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Abstract

Significant data gaps exist within the Regional District of NangiRiaN) in regards to wetland

locations, classifications and what role they have in groundwater reciénge there has been recent
interest in regional freshwater resources within
that have inventoried wlands, and investigated their localized connection to groundwater resdduces.
objectives in this study were to: @loundtruth predictive mapping that showed the distribution of

potential wetland sites in the RDN; @gate an inventory of wetlands imetLittle Qualicum water region

based theiclassification3) evaluatethe hydrogeological position tgain a better understandiofwater

storage, discharge and potential flow pathwatysach siteand 4)identify priority wetland sitefor long

term nonitoring and installation of instruments to identify potential hydraulic connections to groundwater
systemsResearchers found that many of the wetlands in the region were behaving as swamp ecosystems
with secondary classifications that were unique thsite, basean localized conditionsSwamp

systems that were locatetbgimal to either fluvial systems or water bodies typically contained central
portions of pooled water. These wetlands were situated Widishon Driftglaciofluvial depositsvhich

are composed of highly porous materials traate high hydraulic conductivitie$hehydraulic properties

of sediments or bedrock act to connect surface wategrahdwatesystens. 3 udy si tes t hat w
situated near fluvial systems or surface watatiestypically had reduced water levels and were situated

in Vashon Drift glaciomarine materials. Two study sites were identified as priority sites within the Little
Qualicumwaterregion and were chosen based on their unifugogy, hydrologyand hydogeologic

position Both in field observations and aerial photographs revealed thatM@R®2 and WR2.Q-03

experience significant fluctuations in water levels that should be investigated fBstheyestigating

subsurface conditions through desktoplgsia, geophysical surveys, and by installing instrumentation it
should be possible to identify any connections between surface water and groundwater $tyshemkl

be noted that wetlands were mapped based on accessibility and proximity to vulaguifielesystems

and that these findings may not be representative of all wetlands that exist across the entire water region.
Overall, results from this study may provide a framework for understanding how localized wetland

systems may contribute to both &and regional groundwater flow systems.
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1.0Introduction

TheLittle Qualicumwater regiofWR2 (LQ)) is located withirthe Regional District of Nanaimo
(RDN) on Vancouver IslandBritish ColumbiaFigure 1) Geographically, the RDEncompasses four
member municipalities: City of Nanaimo, District of Lantzville, City of Parksyéled Town of
Qualicum Beach. Geographically, the RDN stretches alongaastfrom Deep Bay to Cassidy
extendng into the headwaters of the Cameron Rjerd reacimg the Mount Arrowsmith Massif
Regional ParKkRDN Water Budget, 2016J.he RDN is home to more than 140,000 people and includes
severmajor basins, eaatomposed of several watersheds andwatersheds (RDN, 2017 hese seven
major basins will be referred to amter regios for the purposef this reportand include: Big Qualicum
WaterRegion, Little QualicunWaterRegion French CreekVaterRegion Englishman RivewWater
Region South Wellington to Nanood®aterRegion Cedar YellowPointWater Regionand Gabriola
Water Region WR2 contains only 387 water welimaking it the third lowest for wells within thseven
water regios of theRDN (RDN Water Budget, 2016Dverall tenwetlands were mapped within the
Little QualicumWater Region The purpose of this report is discusdnfield observations and
classificatios of wetlands that were mapped witHiQWR2, as well asnterpret theigeologic position
to better understand their potential connectiogremrdwater rechargé-he report will highlightield
methods used to map wetlantte physiographyand regional geology of tHattle QualicumWater
Region Increasing our understanding of wetland ecology and geology will be a critical component to the
project as we try to understand how these systems are connected to regional hydrological and

hydrogeological processes, and more specifically, groundwatergecha
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2.0Methods

2.1 Preliminary Research Steps
Prior to mapping a wetlard the field the followingoreliminary research stepseretaken:

1. Reviewpredictive wetland magthat werecreated using Geographic Information
Systems (GIS) and remote sensing baseekisting data from Ducks Unlimited
Workflow (2014)that combineshe Sensitive Ecosystem Inventory (SEI), Pacific Estuary
Conservation Program (PECP) polygons, and the Fresh Water Atlas (FWA) to determine
location and classification @achsite.

2. Determire whichwater regioreachwetland islocated inusing ArcMapGIS software

and associateBDN water regioriayers(RDN, 2017)

3. Determinewhich aquifer each study site is proximab®well agheir classification
number, typelevel of demand, productiyitand vulnerability This was completedsing
GIS software andssociated groundwater lay@ovidedboy Br i t i sh Col umbi a
of Environmen{(2016)

4, Reviewtopographic mapsurficial deposit maps, well drilling datsatellite imagery
and GlSdata toestablish drainage basiras well adocalized inflows anautflows at

wetland sites to provide aerialperspective ofhe physical traits oeachwetland.
5. Review sitellite imagento determine adjacent land usegé&zhwetland site.

6. ReviewParcel Identification numbers provided by REN to determine property

ownershipin order to determine accessibility to wetland sites.

7. Createfield maps of eachwetlandsitewith a determined scale and Universal Transverse
Mercator (UTM) coordinate syesin.

8. Determinepoints of accessn field map and potential wetland bourida prior to
visiting eachsite.

Once the preliminary researalas completednd permission ltlbeen granted from property
owners allowing researchers access to their lahd,teamwould enter the field to map and classify each
site Upon entering the fieldesearchers used the methods and standards that were previously established
bythe BCWi | d I i f e ,F esdpeercaitfiiocnablsl y t he We t(BCWR 20K eper 6s |
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2.2 Field Steps

When entering the field the following steps were taken to ensure data was accurately recorded:

1.

Datarecorded on thBCWF (2015wetland longorm survey includeswveather, wdand
coordinates, wetland size and dimensions,csitssification functionality, dominant

adjacent land use, hydrology, surrounding vegetasioriicial deposit composition,
impact/disturbances, wetland management, photographs, wetland sketdstion
transect surveys withuadratsand soilobsevations taken from samples that were

collected using 80 eentimeter (cmpauger Thenumberof transects completed at each

site variedit wasdictated by the complexity of vegetation at each system.nidre
complicated sites had amcreased number of transect lines to ensure vegetation data was
representative. Alonggansectines, quadrats were placed in the middle of eaelland

zone to identify shrubs, herbs and tree cover.

Identify siteswhere bedrock or surficial deposits asgposed and record compositional
characteristics to understand how water may infiltrate into groundvreteearchers
would alsoattempt to constraiii and whereseepage may kacurringat localized sites

This was done using surficial geology maps t@édy Jan Bednarski (2013).

Ground truth where inflows and outflowsay be atachwetland siteand record

waypoints at these locations usi@§S units

Record GPS trackf wetland perimeter which can be goaned to Ducks Unlimited data
(2015)and predictive mappin@2016)to interpret any observable changes in wetland
shape and sizdhe lines of the perimeteveresmoothedn some case® allow for a
more representative track that follows the wetland boundary between vegedtaiien
The weland dimensionsverealsomeasuredy using both the perimeter data and

ArcGIS software.

3.0Regional Description

3.1Physiography

The Little QualicumWaterRegionis locatedwithin the northern section of the ROddundaries

slightly south of the Big Qualicum/aterRegion Thegeographically diversareaextendsfrom the
Salish ®a to théheadwaters of the Cameron Riy&/aterline Resources Inc., 2018lalf of the Little

QualicumWaterRegionis setwithin the Nanaimodwlands a 280-kilometerstrip of relativelylow-lying

land that extenglalong the eastern coast of Vancouver Islai other half lies within the Vancouver
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Island mountain rangds is the case with theest of the RDN, WR2xperiences cool, wet winters and
mild, dry summershowever, the climate differs significantly from the lowlands to the mountainous
regions(Waterline Resources Inc., 2018pw-lying areas receive much less precipitatiban the high
elevation area@/Naterline Resources Inc., 2018pr examplejn the lowlandsthe Little Qualcum
Hatcheryreceiveson average J098.5mm of precipitationannually while areas in the mountainous
headvaters on Mt. Arrowsmith may receive up t0@0.0 mm annually (Waterline Resources Inc., 2013).
As aresult of thevariable clim&e conditions there aresix different biogeoclimatic ecosystem
classification (BEC) zones within the Little QualicMtater regionwhich includeCoastal Douglas Fir
moist maritime (CDF mm), Coastal Western Hemlock very drytimagieastern (CWH xm1), Coastal
Western Hemlock very dry maritime western (CWH xm2), Coastal Western Hemlock moist maritime
montane (CWH mmz2), Mountain Hemlock moist maritime windward (MH mm 1), and Coastal Mountain
Heather Alpine undifferentiated and plnkd (CMA unp) (MABR, n.d.).

3.2Regional Geology of the Nanaimo Lowlands
3.2.1 BedrockGeology

Vancouver Island resides to the west of the Georgia Depregsmpart of the Insular Belt
whichis mostly comprised of Wrangellia Terrane (Bednar2815).0f the Wrangellia Terranehe
Buttle Lake and Sicker Groups are the oldest rock formatiamite the Karmutsen Formation is the
youngest. On Vancouver Islaritlis observed that Karmutsen bedrock has been intruded by granodioritic
plutons of thdsland Plutonic Suite (Bednars®015). Bedrock geologyor most of the Nanaimo
lowland is typically underlain by upper Cretaceous sedimentdayaimo group. The Nanaimo Group
rocks are the basement of the eastern portion of Vanc@laed,deposited between North America and
Wrangellia (BednarskR015). They were formed by fluvial processes and deposited as a sedimentary
gradation of conglomerate, sandstone, shale, and coal (Bed2arskj. Extensive areas of the coastal
lowland arealsomantled by unconsolidated mateniaht issuggested to be over 100thick (Bednarski,
2015) However, he thickness of surficial materials is variali¢he region and bedrock outcrops are
commonly foundhroughout(Bednarski, 2015).

3.2.2 Stratigrapht Framework

The Nanaimodwlandsareextensively covered in unconsolidated materials that were deposited
during the last two glaciation events (Bednarski, 20ahny of the coarseideposits achs groundwater
reservoirs for many mueipalities within theNanaimo bwlands(Waterline Resources Inc., 2013)

Understanding their distribution is imperative when considering the relationship between wetlands and
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groundwater recharge. Below highlights the most recent glaciation and deglaciationaeite

asseaiated lithostratigraphic deposits that are found in the Nanaimo lowlands.
1 Penultimate Glaciation

The Penultimate glacial period depositedensive deposits tfl approximatelythreeto nine
meters thick within the Nanaimowlandsregion these unitsr@ mae commonlyknown as
Dashwood Drift (Bednarsk?015).In many regions ttee till packages are boubgt
glaciofluvial, icecontact, glaciomariner marine sedimenfsnd are overlain by fossiliferous

glaciomarine silt and silty sand (Bednarski 2015).

9 Olympia Nonrglacial Interval

Sediments such as marine, estuarine, and fluvial materials overlying the Dashwood Drift till
packages are interpreted to have originated fromgtacial processesand are designated as the
Cowichan Head Formation of the Olpia nonglacial interval (Bednarsk2015). These

represent a perioaf post Penultimate Glaciatiand are followed by sediments deposited during
the formation of Fraser Glaciaticknown as Quadra SariBednarski, 2015)During climatic
cooling, there waan increase in the amount of precipitatioatlead to a large amount of
sediment production from the coast mountains of(B€narski, 2015)The sediment

deteriorated streams and river channdtanatelyflowed into the Georgia basin depositing a
sandy outwash approximately 180thick (Clague et al. 1983).

i Fraser Glaciation

The most recent glacial period experienced by Vancouver Island was the Fraser Gjadiition
originatedonthe Vancouver Island mountain rangealpine glacier was met kijie advancing
Cordilleran Ice Sheetvhich was comingrom the Coast Mountains &C (Bednarski2015).

Retreat of the ice sheets caused deposition of till blaalseigell aglaciofluvial terraces and

deltas along the iemargin as Vashon Drift materiglBednarski, 2015)Complete deglaciation

of the area led to isostatic rebound and a decrease in sea level leaving glaciofluvial deposits along

mountain flanks (Bednarsk2015).
9 Postglacial Period

During deglaciation, Vashon Drift sediments transitioimtd post glacial Capilano sediments
(Bednarski, 2015)Even though the sediments are considered to be post glacial, they were

influenced by rapid glacial meltwaters (BednargKkil5). They consist of glaciofluvial outwash
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such as sands and gravels, witme diamicton preserdand are generally a maximum of @6
thick (Bednarski2015).

Following the deposition of Capilano sedimentreSalish sedimentdednarski, 2015)Their
deposition occurred as intertidal marine sediments, beach sediments,nacusjanic
sediments, alluvial terraces, alluvial delta terraces, and alluvial flood pBedsarski, 2015)
Along the shorelingdntertidal sediments were deposited by wasa® tidal flats, while beach

sediments were deposited by waves and curgttite presnt shoreline (Bednarsiki015).
4.0Little Qualicum Water Region Study Sites
4.1 Spider Lake ProvinciaPark & Illusion Lakes

Spider LakeProvincial Parkand lllusion Lakesrelocatedin Qualicum BeachBC and contain
threewetland sites of interesthewetlands ardocated within an area of very irregular topography
consistingof small hills and depressions, best described as kame and kettle topqgraipiggton &
Badry, 1992)The provincial park is situated within tl@®astalDouglasfir moist maritime
biogeoclimatic (BEC) zonendicating the regiotmas anoderate climatavhere summers are warm and
dry, while winters are wet (MacKenzie &loran, 2004. This BEC zone encompasses ecosystems with
uniform macroclimates, a characteristic mosaic of vegetation, soils and particular animal life that reflect
the climate (MacKenzie & Moran, 2004tachwetland studisiteis situated within eitheBpider Lake
Provincid Parkor lllusion Lakes, andre atogghe unconfinegquifer661(Appendix B, Figure 12 which
is situated in glaciofluvial sarehd gravel sediments of the Vashon Diednarski, 2015)Literature is
not available for water quality and quantity but it is noted that the site is at risk to contam(ination
surface pollutioh as aquifer 661 is considerabeunconfinedn most regiongWaterlineResources
Inc., 2014).

4.1.1 Surficial Materials of Spider Lake Provincial Pa&Illusion Lakes

Surficial materials surrounding Spider Lake and lllusion Lakes are largely Capilano and Vashon
drift in origin, and were deposited through both glacial and deglacial pro¢Bssiearski, 2015)Spder
Lake and lllusion Lakes are situatedaittick glaciofluvial delta terracthat contais gravel, sandand
minor diamictongBednarski, 2015)These units are typically betweear2d50 m thick and can be
poorly to well sorted, depending on the praity to fluvial systemgBednarski, 2015). Well records from
wells 96842 and 87225, near lllusion Lakepwithat these units extend #106 m into the subsurface
and do not intersetiedrock (Ministry of Environment, 2017Dnthe eastern portion &pider Lake,

sediments range betweem2d50 m thick without intersecting bedrock units c omp |l i ment i ng
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study Well drilling data changes significantly once slightly outside the Provincial Park boundaries.
Drilling records from 107033 show thadirficial deposits are only shallowly deposited betweandl 4
m and trheedn ahnidt b a cfkom h4eo® neetergMinistryi of Esnironment, 2017, no
page) Field observations confirmed data collected through desktop analysis, as soufimiaps were

visible and showed extensive sand and gravel materials.
4.1.2 WR2LQ-01 WetlandObservations &Classification

WR2-LQ-01was mapped on July, 12016 and isituated 144 meters above sea lenebr a
series of gravel pits and active recreatidrails. The wetland is 87 long and 45.5n wide on average,
which was approximated using ArcMap softwarel perimeter data collected by GPS urktgure 2
illustratesthe extent of the 0.28a svampwith secondary marsh sections, which is situated in a shallow
depressionCentral regions of theretlandcontained shallow wate®.3 m deep where dense and uniform
hardhack'Spiraea douglasjiflourished In regions where water was minimal, sedgespusrmosses,
trailing blackberry(Rubus ursinus)and false lilyof-the-valley (Maianthemundilatatum)thrived.
Coniferous forest speciesmated the regions around the study site@nsisted of Douglas fir
(Pseudotsuga menzidsiwestern red cedarkuja plicatg, and grand fir Abies grandis)The transition
zones within the wetland and surrounding arasedictated bychanges irsoil and vegetatiorsoil
samplesat the sitavere takerat twodifferent sites alog transect lineto better understand the change in
materials within each zondt the firstsamplesite the soil texture wabrouswith minimal sand. The
soil prdfile started with arorganic layer from @o 18 cmand transitioned into a clay lempproximately
13 cmin thicknessThe second sample consistefdh similarprofile. Overall the soil was iéch darkred,
which contained poorly decomposed mattare Table In Appendix A forother parameters aride

classificatiorsummay.
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Figure 2: WR2LQ-01

Sourcel magery obtained from Esriés online basemap

4.1.3 WR2LQ-02 WetlandObservations &lassification

The second study sité/R2-LQ-02, was mapped on October 2, 20it6s approximately 120m
above sedevelandis situated adjacent to the main emiteof Spider Lake. The area is primarily used by
recreational users and industrial veb&kentering nearby gravgits.Using ArcMap softwarghe
dimensions of the wetland were approximase@02m long and 113n wide, on averageT he study site
wasalsosituated in a shallow depression and was classified dominantly as a shallow water wigtland w
secondary forested swamp sectibatwaslocated on the outer edges (Figure 3). During our analysis of
the study sitecentral portions of the viland wee relatively dy but containeextensive amounts of clay
and silt While in the field researchergbservednotion within the clay deosits with each step they tqok
the ground rolled and moveadicating water storage deeper within the clay depdsds.samples were
collected and showed no transition of materitils profile was dominated by dark grey clay and silt with

very minimal amounts of fine organics.

Through the summeresearchers frequented Spider Lake and observed the wetland site to hav
deepopen water sections through the majority of the siteof October2016 water appe&dto have
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drained from the system into the subsurfadeswas interpreted based on the fact that texeeno
evident inflows or outflows connected to the systuring that timeWherewater once dominated the
wetland emergent vegetation, and in particufalow pondlily (Nuphar polysepaluimwas observed to
be dyingdue to reduced water leveldn the outer portions of the wetlasgdges, grasses, field mint
(Mentha arvensisnorthern starwortStellaria calycantha)and big leaved sandwoi¥ipegringia
macrophylla)dominated Surrounding the study site wereesp gravel terracelat contained hardhkgc
red alder(Alnus rubra) Douglas fir, lodgepole(shore)pine (Pinus contortavar. contorta)and various tall
grass. Due to the woody vegetatithis section was classified adorested swamg-urther field
observations can be reviewed in AppendixTablel.

382040 382110 382180 382250 382320

5466900

5466850

g
g
w

5466750

382040

Figure 3: WR2LQ-02
Source: I magery obtained from Esrio6s online
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4.1.4 WR2LQ-03 WetlandObservations &Classification

On October 8,2016 researchers mappée third wetland siteWR2-LQ-03, which waslocated
at lllusion Lakesapproximately 12@n abovesealevel and just north of Spider LakEigure 4) The
wetland is approximately 0.2&tand sits adjacent steep sand and gravel slopeantusein the areas
consistent with thetherstudy sites and idominated byndustrial gravel pits and recréatal activities
Dimensions of the study site weapproximated using ArcMap software and wereaverage201m
long and 34m wide. WR2-LQ-03 wassituatedwithin a shallowdepression and was classifiddminantly
as aforestedswamp with a small centratarsh section that experienced seasonal flooding veihatiw
waterpooled The site was classified dominantly as a fardstwamp with centralections thaappeared
to be transitioning into a marsis water levels were reducddarshsectionsof the wetlandontained
sparse sections oew vegetationwhichincludedfield mint, slough sedgeGarex obnupta)Sitkasedge
(Carex aquatili$, grasses, and common rudhricus effususYhe forested swamp region contained
sedges, dense hardhadgl alder, lodge pole pinBlootka RoseRosa nutkana)railing blackberry, and
ocean sprayHolodiscus discoldr The study site contained dense hardhack in the northeast corner of the

wetland limiting accessibility.

Through air photo analysis it was observed that water levels were once much higher and the study
site once connected with Illusion lake. This was confirmed in the field as natural levees were visible in
the surrounding surficialeposits. There were no visible inflows or outfloto the study site other than
observable levees indicating the wetland likely acts awarflow outlet when watdevels risewithin
thelake duringwinter monthsThe water temperature wdsgl°Cand wagecorded in the ceratl portions
of the study siteSurficial deposits were visible around the wetland site and contained coarse sands and
gravel. Seepage was observed out of some of the eroded slopes indicating the high permeability and
hydraulic conductiity of the surficial depositsSoil samples were taken with3® cmsoil auger and
showed two zones of materials. The profile contained &thiminch layer of organics while the rest of

the sample was dominated by coarse sand and gravel with no vigjblgcs.
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Figure 4: WR2LQ-03
Source: I magery obtained from Esriés online basem

4.2 Little Qualicum Falls Provincial Park

Little Qualicum Falls ProvincidParkis located within th& QWR off of the Alberni Highway in
Qualicum Beach, BCThe Provincial Park is situated withine Coastal Western Hemlock Dry Maritime
BEC zone, which indicates moderateegional climatewith warm, drysummers andet winters
(MacKenzie & Moran, 2004Both WRLQ-04 and WRZ2.Q-05 were mapped within the Provincial Park
andwere chosen based on their unique relationship to aquife?@gndix B, Figurel3). WR2-LQ-09
was also added to this section as it lies adjacent to Little Qualicum Falls Provincial Park and has a similar
geobgic framework as the other two study sites. All ttsigesoverlayaquifer 663whichis a unique
kame feature that is highly vulnerable to contamination. Aquifer 668nsideredinconfined and
situated in glaciofluvial sand and gravel sediments o¥/tghon Drift(Bednarski, 2015)Currently there
are no observation wells for this aquifer along with no quantity concerns; but quality concerns arise

17|Page



Wetland Classification and Geologic Assessment Report: Little Qualicurwater Region

regarding elevated iron and manganese levels (Lowen, 2010). Qtheratioderately developed aquifer

is highly vulnerable to pollution frorthe surface (Lowen, 2010).
4.2.1 Surficial Materials of Little Qualicum Falls Provincial Park

Surficial materials surrounding Little Qualicum Falls Provincial Ragkvery similar tahe
SpiderLake regionThe Provincial Park contains sediments that@apilano and Vashon drift in origin,
and were deposited through both glacial and deglacial processes (BednarskiAg&dbgloser thittle
Qualicum River and€Cameron Lakdave extensivanits of poorly sortedand and gravel that anéen O
to 20 min thicknesgBednarski, 2015)Drilling data from wells in the region (965086503,and
108109 indicate that these poorly sorted materiakeed from 0to 43 minto the subsurfac@Ministry of
Environment, 2017 Furthermore, this changes significantly the further you move from the Little
Qualicum River. In these areaganitic bedrock is encountered almost immedidtelyveen Gand5 m
(Ministry of Environment, 2017)Within the provincial parkBednarski2015) has recorded sand and
gravel dposits to be betweenghd50 mthick. Drilling data collected from wells within the park support
this understanding. &a collected from wells 33967, 26039, 39@lListratesignificant variability in
terms of surficial deposit thickne@linistry of Environment, 2017)Well 33967 hasnly a6 mthick
gravel and silt layer deposited above granitic bedratiereas 26039 has a 4Gtk deposit of sand,
gravel and silt overing the Island Plutonic suii@inistry of Environment, 2017)Furthermore, well
39011, neawell 26039, has 47 m thick deposit of gravel, sandnd silt above bedrock unigslinistry
of Environment, 2017)ield observationsere similar to data that waollected through literature
analysis. Although no bedrock outcrops were observed, extensive sand and gravel deposits were seen

when entering the study area.
4.2.2 WR2LQ-04 Wetland Observations & Classification

WR2-LQ-04 was mapped on July,2016and is situate approximately 128 above sealel
within theLittle Qualicum FallsProvincial ParkThe study aress situated near several gravel pits and
low-densityresidential developmenRecreational activities dominate the surrounding lasdnut of
this area is left undevelopedgigure5 (below)illustratesthe two distinct wetland zones of the study site.
WR2-LQ-04 was classified dominantly as a swamp wetland with a secondary shallow water wetland
regionwithin. Central regions of the wetlandrdained shallow water where rooted, submerged, and
floating aquatic plants thrived. The dominant species within the shallow water wetland ecosystem were
beaked sedgeCarex rostratd, buckbear{iMenyanthes trifoliate);at tail (Typhalatifolia), yellow pond
lily (Nuphar lutea) and dagger leaved rushufcus ensifoliys The swvamp region varied significantlyn

the outer regions water was in patchadthe specieshiat dominated were duglas fir,red cedarNootka
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rose slough sedgeandPacific crab gple (Malus fusca)Moving away from the fest, towards the
wetland,water levels increased and became more consistegproxmately 0.3 ndeep Further there
was an observable shift in vegetatiaith uniform dense hardhack domimag. The transibn zones
within the wetland and surrounding areas were dictated by soil, water quantity and vegetatiouter
swamp region is on average 14im3ong and 244n wide, whichwas approximated using ArcMap
software. Theentral shallowvater wetland regiofFigure 5)was approximately 82.& in length and 94
m wide, whichwas also calculated using ArcMap software.

There were no visible surficial deposit ougsdound near the wetland si&oil samples were
taken at five different sites within open wapattchesandthe soil profiles at each sample site were
consistent. Soil texture was fibrous indicating weak decomposition. The soil profile contained dark
brownblack organics and transitioned into coarse sand and clay. The tramsii®mmas consistent ith
minor differences in the thickness of organic cont8ntl samples wergbric and dark browsblack
containing poorly decomposed matter.

Overall, the system appeared to be a functioning wetland that had two plytémaictiveinflow
sites located in the north and southwest regions of the wetland. One outflow site was located on the
eastern side of the wetlaadd was filled with deep, still watdBy analyzing thair photg, it was
determined that thisutflow sitemaybe a sall tributary that is connected tioe Little Qualicum River.
Replenishment of surface water in the studyisitiely from numerous sources, water table fluctuations,
precipitdion, and a potential infrequenbnnectiongo the two inflow tributariesObservational analysis
suggests that theetland likely retains much of its water during summer months as aquatic species in the
shallow watemappear healthy and undisturbed.
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Figure 5: WR2LQ-04

Source: I magery obtained se.rom Esri 6s online basem

4.2.3WR2LQ-05 Wetland Observations & Classification

WR2-LQ-05wasmapped on July 26 2016(Figure 6)andwhile surrounding land use was
consigent with the other study sitdts elevation waslightly higher at 135 mResearchers classified
WR2-LQ-05 as a swamp, surrounded by a healtbpiferous forest ecosystem. The outer regions of the
wetland contained shallowater whereemergent aquatic plants thrived. The dominant species within the
swampwere hardhackig leaved sandwortommon water mog$ontinalis antipyretica)and slough
sedgeVegetatiorwithin the forested ecosystemlong theouter edgesconsisted of Oregon beaked moss
(Kindbergia oregano)salal Nootkarose,Pacific crabapple,Douglasfir, and western rededar The
study site appears to bevell-functioning wetland that hasunique hydrologic distribution. The swamp
regions contairdiffuse shallow watepocketdfilled with very clearand colorlessvater; they werd81C
andhada pH of 6.1 Temperature and pH readings were tai@both transectwith no observable

changesTherewereno visible inflow or outflow sitesbut surrounding the wetland were steep sand and
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gravel slopesThe wetland likely retains much of its water the outer sgionsas aquatic species in the
area appear healthy and undisturbed. Duttiedield visit, it was determined thahe central wetland area
contained less thabPb of open waterasthe entire pool contained hardha&oil samples were collected
andcontainechigh organic humic peabntentwith decomposeglant structureswhichwhen squeezed,
brown turbidwater escaped®verall thesoil transition was consisteirt the other samplesith minor
differences intie thicknes®f organic contentn corclusion, he wetlandoil samplesvasconsideredo

be well decomposed with some coarse gravel inclusions.
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Figure 6: WR2LQ-05
Sourcel magery obtained from Esriés online basemap da

4.2 AWR2LQ-09 Wetland Observations & Classification

Thewetland siteVR2-LQ-09 islocatedadjacent to Little Qualicum Falls Provincial Park on
Melrose Road in Qualicum BeadBritish ColumbigFigure 3. The surrounding land uses are
dominantly rural residential developmefarestry, specifically a Christmatsee farm andoff road
recreational activityas well asiking and bikingactivity. The site is located an elevation of 12
above sedevel andis approximately 114n long and 7In wide. Researchers visited the study site on
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July 11", 2017.Upon etering the fieldresearchers found that the wetland was populated by dense
hardhack, willowsand coniferous tree species. $heonditions made it challenging to run transects into
the wetlandthereforethe researchesurveyed vegetation around theiensite to gain a better

understanding of the wetlands ecology.

Along the edges of the wetlangegetation was dominated lestern readedardeer fern
(Blechnum spicaiptskunk cabbage fsichiton americangsslough sedgéhardhackbitter cherry
(Prunus emarginatawestern hemlockTsuga heterophyllawestern white pinéPinus monticol and
Douglas fir Understory species consistedsalal, common horsetaiEquisetum fluviatile common tree
moss Climacium dendroidgswitches hair Alectoria sarmentosg andstep mossThe wetland then
transitioned into the dominastvampecosystenwhich housed black cottonwooBdpulus balsamifera
ssp. Trichocarpp hardhack, slough sedge, bitter chelryo 0 k e r 6 Salixshiodkdrianghaity
lanternmoss(Rhizomnium magnifoliumyellow moss KHomalothecium fulgescensibbed bog moss
(Aulacomnium palustjeandwestern rededar.Soil samples were collected during vegetation surveys
and showed that the majority of the site had a thick Jagem,of reddish organic peat that transitioned
into a thick clay lensf 23 cm At the site there was no visible standing water, but when soil samples
were collected, water pooled in thebsurface void. Researchers collected water samples at these sites
anddetemined the watetemperaturéo bel1°C andhave goH of 5.5. In summary, the study site

appeared to be a functioning wetland with stalerflow structurs on all sides.
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Figure 7: WR2LQ-09

Sour ce: |l magery obtained from Esriés online basem

4.3 Dashwood & Whiskey Creek

The community bDashwood and Whiskey Creek are both rural areas that lie to the north of
Qualicum Beach and to the south of Qualicum Bay. Dashwood is situated in the Coastal Douglas Fir
moist maritime BEC zone, which isatacterized by warm, dry summers and mild, wet winters and is
restrictal to elevations below 150 (MacKenzie & Moran, 2004). Aquifer 66&ists within the majority
of the Dashwood region anddassand and gravel aquifer wiim unknown confinement stat(&ppendix
B, Figurel4). According to GW Solutions (2017), aquifer 66Zonsidered to be moderately imuend
and moderately productive.

Although Whiskey Creek and Dashwood are proximal to one another, the BEC zones are slightly
different. Whiskey Creels situated in both the DFmmandCWHdmBEC zones, containg three
wetlandsWR2-LQ-07, WR2LQ-08, and WRA.Q-09. Whiskey Creek is situated above aquifer 663 IIIA
(12), an unconfined sand and gravel aquifer consisting of glaciofluvial sediments oftien\Dxift
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(Bednarski, 2015)Aquifer 663 is considered to be highly vulnerable to contamination, has moderate to
high relative stress levels, and is moderately productive. These wetlands were identified and mapped due

to their position above aquifer 663.
4.3.1Surficial Geology of Dashwood & Whiskey Creek

Dashwood and parts of Whiskey Creek are located in relativeNyiog regions, near the
eastern shoreline of central \Guver Island. Within these lelying areas surficial deposits have been
recorded as Capilano and VasHhanift in origin. These units are considered glaciomarine and include
coarse marine blankets with sand and gravel that arelaimdiey clay between &nd10 mthick
(Bednarski, 2015)n other sections, the glaciomarine blanket is significantly firihr gilt, fine sands
and clay(Bednarski, 2015)According to Bednarski (2@&), glaciomarine sediments are often deposited
by floating glaciers and melt water from retreating glaciersliy data from wells 96451, 87930, 96325
and 107382 show that these coarse and fine marine deposits extefichsidyideeperupto 98 m
(Ministry of Environment, 2017)n many of the drilling logghere are intebedded units of clay and silt

abowe and below sand and gravel depo@itmistry of Environment, 2017)

The upper sections of Whisk Creek, and along the water csgitypically contain surficial
deposits that reflect both glacial and rglacial processes. Many of the glaciomarine diépdsve been
eroded away by modern day fluvial processes and are reflective of thick glaciofluvial delta terraces that
contain grael, sand and minor diamictofBednarski, 2015)These units are typically betweemi2d50
m thick and can be poorly to welorted, depending on the proximity to fluvial systems (Bednarski,
2015).Furthermore,tese units can tygally range between and20 mthick and are believed to have
been in contact with the retreating glagidednarski, 2015)Well data was collectedom three drilling
reports on iMaps BC (2017) to better understand the distribution of these lithostratigraphic units. Drilling
i nformati on c¢ o nd0i5)ysurfieid depositd map larsl khiovged that betweandl12 m
there are extensive sanddagravel deposits with discontinuous clay layers separating these packages
(Ministry of Environment, 2017)n the field there were no visible outcrops showing local surficial
deposit therefore using data from past drilling reports was necessary to understand the stratigraphic

framework in the area.

4.32 WR2LQ-06 Wetland Observations & Classification

The study site located on Larkedowne road magped on October 202016 and was unique
wetland gstem that was identified as another wet forlestdictive mapping indicatdtiat the site was a
swamp wetlandhowever this was not representative of the actual systeffield observations

determinech random distribution of wetland vegetation with no defined boundary for the wetland area, as
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vegetation and water patches were diffdgsgetation consisted of a varietyrabssessalal, sedges,

grasses, bracken fern, blackbepotka rose, andery cense western red cedar, spruce, and Douglas fir

tree cover throughout. There were many snags and wildlifewigga the study areaand the outer

property line contained a mamadeditch that runs adjacent to farmland. The site did not have any

significant standing water, although there wenedompatches of mud that might have contained water at
some pointThewetland did not appear to be productive during our site visit. It may be beneficial to

revisit this site during the fall and winter to gainedtér understanding of how much water pools. Soils

within the marmade trench consisted primarily of clay. There was high sand content on the forest floor
with red color indicating high iron content. Overdétle predictive mapping was inaccurate and amgs

represent the true size or perimeter of the wetland as mud depressions and sedge patches are diffuse and

continue throughout the property.

Figure 8: WR2LQ-06
Sour ce: l magery obtained from Esriés online basem
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