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|. INTRODUCTION

At the request of the developer, Mr. Steinar Johnsen, Western Water Associates Ltd. (WWAL) has
completed a groundwater feasibility assessment for a proposed 5-lot subdivision, located at 1750 Highway
3, Osoyoos, BC (the Site) (Figure 1). This report summarizes the bedrock aquifer attributes at the site
and presents the results of a pumping test completed on an existing well, analysis of sustainable well yield,
discussion of well interference with neighboring wells, and water quality testing of the pumped well.

1.1 Project Background

The site is located approximately 2 km east of Osoyoos, BC, situated along the steep western-facing
embankment overlooking Highway 3. The site (PID 002-165-481) is comprised of Bareland Strata Lot |5
of Plan KAP21789, District Lot 2709, Sublot 2, Similkameen Division of the Yale Land District except Plan
KAP90322.

The 31-acre parcel is located downslope and west of the Regal Ridge residential development located on
the Anarchist Mountain highlands to the east. Plans for development of this lot include five approximately
2.5-acre residential lots on the western portion of the site, with the 14-acre remainder lot upslope to the
east being set aside as a conservation area (Figure 2).

A review of bedrock wells in the vicinity of the site indicated that the depth to bedrock in this area can
be quite variable, with bedrock outcrop observed onsite. Further, the well yields in this area can also vary,
with lower producing (< 2 USgpm) wells located along the face of the bluff, and higher producing wells
located downslope toward the west (in the valley bottom Aquifer #194) and upslope to the east (in the
Osoyoos Mountain Estates Aquifer #808).

Two existing groundwater wells were identified onsite at the time of our assessment, as well as two offsite
wells on the adjacent property (1806 Hwy 3), and select details for these wells are provided in Table 1.1
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Table I.1 Select Well Details

Well Information WTN 105407 WTN 124408 WTN 84786 WTN 69157
(WPID 27891) (WPID 62040) (Driveway Well) (Goat Paddock)
Well Location Onsite, south adjacent to|  Onsite, north, eastern | Offsite, west, adjacent to | Offsite west, adjacent to goat
access driveway portion of Lot 5 driveway for 1806 Hwy 3./ paddock at 1806 Hwy 3.
Date drilling completed June 30, 2009 April 30, 2021 March 30, 2005 May 27, 1995
Drilling company Cyclone Drilling Ltd. Aqua Source Drilling Ltd. Cyclone Drilling Ltd. Quality Water Well Drilling Ltd.
Borehole diameter 150 mm (6 inch) 150 mm (6 inch) 150 mm (6 inch) 150 mm (6 inch)
100 mm (4 inch) liner | 100 mm (4 inch) liner | 100 mm (4 inch) liner unlined?
Total Depth (bgs) 55 m (180 ft) 122 m (400 ft) 158 m (520 ft) 155 m (510 ft)
Casing stick-up (ags) 0.61 m (2 ft) 4.6m (15 fr)' 0.6l m (2 ft) 0.61 m (2 ft)
Static water level (btoc) 20.83 m (68.3 ft) 13.62 m (44.7 ft)' 61.11 m (200.5 ft) 61.70 m (202.42 ft)
September 14, 2022 September 14, 2022 September 14, 2022 September 14, 2022
Well Coordinates Lat: 49.019602 °E, Lat: 49.024753 °E, Lat: 49.024248 °N, Lat: 49.023961 °N,
(Google Earth) Long: -119.409547 °N | Long: -119.410779 °N | Long: -119.413237 °E Long: -119.413112 °E
Distance to pumped well 581 m south 0 m (pumped well) 188 m west 193 m west
Notes: ! Initial casing stick-up above current ground level. Cut down to 0.60 m to facilitate testing/monitoring.

2 Well log indicated unlined and steel cap at surface. New wellhead completion has aluminum well cap and PVC liner.

The site is currently vacant and is primarily in its natural state, except for one residence on proposed
Lot 5 (under construction) and a preliminary construction roadway for temporary stockpiling of excavated
materials. Satellite imagery showed no significant development of the site prior to fall 2015, when the
access road into the upper reaches of the site (and proposed Lot 5) was established, as seen in the 2016
imagery (Google Earth, 2022).

Each of the proposed residential lots is to be serviced by onsite private domestic water supply wells and
private septic disposal systems. The site requires both rezoning and OCP amendments from current zoned
Large Holdings (LH1) to support the proposed subdivision, which were applied for in 20212. In a June 15,
2021 response letter, the RDOS requested a hydrogeological assessment be prepared that would evaluate
and report on the water balance for the aquifer underlying the site, and whether there is an adequate
water supply to support the proposed development and associated water demands.

WWAL designed and oversaw an assessment program, which included a desktop review of the underlying
bedrock aquifer(s), a pumping test program and water quality testing of one of the existing wells on site.
A flow rate of approximately 8 L/min (2.1 USgpm) was targeted, as this flow rate would simulate the
withdrawal rate of wup to five residential wells pumping simultaneously at the
RDOS Subdivision Servicing Bylaw No. 2000 (2002) rate of > 2,300 L/day (equivalent to 1.6 L/min or 0.42
USgpm) to meet or exceed the residential onsite level-of-service demand at full build-out. The second
bylaw requirement of demonstrating a flow capacity of 2 20 L/min for one hour can be met by wellbore

2 Both Electoral Area “A” Official Community Plan Amendment Bylaw No. 2905.01(2021) and Electoral Area “A”
Zoning Amendment Bylaw No. 2451.27(2021) were applied for in 2021 and referenced in the RDOS response letter
dated July 15, 2021.
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storage. Future use of onsite storage (i.e. pressure tank or cistern) could also be considered to manage

peaks in demand.

1.2

Scope of Services

WWAL provided the following hydrogeological services during the groundwater feasibility and well

assessment program:

)

2)

3)

4)

3)

Reviewed available data including existing reports and letters pertaining to the site, well and aquifer
mapping for the area, and weather and climate data from Environment Canada.

Reviewed the conceptual lot layout. Completed a site visit to assess wellhead access for the pumping
test equipment, potential sources of contamination in the vicinity, and identified suitable offsite wells
to monitor during the pumping test. Installed a pressure transducer into WTN 105407 to monitor
potential well interference during the test.

Designed and oversaw a pumping test program to evaluate the sustainable yield and water quality
from the onsite existing well WTN 124408.

a. In order to simulate the effect of groundwater withdrawal at full build-out, the well was
pumped at a constant flow rate comparable to five times the RDOS bylaw rate (5 x 2,300
L/day or 2.1 USgpm) for 72 hours.

b. A WWAL hydrogeologist contacted the pumping test contractor prior to the start of the
pumping test and provided direction on pumping rate and data collection requirements. We
maintained communications with the contractor throughout the testing procedure.

c. We identified two offsite wells and one onsite well to be monitored during the pumping test.
The observation wells were monitored manually with a water level tape during the test by
the contractor, to assess the potential for well interference.

d. Prior to the end of the pumping test, the contractor collected a water sample of the pumped
discharge and delivered the sample to a laboratory for potability analysis testing. We evaluated
the lab results against the Guidelines for Canadian Drinking Water Quality (GCDWQ).

e. Following the test, long-term water level recovery was monitored with a pressure transducer.
The pressure transducer was moved from WTN 105407 into WTN 124408 by the contractor
and retrieved from the well roughly one week later.

Analyzed and evaluated the pumping test data to estimate long-term sustainable well yield and aquifer
yield for the bedrock aquifer underlying the site.

Prepared this groundwater feasibility assessment report, suitable for submission to the RDOS as a
supporting document for the rezoning/OCP amendments.
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2. SITE DESCRIPTION AND HYDROGEOLOGY

2.1 Physiography and Surrounding Land Use

The site is located approximately 2 km east of downtown Osoyoos, B.C. The site is accessed directly off
of Highway 3 and sits upon a southwest facing slope at the eastern edge of Okanagan Valley (Figure I).

To the north, east, and south of the site lie mountains dominated by predominantly undeveloped
grasslands and sparse forests, with multiple watercourses draining these upland areas westward into the
Okanagan Valley. The Regal Ridge residential development is situated at the top of the hill, approximately
2.5 km east of the site. Agricultural lands are located to the northwest, west and southwest of the site,
Osoyoos Lake is 1.7 km to the west at its closest point, and the US border is 2.5 km south of the site.

Topography at the subject site itself is relatively steep, sloping southwesterly towards the highway.
Elevations at the property range from approximately 623 metres above-sea-level (m asl) at the eastern
boundary, to approximately 496 m asl at the western boundary (Google Earth, 2022). For comparison,
the elevation of Osoyoos Lake at the valley floor is 276 m asl.

Figure | illustrates the general location of the site and Figure 2 depicts a more detailed site layout and
surrounding land use in the area.

2.2 Geologic Setting

Bedrock geological mapping by the BC Geological Survey (BCGS) show the area as underlain by intrusive
granite and alkali feldspar originating as porphyritic granite, granodiorite, and monzonite from the middle
Jurassic period , some 157-178 Mya (Cui et al., 2019).

While we were not able to find surficial geology mapping extending up the hillside to the site, mapping of
the Okanagan Valley indicates that post-glacial outwash terraces following the Wisconsin Glaciation period
lie 520 m west of the site, extending to Osoyoos Lake, and running up the length of the Okanagan Valley
(Nasmith, 1962). These sediments thin as you approach site, and only a thin veneer of sediment lies
overtop bedrock over much of the site property.

The driller’s log for onsite well WTN 105407 reports surficial deposits comprised of fine to medium sand
with boulders and cobbles were encountered from 0 to 9 m below ground level (bgl), where crystalline
bedrock was encountered. Toward the north of the site on proposed Lot 5, and approximately 67 m
higher in elevation, the log for WTN 124408 reports surficial silt and boulders encountered from surface
to 6 m bgl, underlain by crystalline bedrock. The logs for offsite wells WTN 69157 and WTN 84786,
directly west of the site, report thin bouldery surficial deposits to a depth of up to 3 m, underlain by
bedrock.

2.3 Hydrogeological Setting and Mapped Aquifers

Using the BC Water Resources Atlas (WRA) mapping tool (ENV 2022) and the RDOS Parcel Viewer
(RDOS 2022), we identified two unnamed mapped drainages oriented east to west, breaking up the
western-facing hillside into sections, with several more drainages in the vicinity of the site (Appendix A).
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The nearest named creeks include Bourguiba Creek (40 m south of the site) which feeds into Haynes
Creek (230 m southwest of the site). All nearby creeks convey water from the upland plateau east of the
site toward the valley bottom, draining into Osoyoos Lake, the ultimate receptor for surface waters in
this area. At the time of our site visit prior to the pumping test (September 7, 2022), WWAL field staff
did not observe any groundwater seepages at the subject site or surface water flowing in these
watercourses.

There are three provincially mapped aquifers within 1.6 km of the site (Appendix A), but only one is
mapped as underlying the site. Details on the three aquifers are summarized in Table 2.| below. As the
bedrock aquifers (808 and 936) are of primary interest for our assessment of groundwater availability at
the site, water level hydrographs from Provincial observation wells in those two aquifers are provided in
Figures 2.1 and 2.2.

Table 2.1 Mapped Aquifers within 1.6 km of Site

Aquifer 808 Aquifer 194 Aquifer 936

Distance from site Underlying 450 m west 1590 m northeast
Descriptive Location East of Osoyoos, Osoyoos East East of Osoyoos,
Anarchist Mountain Anarchist Mountain
Estimated area 18.6 km? 5.3 km? 16.1 km?2
Aquifer Classification A A IIB
Aquifer Type Fractured crystalline Unconfined sand & gravel — Fractured crystalline
bedrock late glacial outwash bedrock
Productivity Moderate Moderate Moderate
Demand Moderate Moderate Moderate
Vulnerability High High Moderate
Observation Well OBS Well 401 — Osoyoos | OBS Well 467 — Osoyoos OBS Well 402 — Osoyoos
(Bullmoose Rd.) East (52" Ave and 25" St.) | (Anarchist Mtn. Summit)

Notes: All information gathered from BC WRA (ENV 2022).

The bedrock aquifer underlying site (Aquifer 808, hydrograph illustrated in Figure 2.1) shows a strong
seasonality with springtime highs (snow melt) followed by late fall/early winter lows, and a seasonal range
on the order of 2 m. The long-term water level trend of this aquifer is stable.

Adjacent bedrock Aquifer 936 (Figure 2.2) also displays a strong seasonality (springtime spikes) with a
seasonal range of water level fluctuation closer to 4 m. Seasonal low water levels in the aquifer have
declined by approximately | m since 2012, but the overall water level trend over the last decade is stable.
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Figure 2.1 Water Level Hydrograph - Ministry Observation Well 401 (Aquifer 808)

Figure 2.2 Water Level Hydrograph - Ministry Observation Well 402 (Aquifer 936)

Well density in the area surrounding the site is fairly sparse, with most of the wells within 1km of the site
either located in the valley bottom (and unconfined Aquifer 194) or at the crest of the hill (in Aquifer
808).

Reviewing wells listed on the WRA, there are |6 wells within Ikm but only 14 of these are attributed to
the fractured crystalline bedrock Aquifer 808 (Appendix A). Of these |14 wells, the average well depth is
400 ft, depth to bedrock ranges from 0 (bedrock at surface) to 67 ft, and well yields range from low (0.75
USgpm) to high (124 USgpm) depending on fracture connectivity and possible hydraulic connection to
overlying Aquifer 194. The average driller-estimated yield of bedrock wells in the area is 19.2 USgpm.

Regional groundwater flow is inferred to be topographically driven and at this location, where
groundwater flows west off the Anarchist Mountain highlands toward Osoyoos Lake. Aquifer recharge is
likely comprised of direct infiltration of snowmelt and precipitation from these upland regions and surface
water runoff from the several creeks originating in the Anarchist Mountain highlands to the east, including
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the nearby Bourguiba and Haynes Creek watersheds northeast and east of the site. Groundwater use in
the area is reported to be largely for rural private domestic and irrigation (orchard/vineyard) water
purposes.

Five current surface water licenses and one groundwater extraction licence exist within Ikm of the site
(Appendix A). Four of the five surface water licences are allocated to Bourguiba Creek to the south of
site, with the remaining one on Haynes Creek to the north. The surface water licences on Bourguiba
Creek are for domestic water supply and stock-watering purposes. The groundwater extraction licence
and the licence on Haynes Creek are for the Osoyoos Irrigation District, for irrigation (Haynes Ck.) and
to be able to use WTN 95265 and extract 25,000 m3/year at a rate of up to 468 L/min (124 USgpm) from
Aquifer 808 for waterworks purposes.

The Okanagan Basin Water Board (OBWVB) funded the Phase 2 Okanagan Water Supply and Demand Project
which developed water budgets for the Okanagan Basin. A pair of OBWB reports (OBWB 2007, 2009)
summarize regional aquifer information used in their Okanagan Basin modelling efforts. Provincially
mapped Aquifer 808 was given OBWB Aquifer numbers of #206B and #208A in their report, essentially
splitting the aquifer into two parts: a northern part and a southern part. The southern part (OBWB
Aquifer #206B) corresponds with the bedrock aquifer underneath the site, though there could be some
communication between these two mapped hydrostratigraphic units at depth. Average annual
precipitation for the 26.1 km?2 aquifer footprint is given as 1.73 X 107 m3/year and annual runoff was
estimated at 1.94 x 10¢ m3/year. Allowing for evapotranspiration, estimated recharge to bedrock Aquifer
#206B is 1.36 x 106 m3/year.

Assuming groundwater extraction at the RDOS bylaw rate of 2,300 L/day, the groundwater extraction
for the proposed development at full build-out would require 11,500 L/day on average, equivalent to an
annualized water demand of 4,200 m3/year. Based on the OBWB model input projections, this
groundwater withdrawal would account for approximately 0.3% of the overall estimated recharge to the
bedrock aquifer in this area.

3. WELL TESTING METHODS

Value Contracting of Okanagan Falls, B.C. supplied, installed, and operated a submersible pump powered
by portable generator for the pumping test program. WWAL provided input on the testing program
design, general test program oversight, and water sample collection. Photographs of the pumping test set
up are included in Appendix D.

The test well was disinfected with chlorine bleach solution and circulated within the well for a few minutes
prior to the start of the pumping test. The pumping test on WTN 124408 was completed using a single-
phase, 0.5HP submersible pump powered by a 240V portable Honda generator. The temporary
submersible pump was installed on a rigid drop pipe with the pump intake set at a depth of 117.3 m (385
ft) below top of casing (btoc). The well was pumped at a rate of 8 L/min (2.1 USgpm) for 72-hours,
followed by recovery monitoring.
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Value Contracting collected water level measurements using a graduated water level sounder to the
nearest centimeter, referenced to the top of the production casing. They also periodically measured and
calibrated the pumped flow rate with a graduated bucket and stopwatch and held the flow rate constant
with a control valve on the discharge line. The pumped discharge was routed approximately 30 m (100 ft)
north of the well to a grassy area at the top-of-bank that sloped towards the dry unnamed stream (draw
dry at the time of testing), where the discharge water was observed infiltrating to ground.

Value Contracting personnel collected a water sample for a comprehensive suite of analyses. The water
sample was collected in laboratory supplied bottles directly from the discharge line near the end of the
pumping test period. The sample was shipped in a cooler with ice packs via ACE Courier and arrived at
CARO Analytical Laboratory in Kelowna, BC for analysis within hold times and under chain-of-custody
protocol.

4. WELL TESTING RESULTS

To interpret the pumping test results, we compiled and analyzed the test data to determine whether the
aquifer at the site could supply the long-term sustainable yield for the intended use.

4.1 Constant Rate Test Results

Water level data, hydrographs, and semi-log plots of drawdown over time from the constant rate test are
presented in Appendix B (Table BI, Figures Bl and B2).

For WPID 124408, the water level in the well dropped approximately 6 m during the first 200 minutes of
pumping, after which the rate of drawdown slowed. The pumping water level in the well continued to
decline over the remainder of the 72-hour test, and never fully stabilized (Appendix B, Figure Bl). After
72-hours of pumping at a rate of 8 L/min (2.1 USgpm), the well had drawn down 9.2 m (30.3 ft) relative
to the pre-test static. The well recovered 61% of this drawdown within 4 hours following the end of
pumping. Datalogger measurements extending the recovery period indicated the well recovered to 84%
of the observed drawdown six days following the end of pumping. The testing was completed during a
time when aquifer levels were naturally declining towards seasonal lows, and as such, full recovery
following the test was not expected.

4.2 Potential Well Interference

Figure 2 shows the location of the onsite and offsite wells, relative to the property boundary. During the
testing program, we used a datalogging pressure transducer to monitor the water levels in the other
onsite domestic well (WTN 105407) for the drawdown portion of the testing program. Value Contracting
also manually measured and recorded observed water levels in the two offsite wells (WTNs 69157 and
84786) on adjacent property 1806 Hwy 3 prior to, during and following the test. The offsite wells were
monitored to assess:

I) Whether the onsite well is hydraulically connected to the same bedrock fracture sets these other
domestic well are completed in; and
2) Observe and measure any well interference induced from pumping the onsite well (if any).
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Figure 4.1 shows water levels in the pumped well and observation wells over the course of the pumping
test and continues for several days thereafter. During the pumping tests, the homeowner at 1806 Hwy 3
continued to use their well for domestic household use, so fluctuation of the water level in observation
well WTN 69157 is seen over the course of the week. From our assessment, WWAL concludes that no
interference was observed in the offsite domestic wells from operation of the onsite well.

In addition to the datalogger, Value Contracting also took periodic water level measurements at the other
onsite well (WTN 105407) to the south of the property while the tested well was being pumped. Water
levels in this southern well did not deviate from its static water level during the entire pumping program
on the northern well, further indicating a low potential for interference to occur between wells completed
in the bedrock aquifer.

Figure 4-1 Pumping and Observation Well Water Levels

With dedicated wells drilled and installed on each parcel, the average pumping rate from each well will
likely be less than the aggregate pumping rate used during our testing. Consequently, the amount of
induced drawdown is expected to be lower but spread out over a larger area.

4.3 Seasonal Water Level Effects

Seasonal water level fluctuations, where severe enough, can affect the ability of a well to supply the desired
yield. Seasonal variations in water levels are particularly important in shallow wells and dug wells associated
with nearby ephemeral streams that may not flow year-round. Seasonal water level fluctuations in confined
or bedrock aquifers such as the one at the site are often muted, with fluctuation a result of snow melt
recharge, as well as seasonal use of the aquifer (i.e. the irrigation season or seasonal occupancy).

In general, aquifer water levels are expected to be higher during periods of recharge (during and following
spring freshet) and lower in the late summer and throughout the winter months. However, there may be
a delay between when recharge starts and when the effect is seen in confined or bedrock aquifer systems.
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In section 2, the three aquifers in the area are described and Figures 2.1 and 2.3 illustrate the water levels
trends within each of the aquifers as observed in the Ministry Observation Wells dedicated to each aquifer.

Based on the type of aquifer the onsite wells draw from (bedrock, with weathered and fractured bedrock
exposed at surface), and our conceptual understanding of the aquifer recharge in this area, seasonal water
level fluctuations can be expected on the order of 2 m in the bedrock aquifer. Seasonal water level
fluctuations of this magnitude are small compared to the available drawdown in the onsite and offsite
wells.

4.4 Short and Long Term Well Yield

WWAL estimates the long-term sustainable yield of a well based on an industry-accepted methodology
for assessing long-term well yield by applying a 30% safety factor to the available drawdown in the well
and to multiply this by the specific capacity projected forward for 100-days of continuous pumping. The
30% safety factor applied is intended to account for seasonal and longer-term variations in static water
levels and well interference effects. This method is outlined in the Guidelines for Obtaining a Certificate
of Public Convenience and Necessity (Allen et al., 1999).

The details of the sustainable yield calculation for WTN 124408 are provided on Appendix B, Figure B2.
Based on a pre-test static water level of 13.6 m (44.7 ft), the dominant water producing fracture set for
the well at 36.6 m (120 ft) and a projection of the observed drawdown during the pumping test, we
estimate a sustainable well yield of 7.2 L/min (1.91 USgpm) from this well. While slightly less than the
tested rate of 8 L/min (2.1 USgpm), this calculation indicates that this individual well can sustainably
produce water at a rate higher than the bylaw rate of 1.6 L/min (0.42 USgpm).

Further, this well was drilled to a depth of 122 m (400 ft). Based on a nominal borehole diameter of
I50mm (6 inches), the amount of water stored within the well is approximately 1,977 L (522 USgal). To
meet the second part of the bylaw, a flow rate of 20 L/min must be sustained for | hour, which equates
to 1,200 L over that hour. Consequently, the amount of wellbore storage present is sufficient to meet the
bylaw’s short-term yield requirement.

4.5 Agquifer Yield and Future Well Location Considerations

WWAL concludes the bedrock aquifer underlying the site is capable of producing groundwater at a rate
that would satisfy the RDOS Subdivision Servicing Bylaw’s long-term requirement (11,500 L/day for five
lots). The short-term peak flow bylaw requirement of 20 L/min for one hour can be met in the tested well
through borehole and pump installed at a suitable depth.

Subsequent wells on proposed Lots |, 2, 3 and 4 should be located 30 m away from any potential sources
of contamination (such as septic fields or tanks), including any on the neighbouring property to the north
(1806 Hwy 3). We recommend that septic feasibility on each proposed lot be confirmed, and a primary
and reserve septic field be established prior to drilling the remaining required wells.

Wells should be spaced such that wells are at least 30 m apart to minimize well interference effects. The
Water Sustainability Act requires a minimum horizontal separation between wells on adjacent properties of
15 m.
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WTN 105407 is located on proposed common property based on the subdivision concept drawing
provided and not allocated to servicing any particular lot. This well should be held in reserve, should the
test well on any of the proposed lots prove insufficient to meet the bylaw rate. An easement to WTN
105407 could then be established, linking the well to the property on which it is to serve.

5. WATER QUALITY

All laboratory water testing was completed by CARO Analytical Laboratory of Kelowna, BC, a CALA
accredited laboratory. Our sample was analyzed for a comprehensive list of analytes for drinking water
sources. Table 5.1 summarizes the water quality testing results, with complete laboratory reports
provided as an attachment (Appendix C).

When compared to the Guidelines for Canadian Drinking Water Quality (Health Canada 2022), the raw
water from WTN 124402 is considered potable, as it meets both the health-based Maximum Acceptable
Concentrations (MACs) and the aesthetic (taste and odour) Aesthetic Objective (AO) concentrations for
all of the analytes tested.

The groundwater is considered very hard, with a hardness (as CaCOj3) concentration of 250 mg/L. This is
typical for aquifers in the area and groundwater with a longer residence time in the subsurface, where
water-rock interactions can mineralize the water. Water chemistry was not available from the Ministry
observation well OW 401 (located in Aquifer 808) for comparison.

The well was disinfected by shock-chlorination (dosed with granular chlorine crystals) prior to sample
collection to prevent potential for sampling bias from stagnant water sitting in the well or discharge lines.
Bacteriological parameters including total coliforms and E. Coli were below detection limits in the collected
samples.

Concentrations of water quality parameters typically associated with anthropogenic impacts on
groundwater such as agricultural activities or wastewater disposal-to-ground were all relatively low and
all below guidelines. We note that nitrate, measured at a concentration of 3.19 mg/L, is elevated above
background typical groundwater levels and suggestive of anthropogenic impacts, the source of which is
not clear.
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Table 5.1 Woater Quality Summary

1750 Highway 3

Parameters Units September 15, 2022
General Parameters
Hardness, Total (as CaCO3) mg/L 250 n/a
Solids, Total Dissolved (calc) mg/L 335 AO<=500
Colour, True Cu <5.0 AO<=15
Alkalinity, Total (as CaCO3) mg/L 286 n/a
Cyanide, Total mg/L <0.0020 MAC=0.2
Turbidity NTU <0.10 0G<1
pH pH units 8.25 7.0-10.5
Conductivity (EC) uS/cm 546 n/a
... Anons
Fluoride mg/L 0.19 MAC=1.5
Nitrate, N mg/L 3.19 MAC =10
Nitrite, N mg/L <0.010 MAC=1
Chloride mg/L 129 AO <250
Sulfate mg/L 18.6 AO <500
. TotalMetas
Aluminum mg/L 0.0073 MAC=2.9
Antimony mg/L <0.00020 MAC = 0.006
Arsenic mg/L <0.00050 MAC =0.01
Barium mg/L 0.0061 MAC =2
Boron mg/L <0.0500 MAC =5
Cadmium mg/L <0.000010 MAC = 0.005
Calcium mg/L 74.9 n/a
Chromium mg/L 0.0008 MAC = 0.05
Cobalt mg/L <0.00010 n/a
MAC =2
Copper mg/L 0.00125 O<1
Iron mg/L 0.013 AO<0.3
Lead mg/L <0.00020 MAC = 0.005
Magnesium mg/L 15.1 n/a
Manganese mg/L 0.0005 MAC =0.12
AO £0.02
Mercury mg/L <0.000010 MAC=0.001
Molybdenum mg/L 0.00336 n/a
Nickel mg/L <0.00040 n/a
Potassium mg/L 4.47 n/a
Selenium mg/L <0.00050 MAC = 0.05
Sodium mg/L 20.2 AO <200
Strontium mg/L 0.329 MAC =7
Uranium mg/L 0.00999 MAC = 0.02
Zinc mg/L <0.0040 AO<5
Bacteriological
Total Coliforms CFU/100mL <1 MAC = non-detect
E. Coli CFU/100mL <1 MAC = non-detect

Notes: MAC = Maximum Allowable Concentration (highlighted orange if above guideline);
AO = Aesthetic Objective (highlighted green if above guideline);
OG = Operational Guideline, for water treatment plants.
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6. SOURCE WATER PROTECTION CONSIDERATIONS

As the vicinity of the site is largely undeveloped, overall current risk to the wells is considered low. The
three main issues to consider in developing a source water protection plan for the wells are as follows:

e Historical land uses and potential water quality impacts to the aquifer;
e Location of proposed onsite and existing offsite septic fields relative to the wells;
¢ Nature of the aquifer; and

We reviewed the historical land use at the site (undeveloped, greenfield) and found no evidence of
potential for groundwater impact from former land use activities. If blasting occurred onsite during the
installation of the access road, this could account for the presence of nitrate in the water.

The primary risk factors after site development will be the proposed septic disposal fields, which are
planned to be installed outside of the setback (> 30 m) from the wells. No dwellings or structures should
be constructed within 6 m of either well.

Information from well logs in the vicinity suggest the upper contact of the bedrock aquifer has the potential
to be near surface and unconfined. Fracture sets within the bedrock that facilitate groundwater recharge
may extend to surface in bedrock outcrop or faces along road cuts or ditches. Consequently, onsite
disturbance and removal of surficial soils should be limited to the extent possible, and potential sources
of contamination constrained such that any leakage to ground is minimized. This includes thoughtful design
of the development’s sewerage systems and septic fields and should be considered by septic field designers
in future.

7. CONCLUSIONS

Cl. WWAL oversaw a pumping test conducted on an existing 150 mm (6-inch) diameter domestic
water supply well (WTN 124408) on the proposed development site near Osoyoos, BC. The well
is completed in bedrock aquifer 808 beneath the site to a depth of 122 m (400 ft). The well was
pumped for 72-hours at a rate of 8 L/min (2.1 USgpm). No well interference was observed in
other nearby wells monitored onsite during the pumping test program, and no interference was
observed in the monitored offsite domestic wells. Based on the results of the testing program,
we assign a sustainable well yield of 7.2 L/min (1.9 USgpm) for this well, which is more than four
times the Subdivision Servicing Bylaw requirement for one well.

C2. Water quality of a sample from the well was assessed and raw water is considered potable with
no exceedances of health based GCDWQ Maximum Acceptable Concentrations (MAC) nor
Aesthetic Objectives (AO) t. Water in the well was hard, which is typical for deep bedrock wells
in this area. Nitrate in the sample collected is elevated above typical background conditions, but
the source of the elevated nitrate is not apparent.

C3. The RDOS Subdivision Servicing bylaw requires proof of |) 2,300 L/day and 2) 20L/min for one
hour is sustainable for each lot of a proposed subdivision. The tested well was pumped at 5x this
bylaw rate to test the aquifer below by simulating the aggregate pumping of all of the wells at full
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build-out. WTN 124402 meets the RDOS Subdivision Servicing requirements, and the aquifer
below can supply sufficient water to meet the aggregate subdivision demand.

As this report was intended to support an OCP/rezoning application, not all wells required have
been drilled to satisfy full subdivision approval. Should the rezoning be approved, at the subdivision
stage wells for each proposed lot must be drilled and testing to confirm compliance with the
RDOS Subdivision Servicing Bylaw will be required.

C4. The OBWB developed a water budget for several aquifers within the Okanagan Basin, and the
one for this site is OBWB Aquifer #206B. Groundwater demand for the proposed subdivision
represents nominally 0.3 % of annual recharge to the aquifer.

8. RECOMMENDATIONS

RI.  Based on the performance of WTN 124406 pumping at 5x the bylaw rate, and assuming the
proposed OCP/rezoning amendments are approved, we recommend additional wells be drilled
and tested on the remaining proposed lots (Lots |-4) to determine site specific yields of each well
and to demonstrate compliance with the RDOS Subdivision Servicing Bylaw requirements.

R2. We recommend a septic system designer be engaged as early as possible to complete the onsite
assessment for septic system feasibility and sizing. Given the lot density, potential for shallow
bedrock at (outcrop) or near surface, and the need for offsets from drinking water wells, the
constraints for onsite septic system design should be established in coordination with ongoing
domestic water well development (i.e. if the surficial soils in a portion of a lot are not conducive
for use in septic infiltration, this may have direct bearing on test well placement).

R3.  As well, the placement of future wells and sewerage system components should be coordinated
with the architectural design for the proposed residences. The number of bedrooms/washrooms
in the proposed residences will have a bearing on both the sewerage and water supply demands
for each lot and may vary from lot to lot.

R4. We recommend a minimum 30m buffer be placed about the existing wells (onsite WTNs 124408
and 125407 and offsite WTN 84786 and 69157) and any future domestic supply wells, and
development within the buffer be constrained. Potential sources of contamination are to be kept
outside of the buffer zones, of both onsite and offsite receptors.

R5.  Well completions should include provisions to allow for manual water level measurements to be
collected if needed (by means of a sounding tube). We recommend that groundwater levels
continue to be monitored once the wells are put into service, and during the first few years
following commissioning. This would be best accomplished with a pressure transducer installed
within each of the supply wells, set separately apart from the pump control switches.

Lastly, well owners and groundwater users in B.C. have important responsibilities under the various
regulations that pertain to wells and groundwater use. Important information is outlined in the following
section.
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9. WELL OWNER RESPONSIBILITIES

In November 2005, the Groundwater Protection Regulation was enacted in British Columbia, intended
to improve the safety and quality of groundwater in the Province. This regulation was replaced by a new
Groundwater Protection Regulation on February 29, 2016 (BC Reg 29/2016) and continues previously
established standards to protect groundwater supplies by requiring all water wells in British Columbia be
properly constructed, maintained and, at the end of their service, properly decommissioned. More
specifically, all newly constructed and altered wells must meet minimum construction standards including
incorporation of a surface annular seal, a minimum of 30 cm casing stickup [above existing or modified
ground surface], appropriate drainage away from the well, and completion with a secure well cap plus well
identification plate. After a well is drilled, responsibility for the well transfers from the driller to the owner
to maintain the casing stickup, surface drainage away from the well, secure cap and well identification
plate. This also includes maintaining the surface annular seal, if a pitless adapter is installed. Part 3 of the
regulation has requirements for siting wells. Part 10 requires that well construction reports for all new
and altered water supply wells be submitted to the Province (prior to 2016, submission of well reports
was voluntary). The regulation also requires that all work on a well, including pump installation, be
completed by qualified contractors registered to practice with the Province of B.C.

With the implementation of the Water Sustainability Act in 2016, certain groundwater uses in the Province
of BC now require a groundwater licence. Private domestic groundwater use (i.e. one well supplying
domestic water to one household) does not require a groundwater licence, and private domestic wells
are provided with a deemed water right of 2 m3/day. Permitted domestic uses include indoor domestic
water, watering poultry or animals kept for household use, and irrigation of a garden up to 1,000 m?2 in
area. Use of water beyond the volumes and purposes associated with domestic use as defined in the Water
Sustainability Act require a licence which must be applied for. Regional District or other approving authority
proof of water requirements for subdivision or building permit approval may exceed the 2 m3/day deemed
water right for domestic use, but do not allow the well owner to exceed that deemed right without a

licence. Individual well owners have the responsibility to carefully monitor their own water supplies and
to use water responsibly, especially in times of drought

With regard to water quality and private well water treatment, this is the homeowner’s responsibility as
the Ministry of Health does not regulate private water sources.
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Western Water Associates Ltd.
Standard Report Limitations

This Document has been prepared for the particular purpose outlined in the work scope that has
been mutually agreed to with the Client.

The scope and the period of service provided by Western Water Associates Ltd are subject to
restrictions and limitations outlined in subsequent numbered limitations.

A complete assessment of all possible conditions or circumstances that may exist at the Site or
within the Study Area referenced, has not been undertaken. Therefore, if a service is not expressly
indicated, it has not been provided and if a matter is not addressed, no determination has been
made by Western Water Associates Ltd. in regards to it.

Conditions may exist which were undetectable given the limited nature of the enquiry that
Western Water Associates Ltd. was retained to undertake with respect to the assignment.
Variations in conditions may occur between investigatory locations, and there may be special
conditions pertaining to the Site, or Study Area, which have not been revealed by the investigation
and which have not therefore been taken into account in the Document. Accordingly, additional
studies and actions may be required.

In addition, it is recognised that the passage of time affects the information and assessment
provided in this Document. Western Water Associates Ltd’s opinions are based upon
information that existed at the time of the production of the Document. It is understood that
the Services provided allowed Western Water Associates Ltd to form no more than an opinion
of the actual conditions of the Site, or Study Area, at the time the site was visited and cannot be
used to assess the effect of any subsequent changes in the quality of the Site, or Study Area, nor
the surroundings, or any laws or regulations.

Any assessments made in this Document are based on the conditions indicated from published
sources and the investigation described. No warranty is included, either expressed or implied,
that the actual conditions will conform exactly to the assessments contained in this Document.
Where data supplied by the Client or other external sources, including previous site investigation
data, have been used, it has been assumed that the information is correct unless otherwise stated.
No responsibility is accepted by Western Water Associates Ltd for incomplete or inaccurate data
supplied by others.

The Client acknowledges that Western Water Associates Ltd may have retained sub-consultants
affiliated to provide Services. Western Water Associates Ltd will be fully responsible to the Client
for the Services and work done by all of its sub-consultants and subcontractors. The Client agrees
that it will only assert claims against and seek to recover losses, damages or other liabilities from
Western Water Associates Ltd.

This Document is provided for sole use by the Client and is confidential to it and its professional
advisers. No responsibility whatsoever for the contents of this Document will be accepted to any
person other than the Client. Any use which a third party makes of this Document, or any reliance
on or decisions to be made based on it, is the responsibility of such third parties. Western Water
Associates Ltd. accepts no responsibility for damages, if any, suffered by any third party as a result
of decisions made or actions based on this Document.
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Well Depth Well Diameter Water Depth Bedrock Depth Well Yield Aquifer Aquifer

Well Tag Number Well ID Plate Well Status Well Class Intended Water Use  (ft bgl) (in) (ft bgl) (ft bgl) (USgpm)  Material Number
19593 New Unknown Unknown Well Use 38 30 0 Unconsolidated 194
58655 New Water Supply Private Domestic 360 110 0 Unconsolidated 194
57089 New Water Supply Private Domestic 490 140 0 30 Bedrock 808
60544 New Water Supply Private Domestic 480 265 7 0 Bedrock 808
69042 New Water Supply Private Domestic 363 6 83 8 1.5 Bedrock 808
69157 New Water Supply Private Domestic 510 6 8 2.5 Bedrock 808
80020 New Water Supply Private Domestic 180 6.63 100 50 Bedrock 808
82481 New Unknown Unknown Well Use 300 5.75 5 2 Bedrock 808
82486 New Water Supply Unknown Well Use 200 5.75 55 9 30 Bedrock 808
82822 New Water Supply Private Domestic 400 6.63 147 0.75 Bedrock 808
84786 New Water Supply Private Domestic 520 4.5 6 2 Bedrock 808
95265 30229 New Water Supply Water Supply System 540 6.62 67 124 Bedrock 808
102046 24083 New Water Supply Private Domestic 400 6.63 23 73 1.5 Bedrock 808
105407 27891 New Water Supply Private Domestic 180 6.63 72 33 10 Bedrock 808
109842 38628 New Water Supply Water Supply System 420 6.62 250 34 24 Bedrock 808
124408 62040 New Water Supply Private Domestic 400 6 40 18 3.5 Bedrock 808

82816 Alteration ~ Water Supply Private Domestic 406 6.63 8 Unknown 808

85473 Alteration  Water Supply Unknown Well Use 541 6 160 18 Bedrock 808
107602 34659 Alteration  Water Supply Private Domestic 680 6.63 487 20 Bedrock 808




Quantit Quantity
. v Diversion Max Primary Licensee Name
Units
Rate (m3/sec)

POD POD Well Tag Licence

Source Name
Subtype  Status Number Number

Licence Status Purpose Use

Quantity

PW201907 PWD Active 95265 503159 Current 00A - Waterworks: Local Provider 808 25000 m3/year 0.0078 Osoyoos Irrigation District (38030)
PD53942 POD Active C025545 Current 03A - Irrigation: Local Provider Haynes Creek 222026.4 m3/year Osoyoos Irrigation District (38030)
PD53944 POD Active C053096 Current 01A - Domestic Bourguiba Creek 4.54609 m3/day PRIVATE INDIVIDUAL NAME
PD53944 POD Active C053097 Current 01A - Domestic Bourguiba Creek 4.54609 m3/day PRIVATE INDIVIDUAL NAME
PD53944 POD Active C112040 Current 01A - Domestic Bourguiba Creek 2.27305 m3/day PRIVATE INDIVIDUAL NAME
PD53944 POD Active C112040 Current 02131 - Livestock & Animal: Stockwatering Bourguiba Creek 2.27305 m3/day PRIVATE INDIVIDUAL NAME
PD53944 POD Inactive C068152 Cancelled 01A - Domestic Bourguiba Creek 2.27305 m3/day PRIVATE INDIVIDUAL NAME
PD53944 POD Inactive C072664 Abandoned 01A - Domestic Bourguiba Creek 2.27305 m3/day PRIVATE INDIVIDUAL NAME
PD53944 POD Inactive C053100 Abandoned 01A - Domestic Bourguiba Creek 4.54609 m3/day PRIVATE INDIVIDUAL NAME
PD53944 POD Inactive C072665 Abandoned 01A - Domestic Bourguiba Creek 2.27305 m3/day PRIVATE INDIVIDUAL NAME
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Aquifer Description (Mapping Report - 2012):
Fractured crystalline (igneous intrusive or meta-
morphic, meta-sedimentary, meta-volcanic, vol-
canic) rock aquifer (subtype = 6b).

Aquifer Details

Region Thompson-Okanagan

Water District Penticton
Aquifer Area 18.6 km?
No. Wells Correlated 101
Vulnerability to High
Contamination
Productivity Moderate
Aquifer Classification A
Hydraulic Conductivity *  Unknown
Transmissivity * Unknown
Storativity * Unknown
No. Water Licences 1
Issued to Wells
Observation Wells 401

(Active, Inactive)

* min - max

For Hydraulic Connection see guidance document

Disclaimer: Use of information from Aquifer factsheets (accessed by BC government website) is subject to limitation of liability provisions (further described
on that website). That information is provided by the BC government as a public service on an “as is” basis, without warranty of any kind, whether express
or implied, and its use is at your own risk. Under no circumstances will the BC government, or its staff, agents and contractors, be responsible or liable to any

person or business entity, for any direct, indirect, special, incidental, consequential or any other loss or damages to any person or business entity based on this
factsheet or any use of information from it.

Detailed methods for all figures are described in the companion document (Aquifer Factsheet - Companion Document.pdf).
Factsheet generated: 2022-07-27. Aquifers online: https://apps.nrs.gov.bc.ca/gwells/aquifers.



https://apps.nrs.gov.bc.ca/gwells/aquifers/808
https://s3.ca-central-1.amazonaws.com/aquifer-docs/00800/AQ_00808_Aquifer_Mapping_Report.pdf
http://www.bclaws.ca/civix/document/id/complete/statreg/38_2016
http://www.env.gov.bc.ca/wsd/plan_protect_sustain/groundwater/aquifers/reports/aquifer_maps.pdf#page=16
http://www.env.gov.bc.ca/wsd/plan_protect_sustain/groundwater/aquifers/reports/aquifer_maps.pdf#page=16
http://www.env.gov.bc.ca/wsd/plan_protect_sustain/groundwater/aquifers/reports/aquifer_maps.pdf#page=19
http://www.env.gov.bc.ca/wsd/plan_protect_sustain/groundwater/aquifers/reports/aquifer_maps.pdf#page=15
https://a100.gov.bc.ca/pub/acat/documents/r50832/HydraulicConnectMW3_1474311684426_4310694949.pdf
https://www2.gov.bc.ca/assets/gov/environment/air-land-water/water/water-wells/aquifer_factsheet_-_companion_document.pdf
https://apps.nrs.gov.bc.ca/gwells/aquifers 

(Interactive map) Observation Well #401 (Well record) Aquifer #808

Monthly Groundwater Level! with Precipitation from Climate Normals?

Groundwater Levels and Long-term Trend

For more information regarding
trends in groundwater levels see
Environmental Reporting BC

Piper Plot No summary at this point

Detailed methods for all figures are described in the companion document (Aquifer Factsheet - Companion Document.pdf)



https://governmentofbc.maps.arcgis.com/apps/webappviewer/index.html?id=b53cb0bf3f6848e79d66ffd09b74f00d&find=OBS%20WELL%20401
https://apps.nrs.gov.bc.ca/gwells/well/102362
http://www.env.gov.bc.ca/soe/indicators/water/groundwater-levels.html
https://www2.gov.bc.ca/assets/gov/environment/air-land-water/water/water-wells/aquifer_factsheet_-_companion_document.pdf

AQUIFER CLASSIFICATION WORKSHEET

DATE: 02-Mar-12

AQUIFER REFERENCE NUMBER: 808

DESCRIPTIVE LOCATION OF AQUIFER: East of Osoyoos, Anarchist Mountain

NTS MAP SHEET: 082E03 and 082E04

BCGS MAP SHEET: 082E003 and 82e004
CLASSIFICATION: I1IA RANKING: 11

Aquifer Size:  18.5 km?

Aquifer Boundaries:

The eastern boundary was determined using geological data and coincides with the limit of
the intrusive rock group. The national border was used to delineate the southern boundary.
Quarternary limits and well development extents were used for the western boundary while
the northern boundary was determined using topographic information and the extent of well
development. Dashed lines were used to indicate the uncertainty associated with the
delineated aquifer boundary.

Aquifer Sub-type: 6b

Characterized as fractured crystalline (igneous intrusive or metamorphic, meta-sedimentary,
meta-volcanic, volcanic) rock aquifers.

Aquifer Priority Rating for Observation Wells: 57.62

Geologic Formation (overlying materials):

Approximately 30 percent of wells have silt, clay, or till material overlying the bedrock.
Confining materials are generally limited to two clustered locations in the southeast portion of
the aquifer where well density is higher and at several wells in the northwest section. The
interlayering of confining materials with more permeable deposits appears to occur with
lateral variations. Where confining materials are absent, permeable sand and gravel
materials are generally present or the overburden thickness is limited. The depth of
unconsolidated material overlying the bedrock ranges from 0 to 64.62 m with a median of
4.57 m and an average of 10.13 m.



Geologic Formation (aquifer): Bedrock

Metamorphic rock from the Mesozoic era. The main rock types include granite and alkali

feldspar granite intrusive rocks. There is potential for the aquifer to be connected to Aquifer
No. 936 located upgradient.

Confined/Partially Confined/Unconfined: Partially Confined
Vulnerability: High - A

The thickness of the predominant confining unit above the aquifer material ranges from 0.46 to
40.54 m with a median of 4.88 m and an average of 6.53 m based on 32 well records. However, the
lateral extent of the confining unit does not appear to be extensive based on available information.
The bedrock aquifer material generally results in relatively quick movement of water and any
accompanying contaminants. Aquifer vulnerability is considered high given that bedock is generally
encountered relatively close to surface and the majority of wells do not have overlying confining
sediments protecting it.

Productivity: Moderate —0.48 L/s

Reported well yields range between 0.03 to 9.10 L/s with a median of 0.43 L/s and an average
of 1.17 L/s based on 93 records. Productivity is considered moderate based on a geometric
mean of 0.48 L/s.

Depth to Water: Moderately Deep - Average 34.98 m

The depth to water ranged from free flowing to 91.44 m with a median of 30.48 m and an
average of 34.98 m based on 53 records. Artesian groundwater conditions were noted at
five wells.

Direction of Groundwater Flow:

Flow components likely to the west, southwest, and south ignoring geologic complexities in
the fractured bedrock and assuming groundwater will follow the topographic gradient from
high elevation to low elevation.

Recharge:

Recharge to the aquifer is likely from direct infiltration of precipitation. It is noted that the
aquifer is located in a dry climatic setting with an average annual precipitation of
approximately 300 mm and possibly lateral inflows from Aquifer No. 8001 located upgradient.

Domestic Well Density: Moderate — 5.03 wells/km?

The level of density was calculated at 5.03 wells/km? using wells identified for domestic and unknown
uses and is considered to be moderate.



Type of Water Use: Drinking Water

It is assumed water is used primarily for private domestic and water supply system uses based

on a review of well record information and aerial photography.

Reliance on Source:

Assumed to be a local source of water supply for private domestic and water supply system uses.

Conflicts between Users:

None documented.

Quantity Concerns:

None documented.

Quality Concerns:

None documented.

Comments:

References:

Bernardinucci J. and K Ronneseth, 2002. Guide to Using the BC Aquifer Classification Maps for the
Protection and Management of Groundwater. BC Ministry of Water, Land and Air Protection, Water
Air and Climate Change Branch, Water Protection Section.

Bostock, H.S. 1930. Surficial Geology, Keremeos Similkameen District, British Columbia, Geological
Survey of Canada, Map 341A.



AQUIFER CLASSIFICATION AND RANKING

AQUIFER LOCATION: East of Osoyoos, Anarchist Mountain
AQUIFER REFERENCE NUMBER: 808

AQUIFER SUB-TYPE: 6b

AQUIFER PRIORITY RATING FOR OBSERVATION: 57.62

CLASSIFICATION: A RANKING: 11

Classification Component:

Level of Development: Aquifer productivity is considered moderate based on well yield.
Demand is considered moderate (see below). There is a moderate level
of development in relation to aquifer productivity.

Level of Vulnerability: High level of vulnerability to surface contamination.

Ranking Component: Ranking Value:

Productivity:
Vulnerability:
Size:
Demand*:
Type Of Use:

Quality:

N N N W N

Quantity:
Total: 11

* Demand has been assessed subjectively. Demand is based on domestic well density, the presence of several water
supply system wells, and general knowledge of well use and land use in the area. Demand assumes that the reported
well capacity is the amount of water used, which can be misleading. The reported well capacity is often higher than
actual use.

Statistical Summary of Well Data for Aquifer # 808

Total number of wells available for statistical analysis:

Depth to Well Depth to Reported Est. | Est. Thickness of
Bedrock Depth Water Well Yield Confining
Materials

(m bgs) (m bgs) (m bgs) (L/s) (m)
Number of Wells 82 100 53 93 32
Minimum 0.00 5.49 Artesian 0.03 0.46
Maximum 64.62 304.80 91.44 9.10 40.54
Median 4.57 161.24 30.48 0.43 4.88
Average 10.13 164.78 34.98 1.17 6.53
Geometric Mean 4.88 147.54 25.08 0.48 4.12







Province of British Columbia

Groundwater Level Statistics Chart Oct 17,2022 | 1of 1

Groundwater.OW401.Groundwater Level Statistics Chart

Source Data: SGWL.Working@OW401
Location: OBS WELL 401 - OSOYOOS (BULLMOOSE RD), Latitude: 49.023341, Longitude: -119.363599, Elevation: : 0 m

The statistics (median/min/max) are based on the previous 10 years of available data prior to the current Water Year Data last appended: September 7, 2022 18:29 UTC+00:00

The statistics (median/min/max) are only displayed for wells with at least two years of data

The Groundwater Level Statistics Chart is only available for Active Wells Status: Active

DISCLAIMER -- The Government of British Columbia accepts no liability for the accuracy, availability, suitability, reliability, usability, completeness or timeliness of the data.


https://teams.microsoft.com/l/team/19%3a89c701c3c4984b03916164ff6ddd40a4%40thread.tacv2/conversations?groupId=ab8a1641-8ff7-4b62-bdbc-d47160d24e4c&tenantId=6fdb5200-3d0d-4a8a-b036-d3685e359adc

BRITISH Aquifer #936
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Aquifer Description (Mapping Report - 2012):
Fractured crystalline (igneous intrusive or meta-
morphic, meta-sedimentary, meta-volcanic, vol-
canic) rock aquifer (subtype = 6b).

Aquifer Details

Region Thompson-Okanagan
Water District Penticton
Aquifer Area 16.1 km?
No. Wells Correlated 161
Vulnerability to Moderate
Contamination

Productivity Moderate
Aquifer Classification 1B
Hydraulic Conductivity *  Unknown
Transmissivity * Unknown
Storativity * Unknown
No. Water Licences Unknown
Issued to Wells

Observation Wells 402

(Active, Inactive)

* min - max
For Hydraulic Connection see guidance document

Disclaimer: Use of information from Aquifer factsheets (accessed by BC government website) is subject to limitation of liability provisions (further described
on that website). That information is provided by the BC government as a public service on an “as is” basis, without warranty of any kind, whether express
or implied, and its use is at your own risk. Under no circumstances will the BC government, or its staff, agents and contractors, be responsible or liable to any
person or business entity, for any direct, indirect, special, incidental, consequential or any other loss or damages to any person or business entity based on this
factsheet or any use of information from it.

Detailed methods for all figures are described in the companion document (Aquifer Factsheet - Companion Document.pdf).

Factsheet generated: 2022-07-27. Aquifers online: https://apps.nrs.gov.bc.ca/gwells/aquifers.



https://apps.nrs.gov.bc.ca/gwells/aquifers/936
https://s3.ca-central-1.amazonaws.com/aquifer-docs/00900/AQ_00936_Aquifer_Mapping_Report.pdf
http://www.bclaws.ca/civix/document/id/complete/statreg/38_2016
http://www.env.gov.bc.ca/wsd/plan_protect_sustain/groundwater/aquifers/reports/aquifer_maps.pdf#page=16
http://www.env.gov.bc.ca/wsd/plan_protect_sustain/groundwater/aquifers/reports/aquifer_maps.pdf#page=16
http://www.env.gov.bc.ca/wsd/plan_protect_sustain/groundwater/aquifers/reports/aquifer_maps.pdf#page=19
http://www.env.gov.bc.ca/wsd/plan_protect_sustain/groundwater/aquifers/reports/aquifer_maps.pdf#page=15
https://a100.gov.bc.ca/pub/acat/documents/r50832/HydraulicConnectMW3_1474311684426_4310694949.pdf
https://www2.gov.bc.ca/assets/gov/environment/air-land-water/water/water-wells/aquifer_factsheet_-_companion_document.pdf
https://apps.nrs.gov.bc.ca/gwells/aquifers 

(Interactive map) Observation Well #402 (Well record) Aquifer #936

Monthly Groundwater Level! with Precipitation from Climate Normals?

Groundwater Levels and Long-term Trend

For more information regarding
trends in groundwater levels see
Environmental Reporting BC

P|per Plot The groundwater samples are typically of the Ca-Na-Mg-

S0O4-HCO3 & Ca-Na-S0O4 type. Ca and Na are the domi-
nant cations, the fact that aquifer #936 is fractured bedrock
aquifer, Ca the dominant cation, SO4 being the dominant an-
ion might indicate moderately evolved/medium water-rock
interaction. For EMS water chemistry data, see EMS ID
E283990.

Detailed methods for all figures are described in the companion document (Aquifer Factsheet - Companion Document.pdf)



https://governmentofbc.maps.arcgis.com/apps/webappviewer/index.html?id=b53cb0bf3f6848e79d66ffd09b74f00d&find=OBS%20WELL%20402
https://apps.nrs.gov.bc.ca/gwells/well/102364
https://a100.gov.bc.ca/pub/ems/mainmenu.do?userAction=monitoringLocationsCriteria&bean.p_mon_locn_id=E283990
https://a100.gov.bc.ca/pub/ems/mainmenu.do?userAction=monitoringLocationsCriteria&bean.p_mon_locn_id=E283990
http://www.env.gov.bc.ca/soe/indicators/water/groundwater-levels.html
https://www2.gov.bc.ca/assets/gov/environment/air-land-water/water/water-wells/aquifer_factsheet_-_companion_document.pdf

AQUIFER CLASSIFICATION WORKSHEET

DATE: 02-Mar-12
AQUIFER REFERENCE NUMBER: 936
DESCRIPTIVE LOCATION OF AQUIFER: East of Osoyoos, Anarchist Mountain
NTS MAP SHEET: 082E04
BCGS MAP SHEET: 82e004
CLASSIFICATION: 1B RANKING: 10
Aquifer Size: 16.1 km®

Aquifer Boundaries:

The western boundary was determined using geological data and coincides with the limit of
the Anarchist Schist formation. The national border was used to delineate the southern
boundary while the remaining limits were determined using topographic information and the
extent of well development. Dashed lines were used to indicate the uncertainty associated
with the delineated aquifer boundary.

Aquifer Sub-type: 6b
Characterized as fractured crystalline (igneous intrusive or metamorphic, meta-sedimentary,
meta-volcanic, volcanic) rock aquifers.

Aquifer Priority Rating for Observation Wells: 42.38

Geologic Formation (overlying materials):

Over 60 percent of wells have silt, clay, or till material overlying the bedrock. Confining
materials are generally limited to several clustered locations. The interlayering of confining
materials with more permeable deposits appears to occur with lateral variations. Where
confining materials are absent, permeable sand and gravel materials are generally present.
The depth of unconsolidated material overlying the bedrock ranges from 0 to 57.30 m with a
median of 10.06 m and an average of 13.29 m.

Geologic Formation (aquifer): Bedrock

Despite differences in geology there is potential for the aquifer to be connected to Aquifer No.
808 located down gradient.



Confined/Partially Confined/Unconfined: Partially Confined

Vulnerability: Medium - B

There are several clusters of wells where the aquifer appears to be confined predominantly by till and
clay with some areas having silt material. The thickness of the predominant confining unit above the
aquifer material ranges from 0.91 to 52.73 m with a median of 7.32 m and an average of 10.06 m
based on 100 well records. The depth to bottom of the confining material ranges from 0.91 to

57.30 m with an average of 17.19 m. The overlying confining sediments are considered relatively
thick but the areal extent is limited to several clustered areas. The bedrock aquifer material
generally results in relatively quick movement of water and any accompanying contaminants. A
moderate vulnerability has been assigned based on the presence of overlying confining sediments
that are substantially thick protecting over 60 percent of the aquifer.

Productivity: Moderate — 1.20 L/s

Reported well yields range between 0.03 to 9.57 L/s based on 157 records.  Productivity is
considered moderate based on a geometric mean of 1.20 L/s.

Depth to Water: Moderately Shallow - Average 16.76 m

The depth to water ranged from free flowing to 60.96 m with a median of 11.43 m and an
average of 16.76 m based on 12 records. Artesian groundwater conditions were noted at
two wells.

Direction of Groundwater Flow:

Flow components likely to the west, southwest, and south ignoring geologic complexities in
the fractured bedrock and assuming groundwater will follow the topographic gradient from
high elevation to low elevation.

Recharge:

Recharge to the aquifer is likely from direct infiltration of precipitation. It is noted that the
aquifer is located in a dry climatic setting with an average annual precipitation of
approximately 300 mm.

Domestic Well Density: Moderate — 9.8 wells/km?

The level of density was calculated at 9.8 wells/km? using wells identified for domestic and unknown
uses and is considered to be moderate.

Type of Water Use: Drinking Water

It is assumed water is used primarily for private domestic use based on a review of well record
information and aerial photography.

Reliance on Source:




Assumed to be a local source of water supply primarily for private domestic use.

Conflicts between Users:

None documented.

Quantity Concerns:

None documented.

Quality Concerns:

None documented.

Comments:

References:

Bernardinucci J. and K Ronneseth, 2002. Guide to Using the BC Aquifer Classification Maps for the
Protection and Management of Groundwater. BC Ministry of Water, Land and Air Protection, Water
Air and Climate Change Branch, Water Protection Section.

Bostock, H.S. 1930. Surficial Geology, Keremeos Similkameen District, British Columbia, Geological
Survey of Canada, Map 341A.



AQUIFER CLASSIFICATION AND RANKING
AQUIFER LOCATION: East of Osoyoos, Anarchist Mountain
AQUIFER REFERENCE NUMBER: 936

AQUIFER SUB-TYPE: 6b
AQUIFER PRIORITY RATING FOR OBSERVATION: 42.38

CLASSIFICATION: liB RANKING: 10

Classification Component:

Aquifer productivity is considered moderate based on well yield.
Demand is considered moderate (see below). There is a moderate level
of development in relation to aquifer productivity.

Level of Development:

Level of Vulnerability: Moderate level of vulnerability to surface contamination.

Ranking Component: Ranking Value:

Productivity:
Vulnerability:
Size:
Demand*:
Type of Use:
Quality:
Quantity:
Total: 10

N N N NN

* Demand has been assessed subjectively. Demand is based on domestic well density and general knowledge of well use
and land use in the area. Demand assumes that the reported well capacity is the amount of water used, which can be

misleading. The reported well capacity is often higher than actual use.

Statistical Summary of Well Data for Aquifer # 936
Total number of wells available for statistical analysis:

Depth to Well Depth to Reported Est. | Est. Thickness of
Bedrock Depth Water Well Yield Confining
Materials

(m bgs) (m bgs) (m bgs) (L/s) (m)
Number of Wells 150 161 12 157 100
Minimum 0.00 12.19 Artesian 0.03 0.91
Maximum 57.30 262.13 60.96 9.57 52.73
Median 10.06 152.40 11.43 1.26 7.32
Average 13.29 147.70 16.76 1.78 10.06
Geometric Mean 7.32 134.88 11.50 1.20 6.58




Province of British Columbia

Groundwater Level Statistics Chart Oct 17,2022 | 1of 1

Groundwater.OW402.Groundwater Level Statistics Chart

Source Data: SGWL.Working@OW402
Location: OBS WELL 402 - OSOYOOS (ANARCHIST MTN SUMMIT), Latitude: 49.030404, Longitude: -119.347269, Elevation: : 0 m

The statistics (median/min/max) are based on the previous 10 years of available data prior to the current Water Year Data last appended: October 17, 2022 04:00 UTC+00:00

The statistics (median/min/max) are only displayed for wells with at least two years of data

The Groundwater Level Statistics Chart is only available for Active Wells Status: Active

DISCLAIMER -- The Government of British Columbia accepts no liability for the accuracy, availability, suitability, reliability, usability, completeness or timeliness of the data.


https://teams.microsoft.com/l/team/19%3a89c701c3c4984b03916164ff6ddd40a4%40thread.tacv2/conversations?groupId=ab8a1641-8ff7-4b62-bdbc-d47160d24e4c&tenantId=6fdb5200-3d0d-4a8a-b036-d3685e359adc
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® Registered Water Well - Artesian
* Registered Water Well
® Active Observation Well
Inactive Observation Well

mAquifer Boundary

Aquifer Description (Mapping Report - 2012):
Unconfined glacio-fluvial outwash or ice contact
sand and gravel aquifers generally formed near or
at the end of the last period of glaciation (sub-

type = 4a).
Aquifer Details
Region Thompson-Okanagan
Water District Penticton
Aquifer Area 5.3 km?
No. Wells Correlated 129
Vulnerability to High
Contamination
Productivity Moderate
Aquifer Classification A
Hydraulic Conductivity *  Unknown
Transmissivity * Unknown
Storativity * Unknown
No. Water Licences 2
Issued to Wells
Observation Wells 467

(Active, Inactive)

* min - max

For Hydraulic Connection see guidance document

Disclaimer: Use of information from Aquifer factsheets (accessed by BC government website) is subject to limitation of liability provisions (further described
on that website). That information is provided by the BC government as a public service on an “as is” basis, without warranty of any kind, whether express

or implied, and its use is at your own risk. Under no circumstances will the BC government, or its staff, agents and contractors, be responsible or liable to any

factsheet or any use of information from it.

person or business entity, for any direct, indirect, special, incidental, consequential or any other loss or damages to any person or business entity based on this

Detailed methods for all figures are described in the companion document (Aquifer Factsheet - Companion Document.pdf).
Factsheet generated: 2022-07-27. Aquifers online: https://apps.nrs.gov.bc.ca/gwells/aquifers.



https://apps.nrs.gov.bc.ca/gwells/aquifers/194
https://s3.ca-central-1.amazonaws.com/aquifer-docs/00100/AQ_00194_Aquifer_Mapping_Report.pdf
http://www.bclaws.ca/civix/document/id/complete/statreg/38_2016
http://www.env.gov.bc.ca/wsd/plan_protect_sustain/groundwater/aquifers/reports/aquifer_maps.pdf#page=16
http://www.env.gov.bc.ca/wsd/plan_protect_sustain/groundwater/aquifers/reports/aquifer_maps.pdf#page=16
http://www.env.gov.bc.ca/wsd/plan_protect_sustain/groundwater/aquifers/reports/aquifer_maps.pdf#page=19
http://www.env.gov.bc.ca/wsd/plan_protect_sustain/groundwater/aquifers/reports/aquifer_maps.pdf#page=15
https://a100.gov.bc.ca/pub/acat/documents/r50832/HydraulicConnectMW3_1474311684426_4310694949.pdf
https://www2.gov.bc.ca/assets/gov/environment/air-land-water/water/water-wells/aquifer_factsheet_-_companion_document.pdf
https://apps.nrs.gov.bc.ca/gwells/aquifers 

(Interactive map) Observation Well #467 (Well record) Aquifer #194

Monthly Groundwater Level! with Precipitation from Climate Normals?

Groundwater Levels and Long-term Trend

For more information regarding
trends in groundwater levels see
Environmental Reporting BC

Piper Plot No summary at this point

Detailed methods for all figures are described in the companion document (Aquifer Factsheet - Companion Document.pdf)
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https://apps.nrs.gov.bc.ca/gwells/well/115691
http://www.env.gov.bc.ca/soe/indicators/water/groundwater-levels.html
https://www2.gov.bc.ca/assets/gov/environment/air-land-water/water/water-wells/aquifer_factsheet_-_companion_document.pdf

AQUIFER CLASSIFICATION WORKSHEET

DATE: 28-Feb-12

AQUIFER REFERENCE NUMBER: 194

DESCRIPTIVE LOCATION OF AQUIFER: East Osoyoos

NTS MAP SHEET: 082E03 and 082E04

BCGS MAP SHEET: 082E003
CLASSIFICATION: 1IA RANKING: 15
Aquifer Size: 5.21 km®

Aquifer Boundaries:

Osoyoos Lake was used to define the western aquifer boundary. The eastern aquifer
boundary was determined using available quarternary geology information which generally
coincides with the base of mountain slopes. A solid line has been used along the western
and eastern aquifer boundaries and corresponds to a high degree of certainty. The northern
and southern aquifer boundaries were delineated using topographic divides and represent the
probably extent of local aquifer recharge. Dashed lines were used and indicate a lesser
degree of certainty.

Aquifer Sub-type: 4a
Characterized as unconfined glaciofluvial outwash or ice contact sand and gravel aquifers,
generally formed near or at the end of the last period of glaciation.

Aquifer Priority Rating for Observation Wells: 73.57

Geologic Formation (overlying materials):

Recent alluvium and glacial drift (Bostock, 1940). Well records indicate overlying material
ranges from fine sand to coarse gravel inferred to be deposited by melt-water streams.

Geologic Formation (aquifer): Sand and Gravel
Predominantly sand and gravel deposits with some areas having fine sand material.

Confined/Partially Confined/Unconfined: Partially Confined

Confined over parts of the area and unconfined over others. The confining layer is generally
encountered along the lake shoreline. The area along the southern half of the shoreline was




previously defined a separate aquifer (Aquifer No. 195); however, given the limited vertical
extent and potential connection to the upgradient unconfined areas the two areas were
lumped into a single aquifer. Some areas are confined by semi-pervious sediments that do
not completely protect the aquifer from potential surface contamination. A deeper confined
aquifer may exist based on a few deep wells with yield, but this was not investigated further
due to the lack of information.

Vulnerability: High - A

Aquifer vulnerability is considered high. Unconfined conditions exists where “windows”
provide a potential pathway for contaminants to reach the aquifer. Where present, the
predominant confining material consists of sand and fines which are considered medium
permeability sediments. The confining layer thickness is relatively thin based on an average
thickness of 4.57 m using lithology information from 25 well records. The average water
depth is 4.43 m below ground surface based on 116 well records and is considered to be
shallow.

Productivity: Moderate - 2.81 L/s

Reported well yields show a wide range between 0.09 to 75.71 L/s based on 37 records. A
median of 2.52 L/s and a geometric mean of 2.81 L/s was calculated based on the available
well yield information. High capacity wells are generally located near the lake. Although
some areas of the aquifer appear to be highly productive, a moderate productivity was
assigned to be conservative given the geometric well yield value of less than 3.0 L/s.

Depth to Water: Shallow — Average 4.43 m

The depth to water ranged from free flowing to 16.76 m with a median of 3.66 m and an
average of 4.43 m based on 116 records. One well (Well Tag Number 16263) was noted as
being artesian and is located near the base of the mountain slope.

Direction of Groundwater Flow:

Likely east to west from inland at higher elevation towards Osoyoos Lake.

Recharge:

Recharge to the aquifer is from direct infiltration of precipitation and irrigation water. It is
noted that the aquifer is located in a dry climatic setting with an average annual precipitation
of approximately 300 mm. High capacity wells near Osoyoos Lake are recharged by the lake.

Domestic Well Density: Moderate — 23 wells/km?

The level of density was calculated at 23 wells/km? using wells identified for domestic and unknown
uses. Itis believed that many of the wells located inland are abandoned or used for garden use only
since owners have chosen to hook up to a water supply system; therefore, the domestic well density
is considered to be moderate. It is understood that a majority of the residents located along the
Osoyoos lake shoreline, however, still utilize their dug wells for domestic purposes.



Type of Water Use: Multiple Uses

Primarily private domestic use but groundwater is also used for municipal water systems (i.e.,
Town of Osoyoos), commercial (i.e., campgrounds, local resorts, motel) and irrigation
purposes.

Reliance on Source:

Local source of drinking water supply for individual domestic and municipal systems. Also used for
irrigation and commercial purposes.

Conflicts between Users:

None documented.

Quantity Concerns:

None documented. Groundwater levels do not show any long term declining trends, indicating good
potential for further groundwater development (Groundwater Resources of British Columbia).

Quality Concerns:

Reported groundwater concerns include high nitrate levels (>10 mg/L) possibly from septic tank
effluent or fertilizer application (Groundwater Resources of British Columbia). Nitrate studies in the
area have been ongoing since 1985. Two well records also indicate high levels of iron.

Comments:

References:

Bernardinucci J. and K Ronneseth, 2002. Guide to Using the BC Aquifer Classification Maps for the
Protection and Management of Groundwater. BC Ministry of Water, Land and Air Protection, Water
Air and Climate Change Branch, Water Protection Section.

British Columbia Ministry of Environment. Ground Water Resources of British Columbia.
http://www.env.gov.bc.ca/wsd/plan protect sustain/groundwater/gwbc/index.html accessed on
February 29, 2012.

Bostock, H.S. 1940. Surficial Geology, Keremeos Similkameen District, British Columbia, Geological
Survey of Canada, Map 341A.


http://www.env.gov.bc.ca/wsd/plan_protect_sustain/groundwater/gwbc/index.html

AQUIFER CLASSIFICATION AND RANKING

AQUIFER LOCATION: East Osoyoos
AQUIFER REFERENCE NUMBER: 194

AQUIFER SUB-TYPE: 4a

AQUIFER PRIORITY RATING FOR OBSERVATION: 73.57
CLASSIFICATION: A RANKING: 15
Classification Component:

Level of Development: Moderate level of development in relation to aquifer productivity.
Level of Vulnerability: High level of vulnerability to surface contamination.
Ranking Component: Ranking Value:

Productivity: 2

Vulnerability: 3

Size: 2

Demand*: 2

Type Of Use: 3

Quality: 3

Quantity:

Total: 15

* Demand has been assessed subjectively. Demand is based on domestic well density, presence of several
municipal supply wells with yields up to 75 L/s, and general knowledge of well use and land use in the area.
Demand assumes that the reported well capacity is the amount of water used, which can be misleading. The
reported well capacity is often higher than actual use.

Statistical Summary of Well Data for Aquifer # 194
Total number of wells available for statistical analysis:

Depth to Well Depth to Reported Est. | Est. Thickness of
Bedrock Depth Water Well Yield Confining
Materials

(m bgs) (m bgs) (m bgs) (L/s) (m)
Number of Wells 0 130 116 37 25
Minimum - 1.83 Artesian 0.09 1.22
Maximum - 29.26 16.76 75.71 13.71
Median - 7.77 3.66 2.52 3.05
Average - 8.71 4.43 10.57 4.57
Geometric Mean - 7.38 3.53 2.81 3.59
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Groundwater.OW467.Groundwater Level Statistics Chart

Source Data: SGWL.Working@OW467
Location: OBS WELL 467 - OSOYOOS EAST (52ND AVE AND 25TH ST), Latitude: 49.022315, Longitude: -119.425509, Elevation: : 347.54 m

The statistics (median/min/max) are based on the previous 10 years of available data prior to the current Water Year Data last appended: October 16, 2022 23:00 UTC+00:00

The statistics (median/min/max) are only displayed for wells with at least two years of data

The Groundwater Level Statistics Chart is only available for Active Wells Status: Active

DISCLAIMER -- The Government of British Columbia accepts no liability for the accuracy, availability, suitability, reliability, usability, completeness or timeliness of the data.
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Static Level ft.
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Pumping_Level ft. at _1 GPM
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Bail Test ft. at GPH
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Recommended Pump Setting 4‘? () fi.

! GPM
Recommended Max. Pump Output 2 Qe
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™ " Well Construction Report Qo lene J Uling L | Ministry Well ID Plate Number: = _

,Stamp.company name.’addressf Ministry Well Tag Number:___ (25 Yo Z

u e )
c%'i‘%%‘ A Ministry of L'Well Closure Report 'phohé'lfa%marr here, if desired. [ Confirmation/alternative specs. attached
The Besc Pheeon Eaih | Evironment ] Well Alteration Report SO~ TLEX - ?‘ﬁ s O Original well construction report attached

e ¥ |
VDA _ Street name *

1
I
S N

. (0r) Legal description: Lot _ ': Plan= Y pL S 10% élock Sec.
(D) PID: ‘ Desc'-atlon of well location (attach sketch, if nec. ) Mo
U O e U Y. C IR I e .
NAD 83: Zone: _ UTM Easting: N :‘ ,‘; ,;Qi\-j‘;l "-_:. m Latitude (see note 4): _ —
(see note 3) @ UTM Northing: SHRMNIE N m Longitude:
Method of drilling: “Rair rotary Odual rotary [Ocable tool O I:nt.Jd_r'oﬁa'ry Oauger Odriving Ojetting [Oother (specify):

Orientation of well:'"E vertical EI horlzonta] Ground elevation:»

ft (asl) Method (see note 5):

Class of well (see note 6):_ S~Gi T Swb Dl Sub-class of well: §_Evrrg <&

Water supply wells: indicate intended water use = private domestic [ water supply system Olirrigation I commercial or industrial O other (specify):

Lithologic description (see notes 8-13) or closure description (see notes 14 and 15)
Observations

Surficial Material Bedrock Material

From To
ft (bgl) = ft(bgl)

Siltstone/shale

Sand \‘l-it;‘-l grav;im
Sandstone

- -é;xnd. fine:_f_r'llgq_“w

Colour

) [Light Grey

Hardness Water Content
= T : (e.g. other geological materials
(e.g. boulders), est. water bearing

flow (USgpm), or closure details)

Not Available

Blue
' ngh Praduction

i | park Gre;'
O [Very Hard
) | Harg
@ | Dense/stiff

o O | Loose

000

Casing details

Drive
Shoe

: Casing Material/Open Hole : Wall

From : To | Dia ; i
(see note 17), i Thickness |

ft (bgl) ft(ngl)g in

Screen details

From | To . Dia

‘ : | Slot Size
ftbgl) - ft(bg) . in

Type
(see note 18)

1N

Surface seal: Type: fof s Fosm T L ___ Depth: W2 i Intake: O Screen [ Open bottom.  [I Uncased hole

Method of instal_l_atioﬁ:‘E‘ Po_ured O Pumped Thickness: :- [ Screen type: O Telescope a Pipe?i— e

Backfill: Type: AT T __ Depth: S Screen material: [ Stainless steel O Plastic “0 Other (specify):
Line;:.“‘la PVC O Other (specify): — Screen opening: O Continuous slot O Slotted D'Peﬁorated pipe

Diameter: =% _in  Thickness: __. S in Screen bottom: O Bail OPlug OPlate O Othr—:}r‘(.Qpecify): .
Froms S (bgl) To: & _ft (bgl) Perforated: From\ it (bal) To #t bgl)  Filter pack: From:____ t To ft Thickness:> i

Type and size of material: _

Developed by:

| Ar lifting O Surging O Jetting OPumping 0O Bailing
Other (specify): _ _____ Total duration:_ 79; __hrs
Notes: :~_~”—f_“_ A . VR S, ——
Well yield estimated by:
OPumping “EAirlifng OBaiing O Other (specxfy)
Rate: %>  USgpm Duration: f--n.; i hrs
SWL before test: t._; ft (btoc) Pumping water level: t (btoc)
_ Obvious water quality characteristics:
SElfresh OSaty ‘EClear OCloudy [ Sediment [lGas
Colourfodour: S~y Water sample collected: O

Well driller (print clearly):
Name (first, last) (see note 19)' \/;

Registration no. (see note 20):

Consultant (if applicable; name and cumpany)

DECLARATION: Well construction, well alteration or well closure, as the case may be, has been done
in accordance with the roqukamems lmme Water Act and 1hc Ground Water Protection Regulation.

Signature of 4
Driller Responsible

PLEASE NOTE: The information racorded in this well report describes the works and hydrogeologlc conditions at the time of construction, alteration
or closure, as the case may be. well yield, well performance and water quality are not guaranteed as they are influenced by a number of factors,

including natural variability, human activities and condition of the works, which may change over time.

Final well completion data:
AT, o I
Total depth drilled: % 5L ft

\ ot
Finished well depth: ft (bgl)

Final stick up: a;-‘_“‘_ln _______in Depth to bedrock: ; D __ft(bgl)
swL: | n ft (btoc) Estimated well yield: _ . USgpm
Artesian flow: T T USgpm, or Artesian pressure: . ft
Type of well cap:* PR AN = WeIIdmmfected*f_'l Yes EINo \
Where well ID plate is attached: L YA Ne WL :—_’._ X
Well closure information:
Reason for closure: = L = =
Method of closure: O Pou.red O Pumped
Sealant material: ___i\*_m,,, Backfill material: s
Details of closure (see note 16): :“_\_q e T = . -
als etiak Gl it M/DD): .
Started: ;1_ o™ , Completed:'~ C 4:" _a
Comments: ‘} bW *7\;“ R RV I
white:  Customer copy 2 N ~
canary: Driller copy b
pink:  Ministry copy Sheet of -~



Appendix B

Pumping Test Data and Graphs
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| Static Water Level = 13.6 m (44.7 ft)

| Total Well Depth =122 m (400 ft)

1 Dominant Fracture or Suggested Pump depth = 36.6 m (120 ft)
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Project No: 21-090-01VR, Table B1: Constant Rate Test - Steinar Johnsen GW Feasibility Osoyoos - WTN 124408 (WPID 62040)

Well depth = 400 ft Well diameter = 6 in Measurement method = Pail and stopwatch Pump Depth = 385 ft
Time since Specific Capacity
: pump Water level Water level Water level Drawdown Drawdown Pumping Rate Pumping Rate
Comments Real Time started, t measurement measurement changes (m) (fo) (m) (ls) (USgpm)
(minutes) (btoc) (m) (btoc) (ft)
L/s/m Usgpm/ft
STATIC 2022-09-14 12:00 0 13.620 44.7 - 0.00 0.00 0.00 0 - -

14-Sep-22 2022-09-14 12:01 1 14.120 46.3 0.50 1.64 0.50 0.13 2.1 0.26 1.28
2022-09-14 12:02 2 14.370 47.1 0.25 2.46 0.75 0.13 2.1 0.18 0.85
2022-09-14 12:04 4 14.840 48.7 0.47 4.00 1.22 0.13 2.1 0.11 0.52
2022-09-14 12:06 6 15.290 50.2 0.45 5.48 1.67 0.13 2.1 0.08 0.38
2022-09-14 12:08 8 15.630 51.3 0.34 6.59 2.01 0.13 2.1 0.07 0.32
2022-09-14 12:10 10 15.870 52.1 0.24 7.38 2.25 0.13 2.1 0.06 0.28
2022-09-14 12:12 12 16.110 52.9 0.24 8.17 2.49 0.13 2.1 0.05 0.26
2022-09-14 12:14 14 16.340 53.6 0.23 8.92 2.72 0.13 2.1 0.05 0.24
2022-09-14 12:16 16 16.560 54.3 0.22 9.65 2.94 0.13 2.1 0.05 0.22
2022-09-14 12:18 18 16.720 54.9 0.16 10.17 3.10 0.13 2.1 0.04 0.21
2022-09-14 12:20 20 16.840 55.3 0.12 10.56 3.22 0.13 2.1 0.04 0.20
2022-09-14 12:25 25 17.230 56.5 0.39 11.84 3.61 0.13 2.1 0.04 0.18
2022-09-14 12:30 30 17.490 57.4 0.26 12.70 3.87 0.13 2.1 0.03 0.17
2022-09-14 12:35 35 17.820 58.5 0.33 13.78 4.20 0.13 2.1 0.03 0.15
2022-09-14 12:40 40 17.890 58.7 0.07 14.01 4.27 0.13 2.1 0.03 0.15
2022-09-14 12:45 45 17.910 58.8 0.02 14.08 4.29 0.13 2.1 0.03 0.15
2022-09-14 12:50 50 17.990 59.0 0.08 14.34 4.37 0.13 2.1 0.03 0.15
2022-09-14 12:55 55 18.180 59.6 0.19 14.96 4.56 0.13 2.1 0.03 0.14
2022-09-14 13:00 60 18.200 59.7 0.02 15.03 4.58 0.13 2.1 0.03 0.14
2022-09-14 13:15 75 18.420 60.4 0.22 15.75 4.80 0.13 2.1 0.03 0.13
2022-09-14 13:45 105 18.740 61.5 0.32 16.80 5.12 0.13 2.1 0.03 0.13
2022-09-14 14:00 120 18.790 61.6 0.05 16.96 5.17 0.13 2.1 0.03 0.12
2022-09-14 14:15 135 18.870 61.9 0.08 17.23 5.25 0.13 2.1 0.03 0.12
2022-09-14 14:30 150 18.930 62.1 0.06 17.42 5.31 0.13 2.1 0.02 0.12
2022-09-14 14:45 165 19.070 62.6 0.14 17.88 5.45 0.13 2.1 0.02 0.12
2022-09-14 14:50 170 19.100 62.7 0.03 17.98 5.48 0.13 2.1 0.02 0.12
2022-09-14 15:00 180 19.115 62.7 0.01 18.03 5.50 0.13 2.1 0.02 0.12
2022-09-14 15:30 210 19.210 63.0 0.10 18.34 5.59 0.13 2.1 0.02 0.11
2022-09-14 16:00 240 19.310 63.4 0.10 18.67 5.69 0.13 2.1 0.02 0.11
2022-09-14 16:30 270 19.370 63.6 0.06 18.87 5.75 0.13 2.1 0.02 0.11
2022-09-14 17:00 300 19.400 63.7 0.03 18.96 5.78 0.13 2.1 0.02 0.11
2022-09-14 17:30 330 19.430 63.7 0.03 19.06 5.81 0.13 2.1 0.02 0.11
2022-09-14 18:00 360 19.540 64.1 0.11 19.42 5.92 0.13 2.1 0.02 0.11
2022-09-14 18:30 390 19.630 64.4 0.09 19.72 6.01 0.13 2.1 0.02 0.11
2022-09-14 19:00 420 19.730 64.7 0.10 20.05 6.11 0.13 2.1 0.02 0.10
2022-09-14 19:30 450 19.800 65.0 0.07 20.28 6.18 0.13 2.1 0.02 0.10
2022-09-14 20:00 480 19.860 65.2 0.06 20.47 6.24 0.13 2.1 0.02 0.10
2022-09-14 20:30 510 19.905 65.3 0.05 20.62 6.29 0.13 2.1 0.02 0.10
2022-09-14 21:00 540 19.940 65.4 0.04 20.74 6.32 0.13 2.1 0.02 0.10
2022-09-14 22:00 600 20.040 65.8 0.10 21.06 6.42 0.13 2.1 0.02 0.10
2022-09-14 23:00 660 20.110 66.0 0.07 21.29 6.49 0.13 2.1 0.02 0.10
15-Sep-22 2022-09-15 0:00 720 20.195 66.3 0.09 21.57 6.58 0.13 2.1 0.02 0.10
2022-09-15 3:00 900 20.340 66.7 0.15 22.05 6.72 0.13 2.1 0.02 0.10
2022-09-15 6:00 1080 20.505 67.3 0.16 22.59 6.89 0.13 2.1 0.02 0.09
2022-09-15 9:00 1260 20.680 67.9 0.18 23.16 7.06 0.13 2.1 0.02 0.09
24h 2022-09-15 12:00 1440 20.820 68.3 0.14 23.62 7.20 0.13 2.1 0.02 0.09
2022-09-15 16:00 1680 21.030 69.0 0.21 24.31 741 0.13 2.1 0.02 0.09
2022-09-15 20:00 1920 21.340 70.0 0.31 25.33 7.72 0.13 2.1 0.02 0.08
16-Sep-22 2022-09-16 0:00 2160 21.595 70.9 0.25 26.17 7.98 0.13 2.1 0.02 0.08
2022-09-16 6:00 2520 21.900 71.9 0.31 27.17 8.28 0.13 2.1 0.02 0.08
2022-09-16 10:00 2760 21.990 72.1 0.09 27.46 8.37 0.13 2.1 0.02 0.08
48h 2022-09-16 12:00 2880 22.090 72.5 0.10 27.79 8.47 0.13 2.1 0.02 0.08
2022-09-16 16:00 3120 22.210 72.9 0.12 28.18 8.59 0.13 2.1 0.02 0.07
2022-09-16 20:00 3360 22.380 73.4 0.17 28.74 8.76 0.13 2.1 0.02 0.07
60h - 17-Sep-22 2022-09-17 0:00 3600 22.440 73.6 0.06 28.94 8.82 0.13 2.1 0.02 0.07

Project No: 21-090-01VR
Date: October 2022



Project No: 21-090-01VR, Table B1: Constant Rate Test - Steinar Johnsen GW Feasibility Osoyoos - WTN 124408 (WPID 62040)

Well depth = 400 ft Well diameter = 6 in Measurement method = Pail and stopwatch Pump Depth = 385 ft

Time since Specific Capacity
Water level Water level . .
Comments Real Time pump P Water level Drawdown Drawdown Pumping Rate Pumping Rate
started, t changes (m) (ft) (m) (I/s) (USgpm)
(minutes) (btoc) (m) (btoc) (ft)
L/s/m

2022-09-17 6:00 3960 22.710 74.5 0.27 29.82 9.09 0.13 2.1 0.01 0.07

2022-09-17 9:00 4140 22.780 74.7 0.07 30.05 9.16 0.13 2.1 0.01 0.07

72h 2022-09-17 12:00 4320 22.840 74.9 0.06 30.25 9.22 0.13 2.1 0.01 0.07
Recovery 2022-09-17 12:02 4322 22.210 72.9 -0.63 28.18 8.59 - - - -
17-Sep-22 2022-09-17 12:04 4324 21.710 71.2 -0.50 26.54 8.09 - - - -
2022-09-17 12:06 4326 21.300 69.9 -0.41 25.20 7.68 - - - -
2022-09-17 12:08 4328 20.980 68.8 -0.32 24.15 7.36 - - - -
2022-09-17 12:10 4330 20.720 68.0 -0.26 23.30 7.10 - - - -
2022-09-17 12:12 4332 20.500 67.3 -0.22 22.57 6.88 - - - -
2022-09-17 12:14 4334 20.310 66.6 -0.19 21.95 6.69 - - - -
2022-09-17 12:16 4336 20.120 66.0 -0.19 21.33 6.50 - - - -
2022-09-17 12:18 4338 19.990 65.6 -0.13 20.90 6.37 - - - -
2022-09-17 12:20 4340 19.840 65.1 -0.15 20.41 6.22 - - - -
2022-09-17 12:25 4345 19.550 64.1 -0.29 19.46 5.93 - - - -
2022-09-17 12:30 4350 19.330 63.4 -0.22 18.73 5.71 - - - -
2022-09-17 12:35 4355 19.140 62.8 -0.19 18.11 5.52 - - - -
2022-09-17 12:40 4360 18.990 62.3 -0.15 17.62 5.37 - - - -
2022-09-17 12:45 4365 18.850 61.8 -0.14 17.16 5.23 - - - -
2022-09-17 12:50 4370 18.740 61.5 -0.11 16.80 5.12 - - - -
2022-09-17 12:55 4375 18.650 61.2 -0.09 16.50 5.03 - - - -
2022-09-17 13:00 4380 18.570 60.9 -0.08 16.24 4.95 - - - -
2022-09-17 13:15 4395 18.320 60.1 -0.25 15.42 4.70 = = = o
2022-09-17 13:30 4410 18.080 59.3 -0.24 14.63 4.46 o S o S
2022-09-17 13:45 4425 17.890 58.7 -0.19 14.01 4.27 - - - -
2022-09-17 14:00 4440 17.740 58.2 -0.15 13.52 4.12 - - - -
2022-09-17 14:20 4460 17.620 57.8 -0.12 13.12 4.00 - - - -
2022-09-17 14:30 4470 17.540 57.5 -0.08 12.86 3.92 - - - -
2022-09-17 14:45 4485 17.460 57.3 -0.08 12.60 3.84 - - - -
2022-09-17 15:00 4500 17.390 57.1 -0.07 12.37 3.77 = = = =
2022-09-17 15:30 4530 17.270 56.7 -0.12 11.98 3.65 - - - -
manual readings end 2022-09-17 16:00 4560 17.180 56.4 -0.09 11.68 3.56 - - - -
datalogger data begins| 2022-09-17 16:30 4590 17.105 56.1 -0.07 11.43 3.49 - - - -
2022-09-17 17:00 4620 17.036 55.9 -0.07 11.21 3.42 - - - -
2022-09-17 17:30 4650 16.973 55.7 -0.06 11.00 3.35 - - - -
2022-09-17 18:00 4680 16.918 55.5 -0.05 10.82 3.30 - - - -
2022-09-17 18:30 4710 16.869 55.3 -0.05 10.66 3.25 - - - -
2022-09-17 19:00 4740 16.824 55.2 -0.04 10.51 3.20 = = = =
2022-09-17 19:30 4770 16.781 55.1 -0.04 10.37 3.16 - - - -
2022-09-17 20:00 4800 16.742 54.9 -0.04 10.24 3.12 - - - -
2022-09-17 20:30 4830 16.706 54.8 -0.04 10.12 3.09 - - - -
2022-09-17 21:00 4860 16.667 54.7 -0.04 10.00 3.05 - - - -
2022-09-17 21:30 4890 16.627 54.6 -0.04 9.87 3.01 - - - -
2022-09-17 22:00 4920 16.592 54.4 -0.04 9.75 2.97 = = = =
2022-09-17 22:30 4950 16.558 54.3 -0.03 9.64 2.94 - - - -
2022-09-17 23:00 4980 16.527 54.2 -0.03 9.54 2.91 - - - -
2022-09-17 23:30 5010 16.498 54.1 -0.03 9.44 2.88 - - - -
18-Sep-22 2022-09-18 0:00 5040 16.469 54.0 -0.03 9.35 2.85 - - - -
2022-09-18 0:30 5070 16.441 53.9 -0.03 9.25 2.82 - - - -
2022-09-18 1:00 5100 16.412 53.8 -0.03 9.16 2.79 - - - -
2022-09-18 1:30 5130 16.382 53.7 -0.03 9.06 2.76 - - - -
2022-09-18 2:00 5160 16.356 53.7 -0.03 8.98 2.74 = - - -
2022-09-18 2:30 5190 16.332 53.6 -0.02 8.90 2.71 - - - -
2022-09-18 3:00 5220 16.312 53.5 -0.02 8.83 2.69 - - - -
2022-09-18 3:30 5250 16.292 53.5 -0.02 8.77 2.67 - - - -
2022-09-18 4:00 5280 16.272 53.4 -0.02 8.70 2.65 s o o o
2022-09-18 4:30 5310 16.255 5183 -0.02 8.64 2.63 - - - -
2022-09-18 5:00 5340 16.239 53.3 -0.02 8.59 2.62 - - - -
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Project No: 21-090-01VR, Table B1: Constant Rate Test - Steinar Johnsen GW Feasibility Osoyoos - WTN 124408 (WPID 62040)

Well depth = 400 ft Well diameter = 6 in Measurement method = Pail and stopwatch Pump Depth = 385 ft
Time since Specific Capacity
Water level Water level . .
Comments Real Time pump P Water level Drawdown Drawdown Pumping Rate Pumping Rate
started, t changes (m) (ft) (m) (I/s) (USgpm)
(minutes) (btoc) (m) (btoc) (ft)
L/s/m Usgpm/ft
2022-09-18 5:30 5370 16.223 53.2 -0.02 8.54 2.60 - - - -
2022-09-18 6:00 5400 16.207 53.2 -0.02 8.49 2.59 - - - -
2022-09-18 6:30 5430 16.189 53.1 -0.02 8.43 2.57 - - - -
2022-09-18 7:00 5460 16.171 53.1 -0.02 8.37 2.55 - - - -
2022-09-18 7:30 5490 16.152 53.0 -0.02 8.31 2.53 - - - -
2022-09-18 8:00 5520 16.135 52.9 -0.02 8.25 2.52 - - - -
2022-09-18 8:30 5550 16.119 52.9 -0.02 8.20 2.50 - - - -
2022-09-18 9:00 5580 16.103 52.8 -0.02 8.15 2.48 - - - -
2022-09-18 9:30 5610 16.091 52.8 -0.01 8.11 2.47 - - - -
2022-09-18 10:00 5640 16.080 52.8 -0.01 8.07 2.46 - - - -
2022-09-18 10:30 5670 16.071 52.7 -0.01 8.04 2.45 - - - -
2022-09-18 11:00 5700 16.062 52.7 -0.01 8.01 2.44 - - - -
2022-09-18 11:30 5730 16.051 52.7 -0.01 7.98 2.43 - - - -
2022-09-18 12:00 5760 16.041 52.6 -0.01 7.94 2.42 - - - -
2022-09-18 12:30 5790 16.033 52.6 -0.01 7.92 2.41 - - - -
2022-09-18 13:00 5820 16.024 52.6 -0.01 7.89 2.40 - - - -
2022-09-18 13:30 5850 16.017 52.6 -0.01 7.86 2.40 - - - -
2022-09-18 14:00 5880 16.010 52.5 -0.01 7.84 2.39 - - - -
2022-09-18 14:30 5910 16.002 52.5 -0.01 7.81 2.38 - - - -
2022-09-18 15:00 5940 15.993 52.5 -0.01 7.79 2.37 - - - -
2022-09-18 15:30 5970 15.985 52.4 -0.01 7.76 2.37 - - - -
2022-09-18 16:00 6000 15.979 52.4 -0.01 7.74 2.36 - - - -
2022-09-18 16:30 6030 15.972 52.4 -0.01 7.72 2.35 - - - -
2022-09-18 17:00 6060 15.964 52.4 -0.01 7.69 2.34 - - - -
2022-09-18 17:30 6090 15.955 52.3 -0.01 7.66 2.34 - - - -
2022-09-18 18:00 6120 15.946 52.3 -0.01 7.63 2.33 - - - -
2022-09-18 18:30 6150 15.938 52.3 -0.01 7.60 2.32 - - - -
2022-09-18 19:00 6180 15.928 52.3 -0.01 7.57 2.31 - - - -
2022-09-18 19:30 6210 15.920 52.2 -0.01 7.54 2.30 - - - -
2022-09-18 20:00 6240 15.908 52.2 -0.01 7.51 2.29 - - - -
2022-09-18 20:30 6270 15.897 52.2 -0.01 7.47 2.28 - - - -
2022-09-18 21:00 6300 15.887 52.1 -0.01 7.44 2.27 - - - -
2022-09-18 21:30 6330 15.877 52.1 -0.01 7.40 2.26 - - - -
2022-09-18 22:00 6360 15.866 52.1 -0.01 7.37 2.25 - - - -
2022-09-18 22:30 6390 15.858 52.0 -0.01 7.34 2.24 - - - -
2022-09-18 23:00 6420 15.849 52.0 -0.01 7.31 2.23 - - - -
2022-09-18 23:30 6450 15.842 52.0 -0.01 7.29 2.22 - - - -
19-Sep-22 2022-09-19 0:00 6480 15.834 52.0 -0.01 7.27 2.21 - - - -
2022-09-19 0:30 6510 15.827 51.9 -0.01 7.24 2.21 - - - -
2022-09-19 1:00 6540 15.820 51.9 -0.01 7.22 2.20 - - - -
2022-09-19 1:30 6570 15.812 51.9 -0.01 7.19 2.19 - - - -
2022-09-19 2:00 6600 15.803 51.9 -0.01 7.16 2.18 - - - -
2022-09-19 2:30 6630 15.796 51.8 -0.01 7.14 2.18 - - - -
2022-09-19 3:00 6660 15.788 51.8 -0.01 7.11 2.17 - - - -
2022-09-19 3:30 6690 15.780 51.8 -0.01 7.09 2.16 - - - -
2022-09-19 4:00 6720 15.774 51.8 -0.01 7.07 2.15 - - - -
2022-09-19 4:30 6750 15.766 51.7 -0.01 7.04 2.15 - - - -
2022-09-19 5:00 6780 15.759 51.7 -0.01 7.02 2.14 - - - -
2022-09-19 5:30 6810 15.750 51.7 -0.01 6.99 2.13 - - - -
2022-09-19 6:00 6840 15.744 51.7 -0.01 6.97 2.12 - - - -
2022-09-19 6:30 6870 15.735 51.6 -0.01 6.94 2.11 - - - -
2022-09-19 7:00 6900 15.727 51.6 -0.01 6.91 2.11 - - - -
2022-09-19 7:30 6930 15.719 51.6 -0.01 6.89 2.10 - - - -
2022-09-19 8:00 6960 15.711 51.5 -0.01 6.86 2.09 - - - -
2022-09-19 8:30 6990 15.705 51.5 -0.01 6.84 2.08 - - - -
2022-09-19 9:00 7020 15.697 51.5 -0.01 6.81 2.08 - - - -
2022-09-19 9:30 7050 15.690 51.5 -0.01 6.79 2.07 - - - -
2022-09-19 10:00 7080 15.683 51.5 -0.01 6.77 2.06 - - - -
2022-09-19 10:30 7110 15.677 51.4 -0.01 6.75 2.06 - - - -
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Project No: 21-090-01VR, Table B1: Constant Rate Test - Steinar Johnsen GW Feasibility Osoyoos - WTN 124408 (WPID 62040)

Well depth = 400 ft Well diameter = 6 in Measurement method = Pail and stopwatch Pump Depth = 385 ft
Time since Specific Capacity
Water level Water level . .
Comments Real Time pump P Water level Drawdown Drawdown Pumping Rate Pumping Rate
started, t changes (m) (ft) (m) (I/s) (USgpm)
(minutes) (btoc) (m) (btoc) (ft)
L/s/m Usgpm/ft
2022-09-19 11:00 7140 15.671 51.4 -0.01 6.73 2.05 - - - -
2022-09-19 11:30 7170 15.667 51.4 0.00 6.72 2.05 - - - -
2022-09-19 12:00 7200 15.660 51.4 -0.01 6.69 2.04 - - - -
2022-09-19 12:30 7230 15.657 51.4 0.00 6.68 2.04 - - - -
2022-09-19 13:00 7260 15.651 51.4 -0.01 6.66 2.03 - - - -
2022-09-19 13:30 7290 15.645 51.3 -0.01 6.64 2.02 - - - -
2022-09-19 14:00 7320 15.639 51.3 -0.01 6.62 2.02 - - - -
2022-09-19 14:30 7350 15.632 51.3 -0.01 6.60 2.01 - - - -
2022-09-19 15:00 7380 15.627 51.3 0.00 6.59 2.01 - - - -
2022-09-19 15:30 7410 15.622 51.3 -0.01 6.57 2.00 - - - -
2022-09-19 16:00 7440 15.614 51.2 -0.01 6.54 1.99 - - - -
2022-09-19 16:30 7470 15.608 51.2 -0.01 6.52 1.99 - - - -
2022-09-19 17:00 7500 15.602 51.2 -0.01 6.50 1.98 - - - -
2022-09-19 17:30 7530 15.596 51.2 -0.01 6.48 1.98 - - - -
2022-09-19 18:00 7560 15.590 51.1 -0.01 6.46 1.97 - - - -
2022-09-19 18:30 7590 15.581 51.1 -0.01 6.43 1.96 - - - -
2022-09-19 19:00 7620 15.573 51.1 -0.01 6.41 1.95 - - - -
2022-09-19 19:30 7650 15.564 51.1 -0.01 6.38 1.94 - - - -
2022-09-19 20:00 7680 15.555 51.0 -0.01 6.35 1.93 - - - -
2022-09-19 20:30 7710 15.547 51.0 -0.01 6.32 1.93 - - - -
2022-09-19 21:00 7740 15.538 51.0 -0.01 6.29 1.92 - - - -
2022-09-19 21:30 7770 15.531 51.0 -0.01 6.27 1.91 - - - -
2022-09-19 22:00 7800 15.524 50.9 -0.01 6.25 1.90 - - - -
2022-09-19 22:30 7830 15.517 50.9 -0.01 6.23 1.90 - - - -
2022-09-19 23:00 7860 15.512 50.9 -0.01 6.21 1.89 - - - -
2022-09-19 23:30 7890 15.506 50.9 -0.01 6.19 1.89 - - - -
20-Sep-22 2022-09-20 0:00 7920 15.500 50.9 -0.01 6.17 1.88 - - - -
2022-09-20 0:30 7950 15.493 50.8 -0.01 6.15 1.87 - - - -
2022-09-20 1:00 7980 15.488 50.8 -0.01 6.13 1.87 - - - -
2022-09-20 1:30 8010 15.481 50.8 -0.01 6.11 1.86 - - - -
2022-09-20 2:00 8040 15.476 50.8 -0.01 6.09 1.86 - - - -
2022-09-20 2:30 8070 15.470 50.8 -0.01 6.07 1.85 - - - -
2022-09-20 3:00 8100 15.465 50.7 -0.01 6.05 1.84 - - - -
2022-09-20 3:30 8130 15.460 50.7 0.00 6.04 1.84 - - - -
2022-09-20 4:00 8160 15.455 50.7 0.00 6.02 1.83 - - - -
2022-09-20 4:30 8190 15.451 50.7 0.00 6.01 1.83 - - - -
2022-09-20 5:00 8220 15.446 50.7 0.00 5.99 1.83 - - - -
2022-09-20 5:30 8250 15.442 50.7 0.00 5.98 1.82 - - - -
2022-09-20 6:00 8280 15.437 50.6 -0.01 5.96 1.82 - - - -
2022-09-20 6:30 8310 15.431 50.6 -0.01 5.94 1.81 - - - -
2022-09-20 7:00 8340 15.425 50.6 -0.01 5.92 1.81 - - - -
2022-09-20 7:30 8370 15.420 50.6 -0.01 5.90 1.80 - - - -
2022-09-20 8:00 8400 15.415 50.6 0.00 5.89 1.80 - - - -
2022-09-20 8:30 8430 15.411 50.6 0.00 5.88 1.79 - - - -
2022-09-20 9:00 8460 15.407 50.5 0.00 5.86 1.79 - - - -
2022-09-20 9:30 8490 15.404 50.5 0.00 5.85 1.78 - - - -
2022-09-20 10:00 8520 15.401 50.5 0.00 5.84 1.78 - - - -
2022-09-20 10:30 8550 15.398 50.5 0.00 5.83 1.78 - - - -
2022-09-20 11:00 8580 15.396 50.5 0.00 5.83 1.78 - - - -
2022-09-20 11:30 8610 15.394 50.5 0.00 5.82 1.77 - - - -
2022-09-20 12:00 8640 15.391 50.5 0.00 5.81 1.77 - - - -
2022-09-20 12:30 8670 15.389 50.5 0.00 5.81 1.77 - - - -
2022-09-20 13:00 8700 15.389 50.5 0.00 5.80 1.77 - - - -
2022-09-20 13:30 8730 15.388 50.5 0.00 5.80 1.77 - - - -
2022-09-20 14:00 8760 15.387 50.5 0.00 5.80 1.77 - - - -
2022-09-20 14:30 8790 15.386 50.5 0.00 5.79 1.77 - - - -
2022-09-20 15:00 8820 15.384 50.5 0.00 5.79 1.76 - - - -
2022-09-20 15:30 8850 15.385 50.5 0.00 5.79 1.76 - - - -
2022-09-20 16:00 8880 15.382 50.5 0.00 5.78 1.76 - - - -
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Project No: 21-090-01VR, Table B1: Constant Rate Test - Steinar Johnsen GW Feasibility Osoyoos - WTN 124408 (WPID 62040)

Well depth = 400 ft Well diameter = 6 in Measurement method = Pail and stopwatch Pump Depth = 385 ft
Time since Specific Capacity
Water level Water level . .
Comments Real Time pump P Water level Drawdown Drawdown Pumping Rate Pumping Rate
started, t changes (m) (ft) (m) (I/s) (USgpm)
(minutes) (btoc) (m) (btoc) (ft)
L/s/m Usgpm/ft
2022-09-20 16:30 8910 15.381 50.5 0.00 5.78 1.76 - - - -
2022-09-20 17:00 8940 15.379 50.5 0.00 5.77 1.76 - - - -
2022-09-20 17:30 8970 15.377 50.5 0.00 5.76 1.76 - - - -
2022-09-20 18:00 9000 15.374 50.4 0.00 5.76 1.75 - - - -
2022-09-20 18:30 9030 15.370 50.4 0.00 5.74 1.75 - - - -
2022-09-20 19:00 9060 15.365 50.4 -0.01 5.72 1.74 - - - -
2022-09-20 19:30 9090 15.360 50.4 0.00 5.71 1.74 - - - -
2022-09-20 20:00 9120 15.355 50.4 -0.01 5.69 1.74 - - - -
2022-09-20 20:30 9150 15.349 50.4 -0.01 5.67 1.73 - - - -
2022-09-20 21:00 9180 15.344 50.3 -0.01 5.66 1.72 - - - -
2022-09-20 21:30 9210 15.339 50.3 -0.01 5.64 1.72 - - - -
2022-09-20 22:00 9240 15.334 50.3 0.00 5.62 1.71 - - - -
2022-09-20 22:30 9270 15.330 50.3 0.00 5.61 1.71 - - - -
2022-09-20 23:00 9300 15.328 50.3 0.00 5.60 1.71 - - - -
2022-09-20 23:30 9330 15.325 50.3 0.00 5.59 1.71 - - - -
21-Sep-22 2022-09-21 0:00 9360 15.322 50.3 0.00 5.58 1.70 - - - -
2022-09-21 0:30 9390 15.320 50.3 0.00 5.58 1.70 - - - -
2022-09-21 1:00 9420 15.317 50.3 0.00 5.57 1.70 - - - -
2022-09-21 1:30 9450 15.315 50.2 0.00 5.56 1.70 - - - -
2022-09-21 2:00 9480 15.311 50.2 0.00 5.55 1.69 - - - -
2022-09-21 2:30 9510 15.307 50.2 0.00 5.53 1.69 - - - -
2022-09-21 3:00 9540 15.304 50.2 0.00 5.52 1.68 - - - -
2022-09-21 3:30 9570 15.301 50.2 0.00 5.52 1.68 - - - -
2022-09-21 4:00 9600 15.299 50.2 0.00 5.51 1.68 - - - -
2022-09-21 4:30 9630 15.297 50.2 0.00 5.50 1.68 - - - -
2022-09-21 5:00 9660 15.295 50.2 0.00 5.50 1.68 - - - -
2022-09-21 5:30 9690 15.293 50.2 0.00 5.49 1.67 - - - -
2022-09-21 6:00 9720 15.291 50.2 0.00 5.48 1.67 - - - -
2022-09-21 6:30 9750 15.289 50.2 0.00 5.47 1.67 - - - -
2022-09-21 7:00 9780 15.286 50.2 0.00 5.47 1.67 - - - -
2022-09-21 7:30 9810 15.283 50.1 0.00 5.46 1.66 - - - -
2022-09-21 8:00 9840 15.281 50.1 0.00 5.45 1.66 - - - -
2022-09-21 8:30 9870 15.282 50.1 0.00 5.45 1.66 - - - -
2022-09-21 9:00 9900 15.281 50.1 0.00 5.45 1.66 - - - -
2022-09-21 9:30 9930 15.279 50.1 0.00 5.44 1.66 - - - -
2022-09-21 10:00 9960 15.280 50.1 0.00 5.45 1.66 - - - -
2022-09-21 10:30 9990 15.279 50.1 0.00 5.44 1.66 - - - -
2022-09-21 11:00 10020 15.279 50.1 0.00 5.44 1.66 - - - -
2022-09-21 11:30 10050 15.280 50.1 0.00 5.45 1.66 - - - -
2022-09-21 12:00 10080 15.280 50.1 0.00 5.45 1.66 - - - -
2022-09-21 12:30 10110 15.281 50.1 0.00 5.45 1.66 - - - -
2022-09-21 13:00 10140 15.283 50.1 0.00 5.46 1.66 - - - -
2022-09-21 13:30 10170 15.284 50.1 0.00 5.46 1.66 - - - -
2022-09-21 14:00 10200 15.286 50.2 0.00 5.47 1.67 - - - -
2022-09-21 14:30 10230 15.288 50.2 0.00 5.47 1.67 - - - -
2022-09-21 15:00 10260 15.290 50.2 0.00 5.48 1.67 - - - -
2022-09-21 15:30 10290 15.292 50.2 0.00 5.49 1.67 - - - -
2022-09-21 16:00 10320 15.294 50.2 0.00 5.49 1.67 - - - -
2022-09-21 16:30 10350 15.294 50.2 0.00 5.49 1.67 - - - -
2022-09-21 17:00 10380 15.294 50.2 0.00 5.49 1.67 - - - -
2022-09-21 17:30 10410 15.294 50.2 0.00 5.49 1.67 - - - -
2022-09-21 18:00 10440 15.292 50.2 0.00 5.49 1.67 - - - -
2022-09-21 18:30 10470 15.291 50.2 0.00 5.48 1.67 - - - -
2022-09-21 19:00 10500 15.289 50.2 0.00 5.48 1.67 - - - -
2022-09-21 19:30 10530 15.288 50.2 0.00 5.47 1.67 - - - -
2022-09-21 20:00 10560 15.285 50.1 0.00 5.46 1.66 - - - -
2022-09-21 20:30 10590 15.282 50.1 0.00 5.45 1.66 - - - -
2022-09-21 21:00 10620 15.278 50.1 0.00 5.44 1.66 - - - -
2022-09-21 21:30 10650 15.274 50.1 0.00 5.43 1.65 - - - -
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Project No: 21-090-01VR, Table B1: Constant Rate Test - Steinar Johnsen GW Feasibility Osoyoos - WTN 124408 (WPID 62040)

Well depth = 400 ft Well diameter = 6 in Measurement method = Pail and stopwatch Pump Depth = 385 ft
Time since Specific Capacity
Water level Water level . .
Comments Real Time pump P Water level Drawdown Drawdown Pumping Rate Pumping Rate
started, t changes (m) (ft) (m) (I/s) (USgpm)
(minutes) (btoc) (m) (btoc) (ft)
L/s/m Usgpm/ft

2022-09-21 22:00 10680 15.270 50.1 0.00 5.41 1.65 - - - -
2022-09-21 22:30 10710 15.267 50.1 0.00 5.40 1.65 - - - -
2022-09-21 23:00 10740 15.265 50.1 0.00 5.40 1.65 - - - -
2022-09-21 23:30 10770 15.263 50.1 0.00 5.39 1.64 - - - -

22-Sep-22 2022-09-22 0:00 10800 15.263 50.1 0.00 5.39 1.64 - - - -
2022-09-22 0:30 10830 15.259 50.1 0.00 5.38 1.64 - - - -
2022-09-22 1:00 10860 15.255 50.1 0.00 5.36 1.64 - - - -
2022-09-22 1:30 10890 15.253 50.0 0.00 5.36 1.63 - - - -
2022-09-22 2:00 10920 15.251 50.0 0.00 5.35 1.63 - - - -
2022-09-22 2:30 10950 15.248 50.0 0.00 5.34 1.63 - - - -
2022-09-22 3:00 10980 15.245 50.0 0.00 5.33 1.62 - - - -
2022-09-22 3:30 11010 15.244 50.0 0.00 5.33 1.62 - - - -
2022-09-22 4:00 11040 15.242 50.0 0.00 5.32 1.62 - - - -
2022-09-22 4:30 11070 15.241 50.0 0.00 5.32 1.62 - - - -
2022-09-22 5:00 11100 15.241 50.0 0.00 5.32 1.62 - - - -
2022-09-22 5:30 11130 15.239 50.0 0.00 5.31 1.62 - - - -
2022-09-22 6:00 11160 15.238 50.0 0.00 5.31 1.62 - - - -
2022-09-22 6:30 11190 15.236 50.0 0.00 5.30 1.62 - - - -
2022-09-22 7:00 11220 15.234 50.0 0.00 5.30 1.61 - - - -
2022-09-22 7:30 11250 15.231 50.0 0.00 5.29 1.61 - - - -
2022-09-22 8:00 11280 15.230 50.0 0.00 5.28 1.61 - - - -
2022-09-22 8:30 11310 15.228 50.0 0.00 5.27 1.61 - - - -
2022-09-22 9:00 11340 15.224 49.9 0.00 5.26 1.60 - - - -
2022-09-22 9:30 11370 15.221 49.9 0.00 5.25 1.60 - - - -
2022-09-22 10:00 11400 15.219 49.9 0.00 5.25 1.60 - - - -
2022-09-22 10:30 11430 15.217 49.9 0.00 5.24 1.60 - - - -
2022-09-22 11:00 11460 15.216 49.9 0.00 5.24 1.60 - - - -
2022-09-22 11:30 11490 15.215 49.9 0.00 5.23 1.59 - - - -
2022-09-22 12:00 11520 15.214 49.9 0.00 5.23 1.59 - - - -
2022-09-22 12:30 11550 15.215 49.9 0.00 5.23 1.59 - - - -
2022-09-22 13:00 11580 15.214 49.9 0.00 5.23 1.59 - - - -
2022-09-22 13:30 11610 15.212 49.9 0.00 5.22 1.59 - - - -
2022-09-22 14:00 11640 15.211 49.9 0.00 5.22 1.59 - - - -
2022-09-22 14:30 11670 15.210 49.9 0.00 5.22 1.59 - - - -
2022-09-22 15:00 11700 15.209 49.9 0.00 5.21 1.59 - - - -
2022-09-22 15:30 11730 15.207 49.9 0.00 5.21 1.59 - - - -
2022-09-22 16:00 11760 15.207 49.9 0.00 5.21 1.59 - - - -
2022-09-22 16:30 11790 15.205 49.9 0.00 5.20 1.58 - - - -
2022-09-22 17:00 11820 15.203 49.9 0.00 5.19 1.58 - - - -
2022-09-22 17:30 11850 15.202 49.9 0.00 5.19 1.58 - - - -
2022-09-22 18:00 11880 15.199 49.9 0.00 5.18 1.58 - - - -
2022-09-22 18:30 11910 15.196 49.9 0.00 5.17 1.58 - - - -
2022-09-22 19:00 11940 15.192 49.8 0.00 5.16 1.57 - - - -
2022-09-22 19:30 11970 15.189 49.8 0.00 5.15 1.57 - - - -
2022-09-22 20:00 12000 15.184 49.8 0.00 5.13 1.56 - - - -
2022-09-22 20:30 12030 15.179 49.8 0.00 5.12 1.56 - - - -
2022-09-22 21:00 12060 15.175 49.8 0.00 5.10 1.56 - - - -
2022-09-22 21:30 12090 15.172 49.8 0.00 5.09 1.55 - - - -
2022-09-22 22:00 12120 15.167 49.8 0.00 5.08 1.55 - - - -
2022-09-22 22:30 12150 15.163 49.7 0.00 5.06 1.54 - - - -
2022-09-22 23:00 12180 15.158 49.7 0.00 5.05 1.54 - - - -
2022-09-22 23:30 12210 15.153 49.7 -0.01 5.03 1.53 - - - -

23-Sep-22 2022-09-23 0:00 12240 15.147 49.7 -0.01 5.01 1.53 - - - -
2022-09-23 0:30 12270 15.142 49.7 0.00 4.99 1.52 - - - -
2022-09-23 1:00 12300 15.137 49.7 0.00 4.98 1.52 - - - -
2022-09-23 1:30 12330 15.133 49.7 0.00 4.96 1.51 - - - -
2022-09-23 2:00 12360 15.129 49.6 0.00 4.95 1.51 - - - -
2022-09-23 2:30 12390 15.125 49.6 0.00 4.94 1.50 - - - -
2022-09-23 3:00 12420 15.121 49.6 0.00 4.93 1.50 - - - -

Project No: 21-090-01VR
Date: October 2022



Project No: 21-090-01VR, Table B1: Constant Rate Test - Steinar Johnsen GW Feasibility Osoyoos - WTN 124408 (WPID 62040)

Well depth = 400 ft Well diameter = 6 in Measurement method = Pail and stopwatch Pump Depth = 385 ft
Time since Specific Capacity
Water level Water level . .
Comments Real Time pump P Water level Drawdown Drawdown Pumping Rate Pumping Rate
started, t changes (m) (ft) (m) (I/s) (USgpm)
(minutes) (btoc) (m) (btoc) (ft)
L/s/m Usgpm/ft
2022-09-23 3:30 12450 15.117 49.6 0.00 4.91 1.50 - - - -
2022-09-23 4:00 12480 15.112 49.6 0.00 4.90 1.49 - - - -
2022-09-23 4:30 12510 15.109 49.6 0.00 4.89 1.49 - - - -
2022-09-23 5:00 12540 15.106 49.6 0.00 4.88 1.49 - - - -
2022-09-23 5:30 12570 15.104 49.6 0.00 4.87 1.48 - - - -
2022-09-23 6:00 12600 15.100 49.5 0.00 4.86 1.48 - - - -
2022-09-23 6:30 12630 15.097 49.5 0.00 4.85 1.48 - - - -
2022-09-23 7:00 12660 15.094 49.5 0.00 4.84 1.47 - - - -
2022-09-23 7:30 12690 15.091 49.5 0.00 4.83 1.47 - - - -
2022-09-23 8:00 12720 15.087 49.5 0.00 4.81 1.47 - - - -
2022-09-23 8:30 12750 15.082 49.5 0.00 4.80 1.46 - - - -
2022-09-23 9:00 12780 15.079 49.5 0.00 4.79 1.46 - - - -
2022-09-23 9:30 12810 15.076 49.5 0.00 4.78 1.46 - - - -
2022-09-23 10:00 12840 15.074 49.5 0.00 4.77 1.45 - - - -
2022-09-23 10:30 12870 15.070 49.4 0.00 4.76 1.45 - - - -
2022-09-23 11:00 12900 15.068 49.4 0.00 4.75 1.45 - - - -
2022-09-23 11:30 12930 15.066 49.4 0.00 4.74 1.45 - - - -

Project No: 21-090-01VR
Date: October 2022



Appendix C

Laboratory Water Quality Reports
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Photographic Documentation



Photographic Documentation
GW Feas. Ass., Johnsen 5-Lot Subdiv., Osoyoos, BC
21-090-01VR

Photographs 1, 2, 3. Site Visit (September 7, 2022)

2. View of Lot 5 with WTN 124408 in upland area east of the
landing. View looking East.

1. View of well casing stick-up on WTN 124408 (WPID
62040). Subsequently cut down to nominally 0.6m above
current grade to facilitate test. View looking West.

3. Photo of wooden well enclosure at
southern extent of property. Enclosure
houses WTN 105407. View looking
South.
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Photographic Documentation

GW Feas. Ass., Johnsen 5-Lot Subdiv., Osoyoos, BC
21-090-01VR

Photographs 4, 5 and 6. Site Visit (September 7, 2022)

4. View of wellhead of WTN 105407 (WPID 27891)
inside wooden well enclosure. Datalogger deployed
inside white PVC stilling well during pumping test
with WTN 124408. View looking north.

5. View of observation well WTN 84786,
Driveway Well on neighbouring property to the
west of site. Acoustic sounder used to monitor
level. View looking southeast.

6. View of observation well WTN 69157, Goat Paddock
Well on neighbouring property to the west of site.
Goat Paddock enclosure in background. Acoustic
sounder used to monitor level. View looking north.
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Photographic Documentation
GW Feas. Ass., Johnsen 5-Lot Subdiv., Osoyoos, BC
21-090-01VR

Photographs 7 and 8. Site Visit (September 7, 2022)

7. Pumping test on WTN
124408. Discharge hose
ran to the east to discharge
at top of bank into unnamed
draw along north of site.
View looking northeast.

8. Pumping test on WTN
124408. Depiction of new
casing stickup (nominally
0.6m above current ground
elevation) to facilitate
pumping test. View
looking south.
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