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DATE February 10, 2015 REFERENCE No. 1416015-TM-RevC

TO Anne-Marie Whittaker
Golder Associates Ltd. (Vancouver)

cc Gerald Imada - Golder Associates Ltd.
Leigh Holt - Golder Associates Ltd.

FROM Pana Athanasopoulos EMAIL pathanas@golder.com

TECHNICAL OVERVIEW ANALYSIS OF OPEN SPACE AND NATURAL AREAS, AND GEOTECHNICAL
AND HYDROGEOLOGICAL CONDITIONS, UPPER GLENROSA, BC

As part of the District of West Kelowna RFP No. 2014-10-P348, Phase 1 — Upper Glenrosa Area Plan, the
following technical memorandum provides a general and preliminary overview of land uses in the Upper
Glenrosa Neighbourhood (Study Area) as they relate to sensitive ecosystems, including wildlife corridors;
general hillside stability and geotechnical hazards; and groundwater conditions. It is our understanding that the
information provided herein may be used for future land use and servicing purposes for the Study Area.
Recommendations for further assessments have been provided to assist the District of West Kelowna in future
planning for the Study Area.

1.0 SENSITIVE ECOSYSTEMS
1.1 Scope of Work and Methodology

Golder conducted an analysis of sensitive ecosystems, including wildlife corridors, for the Upper Glenrosa Area
(Study Area) which involved compilation of:

m The most recent and updated GIS mapping data and reporting of the Sensitive Ecosystem Inventory (SEI)
studies covering the Upper Glenrosa Area. This includes:

®= The SEI conducted for the Central Okanagan (2000-2001) (lverson and Cadrin 2003), and,
=  The 2009 update for the Central Okanagan (Haney and Iverson 2009).

Locations of sensitive ecosystems, Sensitive Ecosystem Rankings, and Conservation Zones within the
Study Area were identified;

m GIS mapping data for DWK Aquatic Ecosystem and Terrestrial Ecosystem Development Permit Areas
(DWK 2011a);

m Fish occurrence records and stream habitat information for the Study Area (RDCO 2002; BC MOE 2015);
and,

m GIS mapping files of occurrence records for wildlife and plant species of management concern within the
Study Area (i.e., designated as red- or blue-listed in BC, or federally listed as special concern, threatened,
or endangered).
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1.2 Results
1.2.1 Terrestrial Ecological Communities

A broad description of the Study Area’s natural resources can be made based on the Biogeoclimatic (BGC)
Ecosystem Classification (BEC) system. The BEC system delineates the province into BGC zones based on
topographic and climatic conditions that are in turn reflected by the presence of specific plant and wildlife
communities. Based on data available on iMapBC 2.0 (Province of BC 2015), the Study Area occurs within
three BGC zones, from lowest to highest elevation: the Ponderosa Pine (PP) Very Dry Hot subzone (PPxh1),
Interior Douglas-fir (IDF) Very Dry Hot subzone (IDFxh1), and IDF Dry Cool subzone (IDFdk2) (Province of
BC 2013).

The Ponderosa Pine (PP) BGC zone, Okanagan Very Dry Hot Variant (PPxh1) is the driest subzone of the PP
zone, located within an elevational band between Bunchgrass (BG) and IDF zones along the Thompson River
(from Lytton to the east and north of Kamloops) and also in the Okanagan Valley between Vernon and the
US border (Hope et al. 1991). In general, natural areas within the PPxh1 are characterized by open ponderosa
pine (Pinus ponderosa) forest ecological communities with understories dominated by bluebunch wheatgrass
(Pseudoroegneria spicata ssp. inermis), drought-resistant forbs such as arrow-leaved balsamroot (Balsamorhiza
sagittata), and scattered shrubs such as Saskatoon (Amelanchier alnifolia), tall Oregon-grape (Mahonia
aquifolium), and common snowberry (Symphoricarpos albus). Riparian areas typical of the PPxhl are
characterized by dense stands of black cottonwood (Populus balsamifera spp. trichocarpa), trembling aspen
(Populus tremuloides), and birch (Betula spp.) (Lloyd et al. 1990; Hope et al. 1991).

The IDF zone is dominant within the low- to mid-elevations of the south central interior of the province and
extends south in the US and Alberta. The IDF BGC zone has a continental climate characterized by warm, dry
summers, a fairly long growing season, and cool winters and is predominated by open to closed mature forests
of Douglas-fir (Hope et al. 1991). In general, natural areas within the IDFxh1 are characterized by mature Rocky
Mountain Douglas-fir (Pseudotsuga menziesii var. glauca) forest interspersed with ponderosa pine where fires
have passed and usually at lower elevation south facing slopes. Understory vegetation is dominated by
pinegrass (Calamagrostis rubescens), birch-leaved spirea (Spiraea betulifolia ssp. lucida), heart-leaved arnica
(Arnica cordifolia), soopolallie (Shepherdia canadensis), falsebox (Paxistima myrsinites), twinflower (Linnaea
borealis) and kinnikinnick (Arctostaphylos uva-ursi). Riparian areas typical of the IDFxh1 are characterized by
Douglas-fir and hybrid white spruce (Picea engelmannii x glauca), and understory vegetation a mix of black
gooseberry (Ribes lacustre), red-osier dogwood (Cornus stolonifera), black twinberry (Lonicera involucrata), and
prickly rose (Rosa acicularis) (Lloyd et al. 1990). The IDFdk subzone occupies an elevational band above IDFxh,
with the IDFdk2 differentiated by the presence of falsebox and prince’s pine (Chimaphila umbellata ssp.
umbellata) (Lloyd et al. 1990).

The process of Terrestrial Ecosystem Mapping (TEM) provides a more detailed ecological characterization than
BGC zone mapping, but is still relatively general compared to what is determined based on detailed Study A
inventory. A TEM and Sensitive Ecosystem Inventory (SEI) project was conducted throughout the Central
Okanagan in 2001 and 2009 (lverson and Cadrin 2003; Haney and Iverson 2009). The initial 2001 project
conducted by Iverson and Cadrin delineated TEM polygons (ecosystem units) based on bioterrain mapping
using 1994 aerial photos at 1:15 000 scale. Ecosystem units were assigned up to three map units / deciles
(ecological communities), which included the forest and grassland ecological communities defined in Lloyd et al.
(1990), and non-forested units such as wetlands, rock outcrops, grassland seral associates, and anthropogenic
units defined in previous SEI studies in the Okanagan. In the 2009 update, Haney and Iverson updated the TEM
polygons using 2005 aerial photos at a scale of 1:10 000.
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Following updated TEM analysis, the updated SEI process involved classification of each map unit / decile as a
sensitive, important, or non-sensitive ecosystem. The SEI method uses additional criteria than just the ecological
community when determining the sensitivity of an ecosystem, and generalizes groups of ecosystems with similar
ecological sensitivity (i.e., environmental specificity, susceptibility to hydrological changes, soil erosion, spread of
invasive plants and sensitivity to human disturbance), ecosystem processes, conservation status and wildlife
habitat values (BC MOE 2006).

A summary of the results of the 2009 updated TEM and SEI for the area mapped within the Study Area are
provided in Table 1, with the TEM polygons and polygons containing sensitive ecosystem classes depicted in
Figure 1. It should be noted the orthophotography base shown on Figures 1 and 2 is from 2012 and the TEM/SEI
conducted in 2009 was based on 2005 aerial imagery. As a result, the TEM/SEI units assigned to specific
polygons may not reflect what is present now (or in 2012), if Study Area alterations have occurred. For example,
the Glenrosa fire in 2009 would have changed some features, particularly in the southeast portion of the Study
Area, and the classifications would likely be different if based on more current imagery. Also, mapping of TEM
and SEI was only completed for 54% of the total Upper Glenrosa Area, with no TEM or SEI coverage of
approximately the upper half of the Study Area. Descriptions of the SEI ecosystem classes present within the
Study Area are provided in Table 2.

Table 1: Description of TEM units and SEI classes mapped within the Study Area (Haney and Iverson
2009).

Coverage | %
Structural within Compositio
Stages Study n of Study
Area (ha) Area

TEM Ecological Communities (Map
Code and Provincial red- or blue-
listing)

Sensitive
Ecosystem Class

Douglas-fir — Ponderosa Pine —
Bluebunch Wheatgrass — Pinegrass
(DW; blue-listed)

Douglas-Fir - Ponderosa Pine -
Bluebunch Wheatgrass — Balsamroot
(PB; not listed)

Shrub / Herb;

Coniferous Ponderosa Pine - Bluebunch Pole / Sanfing: 065 1
Woodland (WD) Wheatgrass - Rough Fescue (PF; red- pling; . .
listed) Young Forest

Ponderosa Pine - Red three-awn (PT,;
blue-listed)

Ponderosa Pine - Bluebunch
Wheatgrass — Cheatgrass (PC; not

listed)
Sparsely Selaginella — Bluebunch Wheatgrass Herb 07 01
Vegetated (SV) Rock Outcrop (SB; not listed) ' '

Hybrid White Spruce — Douglas-fir —
Douglas Maple — Dogwood (SD; not
listed) Shrub / Herb;

Riparian (RI) Young Forest 0.6 0.1
Douglas-fir — Water Birch — Douglas
Maple (DM; red-listed)

Wetland (WN) Pond (PD; not listed) N/A 0.4 0.1

.ﬁ%
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3/15 Associates






Anne-Marie Whittaker 1416015-TM-RevC
Golder Associates Ltd. (Vancouver) February 10, 2015

total Study Area area) comprised of potentially sensitive Douglas-fir and ponderosa pine dominated coniferous
woodlands, riparian ecosystem areas surrounding watercourses (i.e., the undisturbed riparian corridor segments
of Law Creek and Powers Creek tributaries), broadleaf woodlands, and wetlands (i.e., large ponds). More
detailed map interpretation and ground-based surveys are required to confirm what is actually present on the
Study Area.

The majority of area mapped as sensitive ecosystems as part of the TEM/SEI project (26.5 ha, or 4.1% of total
Upper Glenrosa Area), is coniferous woodland. These areas are located primarily toward the south end of the
Study Area, and have connection to the Mount Drought area. There are additional areas of coniferous woodland
at the northeast corner, and middle of the Study Area (See Figure 1). Smaller areas of sensitive ecosystems are
made up of sparsely vegetated (0.7 ha), riparian (0.6 ha), wetland (0.4 ha) and grassland or disturbed grassland
(0.3 ha) habitat. The two sparsely vegetated areas are within polygons that also contain coniferous woodland
ecosystems at a higher decile (therefore not shown on Figure 1), and are located at the south end of the Study
Area. The two riparian areas are also on the south edge of the Study Area (Figure 1). One of the wetland areas
is visible on Figure 1 (largest decile), and is on the south edge of the Study Area, with the other two smaller
wetland areas located within polygons also containing riparian habitat (visible on Figure 1). The one small area
containing grassland habitat is within another polygon containing coniferous woodland, on the southeast edge of
the Study Area.

Within the sensitive coniferous woodland, riparian, and grassland areas there are ecological communities that
are also considered to be rare in the Province of BC. Red-listing of an ecological community by the BC
Conservation Data Centre (BC CDC) means it is considered extirpated, endangered, or threatened in BC. Blue-
listing means the ecological community is considered to be of special concern in the province, and is at-risk, but
not currently extirpated, endangered, or threatened. Within the Study Area, these provincially-listed ecological
communities include two blue-listed forested ecosystems (Douglas-fir — Ponderosa Pine — Bluebunch
Wheatgrass — Pinegrass and Ponderosa Pine - Red three-awn), one red-listed forested ecosystem (Ponderosa
Pine - Bluebunch Wheatgrass - Rough Fescue), one red-listed riparian ecosystem (Douglas-fir — Water
Birch — Douglas Maple), and one blue-listed grassland ecosystem (Bluebunch Wheatgrass — Balsamroot).

In terms of legal protection provided to red- or blue-listed ecosystems in BC, there is limited legislated status
unless the ecosystems are demonstrated to provide habitat for wildlife species listed under the federal Migratory
Birds Convention Act (Government of Canada 1994) or in some special cases, the Species at Risk Act
(Government of Canada 2002). Wetlands and riparian ecosystems can be protected under the BC Water Act
(Government of BC 1996), during approvals for development activities in and around water when a Section 9
Water Act permit is required, and under the provincial Riparian Areas Regulation (RAR) of the Fish Protection
Act (Government of BC 2004). They are also afforded protection if they are within areas mapped as an Aquatic
Ecosystem or Sensitive Terrestrial Ecosystem Development Permit Area by the DWK (see Sections 1.2.1.1 and
1.2.2 for further information).

1211 Sensitive Ecosystem Ranking

As part of the 2009 updated SEI process, Haney and Iverson also conducted conservation analysis. The scores
were based on a combined calculation which considered two factors: the SEI value (from 0 to 10) for each map
unit (ecological communities) which considers the relative rarity, sensitivity and general importance to wildlife
and the current condition, and also the wildlife habitat values, which consider the presence of important habitat
requirements for 10 rare species that occur in the Okanagan. These species included amphibians (Great Basin
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Aquatic DP areas), DWK Terrestrial Ecosystem DP areas, and areas delineated as ESA-1 or 2 (i.e., High or
Moderate sensitivity) as part of future ground-based surveys.

If sensitive ecosystems cannot be avoided, the DWK should consider development of a habitat banking system
(a.k.a. offsetting) to direct future habitat compensation requirements. This will be particularly useful as a planning
tool if mitigation and compensation is not achievable within the land parcel to be developed. For example,
off-Study Area compensation could be directed towards riparian enhancement of headwater tributaries of Law
and Powers creeks. This is in keeping with the recently developed provincial policy and guidance on
environmental mitigation procedures (BC MOE 2014).

2.0 GEOTECHNICAL CONDITIONS
2.1 Scope of Work and Methodology

The preliminary geotechnical assessment was carried out by reviewing surficial geology maps obtained from the
Geological Survey of Canada. These maps roughly outlined the areas in the Study Area where bedrock and
various soil types would be encountered. In addition, selected aerial photographs of the Phase 1
Upper Glenrosa Area Plan dating from 1938 to 2001 were examined to delineate areas where potential
geotechnical hazards could be encountered. It should be noted that the identified geotechnical hazards are
natural and not man-made through road construction, subdivision/lot development or other ground altering
activities.

2.2 Discussion
221 Rockfall/Rolling Rock Hazards

Potential rockfall/rolling rock hazards could exist below the areas where bedrock has been identified as shown
on Figure 3. The potential for this type of hazard is greatest below natural rock faces or man-made bedrock
cuts. Development below these areas should be avoided. If development occurs, rockfall/rolling rock mitigation
measures should be implemented, such as design and construction of rockfall barrier or installation of a rockfall
protection mesh.

2.2.2 Steep Slopes

Development/construction on slopes greater than 30 degrees (measured from horizontal) would likely require
site grading that would include cut and fill. Situations such as this would require a detailed geotechnical
investigation and construction supervision to be undertaken to ensure the development area as well as areas
above are not subject to instability.

2.2.3 Landslide

As shown on Figure 3, one area within the Phase 1 Upper Glenrosa Area Plan was identified as a possible old
slide. Further detailed investigation of this area is required prior to development.
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2.3 Recommendations

Golder recommends that during future phases of the Upper Glenrosa Area Plan, a field survey should be
conducted to corroborate areas where geotechnical hazards were identified during the desktop review.

3.0 HYDROGEOLOGICAL CONDITIONS
3.1 Scope of Work and Methodology

Golder’s scope of work for this component comprised a desktop review of general hydrogeological conditions in
the Study Area, including evaluation of aquifer characteristics, groundwater levels and estimated yields of
existing water supply wells. The following available existing information was reviewed:

m In-house hydrogeological and geotechnical reports;
m Surficial soil, bedrock and topographic mapping; and,

m  Well records from 116 water wells registered with the BC Ministry of Environment Water Resource Atlas
(BC WRA).

Additionally, Golder corresponded with Mr. Rob Hillis, Engineering Manager with District of West Kelowna, on
groundwater-related issues in the Study Area, including seepage and water quantity/quality concerns.

3.2 Servicing and Hydrogeological Issues

The Study Area is presently not serviced by municipal water, storm sewer or sanitary sewer structures, with the
exception of the Ranch Road/Country Pines and Morningside Drive developments located at the east end of the
Study Area along Glenrosa Road ; and the Gorman Brothers sawmill at the southeast corner of the Study Area.
Instead, potable water is obtained from one (or more) private wells completed on each individual lot, with some
property owners obtaining or supplementing their water supply with water available at a bulk potable water
distribution facility located outside of the Upper Glenrosa Neighbourhood, in the Shannon Lake area.
Well records indicate that a number of wells had been deepened; this is typically conducted as a result of a
decrease in water supply volumes in the original drilled well. Storm water across the Study Area is directed
overland to ditches/swales, while sanitary waste is directed to private in ground effluent disposal fields located
on each individual lot.

According to Mr. Rob Hillis, a shortage of private potable water is the main issue that residents face in the Study
Area. Groundwater seepage and poor water quality are reportedly not concerns associated with the Study Area.

3.3 Topographic and Hydrological/Hydrogeological Conditions

General topographic, hydrological and hydrogeological conditions present across the Study Area are shown
graphically in Figure 3, attached, and discussed below.

Topography: Topographic elevations across the Study Area range from approximately 925 meters above sea
level (masl) at the southwest corner and 835 masl at the northwest corner, to 580 masl| along the east-central
boundary, to 500 masl at the southeast corner. The northwest portion of the Study Area plateaus at an elevation
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of approximately 775 masl, while the remainder of the Study Area generally slopes to the east-northeast,
towards Powers Creek, at a gradient of approximately 0.25 m/m.

Hydrology: Three small ponds, including Glenrosa Pond, are located in the west portion of the Study Area.
Law Creek and three of its tributaries are present in the northwest corner of the Study Area. The Law Creek
water system drains south, away from the Study Area, towards Okanagan Lake. Three tributaries of Powers
Creek are present in the north and central portions of the Study Area; these tributaries drain to the north and/or
east, towards Power Creek. Tributaries in the Study Area are reportedly ephemeral.

Surficial Geology: The surficial geology of the Study Area generally comprises a blanket of glacial till
(Tb; continuous till) overlying bedrock (Okulistch, 2013). In some areas along the south side of the Study Area,
the glacial till is described as a veneer (Tv; discontinuous till). Soils described on well records and in previous
reports prepared by Golder for portions of the Study Area indicate that soil deposits typically consist of a mixed
and interlayered sequence of clay, sand and gravel and/or glacial till. Well records suggest that soils range in
thickness from <1 m to approximately 67 m (with an average thickness of 8 m).

Bedrock Geology: Bedrock in the Study Area generally consists of fine clastic sedimentary rocks (mudstone,
siltstone, shale) of the Kettle River and Springbrook Formations, with undivided volcanic rocks of the Marron,
Kettle River, Springbrook, Marama and Skaha Formations in the southwest and southeast corners of the Study
Area (BC WRA). Geological mapping suggests that bedrock outcrops are present in the southeast corner of the
Study Area (Okulistch, 2013).

Hydrogeology: Of the 116 registered water wells, 110 are reportedly completed in bedrock; while 6 are
reportedly completed in unconsolidated deposits above the bedrock. The Study Area aquifer is a bedrock
aquifer (Number 304), and is classified as “lIB”, having moderate demand, low productivity and moderate
vulnerability to surface contamination. Well records indicate that bedrock wells were drilled to depths ranging
between 55 and 236 m below ground surface (mbgs) (average depth of 116 mbgs). An assessment of water
bearing fractures (orientation, extents) was beyond the scope of this overview. Insufficient information
(i.e., screen depths, water levels) was provided in the well records to allow for any comments with respect to a
water bearing zone in the unconsolidated deposits.

Seven springs are located in the Study Area; surface water licences for these springs indicate that water is/was
utilized for domestic or irrigation purposes. A detailed review of the source of the springs and of each surface
water licence was beyond the scope of this overview.

Water levels reported on the well records, where available, indicate that water levels ranged from 0.3 to 91 mbgs
(with an average depth of 29 mbgs). A total of 6 well records reported “artesian” and/or “flowing artesian”
conditions. Five of these wells are located along the east side of the Study Area; one is located along the south
side of the Study Area. The Ministry of Environment (MOE) operates an observation well (Observation Well 411)
at 3470 Gill Road. According to Ms. Nicole Pyett, Regional Hydrogeologist at MOE, only limited manual water
level measurements are presently available for this well, and water quality has been not yet been assessed.
Based on approximate groundwater elevations reported for the Study Area, the inferred direction of groundwater
flow in bedrock fractures is generally to the northeast.

Estimated yields provided on 103 well records for bedrock wells indicate that well yields across the Study Area
ranged from 0.3 to 130 USgpm (with an average of 8 USgpm). A summary of the distribution of estimated well
yields is provided in Figure A below. Approximately 63% of the wells reported estimated well yields of less than
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5 USgpm. Only 2 wells reported estimated well yields greater than 50 USgpm (one at 75 USgpm, the other at
130 USgpm).
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Figure A. Summary of estimated well yields reported for bedrock wells in the Study Area.

34 Recommendations

The following recommendations are provided to fill data gaps in future phases of the Upper Glenrosa Area Plan
with respect to hydrogeological conditions:

m A detailed assessment of the potential for groundwater seepage in future growth/development areas;

m Detailed groundwater assessments, including, but not limited to: a comprehensive groundwater availability
assessment for future growth/development areas, and groundwater protection planning for existing
groundwater well users; and/or,

m Storm water disposal operational assessment to evaluate the efficacy of current storm water disposal
systems in the study area, and to assess the feasibility of storm water disposal in future
growth/development areas.

4.0 LIMITATIONS

The technical memorandum was prepared for the exclusive use of the District of West Kelowna, and was
prepared for the purposes of satisfying the requirements of the District of West Kelowna RFP No. 2014 10 P348,
Phase 1 — Upper Glenrosa Area Plan. The information in this technical memo is based on an overview-level
desk-top review of available data and information for the Study Area. Golder has relied in good faith on
information provided by others and does not accept responsibility of any deficiency, misstatements or

12115 = Golder
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inaccuracies contained in the technical memorandum as a result of omissions, misinterpretation and/or
fraudulent acts of the persons interviewed or contacted, or errors or omissions in the reviewed documentation.

Any use which a third party makes of this technical memorandum, or any reliance on, or decisions to be made
based of it, are the responsibilities of such third parties. Golder accepts no responsibility for damages, if any,
suffered by any third party as a result of decisions made or actions taken, based on this technical memorandum.

The services performed as described in this technical memorandum were conducted in a manner consistent with
that level of care and skill normally exercised by other members of the engineering and science professions
currently practicing under similar conditions, subject to the time limits and financial and physical constraints
applicable to the services.

New information may be discovered during future work, including excavations, borings or other studies, and may
result in amendments to conclusions made.

5.0 CLOSURE

We trust the information contained in this report meets your present requirements. If you have any questions or
concerns regarding the information provided above, please contact the undersigned.

Regards,

GOLDER ASSOCIATES LTD.

Leigh Holt, M.A.Sc., R.P.Bio. Pana Athanasopoulos, M.Sc., P.Geo.
Biologist Senior Hydrogeologist

Gerald Imada, P.Eng.
Senior Geotechnical Engineer

LMH/DJA,PA/JF,Gl/kv

Attachments:  Figure 1 — TEM, SEI Classes and Aquatic Habitat Features
Figure 2 — Sensitive Ecosystem Ranking and Conservation Zones
Figure 3 — Preliminary Overview of Hydrogeological and Geotechnical Conditions

n:\active\2014\1444\dynamics crm\1416015 wkelowna phase 1 glenrosa\07 deliverables\neighbourhood analysis & document review\team-sub technical memos\hydro-geo-env
memo\1416015-tm-revc-upper glenrosa area plan-10feb_15.docx
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APPENDIX C
Draft Scenario Maps &
Summaries

This section includes the DRAFT conceptual land use maps and summaries,
servicing maps and transportation maps that were developed during the
scenario development stage. It also includes a servicing summary at the end

that explains the assumptions used when determining DRAFT servicing
requirements.

UPPER GLENROSA AREA PLAN PHASE 1 | SUMMARY & RECOMMENDATIONS - APPENDICES



UPPER GLENROSA AREA PLAN PHASE 1 | SUMMARY & RECOMMENDATIONS - APPENDICES


































































UPPER GLENROSA AREA PLAN PHASE 1 | SUMMARY & RECOMMENDATIONS - APPENDICES



APPENDIX D
Public Consultation 2 Summary
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APPENDIX E
Report Maps

Map 1: Study Area

Map 2: Access Options

Map 3: Overview of Recommended Road Network Improvements

Map 4: Overview of Recommended Multi-modal Network Improvements
Map 5: Scenario 1 Land Use Map

Map 6: Scenario 2 Land Use Map

Map 7: Scenario 3 Land Use Map
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