December 12, 2018

WWAL Project 18‐013‐01

Melcor Developments Ltd.
207 – 1664 Richter Street
Kelowna, B.C. V1Y 8N3
Canadian Horizons
Suite 710 – 1055 West Georgia St.
Vancouver, B.C. V6E 3R5

Re:

Hydrogeological Investigation and Assessment in Support of the Thomson Flats Area
Structure Plan, Kelowna, B.C.

Western Water Associates Ltd. (WWAL) is pleased to present the results of our hydrogeologic assessment in
support of the Thomson Flats development Area Structure Plan (ASP). As described in the following sections, the
assessment included a review of previous studies and available geological and hydrogeological information, a field
investigation and site reconnaissance, and a discussion of site geology and hydrogeology in the context of
conceptual development plans. The scope of work for this project was outlined in our accepted proposal dated
January 30, 2018.

1.0

PROJECT UNDERSTANDING AND OBJECTIVES

The Thomson Flats development lands (or “the site”) are comprised of 640 acres of mostly undeveloped hillside
and lower elevation, gently sloping areas. The site is located along the southern boundary of the City of Kelowna,
and borders the Regional District of Central Okanagan (RDCO) to the south. The Thomson Flats development
would be a largely residential, phased development, similar to existing developments to the north and west. A
new perimeter road connecting Chute Lake Road in the west to Gordon Drive and beyond is also part of longer‐
term development plans. The general location of the project site is shown on Figure 1, and a site plan showing
potential development nodes and the proposed perimeter road is also provided as an attachment.
The City of Kelowna issued a Terms of Reference for the Thomson Flats ASP (May 27, 2014) which outlined the
City’s expectations in regards to water, sewer, stormwater, parks and environmental aspects of the project. A
subsequent memo prepared by the City Utilities Planning Manager (September 3, 2015) more succinctly
summarized the ASP utility requirements for water, sewer and drainage.
In 2016, WSP completed a preliminary geotechnical and hydrogeological assessment in support of the Thomson
Flats ASP process (WSP 2016). The City of Kelowna provided comments on the initial hydrogeology assessment to
be addressed as part of the Phase 2 ASP process, and they included:
1.

Ensure that detention is considered in the forthcoming hydrogeological assessment.

2.

Complete a more detailed assessment of hydrogeologically sensitive areas (HSAs) on the site.

3.

Assess the impact of irrigation on groundwater and seepage.
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The main objectives of this assessment were to:
1. Characterize the hydrogeology of the project site. Identify areas where shallow groundwater may be
present and features of the site that may control groundwater occurrence and flow (hydrogeologically
sensitive areas).
2. Characterize the surficial deposits at the site, and evaluate the suitability of soils at the site for in‐ground
stormwater management.
3. Provide technical data on soil hydraulic properties to help assesses the feasibility of inground stormwater
management and the impact of residential irrigation.
4. Discuss preliminary development plans for the site and identify hydrogeologic constraints to development
and stormwater management. Identify areas where in‐ground stormwater management is feasible, and
provide recommendations to be considered in the development of a Stormwater Management Plan.
This assessment addresses many of the considerations in the City of Kelowna’s Appendix C2 Terms of Reference
for Hydrogeological Reports. However, as development planning for Thomson Flats is in early stages and detailed
development plans have not been developed, these considerations are addressed in a general manner based on
conceptual development plans. Further, as noted on Figure 2b, the eastern extent of WWAL’s assessment was the
western edge of the Bellevue Creek canyon.

2.0

PREVIOUS INVESTIGATIONS

Previous hydrogeological studies have been completed for the project site and neighbouring developments to the
north. WWAL reviewed two of these reports, which are briefly summarized below.
2006 – Hydroeological Assessment for Neighbourhood 3 – Kelowna, B.C.
In 2006, Golder Associates completed a hydrogeological assessment for the Neighbourhood 3 development, also
referred to as The Ponds, which is located immediately north and adjacent to eastern end of Thomson Flats. This
assessment included the excavation of test pits and the installation of 9 monitoring wells. Materials documented
in subsurface investigations within 10 m of the surface were predominantly sand and gravel, but a deeper
confining till unit was interpreted across the site on which groundwater was inferred to flow. The groundwater
flow direction, based on measurements of water levels in monitoring wells, was determined to be to the north or
northeast.
Several seasonal springs and ponds were present in the Neighbourhood 3 development. Golder developed several
cross‐sections through this area and using the water level data, and concluded that Jack Smith Lake served as a
source of groundwater recharge for the local groundwater system. Anecdotal information presented in the report
indicated that Jack Smith Lake is/was previously artificially filled in the spring from a diversion on Bellevue Creek,
and after an approximate 8 week delay, discharge in springs downslope would begin.
In terms of in‐ground stormwater management potential, Golder identified several areas with shallow bedrock in
the Kupier Peak area which were not suitable. The remaining portions of the site contained significant thickness
of sand and gravels suitable for infiltration, but Golder identified steep slopes to the north as possible seepage
points and constraints to in‐ground storm disposal.
2011 – City of Kelowna South Mission Basin Plan Update
In 2011, RSB Engineering led a stormwater/drainage assessment update for the South Mission Area, which
includes the Rembler Creek watershed. The assessment included field inspections of creeks and wetlands, and
assessments of the condition of culverts and stormwater infrastructure. Of pertinence to Thomson Flats, this
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report includes a discussion of stormwater system performance in the Southridge development immediately
north of Thomson Flats and west of Kupier Peak. The report indicates that the Southridge development largely
deals with stormwater through in‐ground disposal methods (drywells and perforated pipe), as well as infiltration
ponds with overflows to Rembler Creek.
In the Lefevere Avenue and Killdeer Road area, the report indicates that perforated storm piping may intercept
the natural groundwater table as a small amount of baseflow in the storm pipes was observed, and that
stormwater infiltration to ground in this area is ineffective due to the shallow water table. This area is directly
north of and relatively close to Frazer Lake, which itself may be an expression of the groundwater table in the
area. The shallow groundwater table in this area is likely naturally occurring and predates development, but is
effected to some degree by storage of water in Frazer Lake.
The report also includes maps of depth to limiting condition in the Rembler Creek area, with limiting condition
referring to bedrock, low permeability soils or the water table, all of which could limit the effectiveness of in‐
groundwater stormwater management. This map indicates that much of the Thomson Flats ASP area has a depth
to limiting condition of > 9.0 m, the highest category possible. This is likely an over‐estimate (as discussed in later
sections of this report), but portions of the Thomson Flats property are indeed inferred to be underlain by thick
granular deposits suitable for stormwater infiltration.
2016 – Geotechnical and Hydrogeological Assessment: Thomson Flats Area Structure Plan – Kelowna, B.C.
In the spring and early summer of 2016, WSP field staff completed site inspections and a thorough test pitting
program on the property to support preliminary geotechnical and hydrogeological assessments. Areas of surface
water and indications of shallow groundwater were investigated and 49 test pits were excavated across the site
(location of WSP test pits shown on Figures 2a and 2b). Piezometers were installed in four of the test pits, and
WSP has monitored water levels in these test pits monthly since 2016 (WWAL also installed a transducer in one
of these piezometers in 2018, discussed further below, which has been continuously recording water levels).
In general, the site surficial deposits consisted of granular sand and gravels with varying amounts of silt, cobbles
and boulders. Shallow bedrock (<5 m depth) was identified in six test pits, most located on the southern hillside
(identified on Figures 2a and 2b).

3.0

SITE DESCRIPTION

3.1 Physiography
The Thomson Flats property is rectangular, 3.2 km long in an east‐west direction and 0.8 km wide north to south.
The southern property boundary is also the southern boundary of the City of Kelowna, beyond which are lands in
the RDCO. The Gillard Forest Service Road (FSR) parallels much of the southern property boundary.
The site can be broken into three general physiographic areas:
1) Area 1: The hillside south of the Rembler Creek valley bottom. This hillside has moderate to localized steep
slopes, and several incised gulleys are present. Bedrock is exposed in the eastern part of this hillside, and
outcrop and shallow bedrock are locally present in the western part of this area. This hillside was largely
treed, though most of these trees burned in the 2003 Okanagan Mountain Fire.
2) Area 2: The Rembler Creek valley bottom. Area 2 transects much of the property in an east‐west direction.
This area is relatively flat with a gentle slope to the west.
3) Area 3: North of the Rembler Creek valley bottom. This area is comprised of terraces hosting shrubs,
grasses and ponderosa pines. The flanks of Kupier Mountain are present in the central part of this area
where bedrock outcrop and shallow bedrock is prominent.
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Figures 2a and 2b show 1 m contours across the property as well as site features referenced in the text of this
report.
3.2
Surface Water Features
Rembler Creek enters the property on its eastern half and during freshet, flows westwards through the site. Where
Rembler Creek enters the property at the Gillard FSR, the creek is confined to a steep, narrow bedrock‐controlled
channel (Photo 1). A man‐made storage pond has been constructed on the Rembler Creek drainage in the eastern
part of the property (Figure 2B). It appeared that the man‐made storage pond had intentionally been breached at
some point in the past, and flows from pond on April 12, 2018 were uncontrolled and noted to have caused some
erosion and small slope failures along the gulley leading to the valley bottom (Photo 2).
When Rembler Creek reaches the valley bottom, an area of ponded water was noted by WWAL on April 12, 2018
(Photo 2). This ponded water discharged westwards, and intermittent surface flows were observed along the
valley bottom. The Rembler Creek channel through the valley bottom has been highly disturbed, and observed
flows occurred largely through ruts created by vehicles. In the western part of the site, an armoured berm was
created following the 2003 fires in anticipation of possible debris flows or increased runoff from the watershed.
We understand these debris flows never occurred, but the berm remains in place and when flow in the creek is
present, water ponds behind the berm. On April 12, 2018, WWAL did not observe any flow in the creek channel
downstream of the berm, and we infer that creek flow at that time completely infiltrated and flowed as
groundwater downstream. Surface flows in the Rembler Creek drainage resumed downstream near the large
culvert under South Crest Drive.
Related to this project (but to be reported on separately), WWAL was involved with the installation of two
hydrometric stations on Rembler Creek for the purposes of quantifying flows into and out of the Thomson Flats
Development. Hydrometric stations were installed on Rembler Creek at the Gillard FSR crossing, and at the culvert
at South Crest Drive. Manual water levels measurements have been made in 2018, and the data will be processed
by Streamworks Consulting in the future.
The larger Bellevue Creek drainage runs north‐south through the eastern edge of the property. Bellevue Creek
exists in a fairly deep ravine that transects the easternmost part of the property, and only really has the ability to
affect development in that area.
Two small lakes, Frazer and Jack Smith, are present just north of the site. Both of these lakes are believed to be
kettle lakes, and both contain water year‐round. Water level in these lakes may be the expression of the water
table in the area. As mentioned above, Jack Smith Lake has historically been filled from a diversion on Bellevue
Creek, but its unclear whether this practice continues. Based on WWAL observations at the site, Jack Smith Lake
also likely receives recharge from Rembler Creek through infiltration losses where Rembler Creek reaches the
valley bottom and pools.
Frazer Lake is located north of the western part of Thomson Flats, in a low‐lying area between two residential
developments. Surface water licenses associated with Fraser Lake date back to 1921 and indicate that the lake
was artificially dammed at that time to create more storage. Frazer Lake appears to be fed by groundwater
originating in the Rembler Creek drainage on the Thomson Flats site. WWAL observed a spring emerging in the
gulley south of Frazer Lake which then flowed into the lake. The Water Resources Atlas (MFLNRORD 2018)
indicates this spring is known as Pollard Spring, and there is a current domestic water licence on it (C029277) for
4.5 m3/day (Figure 3). It is our understanding that the City of Kelowna and Province of B.C. have plans to
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decommission the dam on Fraser Lake, which is likely to result in lowered groundwater levels in the vicinity of the
lake.

Several small gullies are present on the southern hillside in the project area (Area 3), many of which were observed
to have water flowing in them in April 2018. Flow in these gullies is interpreted to be ephemeral in nature and
likely only to occur in the couple of months following snowmelt. The location of these gullies are evident in the
contours shown on Figures 2a and 2b, where gullies with observed water flow in April 2018 are identified.
3.3 Climate
The closest Environment Canada climate station to the project area is located at the Kelowna Airport (No.
1123970; elevation 430 m asl). At the Kelowna Airport station mean daily temperatures range from a high of
19.5oC in July to a low of –2.6oC in December. Total precipitation averages 387 mm, of which 89 mm (water
equivalent) falls as snow between the months of October and April.
The potential for runoff, expressed as a comparison of precipitation and evapotranspiration, is summarized in
Table 1. Table 1 presents the mean monthly precipitation (as recorded at the Kelowna Airport), the estimated
potential evapotranspiration (PET) based on the Penman‐Monteith equation (FAO 2015), and the difference
between precipitation and PET, which roughly represents the potential volume of water available for runoff and
groundwater recharge. As indicated in Table 1, PET exceeds precipitation annually by approximately 251 mm per
year. Furthermore, in only five months (during the fall and winter) does precipitation exceed the theoretical PET,
and in these months precipitation is roughly half in the form of snow. PET exceeds precipitation seven months of
the year on average, and greatly exceeds it during the summer months when residential irrigation would occur.
Table 1.
Month

January
February
March
April
May
June
July
August
September
October
November
December
Annual

Comparison of Precipitation and Evapotranspiration at the Project Site.
Precipitation –
Potential
Precipitation1
Potential
Evapotranspiration2
(mm)
Evapotranspiration
(mm)
(mm)
31
19
22
29
40
46
37
32
32
29
37
33
387

10
14
30
57
90
108
127
102
54
25
12
9
638

21
5
‐8
‐28
‐50
‐62
‐90
‐70
‐22
4
25
24
‐251

Notes:
1. Based on 1981‐2010 climate normals for Kelowna Airport (Station No. 1123970), rounded.
2. Based on the FAO Penman‐Monteith equation.
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3.4 Geology
Surficial Geology at the site was mapped by the Geological Survey of Canada (Paradis 2009). The southern hillside
area (Area 1) is mapped as predominantly Till Veneer, consisting mostly of ablation facies diamicton. Areas of rock
outcrop are also identified in this area. The Rembler Creek valley bottom and terraces to the north (Areas 2 and
3) are mapped as ice‐contact sediments comprised of sand, gravel and boulders which may contain some
diamicton. Surficial mapping is generally consistent with test pitting programs that have been completed at the
site. We interpret the lower‐most valley bottom deposits to be fluvial or glaciofluvial in origin, comprised primarily
of sand and gravel.
Bedrock geology beneath the site is mapped as metamorphic rocks of the Shuswap Assemblage. Bedrock geology
is not overly pertinent to this assessment other than where it outcrops or is present in the shallow subsurface and
limits the potential for in‐ground stormwater management techniques.
3.5
Hydrogeology
The northern half of the Thomson Flats site, from the Rembler Creek valley bottom northwards, is mapped by the
Province as overlying Aquifer 462 IIIA, the Bellevue Creek alluvial fan aquifer. Aquifer 462 is an extensive sand and
gravel aquifer system (23 Km2) covering much of the south mission area. While it is possible ancestral Bellevue
Creek may have deposited fluvial deposits on the property, site hydrogeology is better discussed on a site‐specific
scale, as Bellevue Creek likely no longer exerts any influence on the hydrogeology of the site.
The various geotechnical and hydrogeological investigations completed in the area, including this one, have
identified an aquifer in the Rembler Creek Valley bottom. This aquifer is limited to the valley bottom, and based
on WSP test pits that intercepted the aquifer, the aquifer is considered unconfined and comprised of sands and
gravels. The source of recharge to this aquifer is predominantly losses from Rembler Creek. As noted previously,
where Rembler Creek reaches the valley bottom and ponds in the spring, water is inferred to infiltrate at that
location, and when the infiltration capacity of the soils is exceeded, Rembler Creek begins to flow as surface flow
westwards. We infer that a groundwater mound develops at the location where Rembler Creek ponds, driving
groundwater to flow in both a northward direction towards Jack Smith Lake and westwards along with the
Rembler surface flows (Figure 2b). As Rembler Creek flows westwards it loses water along its path, further
contributing to aquifer recharge.
Figure 3.1 below is a hydrograph of groundwater levels in the four piezometers installed by WSP (piezometer
depths are 2.4 to 4.6 m in depth, and all end in sand and gravel deposits; i.e. the bottom of the aquifer system
was not encountered). The hydrographs indicate that groundwater becomes present in April, groundwater levels
quickly spike before completely receding by June or July. The duration of the presence of groundwater is believed
to closely match the presence of flows in Rembler Creek on the property, and when Rembler Creek surface flows
cease, groundwater levels decline rapidly. Interestingly, water level measurements indicate localized artesian
conditions where measured groundwater levels are above the local ground surface elevation. Although the aquifer
is inferred to be unconfined based on test pit log lithology, it is located in a groundwater discharge zone where
there must be a fairly strong upward hydraulic gradient. While unusual, WWAL has observed this before in other
similar hydrogeologic settings.
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Thomson Flats Piezometer Hydrographs (manual measurements).

A search of the B.C. Water Resources Atlas (MFLNRORD 2018) indicates that no water wells have been drilled on
the property, but that some wells are present to the north, west and south (Figure 3). Three wells are located
north of the western end of Thomson Flats ASP (WTN 62894, 61533 and 61522). All three of these wells are
completed in a deep (300 – 400 ft) fractured bedrock aquifer system, suggesting that a shallow alluvial aquifer
system is not present in that area. Three wells are reported just northeast of Frazer Lake, are shallower and are
completed in a sand and gravel aquifer system. Wells to the west and south of Thomson Flats are completed in
bedrock. Overall, groundwater use in areas hydraulically downgradient of Thomson Flats appears low. The few
wells reportedly present to the north are located in relatively new, dense residential subdivisions serviced by
municipal water supplies, and these wells (likely drilled for previous subdivisions) are likely no longer in use.

4.0

WWAL FIELD PROGRAM

On April 12, 2018, WWAL hydrogeologists Ryan Rhodes, P.Geo and Paul Williamson, GIT, completed a
reconnaissance of the Thomson Flats site and surrounding properties. The reconnaissance included driving and
walking the Gillard FSR and southern hillside, and making visual observations of the Kelowna Mountain
development from the FSR. WWAL also walked the length of the Rembler Creek valley bottom from west to east,
and walked the northern terrace (Area 3) from east to west. The April reconnaissance occurred during snow‐free
conditions shortly following snowmelt and is considered well‐timed to assess runoff and shallow groundwater
conditions at the site. The location of WWAL field observation sites are shown as numbered green circles on
Figures 2a and 2b.
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In addition, WWAL completed a test pitting and infiltration testing program on June 7, 2018. WSP had already
completed a thorough test pitting program, and the intent of WWAL’s test pitting was to observe soils for
comparison to those noted on WSP logs and to complete infiltration testing of surficial deposits to quantify soil
hydraulic properties and assess their potential for in‐ground storm infiltration. WWAL’s test pitting program
focused on Areas 2 and 3; logs for these test pits are attached and locations are shown on Figures 2a and 2B.
In addition, WWAL installed a water level transducer in WSP test pit 16‐21 to continuously record groundwater
levels.

5.0

FIELD PROGRAM RESULTS

5.1 Stratigraphy
The following section describes stratigraphy across the Thomson Flats site based on WSP and WWAL test pits.
WWAL test pits are provided as an attachment to this report, and WSP test pits are provided in WSP (2016).
Area 1, the southern hillside, is comprised of silty sands and gravel overlying till or bedrock. Bedrock was noted in
five WSP test pits in this area at depths between 0.6 and 2.9 m. Exposed bedrock or inferred near surface bedrock
is relatively common in this area, particularly at higher elevations closer to the Gillard FSR. Areas of exposed
bedrock or near‐surface bedrock are indicated on Figures 2a and 2b.
Area 2, the Rembler Creek valley bottom, is characterized by mostly sand or sand and gravel deposits. These
deposits are typically granular and relatively loose, and can include cobbles and boulders at depth.
Area 3, the terrace and hillside north of Rembler Creek, is also characterized by predominantly sand and gravel
deposits. Till and silty deposits are reported occasionally on test pit logs, but overall the area appears well drained
and supports grasslands and ponderosa pine forests. Bedrock becomes closer to the surface near the flanks of
Kupier Peak, and transitions to exposed bedrock at higher elevations.
5.2 Infiltration Testing Results
Standard soil percolation testing was completed near WWAL’s 2018 test pits, the results of which are summarized
in Table 2. Estimates of field saturated hydraulic conductivity (kfs) are also provided using correlations published
in Table II‐23 of the B.C. Sewerage System Standard Practice Manual (Ministry of Health 2014).
Percolation rates ranged from < 1 minute/inch in sand and gravel deposits to 22 minutes/inch in silty sand.
Corresponding field saturated hydraulic conductivity results range from 1 x 10‐2 cm to 5.0 x 10‐4 m/s. These values
correspond to published hydraulic conductivity values for clean sand at the faster end to silty sand or silt at the
slower end (Freeze and Cherry 1979). The infiltration testing results indicate good potential for inground
stormwater management in the areas investigated, but other factors aside from soil permeability must be
considered when developing stormwater management plans. Recommendations for stormwater management
planning are discussed further in a later section of the report.
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Table 2. Summary of field infiltration testing results.
WWAL Test
Pit
TP1
TP2
TP3
TP4
TP5
TP6
TP7
TP8

Percolation Test
Depth (m)
1.1
0.8
0.9
0.9
not completed,
too coarse
1.1
0.7
0.6

Material
sand and gravel
silty sand
sand and gravel
silty sand and gravel
sand, gravel, cobbles
sand and gravel
sand and gravel
silty sand

Percolation
Rate
3.5 min/inch
22 min/inch
<1 min/inch
3.5 min/inch
<1 min/inch
(estimated)
<1 min/inch
<1 min/inch
10 min/inch

Field Saturated Hydraulic
Conductivity (cm/sec)
4.0 x 10‐3
5.0 x 10‐4
1 x 10‐2
4.0 x 10‐3
1 x 10‐2
1 x 10‐2
1 x 10‐2
1.0 x 10‐3

5.3 Site Observations: Runoff and Shallow Groundwater
WWAL’s field reconnaissance began along the Gillard FSR. At the time, runoff was observed in ditches all along
the FSR and WWAL identified several culverts along the road (Photos 3 and 4). The locations and diameters of
culverts identified are shown on Figures 2a and 2b. Most of the culverts observed were in poor condition,
commonly bent out of shape and buried with sediment to some degree. Drainage observed in the culverts
appeared to be largely overland flow snowmelt runoff from the hillside to the south, as well as some runoff
preferentially collected and routed along access roads on the Kelowna Mountain property. Flow captured in the
Gillard FSR ditch line was directed via culverts under the FSR and discharged onto the Thomson Flats property.
An artificial storage pond has been completed on the Kelowna Mountain property, south of WWAL field
reconnaissance locations 5 and 6 (Figure 2a). Springs and surface flows were noted on the Thomson Flats property
downslope of this storage pond, which may be losing water through infiltration and contributing to these flows.
Surface flow from the culvert at location 7 (Figure 2a, near main entrance to Kelowna Mountain property) was
routed to an existing, bedrock‐controlled depression on the Thomson Flats property. This depression contained a
small amount of standing water, and Melcor has reported observing standing water in this depression in the past
(Photo 5).
Several springs and surface flows were observed in many of the gullies and ravines in the western portion of Area
1 (Figure 2a, locations 8 through 14). Surface flows were visually estimated at between 0.63 and 1.26 L/s (10‐20
US gpm) in these locations. Additional gullies and ravines are present in Area 1 to the east of location 14 (locations
15 to 17). No surface flow was observed at these locations on April 12, 2018, but exposed gravel and accumulated
woody debris indicates that surface flows have occurred in the recent past (Photo 7).
A pronounced bench is present in the central part of Area 1, identified as “potential ponding water” on Figure 2a.
Based on vegetation present at this location, shallow groundwater and ponded surface water could occur on this
bench following snowmelt.
A small spring was identified at location 18 which created a relatively small area of saturated soils.
Photos 8 and 9 show surface flows leaving the storage pond on Rembler Creek. As mentioned previously, small
slope instabilities and slumps have occurred just downstream of this location as Rembler Creek drops into the
valley bottom (Photo 2). Where Rembler Creek reaches the valley bottom, a fairly extensive area of ponded water
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was present (Photo 2). Along the path of Rembler Creek as it progressed westwards, areas of the valley bottom
near the creek were soggy or saturated. Ponded water was observed immediately east of the flood control berm
(Figure 2a), but no surface flow was observed downstream of the berm. Surface flows in Rembler Creek were not
observed downstream of this location until north of the Thomson Flats ASP boundary.
A spring was observed just north of the Thomson Flats ASP boundary and flowed northwards into Frazer Lake. As
mentioned previously, this spring (likely Pollard Spring) is fed from groundwater in the Rembler Creek valley
bottom on the Thomson Flats site.

6.0

HYDROGEOLOGIC IMPACT ASSESSMENT

6.1 Identification of Hydrogeologically Sensitive Areas
Hydrogeologically sensitive areas require additional attention when it comes to stormwater management
planning, and include areas of soils with limited infiltration capacity, areas of shallow bedrock, areas with shallow
groundwater and areas of groundwater discharge and periodic or constant surface flows. Based on our
assessment, two main hydrogeologically sensitive areas were identified in the Thomson Flats site and include:
1) Much of Area 1, the southern hillside portion of the property. Several springs were observed in this area,
as well as associated gullies/ravines where surface flows were observed or inferred to have occurred in
the recent past. In addition, higher elevation portions of Area 1 contain exposed or near surface bedrock
which will limit options for stormwater management.
2) The Rembler Creek valley bottom between the flood control berm and Jack Smith Lake. Following
snowmelt, a shallow aquifer is present in this area and areas of localized flooding adjacent to the Rembler
Creek “channel” occurs. Near surface groundwater can be expected in this area over the period of April
through June. We understand that the Rembler Creek alignment will be reconstructed at some point in
the future as development proceeds. Although this may mitigate the localized flooding issues, shallow
groundwater in the valley bottom area is expected to persist.
The valley bottom area west of the flood control berm is not expected to contain shallow groundwater, except in
close proximity to the Rembler Creek channel. In addition, the terraced areas of Area 3 are not considered
hydrogeologically sensitive as they are characterized by deep permeable soils and a deep groundwater table is
expected. An exception to this is the flanks of Kupier Peak, where shallow bedrock may be a limiting factor.
6.2 Irrigation Impacts
Residential land use is expected to include irrigation of lawn and garden areas, although in most new development
the implementation of landscape design standards emphasizes the use of xeriscaping. Where irrigation of lawns
and gardens does occur, any excess irrigation water that is not lost to evaporation, incidental surface runoff, or
consumed by lawn and plants has the potential to infiltrate into the ground and increase the volume of water
moving through the subsurface. This can lead to groundwater rising to the surface (groundwater mounding). The
potential for groundwater mounding caused by excess irrigation recharge across the proposed development can
be assessed using the following mass‐balance equation:
Equation 2…… G = I + P –ET – R
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Where,
G = Potential excess near‐surface groundwater (mm)
I = Average annual irrigation (mm)
P = Average annual precipitation (mm)
ET = Average annual evapotranspiration (mm); and
R = Average annual runoff (mm)

As shown in Table 1 there is a net annual deficit in water across the site, and a considerable water deficit during
the peak (summer) irrigation season. Potential mounding across the entire site can be estimated using the
assumption that irrigated areas will receive approximately 18 inches (457 mm) of irrigation water annually. This
estimate of the amount of irrigation water is considered reasonable and has been applied to conceptual
stormwater management plans for other developments in the central Okanagan. We assume that all of this water
will be applied evenly throughout the months of June, July, August, and September and no change in PET during
this period will occur.
As shown in Table 3 the revised water balance incorporating irrigation analysis demonstrates that 18 inches of
irrigation recharge will potentially result in a net positive water balance of 205 mm (8.3 inches) on an annual basis.
In our opinion, an average annual excess of approximately 205 mm of water is not likely to create adverse
groundwater mounding or groundwater discharge issues. Area 1, the southern hillside, is considered
hydrogeologically sensitive, and this area has the most potential for negative impacts from excess irrigation. As
this area is sloping, it is likely terraced lots with relatively small yards will be constructed which will limit potential
irrigation impacts, but xeriscaping in this area should be encouraged.
Table 3
Month
January
February
March
April
May
June
July
August
September
October
November
December
Annual

Revised site water balance accounting for residential irrigation.
[Precipitation +
Assumed
Potential
1
Precipitation
Irrigation] – Potential
Irrigation
Evapotranspiration2
(mm)
Evapotranspiration
(mm)
(mm)
(mm)
31
0
10
21
19
0
14
5
22
0
30
‐8
29
0
57
‐28
40
0
90
‐50
46
114
108
52
37
114
127
24
32
114
102
44
32
114
54
102
29
0
25
5
37
0
12
25
33
0
9
22
387
456
638
205

Notes:
1. Based on 1981‐2010 climate normals for Kelowna Airport (Station No. 1123970), rounded.
2. Based on the FAO Penman‐Monteith equation.
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CONCLUSIONS and DISCUSSION

Our hydrogeological assessment of the Thomson Flats ASP area identifies two main hydrogeologically sensitive
areas (See Figures 3a and 3b):
1) The southern hillside portion of the site south of Rembler Creek; and
2) the Rembler Creek Valley bottom between the flood control berm and Jack Smith Lake.
The southern hillside area is extensive and constitutes a large percentage of the property. Hydrogeological
sensitivity in this area is a result of several factors including shallow bedrock and the presence of springs and
surface flows in the many gullies/ravines in this area. Snowmelt runoff from the hillside to the south is collected
in ditches along the Gillard FSR and is then routed via culverts onto Thomson Flats, and is a key source of recharge
for the springs and surface flows observed. Shallow groundwater and surface flows in the gullies are expected to
be short‐lived on an annual timescale (occurring in the 2‐3 months following snowmelt) but recur annually.
Development near identified springs and near the gullies must consider the seasonal presence of shallow
groundwater and surface flows. These ravines should be preserved during site development to maintain site
drainage and potential use for conveying stormwater to lower elevations. In terms of stormwater management in
Area 1, there is limited potential for inground disposal methods. Lot scale storm infiltration may be feasible where
surficial deposits are sufficiently thick, but widespread use of drywells and perforated pipe is likely not an option.
In general, stormwater runoff from this area would be best conveyed northwards to lower elevations in the
Rembler Creek valley bottom for natural infiltration or detention.
The lower elevation Rembler Creek Valley bottom is characterized by permeable and relatively thick granular
deposits. These deposits become saturated following spring snowmelt and an aquifer with a shallow water table
becomes present from ~April – June. This area is suitable for significant stormwater disposal to ground when the
water table is low, but the potential for infiltration will diminish when the aquifer is present.
The Rembler Creek valley bottom is mapped as Environmentally Sensitive Area Level 1 or 3, and conceptual
development plans reviewed by WWAL indicate that much of the Rembler Creek corridor will not see residential
development. There is significant potential for stormwater detention and infiltration along this corridor,
potentially with environmental benefits such as wetland habitat development. Stormwater management planning
should consider one or more unlined detention/infiltration ponds in this area. Conceptually, stormwater retained
and infiltrated through these ponds would limit the flashiness of the runoff response from future development.
Infiltrated stormwater would contribute to the natural groundwater regime in the area, which through most of
the property is westwards and northwards in the Frazer Lake area. Infiltrated stormwater would ultimately report
to Frazer Lake and Rembler Creek downstream of the site. The closer a pond is located to Frazer Lake, the quicker
groundwater will report to the lake following a storm, and could exacerbate current shallow groundwater issues
reported in the Southridge development to the north (See Section 2.0 and South Mission Drainage Plan).
Stormwater storage and infiltration would likely best be located in the central part of Thomson Flats south of
Kupier Peak, where a northward “outlet” of the aquifer is blocked by bedrock. If the dam on Frzser Lake is
removed, it is our expectation that groundwater levels in the area would be lowered and would be positive in
terms of the potential to infiltrate stormwater closer to Fraser Lake on the Thomson Flats site.
Much of Area 3, north of the Rembler Creek valley bottom, also appears suitable for a wide variety of inground
stormwater management techniques. Thick sand and gravel deposits are dominant in this area, and the water
table depth is likely to be deep as the area is terraced and typically more than 5 m above the valley bottom.
Drywells and perforated piping appear feasible in this area. Infiltration in this area should be dispersed, as opposed
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to centralized in the form of an infiltration pond to reduce potential groundwater impacts to downgradient
development.
Ultimately, Rembler Creek is the natural drainage outlet for the majority of the Thomson Flats ASP. It is logical
that stormwater runoff from extreme storm events be routed to Rembler Creek. The potential for the Rembler
Creek alignment downstream of Thomson Flats to accommodate extreme flows should be verified by a
hydrologist.
There are some areas within the property with steep slopes, such as Area 3 just north of the Rembler Creek valley
bottom, and west of the Bellevue Creek Canyon. In general, it is poor practice to infiltrate significant amounts of
stormwater in close proximity to steep slopes and potential geotechnical implications of this (when a more
detailed stormwater management plan is developed) should be evaluated by geotechnical engineer.
8.0

RECOMMENDATIONS

Based on our assessment we provide the following recommendations:
R1

Investigate who is responsible for maintaining culverts and drainage along the Gillard FSR. Advocate to
have the damaged and poorly maintained culverts along the FSR addressed. Runoff from the hillside south
of Thomson Flats is beyond the control of the developer, but ensuring that drainage infrastructure routing
water onto Thomson Flats is well maintained and predictable will help with development planning.

R2

It can be expected that springs, shallow groundwater and surface runoff in the several gullies/ravines
present on the southern hillside will occur each year in the spring. These gullies should be left in place as
much as possible during development to allow natural drainage patterns to continue. These features could
also potentially be used to route stormwater originating from hillside development to lower elevations
for management. Any road crossings of these features must consider seasonally present water and
drainage.

R3

Thick sand and gravel deposits in the Rembler Creek valley bottom make the valley bottom area an
attractive location for larger scale storm detention and infiltration facilities. Such a facility may best be
located in the central part of the site south of Kupier Creek. Other locations are also feasible, but the
closer these facilities are to Frazer Lake, the quicker groundwater will report to Frazer lake and potentially
result in increased interception of groundwater in stormwater infrastructure in the Southridge
development which could be detrimental. We understand that City of Kelowna is looking into
decommissioning the dam on Fraser Lake. This would likely result in a lowering of the groundwater table
in the area, reduced issues with groundwater interception by stormwater infrastructure in the Southridge
development and generally be positive in terms of in‐ground stormwater management options in the
area.
We recommend working with the ecological consultant on the project when planning and siting larger
scale storm detention facilities adjacent to Rembler Creek, as there may be opportunities for habitat
development/enhancement.

R4

Much of the area north of the Rembler Creek valley bottom (Area 3) appears suitable for in‐ground storm
infiltration. Drywells and perforated piping appears feasible in this area. Dispersed storm infiltration as
opposed to centralized infiltration would be preferred in this area.
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Site Photographs

Photo 1: Rembler Creek, looking north from Gillard FSR. April 12, 2018.
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Small slope failures

Ponded water where Rembler
Creek meets valley bottom.

Photo 2: Looking north to where Rembler Creek reaches valley bottom below storage
pond. Ponded water in valley bottom in foreground. April 12, 2018.
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Photo 3: Typical flow observed in Gillard FSR ditch line. April 12, 2018.
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Photo 4. Damaged culvert on Gillard FSR. Location 2 on WWAL Figure 2b. April 12,
2018.
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Photo 5. Bedrock controlled depression, at location of TP16-08 on Figure 2a. Contained
some standing water on April 12, 2018.
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Photo 6. Beginning of spring and surface flow moving north and downslope, location
8 on Figure 2a. April 12, 2018.
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Photo 7. Gulley/ravine at location 17. No flow on April 12, 2018, but evidence of recent
flow present.
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Photo 8. Outlet of Rembler Creek Upper pond. April 12, 2018.
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Photo 9. Just downstream of outlet to Rembler Creek upper storage pond. April 12,
2018.
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