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1.0

INTRODUCTION

As resource development and human populations increase in British Columbia,
pressures for all resources and services have accelerated. Rapid growth has often
overwhelmed the ability of local planners to manage land and preserve sensitive
habitats (Mason and Knight, 2001). Thishas resulted in the loss or degradation of
aguatic and riparian habitats that are critical for fish and a diverse wildlife assemblage.
More specifically, rapid population growth and development around our large interior
lakes and ivers is one of many factors that is impacting our fish and wildlife resources.
This tremendous growth rate has resulted icommercial and residential developments
around these large lakes and rivers. This rapid increase in population and development
presents a significant challenge to plan and/or manage future growth arounihterior
watercourses Accordingly, there is an urgent need to develop stronger tools and better
methods to conserve, protect and reclaim these habitats.

SHIM is a recognized stashard for fish and aquatic habitat mapping in urban and rural
watersheds in British Columbia. These protocols attempt to ensure the collection and
mapping of reliable, high quality, current, and spatially accurate information about
local freshwater habitats, watercourses, and associated riparian communities.

These protocols are designed as lanplanning, computergenerated, interactive GIS

tools that identify sensitive aquatic and terrestrial habitats. They are intended to

provide community, stewardship goups, individuals, regional districts and
municipalities with an effective, low-cost delivery system for information on these local
habitats and associated current land uses.

SHIM has numerous applications and can:

1 Provide current information not previously available to urban planners, to allow
more informed planning decisions and provide inventory information for
integration into Official Community Plans. In addition, this information can be used
to educate the public as to the natural resource valuesf these systems and the
impacts our activities have on them;

1 Assist in the design of stormwater/runoff management plans;

1 Monitor for changes in habitat resulting from known disturbance;

1 Identify and map potential point sources of pollution;

1 Help guide management decisions and priorities with respect to habitat restoration
and enhancement projects;

1 Assist in determining setbacks and fish/wildlife-sensitive zones;

1 Identify sensitive habitats for fish and wildlife along watercourses;
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1 Provide a means of highlighting areas that may have problems with channel
stability or water quality that require more detailed study;

1 Provide a baseline inventory of existing shoreline developments/modifications
such as docks, retaining walls, groynes, streamouths, and land use activities;

1 Provide baseline mapping data for future monitoring activities and development of
a shoreline management plan; and

1 Map and identify the extent of riparian vegetation available and used by wildlife and
fish.

Project BEackground

The overall goal of the Environmentally Sensitive Areas Watercourse and Wetland
Inventory project is to improve the ecological baseline knowledge of the Distriabf
Squamish (The District) using established provincial methodologies and staradids.
The District has identified Sensitive Habitat Inventory and Mapping (SHIM) of
watercourses and field confirmation of the Streamside Protection and Enhancement
Area (SPEA) buffers aa strategic priority for the 2017-2018 timeframe.

The 2015 gap andysis completed by EcoscapeEnvironmental Consultants Ltd

(Ecoscape)determined that an improvement was needed for the existing Terrestrial
Ecosystem Mapping (TEMjo make it more robust and accurate, and include detailed
mapping and inventory ofwatercourses,wetlands, and the marine foreshore.

The majority of the wetlands that are present in the District were mapped following the
provincial TEM methodology in Phase 2, conducted in 20130 2016 The District
retained Ecoscape and EcoLogic Consultants toraplete Phase 3 of the project, which
involved additional wetland inventory and mapping, as well as modelling of
watercourses and riparian setbacksPhase 3 included additional wetland mapping and
the development of a high resolution LIiDAR Digital Elevatio Model (DEM). Flow
models were then used to refine watercourse centerlines, top of banks, and wetland
boundaries. Fish distributions and extents were reviewed and updated and a 30
OEDPAOEAT AOAAO AOOAOOI AT O AOCAA A0 11T AAI AA
In August 2017 Ecoscapewas contracted by The District to complete Phase 4 of the
Environmentally Sensitive Areas Watercourse and Wetland Inventory project
summarized in the proceeding report.
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2.0 PROJECT OBJECTIVES

The objectives of Phase 4f the Environmentally Sensitive Areas Watercourse and
Wetland Inventory project were to:

1 CompleteSHIM for 31 km of priority watercourses outlined in Appendix B of tle
District Request for Proposals No. 201-D17 (not 28.5 km as identified in the
RFB. Mappedattributes will include the following at minimum: watercourse
centerline, general channel character and dimensions and watercourse
characteristics such as: flow (permanent or seasonal), connectivity, and fish
presence, barriers to fish passage, streamsidegetation and bank erosion.

1 The delineation of all SPEAs in accordance with the Riparian Areas Regulations
(RAR) detailed assessment methodology for each segment identified in the
SHIM field assessment.

1 Confirm and update fish species distributions an@éxtents in each watercourse
and confirm fish presence/absence and potential barriers to passage using
SHIM methodology.

1 Wetland Site Visit Inspections have occurred for wetlands within the District in
previous phases. The Site Visit inspections are the dilevel plot type using
provincial methodology (Field Manual for Describing Terrestrial Ecosystems,
2nd edition) that uses a combination of site information, soils, hydrology and
vegetation to accurately classify an ecosystem type to the site series le{lzsed
on Wetlands of BC). Wetland boundaries and classificatioase to beconfirmed
for ecosystems that occur in association with priority watercourses when
encountered during the SHIM priority watercourse mapping.

1 Compile, organize, and provide all aofhe GIS information collected during the
field inventories into one dataset for use by the Districty updating previous
databases.

The following technical report outlines the project approach and presents the results
of both theinventory and the setbackassessment.

2.1 Study Area

The District is located in the Sedo-Sky corridor midway between Vancouver and
Whistler. It is situated at the north end of Howe Sound and the mouth of the Squamish
Riverand atthe confluence of four other riversg the Mamquam, Cheakamus, Stawamus,
and CheekyeRiver. The total land area of theDistrict is 11,730 hectares with arelief
ranging from 0- 900m above sedevel (Hawes and Durand, 201k

102¢ 450 Neave Ct. Kelowna, BC V1V 2M2 tel: 250.491.7337 fax: 250.494at¥¥@&vw.ecoscapeltd.com

A


http://www.ecoscapeltd.com/

17-2162 4 November 2017

3.0

The study area is 10,317 hectares (Fig. 1). It eompasses the majority ofThe District
and includes three biogeoclimatic subzones.

Figure 1. Study Area Boundary (adapted from Google Earth).

METHODOLOGY

Field inventory, data processing and data deliverables conformed tthe Sensitive
Habitat Inventory and Mapping (SHM) standards(Mason and Knight, 2001). Data was
recorded using aTrimble Geo7x/Data Loggerand entered into a digital data dictionary.
Data collection fields for respective biophysical and anthropogenic attributes are listed
in the following sub sections.Data collection methods and processing standards can be
reviewed in full at:

http://www.shim.bc.ca/methods/SHIM_Methods.html
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3.1

Centerline Survey

Renee Lemmond was the principal surveyor and completed all field survey elements
with the assistance of Allen Lewis (Squamish First Nation).

The centerline of the river channelwas mapped along the center of the bankfull (not
floodplain) width. The creek was stratified into a series of successive sections
(segments), each possessing and being characterized by different attributes or
biophysical characteristics (i.e. hydaulic class, channel characteristics, substrates
composition, and riparian class, etc.). The stream segmentation and associated
attributes was the fundamental unit of the centerline survey with point features
providing a more quantitative measure of reléive disturbance/modification and
aquatic habitat quality/complexity (i.e. area abundance of deep pools, spawning
substrates, large woody debris, bank erosion, etc.).

Table 1 provides a complete list of features and corresponding attributes that were
recorded using the SHIM Data Dictionary.

Table 1. Overview of river centerline data fields collected using the Trimble data diction

Reach Length Linear measure along centerline of channel (m)

Primary Character Modified; Natural; Other

Channelvidth Bankfull level (m)

Gradient % grade

Salmonid Spawning Yes/No; Species

Livestock Access Yes/No; Comment

Hydraulic Character Cascade; Cascathool; Falls; Pool; RuGjide;Riffle; RifflePool;Riffle-
Run;Sloughlake Wetland; Other

ChannePattern Straight; Sinuous; Irregular; Irregular meandering; Regular meande
Tortuous meanders

Bars Side; Diagonal; Midhannel; Spanning; Braided

Islands Occasional; Split; Frequegtrregular; Frequent Regular;
Anastomosing

Substrate Composition %Organic; % Fines; % Gravel; % Cobble; % Boulder; % Bedrock

Embeddedness/Compaction Degree of embedddness of coarse substrates in fines (sand/silt)

% Instream Cover Boulder; Deep Pool; Instream Vegetation; Large Woody Debris;

Overstream Vegetation
Reat Impact Rating See Table 2.

A Level of Impact rating was included in the data dictionary and applied to the
centerline reach information (AppendixA). Thisrating system was designed with the
intent of providing a more measuralle parameter in evaluating streamcondition and
monitoring and evaluating habitat changes on local watercourses and associated
riparian and floodplain communities. Individual reach scores were assigned based on
the criteria outlined in Table 2. Weighted scores for respetive impact ratings were
obtained by dividing the cumulative length of reaches receiving the same impact rating
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by the total river length being evaluated to obtain a fractional abundance (% of river
length). This value was then multiplied by the respecte Score (06) equaling the
weighted score. The sum of weighted scores was then divided by the maximum
attainable score (6} and transformed into a percentage value or river grade.This
scoring system precedes the Aquatic Habitat Index and, on itsvo, is a field measure
of river/bank condition.

Table2. Level of Impact rating critéa for District of Squamish SHIM

River Bank Impact Critetia Combined River Reach Score
Nil-Nil (Nil impacts on both banks

Nil-Low

Nil-Mod

Nil-High

LowLow

LowMod

LowHigh

Mod-Mod

Mod-High

HighHigh (mpact on both banks is high

1. Numeric Bank Impact Scores: Njlzow=2; Mod=1; High

OFRLNNWEAWMOIIO

3.1.1 Riparian Setback Assessment

Through Phase 3 of this project, watercourses were buffered I30-m from both the left
and right interpolated banks. Following the RAR guidelines, these 3@ riparian buffers
were further refined based on the detailed assessment methodology.

The RAR guidelines outline the detailed assessment procedures used to deterenthe
30! xEAOE8 )1 A AAOAEI AA AOOAOGOGI Al Oh
Qualified Environmental Professional (QEP) using several assessments (BC MoE,
2004). Relevant assessments include:

Large Woody Debris for fish habitat;
Area for localized bank stability;
Area for channel movement;

Shade; and

Litter fall and insect drop.

arwnNE

The SPEA width is determined by the largest zone of sensitivity from the above list. In
order to determine the above, the following measurements are required:

1 Watercourse reach breaks (segments);
1 Average channel widths;
1 Average channel slope;

L A combined weighted score of 6 would be attained ifeadichesvere natural with no discernable human disturbance
on either the right or left bankn other words, the river is pristine.
N
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1 Channel type; and
1 Site potential vegetation type.

These measurements will all be included in the SHIM inventory. Dimensions of stream
segments were collected at eleven anore intervals per segment in order to determine

the associated SPEA (as per RAR methodology). Therefoitee majority of individual
segments must be a minimum of 100 m in lengthn caseswhere segments measured
<100 m in length, as many intervals were dtected as possible per segment to
determine accurate average stream dimensionsSPEAs for all watercourses and
xAOI ATAG EAOA AAAI i ADPAA EI I OAAO Oi
Environmentally Sensitive Areas and Riparian Assessment Areas GIS data.

The detailed assessment methodology under the Provincial Riparian Areas Regulation
(RAR) utilizes a number of factors to determine riparian setbacks based on the site
potential vegetation type (SPVT) and channel type, including the Zones of Sensitivity
(ZOS) for:

1 Large woody debris, bank and channel stability,
1 Litterfall and insect drop, and
1 Shade.

As an example, the zones of sensitivitipor a stream reach (segment) with a SPVT of
treed and a riffle-pool channel morphology would be as follows:

1 Large woody debris, bank and channel stability = 3 x Channel width (min. 10m
/ max. 15m)
9 Litterfall and insect drop = 3 x Channel width (min. 10m / max. 15m)
1 Shade = 3 x Channel width (max. 30m)
Zones of Sensitivitywere determined using two approaches for the purposes of this
study, the results of which produce the conservative SPEA and the refined SPEA
setbacks.SPVT for all watercourses and both methods has been assumed todbeedd
The conservative SPEA method for dermining the zones of sensitivity assumes all
Channel Types areriffle pool, while the refined SPEA method evaluates zones of
sensitivity based on specific channel types. In determining the refined SPEA,
watercourses have been categorized into cascade pool, riffle pool, wetland and ditch
channel types based on primary hydraulic character and channel gradient§able 3
provides a summary of methods used to determine zones of sensitivity for specific
channeltypes.
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Table 3 SPEA zones of sensitivity

Channel Type Litter and Insect Drop Bank Stability Shade
Riffle/Pool 3x Channel Width/minimum 3x Channel Width/minimum 3x Channel Width/
10m maximum 15m 10m maximum 30m maximum 30m
Cascade/Pool 3x ChanneWidth/minimum  2x Channel Width/minimum 3x Channel Width/
10m maximum 15m 10m maximum 15m maximum 30m
Wetlands 15m 15m 30m
Ditches 2 x channel width/ minimum 2 x channel width/ 2 x channel width/
5m maximum 10m minimum 5m maximum minimum 5m
10m maximum10m

From this, the Streamside Protection and Enhancement Area (SPEA) is determined by
the largest calculated zone of sensitivity within respective reaches.

Ecoscapecollecteda minimum of 11 channelsections in each fielddetermined stream
reach/segment to determine the averagevetted widths and bankfull widths to provide
an estimate of what the riparian setback may be along a given segment. This analysis
intended to prescribe SPEAs (minimum setbaks) within each segment of the surveyed
watercourses for District Planning documents and associated guidelinesSPEA values
would be prescribed to establish a minimum setback distance that would enable the
District to expedite the development permit processwhen a development application
demonstrates that there will be no encroachment into the SHIM field SPEA.

Based on experience on other watercourses, the estimated SPEA using SHIM channel
information (collected by Ecoscape) has resulted in SPEA estimatbeing generally
within +/ - 0.5m of that determined during site specific detailed RAR assessments.
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3.1.2 Feature Mapping

Morphological, habitat, and anthropogenic features were marked with both the GPS
and described on field maps and latedigitized as points and polygons into thedata
dictionary. These features, summarized in Table 4, provide a more quantitative
measure of relative disturbance/modification, and aquatic habitat quality/complexity
(e.g.aerial abundance of spawning substrat®/coarse woody debris measure etc.).

Table4. Overview of watercourse and habitat attributethat were collected using the Data

Dictionary developed for this project (Adapted from Module 3, Mason and Knight, 2001). T,
complete data dictionary can béound in AppendixC

Main Attribute Detailed Feature Collected

Modifications Type (retaining wall/water withdrawal/bridge/dock etc.)
material; length; photo

Culvert Attributes TypeMaterial; Condition; Barrier; Size; Baffles
Obstruction Attributes TypeMaterial; Barrier; Size; Photo
Stream Discharge Attributes Point of Discharge; Typmaterial; Size
Erosion Feature Type of Erosion; severity; exposure; material
Fish Habitat Attributes Type of Habitat (Spawning/rearing/cover); Size; Slope; Photc
Enhancement Areas Type of Enhancement; Potential or existing enhancement
Wildlife Observations Type of Observation; Wildlife species; Photo
Wildlife Tree Attributes Type of Tree; Size; Location
Near Waterbody Attributes Type of Waterbody (spring/sidénannel/pond etc.); Size

Wetland Attributes (Polygon feature) Wetland TypeClass; Photo
Representative Photograph Location Location; Direction

3.2 Data Processing and Quality Assurarared Control

The Resource Inventory Committee and SHIMethodology (Mason and Knight, 2001)
provide specific requirements for quality assurance and quality control. These
standards, such as GPS settings/precision, logging intervals, and data management and
deliverableswere followed throughout the field inventory stages d the project.

GPS settings and usevere in accordance with Resource Inventory Committee
Standards to ensure the collection of spatially accurate data. The coordinate system
usedwas UTM Zone 10North, North American Datum83.

Field data was differentidly corrected using base data provided by the Oroville Airport
(RKD1), Washington (ITRFO0(19979DSTHOMed from I1GS08 (NEW)) Position:
48°57'51.66889"N, 119°24'46.89431"W, 313.27 m.

Data dictionary tools designed for ARC View 3were employed to process the data and
to export the data into ESRI shapefiles. Subsequent processing and mappimgs
completed using ArcGIS.0.x. Processed GPS data (shapefilesgre then converted into
geodatabass.
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To ensure Quality Assurance and Contrdahe following tasks were followed during
completion of this project:

1 Field data collectedwas backedonto the local server and field computer at the
end of each fieldday.

1 All field data collected during the field inventorieswas post processed by the
field inventory biologist, Renee Lemmond, B.Sc

1 We reviewed eachattribute collected during thefield survey as part of a quality
control / assuranceprocess. The final databasewill be provided to The District
at the completion of the project Correctionsand adjustments to the dahbase
will be made as necessary.

3.3 Photo Log

SHIM/FIM standards require that a detailed photo log accompany and bedarporated
into the database. All photosvere entered into a log for location and subject reference.
In addition, coordinate locations (UTM Zone 10 North, North American datum 83
Canada) were included in the photo data to enable spatial referencing on the ground.
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4.0

4.1

SUMMARY ORESULTS

The District identified 28.5 km of priority watercourses to be mapped in the 2017 fall
field inventory period. The actualdistancemapped wasapproximately 33.3km, which
included several new tributaries associated with the priority watercourses Priority
watercourses were divided into 21 individual watercourses and 29 associated
tributaries, where connections exist within. A total of 82 segments have resulted from
the abovementioned watercourses and tributaries, where the average segment length
is approximately 405.7meters.

The following section summarizes thewatercourse location and general character,
including morphological and biophysicalfeatures surveyed within the watercourses.
Summary results and discussions for individual watercourses are commensurate with
their overall magnitude and level of impact. Refer to the attached summary pages
(Appendix B) and corresponding poster maps for segment attributes and
representative photos. The processedata from the centreline surveyand feature data
has been includedn Appendix A. Inaddition, this data can be found in digital format
accompanying the complete inventory catalogue, which includes all point features,
attributes, and representative photos (intended for use in an ESRI GIS platform).

Priority Watercourse Summaries
411 233ISNRa [FyS / NBS|]T {eaidSy

4EA | 1 CCAréek §stemAApgendix B, Pages4, 18-21 and 46:56) includes 7.6

km of historically channelized watercourseshighly influenced by tidal effect. The
approximately 0.51 kn? area encompasing the system is borderedon all sidesby
(ECExAU ww AT A |, 1 CCAO60 , Absikrmn redcddarEsvord AOCA |
fern z skunk cabbage swamp, where surface water is present most of the yedihe
OUOOAI AT OAOO OEA - Al NOA$ Latel CckkA MatyEoh thé A1 A
channels in this wetland sysem are narrow and low gradient and arepresumably
historically dredged channds to accommodate surface runoff and storm discharge. A

substantial hydDA Ol EA OOAT OEQET T | AefrieaxQto gegmeht 2,, | CCA
where the system connects to the Britannia Slough system to the west ariffle -pool
transitions from slough.4 EA OOOOAU 1T £ , 1 CCA0O80O , AT A #OA
x EOE , I CCAOB6 Grs tribAtaridsrsouteé isfrArdshobnwater discharge north

of Finch Drive from culverts within Brennan Creek Park and properties on Raven Drive.
Several short backwater chnnels occur within the system, most of whichare
continually wetted.

, 1 C Cllae&2ek Trib 4 connects the discharges north /£ & ET AE $ OEOA Of
Lane System and appears to be an enhancement channel, with several deep pools and
imported cobble spawning substrate.

Brennan Park Creek (unamed) is the northi T OO x AOAOAT OOOA ET OE
Creek system and travelshrough Brennan Park and adjacent Highway 99, connecting
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Ol , T a@efoeékia the Finch ConneatoBrennan Park Creeks similarly within

a western redcedarz sword fern z skunk cabbage swampowever Segmentl is a much
more ephemeral, overgrown setion, while segment?2 is deeplyincised andSegment3

is a highly modified and enhanced channel through Brennan Pa&everal tile drain and
storm drain discharges were noted throughout Brennan Park and the surrounding area
xEEAE AT 1 OOEA GhQahe PstiemOEA , T CCAOS

3ACi ATO p T &£ OEA , 1 CCcAO60O0 ,ATA #111AAOI O
comprised a large part of the documented 287 Aof deep pools and 638.1 mof large
woody debris,which provide high quality aquatic habitat

Table 5 Feature 8mmary for Logger's Lane Creek System

Fish Habitat Features
Deep Pools (rf) Large Woody Debris @n Fish Barriers
287 638.1 No
Anthropogenic Impacts

Enhancements Erosion(m?) Discharge Points  Culverts  Obstructions Modifications

6 9 5 20 0 11

Lookingupstreami & NBLINB &Sy Gl G A PSS &af 2dza3K K& RN dzf A O(ehK I NI OGS
looking atwoody debris coverwithy G KS [ 2 33 S NRgmeiftt(rigB). / 2y y SOG 2 NJ {
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Residential tile drain at the upstream eBd¥ [ 2 33 SN A (lek)ylddking AidBi@dcenenNdile n
poolfeature within $3YSy G4 w 2F [ 233 Gighpa [FyS / NBEST ¢NAROG n

LookingdzLJA G NB 'Y G26FNRa | ol Ol 6 G4SN OKI (eff)Sidoking atii KAy [ 23
boulder cover enhancements within Brennan Park Creek Segm(gigh3).

4.1.2 Britannia Slough and Tributaries

Britannia Slough andTributaries (Appendix B, Pages 8®) includes 3.2 km of mapped

priority watercourses. Segment 1 is a wide channelized slough bordering urban
residential development on its left bank (facing downstream) within recreational park,

while Segment 2 travels south from Pioneer way, where the inventory began
Tributaries include a beaverinfluenced pond/ slough and associatedwetland that
conneasthe” OEOAT T EA 311 OGCE OUOOAI O1 OEA , 1 CCAC
99 (Trib 1), a channelized storm drainage channel originating from a storm discharge

culvert, and a storm discharge flood channel south of the Squamish Walmart parking

lot.
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Table 6 Feature Summary for Britannia Slough and Tributaries

Fish Habitat Features
Deep Pools (A) LargeWoody Debris (1) Fish Barriers
0 1.8 No
Anthropogenicimpacts

Enhancements Erosion Points (A Discharge Points Culverts  Obstructions  Modifications

Downstream facing view of Britannia Slough Segmetft);(View of right bank city storm discharge to
Britannia Slougtright).

PLIAGNBFY @GASe 2F 0SFEOSNIRFEY 20ai0GNHz2OGAYy3 . NRGEFYYAF {
Lane Creel€ft); Upstream view of Britannia Slough Segment 2, a straight channelized siigigh (

4.1.3 Dryden Creek System

The Dryden Crek system includesDryden Creek, Hop Ranch Creek, and Cottonwood
Creek. DrydenCreek (Appendix B, Pages 167) was mappedupstream from its dyked
confluence at the Squamish Rivempstream to its confluence with Cottonwood Creek.

102¢ 450 Neave Ct. Kelowna, BC V1V 2M2 tel: 250.491.7337 fax: 250.49Waly. 7@&vw.ecoscapeltd.com A&


http://www.ecoscapeltd.com/

17-2162 15 November 2017

Dryden Creek was inventoriedas one segmentcharacterized agiffle -pool with two
beaver dams creating pooled slow moving sections. Dryden Creekhghly modified
through dense urban residential areas. Dryden Creek Trib 1 &sneighbourhood storm
drainage extending from theA O A Aeff lBadk to Meadow Avenue and Judd Road.

Cottonwood Creek (Appendix B, Pages 105) was suveyed from its confluence with
Dryden Creek to approximately 0.2 km downstream of its intersection with
Government Pbad. The watercourse inventory began at a large ponded section of the
watercourse located upstream of dridge connecting Judd and Kingwood Road. The
pond has no visible barrier influencing flow and is presumably a result of changing
gradients. Segment2 included a narrow highly modified riffle -pool channel. A second
widening ponded area occurred through Segment 3 and the creek transitioned
upstream back to narrow riffle -pool. An additional portion of Cottonwood Creek was
surveyed approximately 140 m northof Cottonwood Creek Segment 4nd included
two segments of disturbed wetland.Segmentl is downstream of Dryden Road, the
upstream end located approximately 50 m east of the intersection of Government Road
and Dryden Road. Cottonwood Creek Trib 1 Segmehtconsists ofSkunk cabbagez
alder swampin urban residential backyards and extends to Dryden Road. Segmeat
is a deep ponded areanorth of Dryden Road.

Hop RanchCreek (Appendix B, Pages 281) enters Dryden Creek behind the residence
at the south endof Meadow Avenue. Hop Ranch Creek waspped from its confluence
with Dryden Creek to approximately 0.7 km east from the north end of Tantalus Road.
The Creek was divided into four segments. Segment 1 is highly modified and
channelized through farmland wkere livestock grazing is evidentChannelized under
highway 99 from Segment 2the riffle-pool watercourse has thick shrub vegetation
providing extensive cover. Segment 3 is a deep narrow chanrterough a disturbed
marsh. Upstream of segment 3, the channealarrows and cascades through a gulley
draining Alice Lake where fish passage is unlikely.

Table 7 Feature Summary for Dryden Creek System

Fish Habitat Features
Deep Pools (A) Large Woody Debris @n FishBarriers
92 4.8 Yes
Anthropogenic Impacts

Enhancements Erosion(m?) Discharge Points Culverts Obstructions  Modifications

0 0 6 7 6 18
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Downstream facing view of Dryden Creek, channelized and modified through urban residentidleftgas
beaver dam located approximately 0.2 km upstream of the Hop Ranch Creek conf{ightje

Downstream view of Dryden Creek just upstream of the confluence with the Squamistil&tygPonded
disturbed wetland located approximately 60mortheast of the intersection of Government Road and
Dryden Roadright).

Upstream view of Hop Ranch Creeadg&ent 4, where the creek cascades through a mountain g(i4&y;
view of denseshrubs within Hop Ranch Creedgihent 2(right).
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4.1.4 Harris Slough and Tributaries

Harris Slough(Appendix B, Pages 227) was inventoried from its confluencewith the
MamquamRiver. Harris Slough is a widslough,entirely dyked on its left bank(looking
downstream) and confined byurban development on its right bank. Twosegments
were defined within the priority section of Harris Slough,segregatedby the pump
station directly above the Harris Slogh confluence.Segment 1 isdownstream of the
pump station and isriffle -pool character, providing potential spawning habitat to fish
migrating up from the Squamish River, while Segment 2 is a wide, deep sluggish
watercourse with wetland riparian features.

Harris Slough Tributary 1 and Tibutary 2 are modified drainage channels mnsisting
mainly of organic substrates. Both tributaries originate from left bank drainage ditches

It is likely that these tributaries exhibit high flow in periods of extended precipitation.
The Harris Slough drainage ditch is not connected to Harris Slgh Trib 2 and is instead
likely connected by drainage ditch to Harris Slough Tributary 1 on the south side of the
rail tracks. This connection is unconfirmed as barriers prevented entry téhe left bank
industrial property . All three tributaries are relatively narrow and composed
predominantly of fine substrates.

Table 8 Feature Summary foHarris Slough and Tributaries

Fish Habitat Features
Deep Pools (A Large Woody Debris @n Fish Barriers
60 27 No
Anthropogenic Impacts

Enhancements  Erosion(m?) Discharge Points Culverts  Obstructions Modifications

0 0 1 5 1 2
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Upstream view of Harris Slougeft); downstream view of overflow culverts at the downstream end of
Harris Slouglsegment Zright).

Upstream facing view of Harris Slough Trifeett); View facing upstream towards the Harris Slough outlet to
the Mamquam Rivefright).

4.1.5 Little StawamusCreekSystem

The Little Stawamus Creelsystem (Appendix B, Pages 324) enters the Stawamus
River alongright bank of Ssgment 1 An approximate distance 06.3 km was surveyed
within the Little Stawamus system, includind.ittle Stawamus Creek from its confluence
at the Stawamus River Magnolia Creekand their respective priority tributaries. The
system is highly modified, including 21 culverts, 7 discharge points, and 4lterations.
The south portion of the system is mostly channelized througlvestern redcedar z
sword fern z skunk cabbage swamps, andisturbed by recreational trails and historical
logging operations. Theupper portions of the suwveyed system are modified and
channelized through urban residential areas.

Little Stawamus Creekvas mapped for approximately 3 kilometers from its confluene
with the Stawamus River and was divided into 6 segments. The first 402 m segment
braids through low flood associations and swampand has been channelizedy the
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Stawamus dke on its left bank and a roaclignmenton its right bank. The firstsegment
of Little Stawamus Creek has one tributary at its upstream endnpventoried from a
dischargeculvert on the east side of Valley Roadhe Little Stawamus CreeKrib 1 is a
vegetated drainage ditch which likely has a subsurface connection to the left bank
wetland and Little Stawamus Creek &ment 2. Pink Salmon and Coho fry were
observedfrequently within this segmentat the time of the 2017 field inventory.

Little Stawamus Creek Segment 2 is differentiated bits wetland attributes. The

downstream end is lagely influenced by a beavedam andpond at its downstream end

The beaver damand shallow water association creates a flood influencehat

encompases the confluence of Magnolia Creekioho fry were observed within the
segment, however no Bk Salmon were observed upstream ofthe beaver dam
obstruction. Segment3 begins upstream of the beaver pondand is a low gradient,
straight and channelized riffle with evident impacts of high bedload. Segmerd

meanders through denseblackberry thicket and is highlymodified with extensive bank

erosion. Segments continues as a straight low gradient riffle channel with several weir
enhancements.

Three tributaries were surveyedoff the right bank of segment 5. Little Stawamus Trib
2 and 3 are high gradient springsnventoried upstream to source bedrock features
northwest of their confluences with the Little Stawamus Creek. Tributary 4 ia high
gradient drainage gulley originatingfrom Plateau Avenuestorm drains and displays
erosion impacts characteristic of flastlooding.

Magnolia Creek was surveyed upstream from its confluenceith Little Stawamus
Creek for 0.8km. Both Magnolia Creek and its tributary originate from neighborhood
storm drainages and consist of low gradientleeply incised sloughs withextensive
subsurface influence fromadjacentwestern redcedarz sword fern z skunk cabbage
swamps.

Table 9 Feature Summary for Little Stawamus Creek System

Fish Habitat Features

Deep Pools (A Large Woody Debris @n Fish Barriers
109 230.3 Yes
Anthropogenic Impacts
Enhancements Erosion(n?) Discharge Points Culverts  Obstructions  Modifications
0 145.8 7 21 4 41
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Upstream facing view towards the Little Stawamus River beaver(ldit)) Upstreamfacing view of Little
StawamusSegment 2(right).

Upstream facing view of the bedrock cascade within Little Stawamus Trib 2 Segf(tedt)t Downstream
facing view of Plateau Drive culvéright).

4.1.6 Judd Slough

Judd Slough (Appendix B, Page 45) wasurveyed from its downstream dke to
approximately 200 m upstream of DepotRoad. Emergent vegetation was noted
throughout OEA OI1 1 OCEG O Thé $diigh ledyds werdlliggish kvigh fine-
textured and organic substrates. Aigher velocity channel exsts within the center of
the slough, where cobble substrates were more prominentThe watercourse is
channelized by dike and bordered by maturebroadleaf forest on its right bank. A
additional overflow channel extends north, diked at the Squarsh River. Rght bank
tributaries are unconfirmed due to autumn low flow lewels and lack of access. Thadd
Sloughstreamline was modified at its downstream end, wherghe Sloughis isolated
from the Squamish River by a land barrier andneanders 1.4 km east towards its
confluence to the SquamisliRiver.
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Table 10 Feature Summary for Judd Slough

Fish Habitat Features
Deep Pools (A Large Woody Debris @n Fish Barriers
0 3.6 No
Anthropogenic Impacts

Enhancements  Erosion(m?) Discharge Points  Culverts Obstructions Modifications

0 0 0 1 1 4

Downstream view of Judd Slough mafkit); upstream facing view of pump station/dike at the south end
of Judd Slougfright).

4.1.7 Mamquam Blind Channel Tributaries

Approximately 0.76 kilometers of tributaries to the Mamquam Blind Channel
(Appendix B, Pages 6&8) were inventoried, all of which discharge to the Mamquam
Blind Channel at Scott Crescent through two culvertd hese tributaries include the
Mamquam Blind ChannelTrib 1, the Mamquam Blind Channel Wetland, the Scott
Crescent Drainage Ditch, and Valleycliffe Drainage Ditch.

The north drainage culvert sources from a drainage ditch that travelsdgacent Scott
Crescent uphill. The Valleycliffe Drainage fich is asteep gradient amoured drainage
flume that connects to the Scott Crescent Drainageitth at the intersection of
Valleycliffe Trail and Scott Crescent and is sourced from the upper neighbourhood
storm drains at Clarke Drive.

The south drainage culvert discharging into te Mamquam Blind Channel begins within
a disturbed young red alder z blackberry z horsetail z grass wetland which
accumulatesby subsurface drainageat the easthill toe. This wetland shows evidence
of historic infill /dumping disturbance and is conneced to the south culvert by a
drainage ditch east of Scott Crescent.
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The confluence of the Mamquam Blind Chanh@ributaries shows evidence oftidal
influence as extensive erosion. At low water levels, the culverts connecting the
tributaries to the MamquamBlind Channel are barriers to fish passage.

Table 11 Feature Summary for Mamquam Blind Channel Tributaries

Fish Habitat Features
Deep Pools (A) Large Woody Debris @n Fish Barriers
0 0 No
Anthropogenic Impacts

Enhancements Erosion(m?) Discharge Points Culverts Obstructions  Modifications

X el <, -
View of wetland inventoried within the Mamquam Blind Channel Tributaries sydéfty) downstream view
of the Scott Crescent Drainage Difcight).

Upstream view of culvert connecting the Mamquam Blind Channel Tributaries to the Mamquam Blind
Channelleft); downstream view of the Valleycliffe armoured drainage flufmght).
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4.1.8 Mamquam Blind Channel

The Mamquam Blind Channe{Appendix B  Pages 6971) was inventoried from its

ET OAOOAAOEIT xEOE ,1CCA080O , AT A O1 A OOACI
Road. The 0.8 km watercourse was divided into 3 segments, the first of which consists

I £ A xEAA O1 1 O0CE AAOxAd BegmentQ @ A eadal rifflegpobl A AT A
channel, encroached by development on its right bankrhe left bank is borderedby

riverine cattail marsh (WmO05). Segment 3 is a highly modified channe&lonfined by
urban/residential development originating from a modified shallow water wetland 0.2

km west of Buckley Road.

Table 12 Feature Summary for Mamquam Blind Channel

Fish Habitat Features
Deep Pools (A) Large Woody Debris @n Fish Barriers
18 4 No
Anthropogenic Impacts

Enhancements Erosion(m?) Discharge Points Culverts Obstructions Modifications

0 0 2 3 0 1

Downstream view of the Mamquam Blind Channel Segment 1, note left dettedil (left); View ofmodified
shallow water communityat Buckley Road culvert where persistent debris has partially plugged the culvert

(right).

4.1.9 Mamquam Side Channel

The Mamguam Sidé&Channel (Appendix B, Pages #24) is a 0.75km side channel at the
- Al NOAT  2ightChAn®,8n@hin the Mamquam floodplain and adjacent to the
Squamish Valley Golf and Country Club. The side channel lgxzated within a
recreational trail system and includes extensive rearindpackwaters andabout 67 m?2
of deep pool habitat. The upstrean end of the side channel includes a beaver dam
obstruction within the main side channelresulting in a stagnant pool Thewatercourse
is channelized by the right bank dke and is characterized by a rifflgpool hydraulic
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character downstream of thebeaver dam obstruction. Pebble substrates aresuitable

for spawning and the side channelcontains about55.5 n¥ of large woody debris cover.

One tributarywas noted©1T | OEA - Al NOAI efth&ni At the tink bfthd 1 8 O |
survey the tributary was a disconneded Mamquam River backwater which would

contribute flow to the Mamquam Side Channeduring higher discharge periods

Table 13 Feature Summary foMamquam Side Channel

Fish Habitat Features
Deep Pools (A Large Woody Debris @n Fish Barriers
67 55.5 No
Anthropogenic Impacts

Enhancements Erosion Points (A Discharge Points Culverts  Obstructions  Modifications

Looking upstream toward bridge along the Mamquam River side char{fedt); upstream view of the
MamqguamSide Channel beaver pond obstructi@ight).

4.1.10Mashiter Creek Outlet

The Mashiter CreekQutlet (Appendix B, Page 74) was surveyeftom its confluence to
the Mamquam River taapproximately 20 m upstream of its first tributary. The Mashier
outlet is channelized and died on both banksand sources from mountaindrainages
northeast of Squamish(Columnar and Round Mountain). Mashiter Creels a major
tributary of the Mamquam River.

The Mashiter Creek Qtlet is astraight cobble channelwith a riffle hydraulic character.
Historic logging operations are evident along Mashiter Creek. Commercial
developmentpredominates the left bank. Two discharge points were noted while few
other modifications were inventoried at the Mashiter Creek Qtlet. At the time of the
2017 SHIM inventory, Pink Salmon werelocumented several times withinthe Mashiter
Creek outlet. 1t is likely that many fish species utilize this channelalthough no
significant fish habitat was noted within the inventoried segment.

N
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Table 14 Featue Summary for Mashiter Creek Outlet

Fish Habitat Features

Deep Pools (A) Large Woody Debris @n Fish Barriers
0 0 No
Anthropogenic Impacts
Enhancements Erosion(m?) Discharge Points  Culverts  Obstructions  Modifications
0 0 2 0 0 1

¥ AT A \

Upstream facing view of the Mashiter Creek Oufleft); view of left bank dischge point to the Mashiter
Creek @tlet (right).

4.1.11Mashiter Side Channel and Backwater

The inventoried portion of the Mashiter SideChannel(Appendix B, Pages 756) enters
the Mamqguam River east of Governor d&d and meanderswithin a low gradient,
channelized rearing eshancement system confined by dike to the northThe sygem
includes sections of rifflepool and several large rearing backwadr pools. The prority
portion of the Mashiter Side Gannel was surveyed from just upstream of the HWY 99
culvert, where a backwater channel waiventoried off the Mashiter Side Channel left
bank. The Mashiter Side Channel Backwater is segregated from #lamquam River at
its upstream end. No barriers to fishpassage were observed within thenventoried
length of watercourse.

The Mashiter Side Channel isn relatively good condition and provides important
habitat for Mamquam River specied_arge woody cebris provides about33 m?2 of cover,
with deep pools providing about460 m?2 of cover. In addition, substantial instream
vegetation andpotential spawning habitat contribute to increased habitat value.
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Table 15 Feature Summary foMashiter Side Channelnd Backwater

Fish Habitat Features
Deep Pools (A) Large Woody Debris @n Fish Barriers
460 33 No
Anthropogenic Impacts

Enhancements Erosion(n?) Discharge Points Culverts Obstructions  Modifications

S B e AR : b

Downstream viewof Mashiter Side Channel culvert extending beneath HW{e®&3; Upstream view of
non-native marsh at north end of the Mashiter Side Charfright).

View of enhancement rearing pool within the Mashiter Side Chafheft); view of large woody debris
within the Mashiter Side Channgilght).

4.1.12Stawamus River
The StawamusRiver (Appendix B Payes 7#79) originates at the outlet of Stawamus

Lake and flows north approximately 13km before enteringthe District and flowing
south towards its confluence with Howe Sound.

102¢ 450 Neave Ct. Kelowna, BC V1V 2M2 tel: 250.491.7337 fax: 250.494at¥¥@&vw.ecoscapeltd.com

A


http://www.ecoscapeltd.com/

17-2162 27 November 2017

A total of 5.3 km of the River wassurveyed beginning atits intersection with the
Mamquam Forestry Service Road and ending at the SeaSky highway bridge. This
section of the river was broleninto two segments based on primary river character.

The inventoried portion of the Stawamus Riveis primarily riffle -pool. The Stawamus
dike runs adjacent tothe Stawamus River right bankThe average channel gradient
throughout the surveyed portion of the Stawamus River was around 1%Around
Magnolia Crescent, the Stawamus ke buffer increases, providing extended riparian
widths on the right bank, where recreational trails are established throughred alder
forest. The wider bankfull width allows the river channel to braid through cobble
bedload. A higher diversity of habitatfeatures and side channelsherefore was noted
within the downstream segmentof the surveyedportion of the river. The left bank is
bordered by western redcedarz sword fern z skunk cabbageswamp at the base of the
Sky Pilot mountain slope. TheMamguam FSRfollows the left bank throughout the
surveyed lengthof the Stawamus River

Approximately 1066.5 n? of deep pool and 490 A of large woody debriscover were

recorded within the watercourses, predominantly within the downstream braided
segment(Segment 1) The Little Stawamus Creek is the onlgributary to the surveyed

portion of the Stawamus River and providesmportant spawning habitat.Pink Salmon
were observed in high densities throughout Segment 1of the Stawamus River.
Upstream migration ofanadromousfish species waspotentially restricted at about 1.6

km upstreamfrom the Stawamus outlet at the time of the SHIM survey, due to Idlews

and bedload aggradation

Tabk 16 Feature Summary fothe Stawamus River

Fish Habitat Features

Deep Pools (A Large Woody Debris @n Fish Barriers
1066.5 490 No
Anthropogenic Impacts
Enhancements Erosion(m?) Discharge Points Culverts  Obstructions Modifications
0 1944 0 0 4 5
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Viewof spawning Pink Salmon withied@nent 1 of the Stawamus Rivgeft); upstream view of the
Mamquam FSR bridge where the 2017 inventory en(igdht).

Loy

Upstream facing view of left bank erosi@aft); view of concrete culvert debris, of whichristancesvere
noted over the surveyed length of the Stawamus R(xight).

4.1.13Skyline Place Creek

Skyline PlaceCreek(Appendix B, Pages 80is located within Coho Park the surveyed
length of which included one0.6 kmsegment beginning at Skyline Drive West, at which
point a pile drain and a storm drainage culvert divert flow towards Coho Park. The
upstream portion of this segment was dry at the time of the survey whilethe
downstream 400 meters were wettedwithin western redcedar z sword fern z skunk
cabbage swamp

The areawas historically disturbed but has beenrestored to a natural recreational
park. Residential yards encroach on the creek #s upstream (southern) end. Skyline
Place Creek is described as a medium gradient rifffgol channel with pockets of
suitable spawningsubstrates for CohoSalmon
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Table 17 Feature Summary for Skyline Place Creek

Fish Habitat Features

Deep Pools (A Large Woodyebris (m) Fish Barriers
0 18.6 Yes
Anthropogenic Impacts
Enhancements Erosion(m?) Discharge Points Culverts Obstructions Modifications
0 0 2 1 0 3

South facing view of the downstream end of Skyline Place Qefek Facingupstream towards the
ephemeral portion of Skyline Place Créaght).

Upstream tile drain source of Skyline Place C(d#R); Upstream Skyline Place Creek storm drainage culvert
(right).

4.1.14 Thunderbird Creek

Thunderbird Creek(Appendix B, Pages 8B2) was surveyedfrom the culvert at Cordor
Road to approximately 230 m upstream of Perth Drive and was broken into two
segments the first of which ends approximately 50 m upstream of Perth road, wine
the Creek transitions from riffle-pool, relatively narrow channel backed by residential
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