0.034] 7740.1
1992 0.446 0.177] 0.124] 0.064] 0.063 0.042 0.06 0.049 2719.4
1993 0.276 0.139 0.068 0.099 0.163 0.047| 0.025 0.02 2219.1
1994 0.361 0.509 0.15 0.309 1.21 0.148 0.042 0.048 7363.6
1995 0.177| 0.057] 0.027| 0.117] 0.059 0.397| 0.114] 0.063 2683.0
1996 0.313 1.37 0.26 1.69 0.202 0.2 0.041 0.057| 10801.9
1997 0.25 2.29 0.34] 1.67 0.191 0.031 0.055 0.077 12788.0
1998 0.296 0.041 0.026 0.048 0.264 0.024 0.027 0.102 2207.7
1999 0.081 2 - - 0.126 0.02 0.01 0.014
2000 0.146 0.138 0.051 0.25 0.393 0.016 0.043 0.014 2777.8
2001 0.006 0.055 0.013 0.016 1.11 0.301 0.007 0.012 4064.4
2002 0.003 0.605 0.206 0.011 0.003 0.036 0.006 0.013 2311.3
2003 0.038 0.979 0.267| 0.163 0.02 0.006 0.005 0.018 3907.8
2004 0.111 0.075 0.009 0.13 0.612 0.012 0.124] 0.082 3065.1
2005 0.96 1.22 0.321 0.225 0.043 0.011 0.021 0.02 7429.1
2006 0.012 0.049 0.019 0.009 0.004] 0.002 0.007| 0.012 209.7
2007 0.195 1.18 1.84 0.122 0.027| 0.019 0.025 0.03 29093.7
2008 0.024] 0.102 0.133 0.025 0.003 0 0 0.005 771.1
2009 0.005 0.06 0.017 0.009 0.005 0 0 0 251.2
2010 0.012 0.033 0.037 0.029 0.015 0.01 0.019 0.019 459.0
2011 0.004 0.803 0.481 0.913 1.18 0.021 0.007 0.008 9003.2
Mean 0.191| 0.654| 0.287| 0.297| 0.482| 0.163| 0.055| 0.062 5742.7

148




Table A3 - Monthly Flows and Annual Runoff for Sturgeon River near Magnolia Bridge (05EA010) [Gross Drainage
Area=121.2 Km?, Effective Drainage Area=121.2Km?]

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

(m*/s) | (m*/s) | (m*/s) | (m*/s) | (m*/s) | (m*/s) | (m*/s) | (m*/s) | (m*/s) | (m*/s) | (m*/s) | (m*/s) | (dam?)
1982 0 2.95 0.605 0.058 2.63 0.138 0.103 0.07 17285.4
19383 0.031 1.44 0.106 0.172 0.776 0.036 0.015 0.056 6908.98
1934 0.374 0.209 0.864 0.443 0.017 0.004 0.078 0.09 5505.32
1985 0.349 3.21 0.191 0.273 0.038 0.023 0.051 0.025 10836.8
1936 0.885 0.562 0.541 0.055 2.47 0.087| 0.026 0.121 12658.8
1987 0.073 0.515 0.179 0.046 0.037| 0.826 0.028 0.061 4676.49
19388 0.04 0.048 0.023 0.154 1.89 0.167 0.023 0.062 6427.47|
1939 0.003 1.66 0.811 0.846 2.72 1.45 0.436 0.35 21912.2
1990 0.832 0.781 0.363 0.681 1.21 0.003 0.002 0.007 10263
1991 0.093 1.39 1.64 0.152 0.125 0.021 0 0.01 9056.36|
1992 0.648 0.173 0.074 0.047 0 0 0.001 0 2506.64]
1993 0.313 0.179 0.019 0.064| 0.087| 0.007| 0.007| 0.007 1807.75
1994 0.489 0.643 0.239 0.278 1.26 0.02 0.04 0.006 7885.21
1995 0.273 0.059 0.064| 0.208 0.096 0.788 0.087] 0.029 4265.57|
1996 0.409 2.14 0.175 2.07 0.113 0.227| 0.018 0.047 13559.7
1997 0.32 2.51 0.451 3.1 0.235 0.022 0.035 0.057 17537.9
1998 0.33 0.06 0.03 0.142 0.42 0.094{ 0.008 0.038 2987.02
1999 0.08 2.18 1.09 0.134 0.166 0.017| 0.003 0.004 9640.25
2000 0.101 0.028 0.039 0.341 0.408 0.11 0.139 0.014 3116.62
2001 0.007] 0.041 0.034] 0.006 2.21 0.464 0.01 0.006 7435.67
2002 0.001 0.767 0.221 0.022 0 0 0 0 2639.69
2003 0.054 1.18 0.193 0.051 0.037| 0.009 0.005 0.03 4068.84
2004 0.088 0.144 0.009 0.066 0.532 0.015 0.118 0.067 2754.52
2005 0.767 1.08 0.265 0.201 0.092 0.029 0.004 0.039 6523.37
2006 0 0.156 0.029 0.009 0 0 0.002 0.005 523.93
2007 0.153 1.1 2.01 0.052 0.025 0.007| 0.01 0.0032 8899.03
2008 0.005 0.073 0.069 0.004 0.001 0.001 0 0 403.142
2009 0 0.051 0.012 0.001 0.023 0.002 0 0 233.885
2010 0.021 0.017 0.032 0.067 0.003 0 0.001 0.0032 378.346|
2011 0 1.68 0.441 1.08 1.37 0.07| 0.004/ 0.003 12210.4
Mean 0.225| 0.901| 0.361] 0.361]| 0.633| 0.154| 0.042| 0.042 7163.6
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ALIMS

Al berta Lake Management Societyo

LakeWatch has several important objectives, one of which is to cafidanterpret

water quality data on Alberta Lakes. Equally important is educating lake users about their
aguatic environment, encouraging public involvement in lake management, and
facilitating cooperation and partnerships between government, industsgigntific
community and lake users. LakeWatch Reports are designed to summarize basic lake
data in understandable terms for a lay audience and are not meant to be a complete
synopsis of information about specific lakes. Additional information is avaifab

many lakes that have been included in LakeWatch and readers requiring more
information are encouraged to seek those sources.

ALMS would I i ke to thank all who express
particularly those who have parpéaited in the LakeWatch program. These people prove
that ecological apathy can be overcome and give us hope that our water resources will not
be the limiting factor in the health of our environment.
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JACKFISH LAKE .

Jackfi$ Lake, likely named so for northern pike which were the target of a sport fishery,
is a popular recreational lake in the North Saskatchewan River Basin in the County of
Parkland Approximately 60 km west of the city of Edmonton, Jackfish Lake is small,
with a surface area of only 2.39 knand shallow, with a maximum depth of nine meters
(Figure 1)!However, due to its irregular shape, the lake has a long, highly developed
shoreline of 18.1 km. The drainage basin for Jackfish Lake is small comparedsipeth

of the lake, approximately 12.6 Knor five times the g of the lake, and lies in the

Moist Mixedwood Subregion of the Boreal Mixedwood Ecoredibuie to its proximity

to both Edmonton and Spruce Grove, Jackfish Lake is heavily used for biatimy,

and water skiing.

o May W
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8 a
= ot saning | 8 Saptueter 1004 [EPEPEPE |

DacOutc oo ration oo Eate of Loundey " Avalsble

Figure 1i Bathymetric map of Jackfish Lake measured in 1964.
Source: Alberta Environment.

1Mitchell, P. and E. Prepas. 1990. Atlas of Alberta Lakes, University of Alberta Press. Retrieved from
http://sunsite.ualbertaafprojects/albertéakes/

2Nat. Regions Committee, 2006. Nat. Regions and Subregions of AB. Compiled by D.J. Downing and WW
Pettapiece. GOA Pub. No. T/852
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WATER LEVELS:

There are many factors influencing water quantity. Some of these factors irneEusizet

of the lakes drainage basin, precipitation, evaporation, water consumption, ground water
influences, and the efficiency of the outlet channel structure at removing water from the
lake. Requests for water quantity monitoring should go through Emarat and

Sustainable Resource Developments Monitoring and Science division.

Water levels at Jackfish Lake have been recorded since 1968 (Figure 2). From 1968 until

1983, water levels showed an increasing trend, reaching a historical maximum of 730.132
meters above sea | evel (m asl ) in 1983. Conc
prompted Parkland County to-establish an outflow, which included the construction of

a weir designed to allow output above levels of 729.72 m asl. However, sirgenEd8r

levels have shown a declining trend, reaching a historical minimum of 728.44 m asl in

October of 2010. With no permanent streams flowing into the lakegffiand

groundwater are i mportant factors affecting
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Figure 2i Water levels from 1962012 for Jackfish Lake measured in meters above sea
level (m asl). Data obtained from Alberta Environment.

WATER CLARITY &SECCHI DEPTH:

Water clarity is influenced by suspended materials, both living and dead, asswell
dissolved colored compounds in the water column. During the melting of snow and ice in
spring, lake water can become turbid (cloudy) from silt transported into the lake. Lake
water usually clears in late spring but then becomes more turbid with incredg
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growth as the summer progresses. The easiest and most widely used measure of lake
water clarity is the Secchi disk depth.

Average Secchi disk depth measured at Jackfish Lake during the summer of 2013 was
2.84 m, slightly higher than the averagesasured in 2011 and 2012 (Table 1).
Throughout the summer, Secchi disk depth ranged from a minimum of 2.25 m on
Septembe®™ to a maximum of 3.9 m on JuneL®verall, Secchi disk depth changed
little throughout the summer, as did chloropfeytoncerration, which is often the

primary factor limiting water clarity.

WATER TEMPERATURE AND DISSOLVED OXYGEN:

Water temperature and dissolved oxygen profiles in the water column can provide
information on water quality and fish habitat. The depth ottieemocline is important
in determining the depth to which dissolved oxygen from the surface can be mixed.
Please refer to the end of this report for descriptions of technical terms.

Surface water temperature at Jackfish Lake had a wide range during~&fir@ 3a). On

June 18 surface water temperature was at a minimum of 16.65 °C, while on"July 5
surface water temperature measured a maximum of 23.50 °C. Strong thermal
stratification was observed during July and Augusy September'd temperature

remained high, however stratification began to break down and the water column became
uniform. Thermal stratification may lead to reduced oxygen levels in deeper portions of
the water column.

Tempersure () a) Dissoived Oxygen (mglL) b)
0.00 500 1000 15.00 20.00 2500 0.00 2.00 400 6.00 8.00 10.00
: : . , Sy 00 : : . )

Depth (m)

——1&-an —— 18-Jun
- 5Ju ——S~Ju
504 w o 1-AUg 8.0 - - 1-Aug
19-Aug 12-Aug
99 - —-—5-52p 2.0 —9-Sep

Figure 3i a) Water temperature (°C) and b) dissolved @xygoncentration (mg/L)
measured five times at Jackfish Lake during the summer of 2013.
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As with 2012, dissolved oxygen levels were greatly reduced below the thermocline at
Jackfish Lake (Figure 3b). The observed anoxic conditions are likely a resudt of th
separation from surface waters by the thermocline and the decomposition of organic
material on the lakebed which is an oxygemsuming process. However, the upper
portions of the water column remained well above the Canadian Council for Ministers of
theEnvironment (CCME) guidelines for the Protection of Aquatic Life of 6.5 mg/L. On
September® as with temperature, dissolved oxygen concentrations became more
uniform throughout the water column.

WATER CHEMISTRY :

ALMS measures a suite of water cistng parameters. Phosphorus, nitrogen, and
chlorophylta are important because they are indicators of eutrophication, or excess
nutrients, which can lead to harmful algal/cyanobacteria blooms. One direct measure of
harmful cyanobacteria blooms are Micr@tins, a common group of toxins produced by
cyanobacteria. See Table 1 for a complete list of parameters.

Average total phosphorus (TP) at Jackfish La
This value falls into the eutrophic, or nutrient rich, clasation, and is lower than the

value measured in 2011 and 2012 (Table 1). Over the course of the summer, TP
fluctuated between a minimum of 19 eg/L and

As with TP, chlorophyHa concentrations were also reduced comparédid and 2012.

An indicator of algae/cyanobacterial biomass, chlorophidivels measured an average

of 7.39 e€eg/L in 2012 versus an average of 12
growth is strongly influenced by concentrations of phosphorusr &dbtors, such as

ambient light and temperature, may also impact growth.

Finally, total Kjel dahl nitrogen (TKN) measu
value falls into the hypereutrophic, or extremely productive, classification. As with TP
andchlorophylta concentrations, the 2013 average is slightly reduced compared to 2012

(Table 1).
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(eg/ L) measured five times over the course

Average pH measured at Jackfish Lake in 2013 was 8.186, slightly above neutral.
Though Jackfish Lake has high enough alkalinity (122.6 mg/L Ga&@! bicarbonate

concentrations (149.2 HCJto help buffer changes to pH, compared to other lakes in the

region, these concentrations are relatively low. Dominant ions in Jackfish Lake include

calcium (104.2 mg/L), magnesium (67.9 mg/L), and sulphate (388.7 mg/L). High levels

of sulphate may contribute to a decrease in a lakes pH. Microcystin concentrations in

Jackfish Lake were extremely low, often measuring below the detection limit of 0.05

egl/ L. On average, mi crocystin concentration

Metals were measured twice over the summer at Jackfish Lake, and all values fell within
their respective guidelines (Table 2).
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INVASIVE SPECIES:

Quagga and Zebra mussels are invasive species which, if introduced to our lakes, will have
significant negative ecological, economical, and recreational impacts. ALMS collects water
samples which are anged for mussel veligers (juveniles) and monitors substrates for adult
mussels. In order to prevent the spread of invasive mussels, always clean, drain, and dry
your boat between lakes. To report mussel sightings or raizgged boats, call the

confidental Alberta hotline at 1855336-BOAT.

In 2013, no zebra or quagga mussels were detected in Jackfish Lake.

Table 1 — Average Secchi disk depth and water chemustry values for Jackfish Lake.
Previous years averages are provided for companson.

Parameter 1980 1981 2001 2011 2012 2013
TP (ugL) . 39 25 44 36 344
TDP (ug/L) , ‘ ‘ 126 146 174
Chlorophyll-a (ug/L) 12.6 9.2 12 29 12762 739
Secchi depth (m) 3 24 273 216 23 284
TEN (ug/L) 1250 1174 ‘ 1442 1330 1202
NO, and NO, (ugL) 5 <3 5 42 103 25
NH, (uglL) 41 64 45 178 752 194
DOC (mgL) ,\ ‘ ‘ 127 131 1407
Ca (mzL) 76 ! 76 1021 1005 1042
Mg (mz/L) 49 ‘ 56 668 632 679
Na (mg/L) / 22 283 2712 268
K (mzl) ; ! 20 233 241 30
50.* (mz1) ; ! 302 4317 4613 3887
T (mg'L) : ‘ 3 497 543 52
CO; (me/L) , ‘ ‘ 05 0.5 0.5
HCO, (mgL) , ‘ ‘ 131 1454 1492
pH / / 812 812 8186
Condnuctivity (uS/cm) ! 1090 11062 11272
Hardness (mg/L) : ‘ ‘ 530 511 5303
TDS (mg/L) ,\ ‘ ‘ 721 7537 6967
Microcystin (ug/L) : ! ! 0.081 008 0.0302
Total Alkalinity (mg/L CaCO,) 77 1072 1194 1226

Note: TP = total phosphorus, TDP = total dlssoh ed phosphorus, Chl-a = chlorophyll-a,
TEN = total Kjeldahl mitrogen. NO2-+3 = nitrate-+nitrite, NH; = ammomnia, Ca = calcium.
Mg = magnesium. Na = sodium, K = potassium. SO4 = sulphate. Cl = chlonde, CO3 =
carbonate, HCO; = bicarbonate. A forward slash () indicates an absence of data.

160



Table2-C oncentrauons of metals measured in Jackfish Lake on August 1% and
September 9 2013. Values shown are averages within each year. The CCME heavy metal
Guidelines for the Protection of Freshwater Aquatic Life (unless otherwise indicated) are
presented for reference.

Metals (Total Recoverable) 2012 2013 Guidelines
Aluminum pg/L 16.15 227 100°
Antmony pgl 0115 0.1005 6
ArzenicugL 2365 1.99 5
Barium ug/L g1 74.65 1000°
Beryllium pugL 0.0015 0.00905 1004
Bismuth ug/L 0.00325 0.0005 {
Boron gL 159 139 5000
Cadmium pgL 0.00275 0.001 0.085"
Chromium pg/L 0183 02585 /
Cobalt ug/L 0.01265 0.0505 1000’
Copper pz/L 14 147 ¥
Iron gL 24 523 300
Lesd pg/L 0.0436 0.0623 T
Lithium ug/L 111 1083 2500"
Manganese ugL 1577 73.15 200°
Molybdenum pg/L 0.1375 0.1305 734
Nickel ug’L 0.0025 0.37525 150°
Selenivm ug/L 0.05 0.0845 1
Silver pg/L 0.0023 0.04 0.1
Strontium pg/L 892 1090 /
Thallium pg/L 0.000425 0.000475 08
Thorium ug/L 0.013525 0.00745 '
Tinpg/L 0.04465 0.015

Titanium pg/L 0.6135 1.103 /
Uraniwm pg/L 0455 0.488 100°
Vanadium pg/L 0.2005 02185 100
Zinc g/l 1.79 1.615 30

Values represent means of total recoverable metal concentmuons
*Based on pH = 6.5; calcium ion concentrations [Ca "] = 4 mg/L; and dissolved organic
carbon concentration [DOC] =2 mg/L.
*Based on water Hardness of 300 mg/L (as CaCO3;)
¢ Based on water hardness = 180mg/L (as CaCO3)
¢ CCME interim value.
°Based on Canadian Dnnking Water Quality gumideline values.
“Based on CCME Guidelines for Agricultural use (Livestock Watering).
£Based on CCME Guidelines for Agncultural Use (Imgation).
A forward slash (/) indicates an absence of data or guidelines.
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Appendix 47 BATHTUB modelling
Completed by Alyssa Tuininga (AEP) and Dagid (NSWA)
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Jackfish Lake:
Phosphorus Loading Summary Report

Prepared by A. Tuininga (AEP), D.O. WwéNSWA), May2016

1. Introduction

Phosphorus is considered to be the most common limiting chemical factor &rgatgwth in freshwater

lakes (Schindler et al. 2008). The nitrogen content of freshwater lakes can also be an important factor
and may influence the patterns of algal succession that occur during the\watr growing season
(Prepas and Trimbee 1988)th@r factors such as salinity, turbidity and physical mixing patterns are
important determinants of the quantity and types of algae that develop (Bierhuizen and Prepas 1985).

Algal blooms are a major feature of summer water quality in Alberta lakietiafg water transparency

and aesthetics directly, and other lake features such as oxygen concentrations and cyanotoxicity. The
control of excessive summer algal blooms is therefore an important goal of lake management in this
province.

The developmentof phosphorus models has become commonplace in the lake research and
management disciplines, and they are used as diagnostic tools to quantify pollution sources and
evaluate longerm management options for lakes (OECD 1982; Rast et al. 1989). Thenesfirend
application of eutrophication models has been an ongoing focus in limnology since the first
watershed/lake nutrient relationships were developed in the 1960s (Vollenweider 1968).

2. BATHTUB

BATHTUB is an empirical eutrophication model develdpethe United States Army Corps of Engineers
(USACE) for use on reservoirs and lakes (Walker 2006). The model was designed to calculate water and
nutrient mass balances that replicate lake processes over a broad time scale. Besides simulating current
conditions, BATHTUB can be used as a planning and educational tool for evaluating future watershed
development/restoration scenarios.

It predicts steadystate (average) concentrations, and in the case of Alberta lakes is best used to
characterize conditios during the opeswater season. Nutrient and algal dynamics vary extensively
between winter and summer in this region. From an ecological and lake management point of view
both seasons are extremely important. However, the recreational user focus asidsampling activity
occur during the summer.
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This report summarizes the results of a detailed application of BATHTUB (version 6.14) to Jackfish Lake
during the openwater season. The purpose of this project is to provide further information and issight

to support the State of the Watershed Report and ldagn management discussions for the Jackfish

Lake watershed. The primary intent of this modeling project for Jackfish Lake is descriptive: to identify
and quantify major phosphorus sources (watershetoreline, internal loading, sewage, atmospheric
deposition) and to define the annual phosphorus budget.

The model requires data for lake water quality, atmospheric loadings, tributary loadings, point sources,
KERNRf23& YR (KS f{ bdelS&éopsimadslniapcessaidsindlates cuftedt water
guality based on empirical algorithms built into the model. The challenge in setting up the model is to
achieve a reasonably strong simulation of current conditions, i.e., a good calibration.

Water balances are also calculated and presented. Achieving hydrological accuracy is fundamentally
important to achieving nutrient accuracy. A new water balance was calculated by Sal Figliuzzi and
Associates (2016) for Jackfish Lake. Intermittent water deaedl nearby hydrometric stations provided

the data needed to calculate surface runoff, precipitation, evaporation, outflow, groundwater and
change in storage. These data are all required in the model to define key hydrologic parameters.

BATHTUB has bedested in preliminary applications for a number of other lakes in Alberta (Pine,
Baptiste, Lake Isle, Lac Ste. Anne, Lac St Cyr, Lesser Slave, Wabamun, Pigeon and Mayatan) by staff from
Alberta Environment and Parks (AEP) and the North SaskatchewansWéateplliance (NSWA). The

model uses certain limnological relationships from ecoregions and research initiatives conducted
elsewhere, mainly in the U.S.A. Not all of its features are directly applicable to Alberta lakes and so
professional diligence iequired during calibration and the interpretation of results. BATHTUB does
provide a reasonable overview of current processes affecting lake nutrient dynamics. The model is
further strengthened by the selective use of local limnological data.

3. GenerbFeatures of Jackfish Lake

The functional and specific hydrologic boundary of the Jackfish Lake watershed is difficult to define
0S50l dzasS 2F (GKS @SNE Kdzyryz201eé& fIyRaOlLISa &dzZNNEPdzyRA
the height of land, buthe watershed contains a number of n@ontributing areas at the smaller scale

GKAOK Yl & 2yfe O2yySOG G2 GKS t11S RdNAYy3a 620S |
RNI Ayl 3S FINBFé Ada ONRGAOIE G2 dtfd®ONSfthe waersieK S Keé R
boundary and contributing versus nantributing areas for Jackfish Lake also vary slightly depending

on the perspective and methods of the delineator. The delineation and water balance provided by Sal
Figliuzzi and Associaté2016) is used in further analyses throughout this report.

1 Gross drainage are& the land surface area which can be expected to contribute runoff to a
given body of water under extremely wet conditions. It is defined by the topographic divide
(height ofland) between the water body under consideration and adjacent watersheds.
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9 Effective drainage areas that portion of the gross drainage area which can be expected to
contribute runoff to a body of water under average conditions. The effeatir®nage ara
SEOt dzRS& LERNIA2ya 2F (GKS -GNpERMA dRded My IHBNI AWSIH 3 §
drain to peripheral sloughs and other depressions, preventing runoff from reaching waterbodies
AY F @SIENI2F | @SN 3IS NUzy2FFX 2NJ aRSFRé | NBla

Jackfish Lake has a small watershed to lake surface area ratio. The water balance shows high
precipitation inputs and evaporative losses compared to surface and groundwater fluxes. A lengthy
residence time of 77 years was estimated (the time requitedfully replace the lake volume).
Residence time was calculated as lake volume divided bytéwng surface outflow. The absolute
volumes of groundwater inputs and/or outputs remain unclear. Overall, the lake has a lengthy filling
time, and a slow flushg rate (1.3% of lake volume per year), rendering it very sensitive to pollution
effects.

The lake has not overflowed the weir since early 1992. Lake levels having been in decline for most of
the past few decades. A mean annual kwegn outflow valug(1967 - 2011) of 0.089 hni and mean

lake total phosphorus concentration were used to estimate the outflow phosphorus loading of in this
analysis.

4. Watershed Runoff

Each input/output (tributary, local contributing area, diversion, and outflow) iskld&sd SR | & | & G NA
in the language of BATHTUB. The total annual inflow (runoff) and Annual Flow Weighted Mean

/| 2y OSYiUNrdAz2ya o! C2a/av KFER (G2 0S &aLISOATASR F2NJ ¢
calculated by the model.

Longterm avaage runoff values calculated for the Water Survey of Canada gauge at Strawberry Creek,
Sturgeon River, and Tomahawk Creek were used in this analysis. Empirical nutrient AFWMCs for
agricultural and forested lands in the Wabamun Lake watershed, as repbyteditchell and Trew
(1982), were used and urban runoff values were derived from data reported by Jeje (2006) (Table 1).
The area and land cover composition of the gross and effective drainage areas were determined by
ArcGIS (Figures-3) by using the 200 ABMI land cover layer and clipping it to match the boundaries of

the watershed. The appropriatautrient and flow data were then assigned to each land unit.

Table 1: Nutrient Concentrations for Land Cover Runoff

Total Phosphorus | Total Nitrogen
Land Cover Runoff (m/yr) (ppb) (ppb)
Agriculture 0.057 409 2240
Forest/Natural 0.057 167 1060
Developed 0.057 750 3000
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Figurel: Effective Drainage Area (EDA) of Jackfish Lake
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Figure2: 2010 ABMI land cover for the Effective Drainage Area (EDA) of Jackfish Lake
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