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Executive Summary

R.J. Burnside & Associates Limited (Burnside) was retained by Wooden Sticks Golf Club
to complete a hydrogeological assessment in support of a hotel expansion proposed on
the Wooden Sticks Golf Course located at 40 Elgin Park Drive in the Town of Uxbridge,
Ontario (the subject property). The hotel expansion is proposed on the west side of the
existing clubhouse, which is located in the northwest corner of the subject property, with
a new parking lot proposed on the east side of the existing driveway entrance to the
clubhouse. This study therefore focusses on the northwest corner of the subject
property and the study area has been defined by the area bounded by Elgin Park Drive
to the north, a residential development to the west and extends approximately 50 m
south of the existing clubhouse and 100 m to the east of the existing driveway.

The purpose of this study is to characterize the geological and hydrogeological
conditions in the study area, identify potential development impacts on the local
groundwater and surface water conditions, and identify potential constraints for
construction related to the local soil and groundwater conditions. The scope of the
hydrogeological study involved a review of available regional information as well as the
completion of site-specific investigations that included one year of monitoring of
groundwater levels in the vicinity of the proposed development, hydraulic conductivity
testing and groundwater quality sampling. This study also included a water balance
assessment to determine potential impacts to recharge conditions as a result of the
proposed development.

The key findings of the hydrogeological study are summarized below:

e The study area is located on the Oak Ridges Moraine and is covered by a layer of
silty sand which is interpreted to be part of the Oak Ridges Moraine Aquifer Complex
(ORAC). The ORAC is interpreted to be approximately 16 m thick in the vicinity of
the study area.

o Groundwater levels in the study area were found at depths or more than 10 m below
ground surface (mbgs), at an elevation of 277 masl to 278 masl. Very little seasonal
variation was observed in the groundwater levels. Groundwater flow in the ORAC is
interpreted to be to the north in the vicinity of the study area, toward Lake Simcoe.

e The study area has been mapped as a Significant Groundwater Recharge Area
(SGRA) in the mapping available from the Ministry of the Environment, Conservation
and Parks (MECP) Source Protection Information Atlas as well as a Wellhead
Protection Area for quantity (WHPA-Q). As such, it is important that best
management practices are incorporated into the development to maintain pre-
development recharge rates.
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e The Aquifer Vulnerability mapping available from the MECP Source Protection
Information Atlas shows the subject property and study area are within a high aquifer
vulnerability area (HVA). The proposed hotel expansion does not include any of the
restricted land uses considered high risk for areas of high aquifer vulnerability, and
as such does not pose a threat to the groundwater quality of the underlying aquifers.

o Based on our review of WHPA mapping available from Durham Region, the study
area is located between the two Town of Uxbridge municipal water supply WHPAs
and does not fall within any WHPA for water quality.

e Based on the review of the Oak Ridges Moraine Conservation Plan, the proposed
development conforms with the hydrogeological related policies within the plan. No
hydrologically sensitive features (permanent or intermittent streams, wetlands, kettle
lakes or seepage areas and springs) are located in the study area. The study area is
not located within a WHPA and none of the restricted land uses for areas of high
aquifer vulnerability are proposed.

e A water balance assessment was completed to determine the potential impacts to
rechange conditions in the study area as a result of the proposed development. The
calculations show that with no mitigation measures, the proposed development has
the potential to reduce infiltration by approximately 1,200 m3/year in the study area.
As part of the stormwater management plans, it is proposed to direct runoff from the
new parking lot and the hotel roof to infiltration swales, which will be designed to
infiltrate the 25 mm storm event. With the implementation of these low impact
development (LID) measures, the water balance calculations show a potential 40%
increase (2,400 m®/year) in infiltration from pre-development conditions.

e The proposed development will be serviced by the municipal watermain and there is
no proposed on-site groundwater usage for the proposed development. Due to the
depth of the water table (i.e., more than 10 mbgs), construction dewatering for the
installation of services is not anticipated.

e Prior to construction, it will be necessary to ensure that all inactive wells within the
development footprint have been located and properly decommissioned by a
licensed water well contractor according to Ontario Regulation 903. This includes all
groundwater monitoring wells installed for study purposes, which must be
decommissioned in accordance with provincial regulations prior to or during the site
development, unless they are maintained throughout the construction period for
monitoring purposes.
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Disclaimer

Other than by the addressee, copying or distribution of this document, in whole or in
part, is not permitted without the express written consent of R.J. Burnside & Associates
Limited.

In the preparation of the various instruments of service contained herein, R.J. Burnside
& Associates Limited was required to use and rely upon various sources of information
(including but not limited to: reports, data, drawings, observations) produced by parties
other than R.J. Burnside & Associates Limited. For its part R.J. Burnside & Associates
Limited has proceeded based on the belief that the third party/parties in question
produced this documentation using accepted industry standards and best practices and
that all information was therefore accurate, correct and free of errors at the time of
consultation. As such, the comments, recommendations and materials presented in this
instrument of service reflect our best judgment in light of the information available at the
time of preparation. R.J. Burnside & Associates Limited, its employees, affiliates and
subcontractors accept no liability for inaccuracies or errors in the instruments of service
provided to the client, arising from deficiencies in the aforementioned third party
materials and documents.

R.J. Burnside & Associates Limited makes no warranties, either express or implied, of
merchantability and fithess of the documents and other instruments of service for any
purpose other than that specified by the contract.
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1.0 Introduction

R.J. Burnside & Associates Limited (Burnside) was retained by Wooden Sticks Golf Club
to complete a hydrogeological assessment in support of a hotel expansion proposed on
the Wooden Sticks Golf Course located in the Town of Uxbridge, Ontario (herein

referred to as the subject property). The subject property is bounded by Elgin Park Drive
to the north, a proposed residential subdivision and valley lands associated with
Uxbridge Brook to the west, Concession Road 7 to the east and rural residential and
agricultural lands to the south (Figure 1). The hotel expansion is proposed on the west
side of the existing clubhouse, which is located in the northwest corner of the subject
property, with a new parking lot proposed on the east side of the existing driveway
entrance to the clubhouse. This study therefore focusses on the northwest corner of the
subject property and the study area has been defined by the area bounded by Elgin Park
Drive to the north, a residential development to the west and extends approximately

50 m south of the existing clubhouse and 100 m to the east of the existing driveway, as
shown on Figure 1. The subject property is located within the jurisdiction of Lake
Simcoe Region Conservation Authority (LSRCA).

The subject property is also located on the Oak Ridges Moraine (ORM) and associated
policies for protecting water resources on this feature, such as Oak Ridges Moraine
Conservation Plan (ORMCP) and Source Water Protection apply. The subject property
is mapped as an area of High Aquifer Vulnerability (HVA) (ORMCP and LSRCA) and is
also located within a Significant Groundwater Recharge Area (SGRA) and a Wellhead
Protection Area Q2 (WHPA-Q2). Due to the location of subject property within these
vulnerable areas, applicable policies require the maintenance of groundwater recharge
similar to pre-development conditions to the extent feasible. These will be addressed in
the water balance and discussed herein.

The hydrogeological assessment and water balance is intended to provide detailed soil
and groundwater information specific to the study area in support of the site plan
application. The hydrogeological assessment was designed to characterize the
geological and hydrogeological conditions on the study area, identify potential
development impacts on local surface water and groundwater resources, and
recommend mitigation measures to address potential impacts. As part of the
assessment, water balance calculations have been completed to determine the
pre-development water balance components, determine potential changes to the water
balance as a result of the proposed development concept, and to provide appropriate
infiltration targets as input to stormwater management plans for the subject property.

R.J. Burnside & Associates Limited 300050985.0001
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1.1

Scope of Work

The scope of work for the hydrogeological assessment included the completion of the
following tasks.

1.

Review the Ministry of Environment, Conservation and Parks (MECP) well
records: A list of the available MECP water well records are provided in
Appendix A, and the well locations are shown on Figure 6. It is noted that well
locations listed in the MECP well records are approximations only and may not
accurately reflect well locations in the field.

Review of published hydrogeological information and policies: A review of
existing mapping and reports for the area was completed. These included
provincial and surficial geology mapping and recharge mapping prepared by
LSRCA. Areview of applicable legislation included in the Source Water
Protection; Lake Simcoe and Couchiching- Black River SPA and Oak Ridges
Moraine Conservation Plan was also completed for the subject property.

Review existing borehole and monitoring well logs for the study area: In April
2021 GHD drilled boreholes at nine locations across the study area and
completed monitoring wells at three of these locations. A well nest (shallow and
deep well) was constructed at one location for a total of four monitoring wells.
The location of the boreholes and monitoring wells are shown on Figure 4 and
the borehole logs are provided in Appendix B.

Review laboratory grainsize distribution testing: Analyses were completed by the
geotechnical consultant (GHD) on representative soil samples obtained during
the drilling program. These data were reviewed to characterize the surficial
sediments and estimate the hydraulic conductivity of the soils encountered.
Copies of the soil grainsize analyses are provided in Appendix C.

In situ hydraulic conductivity testing: Single well response tests were completed
in all four groundwater monitoring wells (BH-1, BH-3s, BH-3d and BH-4) to
assess the in situ hydraulic conductivity of the shallow soils on the study area.
The hydraulic conductivity field testing results are provided in Appendix D.

Groundwater level monitoring: Monitoring has been completed to measure the
depth to the water table and assess the horizontal and vertical groundwater flow
conditions. Groundwater level measurements were obtained monthly in the
monitoring wells between April 2021 and March 2022. Automatic water level
recorders (dataloggers) were installed in two of the monitoring wells (BH-1 and
BH-3d) in order to record continuous water level fluctuations. The groundwater
monitoring data collected to date and hydrographs are provided in Appendix E.

R.J. Burnside & Associates Limited 300050985.0001
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7. Water quality testing: Groundwater samples were collected from two monitoring
wells (BH-1 and BH-4) to characterize the baseline groundwater quality across
the study area. The water samples were submitted to AGAT Laboratories for
analysis of general quality indicators (e.g., pH, hardness, and conductivity), basic
ions (including chloride and nitrate) and selected metals. The testing results are
provided in Appendix F.

8. Water balance calculations: Pre-development and post-development water
balance calculations were completed to document existing conditions, evaluate
post development conditions, establish an infiltration target, and assess the
potential effectiveness of the proposed low impact development (LID) measures
to mitigate the changes land development may have on the local groundwater
infiltration volumes. The local climate data and detailed water balance
calculations are provided in Appendix G.

2.0 Physical Setting
21 Physiography and Topography

The subject property is located along the northern border of the Oak Ridges Moraine
(ORM) physiographic region (Chapman and Putnam, 1984). This physiographic region
lies between the Peterborough Drumlin Field and Till Plains (drumlinized) physiographic
regions to the north and Till Plains (drumlinized) physiographic unit to the south. The
ORM physiographic region is characterized as kame moraines formed during the Late
Wisconsin glaciation period. The kames were formed from subglacial outlet drainage
and subaqueous deposition adjacent to the ice mass and bedrock surface. Kames are
generally irregular in slope with flat tops indicating the former position of the melting ice
boundary. The ORM generally rises in elevation from the east to the west, peaking near
the Town of Uxbridge, as such the western portion received earlier and more frequent
sedimentary deposits.

The high point in the study area is located along an interpreted kame in the northeastern
portion, which reaches an elevation of 298 metres above sea level (masl) (Figure 2).
The ground surface slopes down in all directions from the crest of the kame. The portion
of the study area west of the existing driveway slopes downward from the southeast to
the northwest and the lowest elevation in the study area (about 283 masl) occurs at the
northwestern boundary of the study area at Elgin Park Drive.

2.2 Drainage

The subject property is located in the Uxbridge Brook subwatershed of the Lake Simcoe
Watershed. Drainage from the portion of the study area west of the existing driveway is
towards the west, to the west wooded area, eventually draining northwest towards Elgin
Park Drive (Figure 2). The portion of the study area east of the existing driveway

R.J. Burnside & Associates Limited 300050985.0001
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ultimately drains to the east, either by direct overland flow to the east, or along the

existing driveway and Elgin Park Road ditches, which flow to the east. There are no
watercourses or wetlands in the study area.

R.J. Burnside & Associates Limited 300050985.0001
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2.3 Geology
2.31 Bedrock Geology

The bedrock beneath the subject property consists of dark blue-grey to brown to black
shale of the Blue Mountain Formation (OGS, 2003). Review of the Oak Ridges
Groundwater Program (2022) mapping indicates that the bedrock is generally found at
an elevation of approximately 178 masl near the subject property (i.e., approximately

66 m below ground surface). No MECP well records reviewed near the subject property
extended to the bedrock (Appendix A).

2.3.2 Surficial Geology

Surficial geology mapping published by the Ontario Geological Survey (OGS, 2003)
shows that the study area is covered by glaciofluvial ice-contact stratified deposits with
hummocky topography (Figure 3), which generally consist of coarse textured soils
(i.e., sand and gravel, minor silt and clay). The mapping shows there is a terrace with
older alluvial deposits at the northwest corner of the study area, as well as south of the
study area in the centre of the subject property.

Drilling completed in the study area by GHD (2021) included the drilling of seven
boreholes up to 18.7 m in depth. Borehole locations are shown on Figure 4 and
borehole logs are provided in Appendix B.

The results of the drilling investigation confirm that the study area is covered by coarse
textured silty sand with trace gravel, that are indicative of glaciofluvial ice-contact
stratified deposits. Additionally, asphalt and fill were found at several boreholes (BH-1,
BH-2, BH-5, and BH-7) to a maximum depth of 3.8 m and correspond to the existing
infrastructure (i.e., parking lot) in the study area. A borehole was not drilled in the
northwestern portion of the study area to confirm the OGS (2003) mapping of the alluvial
deposits.

233 Hydrostratigraphy

The regional hydrostratigraphy in the vicinity of the study area has been reviewed using
the Oak Ridges Moraine Groundwater Program (ORMP, 2022). Starting from the
ground surface (youngest sediments) and in order of increasing depth and age, the main
stratigraphic layers are interpreted to be:

Undifferentiated Upper Sediments;
Oak Ridges Moraine;

Channel Silt Aquitard;

Channel Sand Aquifer;

Thorncliffe Formation;
Sunnybrook Dirift;

S
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7. Scarborough Formation; and
8. Blue Mountain Bedrock.

The Oak Ridges Moraine deposits form a regional aquifer referred to as the Oak Ridges
Aquifer Complex (ORAC). The Thorncliffe Formation and Scarborough Formation are
also regional aquifers, while the Sunnybrook Drift is a regional aquitard that generally
restrict groundwater flow. Two regional unconformities consisting of tunnel channels
were identified in the regional hydrostratigraphy. The tunnels are large-scale subglacial
events that have eroded through the regional Newmarket till aquitard and possibly into
the deeper geological units Oak Ridges Moraine Groundwater Program (ORMGP,
2022). The infill deposits of these tunnels have formed an upper Channel Silt Aquitard
and a lower Channel Sand Aquifer. The hydraulic gradients of the tunnel channels
influence the leakage between the shallow aquifer system and the deeper aquifer
systems.

Based on the site-specific geological information obtained from the boreholes and
monitoring wells drilled in the study area (Appendix B), a schematic cross-section
through the study area has been prepared to illustrate the subsurface soil conditions.
The cross-section location is shown on Figure 4 and the interpreted cross-section is
shown on Figure 5.

The cross-section shows that the study area is underlain by a fill layer, which is
underlain by a thick layer of coarse sand/ silt/ gravel and an interpreted till layer
(Figure 5). Fill on the study area was found up to 3.8 m thick, within an underlying silty
sand layer approximately 16 m thick (291 masl to 275 masl). This sand layer is
interpreted to be part of the ORAC based on regional mapping. One MECP water well
(4606611) located approximately 450 m from the subject property suggests the
completion of the ORAC at about 25 m below ground surface (bgs). This is similar to
regional mapping provided by the (ORMGP, 2022) which suggest the ORAC in the
vicinity of the study area is completed at approximately 16 mbgs. As such, it is
interpreted that the bottom of the ORAC is at an elevation of approximately 275 masi
(Figure 5).

234 Soil Hydraulic Conductivity

Various methods can be used to evaluate soil hydraulic conductivity (K), i.e., the ease at
which water can move through soil. Soil characteristics and grainsize data provide a
general estimate of bulk hydraulic conductivity, whereas single well response tests are
used to assess in situ conditions at specific locations. Both methods were used to
estimate the K of the soils underlying the study area.
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2.3.41 Grainsize Estimates of Hydraulic Conductivity

A summary of the hydraulic conductivity values estimated from the individual grainsize
analyses and soil type using the Hazen approximation method is presented below in
Table 1. The Hazen method is most reliable when used to approximate the hydraulic
conductivity of coarse grained sediments; however, it is still considered useful for
providing a general indication of the hydraulic conductivity of finer grained soil. The
grainsize analyses are provided in Appendix C.

Table 1: Hydraulic Conductivity Calculations — Grainsize Analyses

Hydraulic
Sample D Conductivity
Test Location Depth Sample Description 10 (cmls)
(m) (mm) Hazen
Estimation
BH-3 6.3-6.6 Clay & Silt 0.02 4.0 x 10
BH-7 3.0-35 Fill — Sand with Silt 0.05 2.5x10%
BH-2 0.8-1.2 Fill — Silty Sand 0.002 4.0x10°
BH-4 9.2-98 Silty Sand 0.015 2.2x10*
BH-1 23-27 Sand with Silt 0.07 49x103

Based on grainsize results, four sample descriptions were identified, consisting of fill,
clay and silt, sand with silt and silty sand. The estimated K of the soils in the study area
is moderate and ranges from the order of magnitude of 10 cm/s to 10 cm/s. The
shallow fill material at BH-2 had the lowest estimated K of 4.0 x 10 cm/s and the sand
with silt at BH-1 had the highest estimated K of 4.9 x 10 cm/s.

2.3.4.2 In Situ Estimates of Hydraulic Conductivity

To assess the in situ hydraulic conductivity of the soils across the study area, falling
head in situ well tests were completed at all four monitoring wells (refer to Figure 4 for
monitoring well locations and Appendix B for borehole logs). The results of these tests
are presented in Table 2 and provided in Appendix D.

Table 2: In Situ Falling Head Hydraulic Conductivity Estimates

Hydraulic
Test Location Screen Depth (m) Screen Material Conductivity (K)
(cmls)
BH-1 16.7 to 18.3 2.0x103
BH-3d 12.21t0 13.7 Silty Sand 2.3x10°3
BH-4 9.3t010.8 56x10%
R.J. Burnside & Associates Limited 300050985.0001
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All four monitoring wells are screened in silty sand at depths ranging from 6.1 mbgs to
18.3 mbgs. The hydraulic conductivity values are moderate and are within the same
order of magnitude and range from 2.0 x 10 cm/s to 5.6 x 10 cm/s. These results are
consistent with the hydraulic conductivity rates calculated through the Hazen estimation
method.

The hydraulic conductivity value of BH3-s is approximately 3.7 cm/s. The high K value is
interpreted to be a result of the falling-head water saturating the dry screened soils and
not typical saturated hydraulic conductivity conditions. As such the rate is not
representative of the hydraulic potential of the silty sand.

3.0 Hydrogeology
3.1 Local Groundwater Use

The Town of Uxbridge as well as the existing clubhouse on the subject property are
serviced by municipal water and sewer. It is expected that the proposed hotel expansion
will also be municipally serviced. There is no proposed on-site groundwater taking
planned for the new expansion. The surrounding properties are currently residential
subdivisions to the north and west, and mixed residential/agricultural and woodlots to the
east and south. The residential areas to the east and south are assumed to be serviced
by private wells or cisterns, and septic systems.

A review of MECP water well records within 500 m of the study area (Figure 6) indicates
a total of 58 well records, which includes 24 domestic supply wells (one abandoned),
eight monitoring/test hole wells, five wells which are identified as “not used” (four of
which are identified as abandoned), two industrial wells, one commercial well,

one livestock supply well, one municipal well, and 16 well records with no information
(15 wells abandoned) (Appendix A). The supply wells were constructed between 1961
and 2014 and range from about 11 mbgs to 61 mbgs in depth. Of the wells where
stratigraphy is provided (43 wells), approximately 93% (40 wells) are screened in the
upper sands and gravels (interpreted to be the ORAC or Channel Sand Aquifer) at
depths ranging between about 11 mbgs to 28 mbgs. Approximately 7% (three wells) are
screened in a deeper confined aquifer (interpreted to be the Thorncliffe aquifer) between
about 28 mbgs to 61 mbgs.

R.J. Burnside & Associates Limited 300050985.0001
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3.2 Groundwater Levels

Four monitoring wells (BH-1, BH-3s/d and BH-4) including one well nest (e.g., wells
located adjacent to each other but completed at different depths (BH-3s/d)) were
installed in April 2021 as part of the geotechnical investigation completed by GHD to
facilitate measurement of the groundwater levels across the study area. Refer to

Figure 2 for well locations and Appendix B for borehole logs. Dataloggers were installed
in two of these monitoring well locations (BH-1 and BH-3d) to record continuous
groundwater levels. The groundwater monitoring data tables and hydrographs are
provided in Figure E-1 to Figure E-3 in Appendix E.

The groundwater monitoring data from the monitoring wells show the following:

e The schematic cross-section (Figure 5) shows that the monitoring wells are screened
in the shallow ORAC. The groundwater levels did not exhibit typical seasonal
fluctuations (i.e., highest elevations generally observed in the spring and the lowest
elevations observed in the summer months) and fluctuated 0.2 m to 0.3 m
throughout the monitoring period. Datalogger data suggest that the groundwater
table minimally responds to precipitation events.

e The groundwater levels across the study area generally range from 277.3 masl to
278 masl. Seasonally high groundwater levels were recorded in March 2022 and
range from 277.6 masl (9.8 mbgs) at BH-4 to 278 masl at BH-1 (16.1 mbgs) and
BH-3d (11.3 mbgs). Seasonally low groundwater levels were recorded in September
2021 and range from dry at BH-3s and 277.3 masl (BH-4, 10.0 mbgs) to 277.7 masl
(BH-1, 16.3 mbgs and BH-3d, 11.5 mbgs).

¢ A monitoring well nest (BH-3s/d) was installed at one location; BH-3s/d is located in
the southwest portion of the study area. The shallow well (BH-3s) is completed at
7.4 mbgs and the deep well (BH-3d) is completed to 13.5 mbgs. Both monitoring
wells are screened in silty sand. The shallow well was generally dry (<281.9 masl)
throughout the monitoring period, whereas the deep well had groundwater levels
around 278 masl (Figure E-2, Appendix E). These data suggest there is a downward
hydraulic gradient with groundwater recharge conditions.

3.3 Groundwater Flow Conditions

As discussed in Section 3.2 and interpreted on the cross-section (Figure 5), the
groundwater levels in the study are found at depths greater than 10 mbgs, approximately
at an elevation of 277 masl to 278 masl, in the interpreted ORAC. The groundwater
levels across the study area are relatively flat, showing little horizontal gradient across
the study area. Data published by LSRCA (2015) suggests the regional groundwater
flow of the ORAC in vicinity of the subject property, is to the north towards Lake Simcoe.

R.J. Burnside & Associates Limited 300050985.0001
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34 Recharge and Discharge Conditions

Areas where groundwater moves upward are points of discharge and generally occur in
areas of relatively lower topographic elevation, such as along watercourses. Areas
where groundwater moves downward into deeper aquifers are called recharge areas.
Recharge and discharge areas may occur as a result of regional and/or local flow
system conditions. As discussed in Section 3.2, downward gradients are observed in
the monitoring well nest (BH-3s/d) installed on the study area, indicating groundwater
recharge conditions.

Ecologically Significant Groundwater Recharge Areas (ESGRAs) are areas that are
interpreted to support groundwater discharge to watercourses and wetlands and are
delineated by LSRCA. The purpose of the mapping is to identify potential linkages
between groundwater recharge areas and ecological features (i.e., wetlands,
watercourses, etc.). ESGRAs have not been mapped in the study area.

4.0 Water Quality

4.1 Groundwater Quality

On October 14, 2021, groundwater samples were collected from two monitoring wells in
the study area (BH-1 and BH-4, Figure 4). Both monitoring wells are screened in silty
sand. BH-1 is completed at an elevation of 276.0 masl and BH-4 is completed at an
elevation of 276.5 masl. The purpose of the sampling was to assess the baseline
shallow groundwater quality. The samples were submitted to AGAT Laboratory for
analysis of general quality indicators (e.g., pH, hardness, and conductivity), basic ions
(including chloride and nitrate) and selected metals. The results of the analyses were
compared to the Ontario Drinking Water Quality Standards (ODWQS) and are presented
in Table F-1, Appendix F.

As is typical for shallow groundwater conditions in this area, the results show that
groundwater is hard, with high turbidity. Hardness at BH-1 (302 mg/L) and BH-4

(298 mg/L) were reported above the ODWQS operational guideline of 80 mg/L to

100 mg/L and is related to the overburden sediment chemistry in Southern Ontario.
Similarly, turbidity at BH-1 (5400 NTU) and BH-4 (2410 NTU) were reported above the
ODWAQS aesthetic objective of 5 NTU and is related to suspended sediments. There
were no other exceedances of the ODWQS reported.

R.J. Burnside & Associates Limited 300050985.0001
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5.0 Source Water Protection
51 Wellhead Protection Areas

Wellhead Protection Areas (WHPAs) are zones around municipal water supply wells
where land uses must be carefully planned and restricted to protect the quality and
quantity of the water supply.

The Town of Uxbridge is serviced by three municipal water supply wells (MW5, MW6
and MW7) within two WHPA zones. Municipal water supply well MW6 corresponds to
one WHPA and municipal water supply wells MW5 and MW7 correspond to a second
WHPA. The study area is located south of these wells and is approximately 800 m
southeast from MW6 and approximately 1.4 km southwest of MW7 and MW5. The
municipal water supply wells are identified as semi-contained and are not classified as
groundwater under direct influence (GUDI) of surface water (LSRCA, 2015). Municipal
water supply wells MW5 (76.5 m deep) and MW7 (66.5 m deep) are screened at an
elevation of 201 masl and are installed where the Thorncliffe Aquifer Complex (TAC) is
connected to the intermediate and shallow aquifers (ORAC) via a tunnel that breached
the Newmarket till (LSRCA, 2015). Municipal well MW6 (58.2 m deep) is screened at an
elevation of 220 m and installed in the TAC where it is confined by Newmarket Till, thus
suggesting the tunnel channel is not present (LSRCA, 2015).

Based on our review of WHPA mapping available from Durham Region, the study area
is located between the two Town of Uxbridge municipal water supply WHPAs and does
not fall within any WHPA for water quality (Figure 7). The subject property is, however,
mapped within a WHPA-Q zone for water quantity. WHPA-Q designation is applied to
lands where it has been determined that a reduction in recharge may have a measurable
impact on municipal well supplies. It is recommended that the development incorporates
LID best management practices to promote recharge, and targets are provided for
stormwater capture rates to maintain groundwater conditions and sustainability of the
municipal wells supplies.

R.J. Burnside & Associates Limited 300050985.0001
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5.2 Aquifer Vulnerability

The Aquifer Vulnerability mapping available from the MECP Source Protection
Information Atlas shows the subject property and study area are within a high aquifer
vulnerability area (HVA) (Figure 8). Aquifer vulnerability refers to the susceptibility of an
aquifer to potential contamination. Some degree of protection for groundwater quality
from natural and human impacts is provided by the soil above the water table. The
degree of protection is dependent upon the depth to the water table (for unconfined
aquifers) or the depth of the aquifer (for confined aquifers) and the type of soil above the
water table or aquifer. As these two properties vary over any given area, the degree of
protection or vulnerability of the groundwater to contamination also varies. The subject
property is considered to have a high risk aquifer vulnerability (score 6) as the surficial
coarse grained soils generally have a moderate hydraulic conductivity and the ORAC is
interpreted to be unconfined near ground surface. All HVAs have a vulnerability score
of 6 (high risk) and are typically located in areas with sandy soils and/or a high
groundwater table where surface contaminants can be readily transported into the
shallow aquifer system.

The classification of high aquifer vulnerability does not restrict the proposed hotel
expansion on the subject property. The classification is restrictive for potentially
contaminating land uses that involve more industrial land uses, for example the
generation or storage of hazardous and industrial wastes. The proposed hotel
expansion does not include any of the restricted land uses considered high risk for areas
of high aquifer vulnerability, and as such does not pose a threat to the groundwater
quality of the underlying aquifers.

5.3 Significant Groundwater Recharge Areas

Areas where water from precipitation percolates or infiltrates into the ground and moves
downward from the water table are known as recharge areas and occur as a result of
regional and/or local flow systems.

Significant Groundwater Recharge Areas (SGRAs) are areas where precipitation more
readily recharges aquifers. As such, they can be sensitive to land use changes that
impact infiltration from precipitation sources. It is noted that SGRASs that intersect HVAs
are designated as high risk (score 6), while other SGRAs are designated as low risk
(score 2 or 4). MECP mapping shows that the study area is located within an SGRA and
is designated as high risk (score 6) (Figure 9). This is consistent with the findings of the
surficial geology where coarse textured (silty sand) kame moraine deposits were
mapped at surface (Section 2.3.2 and Figure 3). Due to the coarse textured soils at
surface, the hydraulic conductivity of the soils is moderate, and as such, recharge to the
underlying aquifer (ORAC) is moderate. As discussed below in Section 7.7, LID
measures, including LID/stormwater management practices will be incorporated into the
development to offset any loss in recharge associated with the proposed development.

R.J. Burnside & Associates Limited 300050985.0001
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6.0 Conformity with the Oak Ridges Moraine Conservation Plan

In 2001, the Province released a comprehensive strategy for the ORM, which included
the Oak Ridges Moraine Conservation Act, 2001 and the regulations of the Oak Ridges
Moraine Conservation Plan (ORMCP).

The ORMCP was established to provide land use and resource management direction
for the ORM'’s ecological and hydrogeological features and functions. It identifies key
natural heritage features (e.g., wetlands, woodlands, etc.) and hydrologically sensitive
features (e.g., kettle lakes and springs). Decisions regarding land use planning that
affect the ORM, whether made at the provincial or municipal level, must conform to the
specific provisions of the ORMCP.

The ORMCP classifies the ORM into four land use designations:

e Natural Core Areas

o Natural Linkage Areas
e Countryside Areas

e Settlement Areas

The study area is located within the Countryside Area land use designation.
Countryside Areas are defined as rural land use such as agriculture, recreation,
residential development, rural settlements, mineral aggregate operations, parks and
open space. Specific policies have been established in the ORMCP based on the land
use designation, and with respect to hydrogeology, comments on relevant sections of
the ORMCP are provided below.

Sections 24 and 25 — Watershed Plans, and Water Budgets and Conservation
Plans

As the ground floor area of the proposed hotel expansion is greater than 500 m?, the
proposed development is considered a major development according to the definition in
the ORMCP. In fulfillment of Sections 24 and 25, a subwatershed plan has been
prepared by the LSRCA for the Pefferlaw River, which includes Uxbridge Brook
(Pefferlaw River Subwatershed Plan (LSRCA, 2012)). The subwatershed plan includes
a water budget and conservation plan for the subwatershed.

Section 26 — Hydrologically Sensitive Features

The ORMCP identifies permanent and intermittent streams, wetlands, kettle lakes and
seepage areas and springs as key hydrologic features. Development and site alteration
are prohibited in these areas, with some exceptions. No key hydrologic features have
been identified within the study area.

R.J. Burnside & Associates Limited 300050985.0001
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Section 27 — Subwatersheds
Section 27 of the ORMCP states:

“...all development and site alteration with respect to land in a subwatershed are
prohibited if they would cause the total percentage of the area of the subwatershed that
has impervious surfaces to exceed,”

(a) 10 per cent; or

(b) Any lower percentage specified in the application watershed plan or
subwatershed plan

The Pefferlaw River Subwatershed Plan (LSRCA, 2012) notes that the impervious cover
for the subwatershed (which includes wetland and waterbodies) is 7.8%. The proposed
hotel expansion will include the addition of approximately 6,300 m? of impervious areas,
which is only approximately 0.001% of the total subwatershed area of 446.3 km? and will
have a negligible impact on the overall imperviousness of the subwatershed.

Section 28 — Wellhead Protection Areas

As discussed in Section 4.1.1 of this report, the study area is not located within a WHPA
for water quality. As such, the restrictions noted in Section 28 of the ORMCP do not

apply.
Section 29 — Areas of High Aquifer Vulnerability

As discussed in Section 4.1.2 of this report, the study area has been mapped as an area
of high aquifer vulnerability (Figure 8). Certain land uses are prohibited on lands that
have been identified as areas of high aquifer vulnerability, including generation and
storage of hazardous waste or liquid industrial waste; water disposal sites and facilities,
organic soil conditioning sites, and snow storage and disposal facilities underground and
above-ground storage tanks that are not equipped with an approved secondary
containment device; and storage of severely toxic contaminants, as specified in the plan.
None of the prohibited land uses are proposed for the study area.

7.0 Water Balance

To assess potential land development impacts on the local groundwater conditions, a
detailed water balance analysis has been completed to determine the pre-development
infiltration volumes (based on existing land use conditions) and the post-development
infiltration volumes that would be expected based on the proposed land use plan. The
water balance calculations are provided in Appendix G and discussed below.

R.J. Burnside & Associates Limited 300050985.0001
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71 Water Balance Components

A water balance is an accounting of the water resources within a given area. As a
concept, the water balance is relatively simple and may be estimated from the following
equation:

P = S+ET+R + 1

where: P = precipitation
S = change in groundwater storage
ET = evapotranspiration/evaporation
R = surface water runoff
I = infiltration

The components of the water balance vary in space and time and depend on climatic,
soil, and land cover conditions (i.e., rainfall intensity, land slope, soil hydraulic
conductivity and vegetation). Accurate measurement of the water balance components
is difficult; consequently, approximations and simplifications are made to characterize
the study area. Field observations of the drainage conditions, land cover and soil types,
groundwater levels, and local climate records are important inputs to the water balance
calculations. The groundwater balance components for the Study Area are discussed
below.

Precipitation (P)

The long-term average annual precipitation for the area is 886 mm based on data from
the Environment Canada UDORA climate station (Station 6119055, 44°15' N, 79°09' W,
elevation 262 masl) for the period between 1981 and 2010. The UDORA climate station
is located approximately 19 km north of the study area. Average monthly records of
precipitation and temperature from this station have been used for the water balance
component calculations in this study (Table G-1, Appendix G).

Storage (S)

Although there are groundwater storage gains and losses on a short-term basis, the net
change in groundwater storage on a long-term basis is assumed to be zero so this term
is dropped from the equation.

Evapotranspiration (ET)/Evaporation (E)

Evapotranspiration and evaporation components vary based on the characteristics of the
land surface cover (i.e., type of vegetation, soil moisture conditions, perviousness of
surfaces, etc.). Potential evapotranspiration (PET) refers to the water loss from a
vegetated surface to the atmosphere under conditions of an unlimited water supply. The
actual rate of evapotranspiration (AET) is often less than the PET under dry conditions
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(i.e., during the summer when there is a soil moisture deficit). In this report, the monthly
PET and AET have been calculated based on a soil-moisture balance approach using
average temperature data and climate information adjusted to the local latitude (refer to
Tables G-1 and G-2 in Appendix G).

Water Surplus (R + 1)

The difference between the mean annual P and the mean annual ET is referred to as the
water surplus. Part of the water surplus travels across the surface of the soil as surface
or overland runoff and the remainder infiltrates the surficial soil.

Infiltrating precipitation either moves vertically downward to the groundwater table or
laterally through the shallow soils as interflow that re-emerges locally to surface (i.e., as
runoff). Compared to the “direct” component of surface runoff that occurs as overland
flow, shallow interflow becomes an “indirect” component of runoff. The interflow
component of surface water runoff is not accounted for separately in the water balance
equation cited above since it is difficult to distinguish between interflow and direct
(overland) runoff. Both interflow and direct runoff contribute to the overall surface water
runoff component.

7.2 Approach and Methodology

The analytical approach to calculate a water balance for the study area involved monthly
soil-moisture balance calculations to determine the pre-development (based on existing
land use conditions) and post-development (based on the proposed development
concept plan) infiltration volumes. A soil-moisture balance approach assumes that soils
do not release water as “potential infiltration” while a soil moisture deficit exists. During
wetter periods, any excess of precipitation over evapotranspiration first goes to restore
soil moisture. Once the soil moisture deficit is overcome, excess water can then pass
through the soil as infiltration and either become interflow (indirect runoff) or recharge
(deeper infiltration).

The surficial soils across the study area consist silty sand deposits. Given the
predominance of sand in the soils across the site, a soil moisture storage capacity of

75 mm was used for the urban lawn/grassed areas (i.e., urban lawns/shallow rooted
crops in fine sandy loam soils) and a soil moisture storage capacity of 300 mm was used
for wooded areas (i.e., mature forests in fine sandy loam soils) in both the pre- and post-
development calculations. Tables G-1 and G-2 (Appendix G) detail the monthly potential
evapotranspiration calculations for each land use type and soil type accounting for
latitude and climate, and the actual evapotranspiration and water surplus components of
the water balance based on the monthly precipitation and soil moisture conditions.

The SWM Planning and Design Manual (2003) methodology for calculating total
infiltration based on topography, soil type and land cover was used, and a corresponding
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runoff component was calculated for the soil moisture storage conditions (Tables G-1
and G-2, Appendix G).

The calculated water balance components are used to assess the pre-development
infiltration volumes based on the existing land use and a post-development water
balance is calculated for the study area based on the proposed land development plan.

7.3 Component Values

The detailed monthly calculations show that a water surplus is generally available from
November to May (Tables G-1 and G-2, Appendix G). Infiltration occurs during periods
when there is sufficient water available to overcome the soil moisture storage
requirements. In winter climates, frozen conditions affect when the actual infiltration will
occur; however, the monthly balance calculations show the potential volumes available
for these water balance components.

The monthly calculations are summed to provide estimates of the annual water balance
component values (Table G-1 and G-2, Appendix G). A summary of these values for
existing conditions is provided in Table 3.

Table 3: Existing Conditions Water Balance Components

Urban Lawns Wooded Areas

Water Balance Component

(sandy loam)

(sandy loam)

Average Precipitation

886 mm/year

886 mm/year

Actual Evapotranspiration

570 mm/year

587 mm/year

Water Surplus 316 mm/year 299 mm/year
Infiltration 205 mm/year 224 mm/year
Runoff 111 mm/year 75 mm/year

74 Pre-Development Infiltration (Existing Conditions)

The pre-development water balance calculations for the study area are presented in
Table G-3 in Appendix G. The total area of the study area is about 40,900 m?. The
current land use is predominantly urban grassed areas, parking/paved areas and an
existing clubhouse, banquet hall and shed. Runoff from the existing clubhouse and
parking area is directed to the storm sewer. In the areas where select roof areas

(i.e., the banquet hall roof and shed roof) are directed to pervious areas (grass), it has
been assumed in the calculations that 50% of the roof runoff will infiltrate, as per the
estimation provided in the Low Impact Development Stormwater Management Planning
and Design Guide (CVC and TRCA, 2010). In summary from Table G-3 (Appendix G),
the total calculated pre-development infiltration volume is about 6,000 m®/year. It is
acknowledged that infiltration rates depend on the hydraulic conductivity of soils and that
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hydraulic conductivity may naturally vary over several orders of magnitude, so the
margins of error on the calculations are high. As such the calculated volumes are
considered as general estimates only.

7.5 Potential Urban Development Impacts to Water Balance

Development of an area affects the natural water balance. The most significant
difference is the addition of impervious surfaces as a type of surface cover (i.e., roads,
parking lots, driveways, and rooftops). Impervious surfaces prevent infiltration of water
into the soils and the removal of the vegetation removes the evapotranspiration
component of the natural water balance. The evaporation component from impervious
surfaces is relatively minor (estimated to be 10% to 20% of precipitation) compared to
the evapotranspiration component that occurs with a healthy vegetation cover (about 64
% to 66% of precipitation in the study area). So, the net effect of the development of the
property is expected to be an increase in the water surplus resulting in a decrease in
infiltration and an increase in runoff.

The calculated potential water surplus for impervious areas is shown at the bottom of
Tables G-1 and G-2 in Appendix G. For the purposes of the calculations in this study,
the evaporation has been estimated to be 15% of precipitation. The remaining 85% of
the precipitation that falls on impervious surfaces is assumed to become runoff.
Therefore, there is a potential post-development water surplus from impervious areas of
about 753 mml/year.

It is noted that the proposed development will be serviced by municipal water supply and
wastewater services. Therefore, there will be no impact on the water balance and local
groundwater or surface water quantity and quality conditions related to any on-site
groundwater taking or from septic effluent.

7.6 Post-Development Water Balance With No Mitigation

To assess the potential development impact on infiltration, the post-development
infiltration volume was calculated for the study area based on the proposed development
plan. These calculations assume no mitigation is in place, resulting in quantification of
an infiltration target for the design of a Low Impact Development (LID) strategy for
stormwater management.

The land areas for each proposed land use on the study area was estimated based on
the functional servicing and grading plan provided by GHD and the proposed
development plan provided by Marc J. Riva Architect. Copies of these plan are provided
in Appendix G. The infiltration and runoff components for the post-development land
uses were calculated using the SWM Planning and Design Manual (2003) methodology
based on topography, soil type and land cover as shown on Tables G-1 and G-2,
Appendix G. The total calculated post-development infiltration and runoff volumes

R.J. Burnside & Associates Limited 300050985.0001
050985 _Hydrog Assess & WB.docx



Wooden Sticks Golf Club 28

Hydrogeological Assessment and Water Balance
November 2022

(without mitigation) are presented in Table G-3, Appendix G. The estimated annual
infiltration volume is about 4,800 m3/year.

Comparing the existing (pre-development) and post-development values in Table G-3,
Appendix G, the water balance calculations show that development has the potential to
reduce the natural infiltration across the study area by about 21% (1,300 m?/year).

LID measures for stormwater management are recommended to try to promote
infiltration and make up the difference between these pre- and post-development
infiltration conditions to the extent practical. As noted above, with the wide margins of
error associated with this type of analysis, the infiltration deficit volume is considered as
a reasonable estimate that is suitable as a target or guide for LID strategy design.

7.7 Low Impact Development Measures for Infiltration

There are various LID techniques that may be used to increase the post-development
infiltration in a newly urbanized area. The proposed LID measures for the study area
were developed in conjunction with GHD and are indicated in the Functional Servicing
and Stormwater Management Report for the proposed development and shown on GHD
Drawing No. 11225804-FSGP provided in Appendix G. Based on preliminary design
information from GHD, it is our understanding that the proposed LID measures will
include:

e Infiltration of the 25 mm storm event from the new hotel roof via infiltration swales.
¢ Infiltration of the 25 mm storm event from the new parking lot (in the east portion of
the study area) via infiltration swales.

Calculations have been completed to assess the effects of these LID measures as
shown on Table G-4, Appendix G. Quantification of these LID techniques is challenging
and there are no widely accepted quantification standards. To calculate the annual
infiltration volume for runoff from areas directed to infiltration swales, the Toronto Wet
Weather Flow Management Guidelines (City of Toronto, 2006) were used to correlate
the storm event size these facilities are designed to infiltrate to a percentage of the
average annual rainfall depth, which was then applied to the impervious area directed to
these trenches to calculate an infiltration volume, as shown in Table G-4 (Appendix G).
It is reported in these Guidelines, based on the review of rainfall data from 16 rainfall
stations across Toronto, the 25 mm storm accounts for approximately 95% of the annual
rainfall volume (78% of annual precipitation).

Recalculation of the water balance for the study area with these LID measures in place
demonstrates that there would be a 40% increase in infiltration compared to
pre-development volumes (Table G-4, Appendix G). This shows the significant benefit
of the proposed LID strategy in increasing recharge volumes in the developed area.
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8.0 Construction Considerations
8.1 Construction Below Water Table

The construction of buried services below the water table, particularly in lower hydraulic
conductivity soils, has the potential to capture and redirect groundwater flow through
permeable fill materials typically placed in the base of excavated trenches. Over the
long-term, these impacts can lower the local groundwater table. To mitigate this effect, if
any services are to be installed below the water table, appropriate best management
techniques to prevent redirection of groundwater flow (e.g., the use of cut-off collars
and/or trench plugs in service trenches) should be used.

8.2 Dewatering Requirements

The water table has been identified in the study area at depths greater than 10 mbgs.
All sewer trenches and excavations are expected to be above the water table, and it is
not anticipated that groundwater will be encountered during the construction of the
development.

8.3 Private Water Wells

The proposed development will be municipally serviced. However, surrounding rural
properties may still use private water supply wells. As noted in Section 8.2 above,
dewatering during construction is not anticipated due to the depth to water table in the
study area. As such, no impacts to the private wells in the vicinity of the study area are
anticipated as a result of construction.

8.4 Well Decommissioning

In accordance with the Ontario Water Resource Act, Regulation 903 as amended (Wells
Regulation), all inactive wells (water supply and monitoring wells) on the subject property
must be located and properly decommissioned by a licensed water well contractor once
they are no longer needed.

Four monitoring wells are located within the study area and should be decommissioned
by a licensed water well contractor in accordance with the Wells Regulation and best
management practices.
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REFERENCE No.: 11225419 ENCLOSURE No.: 1
@ BOREHOLE No.: MW-1 BOREHOLE REPORT
~—1 ELEVATION: 294.08 m Page: _ 1 of _2
CLIENT: Wooden Sticks Golf Course LEGEND
PROJECT: Geotechnical Investigation XI SS - SPLIT SPOON
LOCATION: 40 Elgin Park Drive, Uxbridge, Ontario /) ST - SHELBY TUBE
[ AU - AUGER PROBE
DESCRIBED BY: _ J. McEachern CHECKED BY: L. Ramos 4 - WATER LEVEL
DATE (START): 13 April 2021 DATE (FINISH): 13 April 2021
NORTHING: 4884211 EASTING: 650271.13
> - = - Shear test (Cu) A Field
<o 2 e Pt RO ® 5] Sensitivity (S) [ Lab
g go | g DESCRIPTION OF 2 58 |8 5 g(Blowsper|2 S} o “water content (%)
o3 go | B S 0 E |3X|@E| 15cm/ (S| Ateerberg limits (%)
2 3T | % SOIL AND BEDROCK o 85 |8G|3 5| raD@) IZ O
weE | S /Z |EF=0 (%) ZD| @ "N'Value
@ (blows / 12 in.-30 cm)
Feet |Metres|294.08 GROUND SURFACE % 10 20 30 40 50 60 70 80 90
v E 293.98 <> TOPSOIL (100mm)
1 —T FILL: SS-1 (63| 12| 0323 | 5 T
5 e SILTY SAND, fine grained, loose, light I\
iy brown, moist
3 10 X ss2 [100]| 13| 221 | 3 @O
4 — ]
ST | s Brown SS3a|100| 14| 336 | 9 %o
6 | NATIVE: SS-3b 3 - - ©
7 2.0 SM - SILTY SAND, fine grained, poorly \
I graded, loose, light brown, moist \
8 — Medium grained, compact -
o Gravel: 1%, Sand: 90%, Silt: 6%, Clay: 3% |[A| SS4 [100| 4 | 679 | 16 O
10 30 Brown to light b fi inded
y —_E rown to light brown, fine grainde X ss5 100! 3 | 10-1018 | 28 b ¥
12 | \
13 440 \
14 —
15 -
4+ Trace Gravel, dense
16 —F Laminated SS-6 |100| 3 | 182222 | 44 O
+5.0 A
18
19 —+
20 6.0 ||
21 —F SS-7 [100| 4 | 131825 | 43 [O
22 —+ \
23 7.0 \
24 — \
25 _; Very dense \/
s 6.0 y ss-8 [100| 4 | 18-24-36 | 60 |O
27 —+ /
28 |
29 —
L 90 /
30 Medium grained, dense \/
a1 grained, SS9 |100| 4 | 91523 | 38 |O e
I Fine grained L\
32 | \
33 ——10.0 \
34
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File: G:\11225419\WORKSHARE\DESIGN\GINT\11225419 - GINT BOREHOLE LOGS.GPJ Library File: GHD _GEOTECH_V05.GLB Report: SOIL LOG WITH GRAPH+WELL Date: 4/6/21

@ BOREHOLE No.: MW-1 BOREHOLE REPORT
~ ELEVATION: 294.08 m Page: 2 of 2
CLIENT: Wooden Sticks Golf Course LEGEND
PROJECT: Geotechnical Investigation XI SS - SPLIT SPOON
LOCATION: 40 Elgin Park Drive, Uxbridge, Ontario ST - SHELBY TUBE
[ AU - AUGER PROBE
DESCRIBED BY: _ J. McEachern CHECKED BY: L. Ramos 4 - WATER LEVEL
DATE (START): 13 April 2021 DATE (FINISH): 13 April 2021
NORTHING: 4884211 EASTING: 650271.13
> o = - Shear test (Cu) A Field
<o 2 e Pt RO ® 5] Sensitivity (S) [ Lab
£ g0 | 8 DESCRIPTION OF 9 55 (885 g|Blowsperl 28 o “water content (%)
S gm | 5 S o € |g|@E| 15cm/ Q| I Atterberg limits (%)
a 2T | B SOIL AND BEDROCK h 235 |90|e 8 RQD(%) |2 Ol W, w,
we | = =Z |PF=0 °VN1Z0N| @ "N'value
(blows / 12 in.-30 cm)
Feet |Metres|294.08 GROUND SURFACE % 10 20 30 40 50 60 70 80 90
36 —11.0 A SS-10 [ 100| 2 | 24-25-29 | 54 © %
37 —+
38 —;
3 T 120
40 T iss-ﬂa 100| 7 | 162126 | 47 [O
41 + Moist to wet SS-11b 16 - B
42 —
5 130 \
44 —
45 —+
€ Moist
46 14.0 o X ss-12[100| 6 | 192742 | 69 |0
47 —
48 |
49 71150
50 __E Medium grained N
51— ss-13|100| 4 | 172126 | 47 |o f
52
—16.0
53 |
54 —|
55 — -
4+ Wet
56 _—17.0 SS-14 | 100 | 18 4-16-31 52 [® %
57 — \
58 —
59 ——18.0
60 — L
61 — : SS-15|100| 16 | 14-26-39 | 65 | | O
- 275.34 Bl
62 —F END OF BOREHOLE :
—19.0
63 —| NOTE :
64 T - End of Borehole at 18.7 m bgs
iy - Borehole open upon completion of drilling
65 — - Water level in borehole upon completion
T—20.0 16.1 m bgs
66 — - Water level at 16.22 m bgs on
67 —F 2021/04/14
- - Water level at 16.22 m bgs on
68 —— 2021/05/05
69 _:_21 0 - bgs denotes 'below ground surface'
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REFERENCE No.: 11225419 ENCLOSURE No.: 2
@ BOREHOLE No.: BH-2 BOREHOLE REPORT
P— ELEVATION: 29410 m Page: _ 1 of _2
CLIENT: Wooden Sticks Golf Course LEGEND
PROJECT: Geotechnical Investigation XI SS - SPLIT SPOON
LOCATION: 40 Elgin Park Drive, Uxbridge, Ontario /) ST - SHELBY TUBE
[ AU - AUGER PROBE
DESCRIBED BY: _ J. McEachern CHECKED BY: L. Ramos 4 - WATER LEVEL
DATE (START): 12 April 2021 DATE (FINISH): 12 April 2021
NORTHING: 4884232.62 EASTING: 650284.76
> - = - Shear test (Cu) A Field
<o 2 e Pt RO ® 5] Sensitivity (S) [ Lab
g go | g DESCRIPTION OF 2 58 |8 5 g(Blowsper|2 S} o “water content (%)
o3 go | B S 0 E |3X|@E| 15cm/ (S| Ateerberg limits (%)
a 2T | B SOIL AND BEDROCK | 235 (90|29 RQD(%) |2 Ol W, w,
we | = =Z |PF=0 °VN1Z0N| @ "N'value
(blows / 12 in.-30 cm)
Feet |Metres|294.10 GROUND SURFACE % 10 20 30 40 50 60 70 80 90
v 293.05 Bl TOPSOIL (150mm)
1 —T FILL: SS-1 | 83 | 15 | 6-8-12-10 | 20 <
5 e SILTY SAND with gravel, fine grained, I\
iy compact, light brown, moist L
— . 0, . 0, 14 0, .
3 T 1.0 (13(;;\)/el. 6%, Sand: 55%, Silt: 29%, Clay: X ss2 100! 8 4138 21 [
4 — ]
S & |*Y R NATIVE:
6 — SM - SILTY SAND, fine to medium SS-3 |100| 8 4-3-3 6
T— 2.0 grained, poorly graded, loose, light brown, ]
7 T moist
8 __5 Trace gravel, compact X ss4 |100!] 8 6-4-8-4 12
9 —|— ]
10— 30 Stratified | [
y h= ratified layers, loose X ss5 | o4 | 14 333 6 o
I Brown a
12 |
13 4.0
15 | ) ) ) -
4+ Medium grained, Compact light brown
_r SS-6 [100| 5 3-2-14 16 |O]
16 —+
—5.0 A
18
19 —+
6.0 |
20 : ) .
£ Fine to medium grained, Dense
21 —F SS-7 |100| 5 | 12-20-30 | 50 |O
22 —F \
23 7.0 \
24 — \
25 _; Very dense \
06 —F 3 >< SS8 [100| 4 | 192832 | 60 |O
—8.0 /\ /
27 —
28 |
29 —
T 90 /
30 =+ Fine grained, dense \
2 grainec, >< SS9 |100| 4 | 141622 | 38 |O ?
32 |
33 ——10.0 \
34 —5 \
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REFERENCE No.: 11225419 ENCLOSURE No.: 2
@ BOREHOLE No.: BH-2 BOREHOLE REPORT
P— ELEVATION: 29410 m Page: _2 of _2
CLIENT: Wooden Sticks Golf Course LEGEND
PROJECT: Geotechnical Investigation |Z| SS - SPLIT SPOON
LOCATION: 40 Elgin Park Drive, Uxbridge, Ontario ST - SHELBY TUBE
[ AU - AUGER PROBE
DESCRIBED BY: _ J. McEachern CHECKED BY: L. Ramos 4 - WATER LEVEL
DATE (START): 12 April 2021 DATE (FINISH): 12 April 2021
NORTHING: 4884232.62 EASTING: 650284.76
> - Shear test (Cu) A Field
so | § 25 |29 R B 5| Sensitivity (S) O Lab
£ 20 | 8 DESCRIPTION OF L S5 |23 gPONSPENS S O Water content (%)
3 gcao | o S o€ [gX|@<c| 15cm/ S| Atterberg limits (%)
a 2T | B SOIL AND BEDROCK | 235 (90|29 RQD(%) |2 O|w, w,
we | = =Z |PF=0 °VN1Z0N| @ "N'value
(blows / 12 in.-30 cm)
Feet |Metres|294.10 GROUND SURFACE % 10 20 30 40 50 60 70 80 90
36 —11.0 A SS-10 (100| 5 | 15-22-26 | 48 [O ¥
37 —+
3 T 120 \
40 Very dense
a1 Y ss-11[100| 5 | 162630 | 56 |0 .
- 281.45
42 — END OF BOREHOLE :
T—13.0
43 —+— NOTE :
44 T - End of Borehole at 12.6 m bgs
T - Borehole caving to 11.2 m bgs
45 — - No water accumulated in borehole upon
T completion
46 —___14-0 - bgs denotes 'below ground surface'
47 —
48 —|—
49 1150
50
51 |
52 |
—16.0
53 —
54 —|
55 —E
56 _:—17.0
57 —
58 —
59 ——18.0
60 —
61 —
62 T 190
63 —
64 —
65 —
66 _:—20.0
67 —
68 —
69 ——21.0
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Page: _ 1 of _2
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CLIENT: Wooden Sticks Golf Course LEGEND
PROJECT: Geotechnical Investigation XI SS - SPLIT SPOON
LOCATION: 40 Elgin Park Drive, Uxbridge, Ontario ) ST - SHELBY TUBE
[ AU - AUGER PROBE
DESCRIBED BY: _ J. McEachern CHECKED BY: L. Ramos 4 - WATER LEVEL
DATE (START): __ 12 April 2021 DATE (FINISH): 12 April 2021
NORTHING: 4884209 EASTING: 650229
> o = - Shear test (Cu) A Field
<o 2 e Pt RO ® 5] Sensitivity (S) [ Lab
g go | g DESCRIPTION OF 2 58 |8 5 g(Blowsper|2 S} o “water content (%)
5 go | 5 S 0 E |3X|@E| 15cm/ (S| Ateerberg limits (%)
3 3= | = SOIL AND BEDROCK 5 851851886 , S w
2E|® >Z |0F|SO|RAD(%) |z 5| ¢ m=
? = @ B ('blow';l /\%ui?] -30 cm) m— ﬁ
Feet |Metres| 289.26 GROUND SURFACE % 10 20 30 40 50 60 70 80 90
v =_>= TOPSOIL (100mm)
1 -t 289.01 e NATIVE- SS1 |79 |11 | 0012 | 1 o\\ =
2 I SM - SILTY SAND, very loose, brown, [\
- moist
3 T-1.0 Fine grained, poorly graded, compact, light X ss-2 1100 10 6-8-10 18 O
T brown /\
4 T Compact
5 __; Moist to wet
6 —F Moist SS-3 |100| 14 | 7912 | 21 o)
T— 2.0 ]
7 —
8 & Dense X Ss4 [100| 9 | 121420 | 34 [G ’
9 — - \
10 —— 3.0
11 — X SS-5 | 100| 6 | 13-18-19 | 37 |O %
12 /
13 440 /
14 —
15 —; -
16 — >< Ss-6 [100| 5 | 7919 | 28 |O
Fs0 /\
18
19 —+
20 6.0
F Wet SS-7a|100| 15 | 14-18-30 | 48 [ |O
21 — Moist SS-7b 4 - - e
T Gravel: 0%, Sand: 77%, Silt: 19%, Clay: /
2 ¢ 4% /
23 —7.0
24 —
25 — —
T SS-8 [100| 6 | 14-16-20 | 36 | O ‘
26 1T 80 /\ \
27
28 |
29
— 9.0
30 |
31—+ SS-9 [100| 6 | 13-17-26 | 43 | O %
32 —L
33 ——10.0 \
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@ BOREHOLE No.: MW-3(D) BOREHOLE REPORT
P— ELEVATION: 289.26 m Page: _2 of _2
CLIENT: Wooden Sticks Golf Course LEGEND
PROJECT: Geotechnical Investigation XI SS - SPLIT SPOON
LOCATION: 40 Elgin Park Drive, Uxbridge, Ontario ST - SHELBY TUBE
[ AU - AUGER PROBE
DESCRIBED BY: _ J. McEachern CHECKED BY: L. Ramos 4 - WATER LEVEL
DATE (START): 12 April 2021 DATE (FINISH): 12 April 2021
NORTHING: 4884209 EASTING: 650229
> - Shear test (Cu) A Field
so | § 25 |29 R B 5| Sensitivity (S) O Lab
£ 20| 8 DESCRIPTION OF L S5 |23 gPONSPENS S O Water content (%)
[ g E =3 SO”_ AND BEDROCK E 0 E |QgK|l® c 15Cm/ > [y o | Atterberg limits (%)
o 2 © 0 23 OOOORQD"/ ZOWewW
ws | = /Z |EF=0 (%) Z®0| @ "N'Value
(blows / 12 in.-30 cm)
Feet |Metres| 289.26 GROUND SURFACE % 10 20 30 40 50 60 70 80 90
T li1g)) Verydense ss-10[100| 5 | 262832 | 60 [0
36 —+11.0 Ahad e
38 1,
3 T 120
40 Dense, wet J 12
4 & SS-11[100 | 22 | 17-23-21 | 44 D
42 —+
43 _:—13.0 /
44 —
45 — 13
_° C t
46 14.0 ompac $5-12 (100 | 23 | 12-11-14 | 25 -
- 275.09
47 — END OF BOREHOLE :
48 — NOTE :
49 —F - End of Borehole at 14.2 m bgs
+15.0 - Borehole caving to 12.8 m bgs
50 —| - Water level at 11.33 m bgs on
T 2021/04/14
51— - Water level at 11.33 m bgs on
50 — 2021/05/05
1-16.0 - bgs denotes 'below ground surface'
53 |
54 |
55 —E
56 _:—17.0
57 —
58 —
59 ——18.0
60 —
61 —
62 T 190
63 —
64 —
65 —
66 _:—20.0
67 —
68 —|
69 ——21.0
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REFERENCE No.: 11225419 ENCLOSURE No.: 4
@ BOREHOLE No.: MW-3(S) BOREHOLE REPORT
CLIENT: Wooden Sticks Golf Course LEGEND
PROJECT: Geotechnical Investigation |Z| SS - SPLIT SPOON
LOCATION: 40 Elgin Park Drive, Uxbridge, Ontario ST - SHELBY TUBE
[ AU - AUGER PROBE
DESCRIBED BY: _ J. McEachern CHECKED BY: L. Ramos 4 - WATER LEVEL
DATE (START): 12 April 2021 DATE (FINISH): 12 April 2021
NORTHING: 4884207 EASTING: 650229
— - Shear test (Cu) A Field
S» EZ 25 |29 R @ 5| Sensitivity (S) O Lab
£ 20 | 8 DESCRIPTION OF L S5 |23 gPONSPENS S O Water content (%)
% g E 2 SO”_ AND BEDROCK E 0 E |QgK|l® c 15Cm/ > [y o | Atterberg limits (%)
(=} 2 | ® 0 23 ([Q0|0 Q9 RQD(%) | O[We Wi m—
wE | £ /Z |EF=0 °/ZN| @ N'value _ !
0 < ! m
(blows / 12 in.-30 cm) ﬁ
Feet |Metres| 289.26 GROUND SURFACE % 10 20 30 40 50 60 70 80 90
v ===] TOPSOIL (100mm)
T 28001 7 NATIVE: m=
> I SM - SILTY SAND, very loose, brown,
- moist
3 T 1.0 Fine grained, poorly graded, compact, light
T brown
4 r Compact
5 __; Moist to wet
6 —| Moist
T— 2.0
7 T
8 — Dense
9 —|—
10 —— 3.0
11 T
12 |
13 4.0
14 —E
15 —;
16 —
—5.0
18 5.49 m
19 —+
6.0 ~
20 T Wet 6.10 m
21 Moist
22 —F
23 7.0
24 —
—+ 281.64
% - END OF BOREHOLE : 7.62 m
26 |
T 8.0 NOTE :
27 T - End of Borehole at 7.6 m bgs
28 — - Monitoring well measured to be dry on
I 2021/04/14
29 - Monitoring well measured to be dry on
T 90 2021/05/05
30 s - bgs denotes 'below ground surface'
31 |
32
33 ——10.0
34 —5
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REFERENCE No.: 11225419 ENCLOSURE No.: 5
@ BOREHOLE No.: Mw-4 BOREHOLE REPORT
CLIENT: Wooden Sticks Golf Course LEGEND
PROJECT: Geotechnical Investigation |Z| SS - SPLIT SPOON
LOCATION: 40 Elgin Park Drive, Uxbridge, Ontario /) ST - SHELBY TUBE
[ AU - AUGER PROBE
DESCRIBED BY: _ J. McEachern CHECKED BY: L. Ramos 4 - WATER LEVEL
DATE (START): 13 April 2021 DATE (FINISH): 13 April 2021
NORTHING: 4884246.14 EASTING: 650238.66
> - = - Shear test (Cu) A Field
<o 2 e Pt RO ® 5] Sensitivity (S) [ Lab
= 20 8 DESCRIPTION OF o 53 Q I @|Blows per| 5 S| O Water content (%)
o3 go | B o o € |3X|@ | 15cm/ |8 | K Atterberg limits (%)
a 3F | ® SOIL AND BEDROCK | 23 [$0|2 3| RQD(% = O|w, w _
we | 5 /Z |EF=0 (%) |=®| @ N value AL
(blows / 12 in.-30 cm) ﬁ
E\eet Metres| 287.40 GROUND SURFACE % 10 20 30 40 50 60 70 80 90
v E 287.30 TOPSOIL (100mm)
1T NATIVE: ss-1]92| 21| 0111 | 2 T 5 =
5 I SM - SILTY SAND, trace organics, very I\
iy loose, dark brown, moist
3 T 10 X ss2 |92 12| 1111 | 2 D
4 — Reddish brown N
-+ Compact, light brown \
S F Loose, reddish brown ‘O
6 — SS-3 | 100 | 12 2-2-5 7
T— 2.0 -
7 T
_F Fi ined, poorly graded t, light
8 - b;g;avrg];rame , poorly graded, compact, lig X ssa | 100] 8 457 12 %
9 —|— ]
10 —— 3.0
1 -+ X ss-5 [100| 4 | 811412 | 23 [o R
12
13 440 \
14 —
15 | i . -
4+ Medium grained, dense
16 — SS-6 |100| 7 11-18-24 | 46 | O
—5.0 -
18 /
19 —+
20 - 6.0 ||
£ Compact J
21 —L SS-7 |100| 5 10-12-14 | 26 |O
22 —F
23 7.0
24 —
25 — »
26 —F Ss-8 |100| 5 | 91115 | 26 [o] | @
—8.0 /\ \
27 | \
28 |
T 8.69 m—
29
30 — 9.0
~ . 0, . 0, 14 0, .
ot g;fvel. 2%, Sand: 52%, Silt: 46%, Clay: ss0 | 1001 22 | 104218 | 30 R 930 m—
T Brown, wet 1
32 + /
33 ——10.0 /
34 —5 /




File: G:\11225419\WORKSHARE\DESIGN\GINT\11225419 - GINT BOREHOLE LOGS.GPJ Library File: GHD _GEOTECH_V05.GLB Report: SOIL LOG WITH GRAPH+WELL Date: 4/6/21

REFERENCE No.: 11225419 ENCLOSURE No.: 5
@ BOREHOLE No.: Mw-4 BOREHOLE REPORT
P— ELEVATION: 287.40m Page: _2 of _2
CLIENT: Wooden Sticks Golf Course LEGEND
PROJECT: Geotechnical Investigation XI SS - SPLIT SPOON
LOCATION: 40 Elgin Park Drive, Uxbridge, Ontario iz - iEZLEBRYPTRUc?:E
DESCRIBED BY: _ J. McEachern CHECKED BY: L. Ramos 4 - WATER LEVEL
DATE (START): 13 April 2021 DATE (FINISH): 13 April 2021
NORTHING: 4884246.14 EASTING: 650238.66
> - = - Shear test (Cu) A Field
<o 2 e Pt RO ® 5] Sensitivity (S) [ Lab
£ g0 | 8 DESCRIPTION OF 9 55 (885 g|Blowsperl 28 o “water content (%)
S o > S o € |g|@E| 15cm/ Q| I Atterberg limits (%)
a 2T | B SOIL AND BEDROCK | 235 (90|29 RQD(%) |2 O|w, w,
we | = =Z |PF=0 °1Z0| @ N'vale
(blows / 12 in.-30 cm)
Feet |Metres|287.40 GROUND SURFACE % 10 20 30 40 50 60 70 80 90
+ i - 10.82 m—
36 ___11_0 A SS-10 | 100 | 20 3-5-15 20 {
37 —+
38 —;
3 T 120
40 Dense
M SS-11/100| 17 | 61627 | 43 | | O o
- 274.75
42 — END OF BOREHOLE :
T—13.0
43 —+— NOTE :
44 T - End of Borehole at 12.6 m bgs
T - Borehole caving to 10.2 m bgs
45 — - Water level in borehole upon completion
T 10.1 m bgs
46 —14.0 - Water level at 9.88 m bgs on 2021/04/14
47 T - Water level at 9.85 m bgs on 2021/05/05
I - bgs denotes 'below ground surface'
48 —|—
49 1150
50
51 |
52 |
—16.0
53 —
54 —|
55 —E
56 _:—17.0
57 —
58 —
59 ——18.0
60 —
61 —
62 T 190
63 —
64 —
65 —
66 _:—20.0
67 —
68 —|
69 ——21.0




File: G:\11225419\WORKSHARE\DESIGN\GINT\11225419 - GINT BOREHOLE LOGS.GPJ Library File: GHD _GEOTECH_V05.GLB Report: SOIL LOG WITH GRAPH+WELL Date: 4/6/21

REFERENCE No.: 11225419 ENCLOSURE No.: 6
@ BOREHOLE No.: BH-5 BOREHOLE REPORT
P— ELEVATION: 292.51m Page: _ 1 of _1
CLIENT: Wooden Sticks Golf Course LEGEND
PROJECT: Geotechnical Investigation XI SS - SPLIT SPOON
LOCATION: 40 Elgin Park Drive, Uxbridge, Ontario ST - SHELBY TUBE
[ AU - AUGER PROBE
DESCRIBED BY: _ J. McEachern CHECKED BY: L. Ramos 4 - WATER LEVEL
DATE (START): 14 April 2021 DATE (FINISH): 14 April 2021
NORTHING: 4884265.52 EASTING: 650266.65
> - = - Shear test (Cu) A Field
<o 2 e Pt RO ® 5] Sensitivity (S) [ Lab
g go | g DESCRIPTION OF 2 58 |8 5 g(Blowsper|2 S} o “water content (%)
3 gcao | o S o€ [gX|@<c| 15cm/ S| Atterberg limits (%)
a 2T | B SOIL AND BEDROCK h 235 |90|e 8 RQD(%) |2 Ol W, w,
we | = =Z |PF=0 °1Z0| @ N'vale
(blows / 12 in.-30 cm)
Feet |Metres|292.51 GROUND SURFACE % 10 20 30 40 50 60 70 80 90
T 29240 \ASPHALT (50mm) 2
1 —T FILL: SS-1 |78 | 6 | 6-6-8-10 | 14 —97
5 e SM - SILTY SAND, with gravel, compact, | \
iy brown, moist to wet
3 T Trace clay - -
—1.0 Brown, moist X SS-2 (100 7 7-6-10 16 | O
5
6 —f X Ss-3 [100| 9 | 656 | 11 j
T— 2.0 -
T 290.22
8 — T HEES NATIVE: , , Ss-4a|100| 9 | 124 | 6
-+ SM - SILTY SAND, loose, fine grained, SS-4b 5 _ _
9 —|— reddish brown, moist
10 _':_ 3.0 I/Ira.ci; tgravetl, brown
1 F ostiowe X ss5 [100| 15| 334 | 7 |eo
12
13 140 Compact X ss-6 [100| 6 | 569 |15 6%
14 —E a
15 —; -
16 — >< SS-7 |100| 4 8-9-14 | 23 |O
—5.0 A
18 \
19 —+ \
20 _:— 6.0 |
21 —F SS-8 [100| 3 | 13-13-16 | 29 O .
- 285.96
20 END OF BOREHOLE :
23 7.0 NOTE :
24 T - End of Borehole at 6.6 m bgs
I - Borehole open upon completion
25 — - No water accumulated in borehole upon
T+ completion
26 T80 - bgs denotes 'below ground surface’
27 —
28 |
29 —
— 9.0
30 |
31 |
32 |
33 ——10.0
34 —5




File: G:\11225419\WORKSHARE\DESIGN\GINT\11225419 - GINT BOREHOLE LOGS.GPJ Library File: GHD _GEOTECH_V05.GLB Report: SOIL LOG WITH GRAPH+WELL Date: 4/6/21

REFERENCE No.: 11225419 ENCLOSURE No.: 7
@ BOREHOLE No.: BH-6 BOREHOLE REPORT
P— ELEVATION: 287.14 m Page: _ 1 of _1
CLIENT: Wooden Sticks Golf Course LEGEND
PROJECT: Geotechnical Investigation |Z| SS - SPLIT SPOON
LOCATION: 40 Elgin Park Drive, Uxbridge, Ontario ST - SHELBY TUBE
[ AU - AUGER PROBE
DESCRIBED BY: _ J. McEachern CHECKED BY: L. Ramos 4 - WATER LEVEL
DATE (START): 14 April 2021 DATE (FINISH): 14 April 2021
NORTHING: 4884264.21 EASTING: 650243.01
> - = - Shear test (Cu) A Field
<o 2 e Pt RO ® 5] Sensitivity (S) [ Lab
g go | g DESCRIPTION OF 2 58 |8 5 g(Blowsper|2 S} o “water content (%)
3 gcao | o S o€ [gX|@<c| 15cm/ S| Atterberg limits (%)
a 2T | B SOIL AND BEDROCK | 235 (90|29 RQD(%) |2 O|w, w,
we | = =Z |PF=0 °VN1Z0N| @ "N'value
(blows / 12 in.-30 cm)
Feet |Metres| 287.14 GROUND SURFACE % 10 20 30 40 50 60 70 80 90
v 28109 TOPSOIL (100mm) /IX|[SS-1a| 92 | 4 | 0324 | 5 R
1 T NATIVE: SS-1b 9 - - q
5 e SM - SILTY SAND, trace gravel, loose,
iy brown, moist
3 I Fine grained, poorly graded, light brown o -~
—1.0 Compact SS2 (9% | 4 7-8-10 18 |O
4 — ]
5
6 T X SS-3 (100| 4 7-8-11 19 |O
T— 2.0 ]
7 | \
8 T+ X ss4 [100| 5 | 91214 | 26 [O][®
10 —— 3.0
11 —F X SS-5 [100| 3 | 9-11-17 | 28 |0
12
13 4.0
14 —E
15 | . -
4+ Dense, moist to wet
16 — SS-6 [100| 6 | 12-15-17 | 32 | O
-— 5.0 282.11
17 —L END OF BOREHOLE :
18 NOTE :
19 T - End of Borehole at 5.0 m bgs
4+ - Borehole open upon completion
20 — 6.0 - No water accumulated in borehole upon
-+ completion
21 T - bgs denotes 'below ground surface'
22 —T
23 7.0
24 —
25 —
26 | 8.0
27 —
28 |
29 |
— 9.0
30 |
31 |
32 |
33 ——10.0
34 —5




File: G:\11225419\WORKSHARE\DESIGN\GINT\11225419 - GINT BOREHOLE LOGS.GPJ Library File: GHD _GEOTECH_V05.GLB Report: SOIL LOG WITH GRAPH+WELL Date: 4/6/21

REFERENCE No.: 11225419 ENCLOSURE No.: 8
@ BOREHOLE No.: BH-7 BOREHOLE REPORT
CLIENT: Wooden Sticks Golf Course LEGEND
PROJECT: Geotechnical Investigation |Z| SS - SPLIT SPOON
LOCATION: 40 Elgin Park Drive, Uxbridge, Ontario ST - SHELBY TUBE
[ AU - AUGER PROBE
DESCRIBED BY: _ J. McEachern CHECKED BY: L. Ramos 4 - WATER LEVEL
DATE (START): 14 April 2021 DATE (FINISH): 14 April 2021
NORTHING: 4884306.25 EASTING: 650266.7
> - = - Shear test (Cu) A Field
co | 2 e Pt RO ® 5] Sensitivity (S Lab
£ go | § DESCRIPTION OF of 58 |55 5Blows per| 38 3o nient 1) 7
3 gcao | o S o€ [gX|@<c| 15cm/ S| Atterberg limits (%)
a 2T | B SOIL AND BEDROCK B 235 30|23 RAD(%) | O
ws | = /Z |EF=0 (%) Z®0| @ "N'Value
(blows / 12 in.-30 cm)
Feet |Metres| 291.50 GROUND SURFACE % 10 20 30 40 50 60 70 80 90
v + 291.45 ' \ASPHALT (50mm) /] SS-1a | 92 1 8-7-71-5 14 r
T FILL: SS-1b 6 - - o
5 I GRAVELLY SAND, compact, light brown, } \
iy moist
3 —_:_ 10 Sr”gv ﬁand, medium grained, trace gravel, X ss2 100! 5 235 8
4 Trace clay |
5 _r Loose, brown, moist
6 Compact X ss3 (100 7 | 566 |12 _o*
T— 2.0 ]
7 T
8 T+ Very Loose X ss4 |89 | 10| 2112 | 2 J q
9 — —
1o 30 Gravel: 0%, Sand 87%, Silt 9%, Clay 4%
11 —F e > oy X ss-5 |100| 10| 111 | 2 @O
2 287.69
13 [ ’ NATIVE:
F 40 SM - SILTY SAND, very loose, dark SS-6 |100| 16 | 011 2 ? o
14 T brown, moist to wet —
15 | . L
4+ Organics (roots)
16 —F Brown SS-7 [100| 11 | 0-0-10 | 1 @ O
—5.0 A
18 — Compact
- SS-8 [100| 6 7-11-15 | 26 [O ?
19 —+ /N
20 6.0 | \
£ Trace gravel L
21 — Light brown, moist SS9 (100 3 | 10-14-16 | 30 |O
- 284.95
22 —F END OF BOREHOLE :
23 7.0 NOTE :
24 T - End of Borehole at 6.6 m bgs
I - Borehole open upon completion
25 — - No water accumulated in borehole upon
T+ completion
26 T80 - bgs denotes 'below ground surface’
27
28 |
29 |
— 9.0
30 |
31 |
32 |
33 ——10.0
34 —5




File: G:\11225419\WORKSHARE\DESIGN\GINT\11225419 - GINT BOREHOLE LOGS.GPJ Library File: GHD _GEOTECH_V05.GLB Report: SOIL LOG WITH GRAPH+WELL Date: 4/6/21

REFERENCE No.: 11225419 ENCLOSURE No.: 9
@ BOREHOLE No.: BH-8 BOREHOLE REPORT
CLIENT: Wooden Sticks Golf Course LEGEND
PROJECT: Geotechnical Investigation |Z| SS - SPLIT SPOON
LOCATION: 40 Elgin Park Drive, Uxbridge, Ontario ST - SHELBY TUBE
[ AU - AUGER PROBE
DESCRIBED BY: _ J. McEachern CHECKED BY: L. Ramos 4 - WATER LEVEL
DATE (START): 14 April 2021 DATE (FINISH): 14 April 2021
NORTHING: 4884296.63 EASTING: 650225.52
> - = - Shear test (Cu) A Field
<o 2 e Pt RO ® 5] Sensitivity (S) [ Lab
g go | g DESCRIPTION OF 2 58 |8 5 g(Blowsper|2 S} o “water content (%)
3 gcao | o S o€ [gX|@<c| 15cm/ S| Atterberg limits (%)
a 2T | B SOIL AND BEDROCK B 235 30|23 RAD(%) | O
ws | = /Z |EF=0 (%) Z®0| @ "N'Value
(blows / 12 in.-30 cm)
Feet |Metres| 283.81 GROUND SURFACE % 10 20 30 40 50 60 70 80 90
v 2835.16 TOPSOIL (100mm) 2
1 —T NATIVE: SS1 |79 | 10 1-2-3-3 5 -T(
5 e SM - SILTY SAND, trace organics, loose, | \
iy brown, moist
3 I Fine grained, reddish brown Yy
A + 1.0 Light brown X SS-2 (100| 13 2-2-4 6 O
5 _5 Compact, moist to wet
s _F pact, X ss3 [100] 10| 670 |16 | oW
£ 20 A |
7 T
_F Moist
8 —+ oI X ss4 |100] 12| 7812 |20 [D
9 — Moist to wet a
1o 30 ss-5a|100| 10 | 1077 | 14 _{
1M1 — Wet $S-5b 18 - -
12
13 4.0
14 —E
15 | . . -
4+ With gravel, dense, moist to wet \!
16 — Approximate 50 mm Sandy Silt seam, SS-6 | 100| 6 9-17-33 | 50 | O
+—5.0| 27878 moist to wet —
17 T Moist /_
18 —5 END OF BOREHOLE :
19 T NOTE :
o0 — 6.0 - End of Borehole at 5.0 m bgs
- - Borehole open upon completion
21 - No water accumulated in borehole upon
T completion
22 s - bgs denotes 'below ground surface'
23 —7.0
24 —
25 —
26 | 8.0
27 —
28 |
29 |
— 9.0
30 |
31 |
32
33 ——10.0
34 —5
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Grainsize Analysis
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Particle-Size Analysis of Soils (Geotechnical)
(USCS) (ASTM D422)

Client: Wooden Sticks Golf Course Lab No.: SS-21-31
Project/Site: 40 Elgin Street, Uxbridge Project No.: 11225419-01
Borehole no.: BH1 Sample no.: SS4
Depth: 2.3t02.7m Enclosure:
100 ’ 3 *—o 0
—
!/
90 10
/
80 r/ 20
70 // 30
o
g 60 40 jﬁ:
& &
% 50 50 g
; / :
40 60
30 / 70
20 / 80
/|
10 90
gl
L]
0 100
0.001 0.01 0.1 1 10 100
Diameter (mm)
Sand Gravel
Clay & Silt - - -
Fine Medium Coarse Fine Coarse
Unified Soil Classification System
Soil Description Gravel (%) Sand (%) Clay & Silt (%)
Sand with Silt 1 90 9
Silt-size particles (%): 6
Clay-size particles (%) (<0.002mm): 3
Remarks:
Performed by: Alex Fawcett Date: May 5, 2021
Verified by: Joe Sullivan Date: May 5, 2021

GHD F0-930.103-Particle-Size Analysis of Soils Geotechnical (USCS) (ASTM D422) - Rev. 0 - 07/01/2015



Particle-Size Analysis of Soils (Geotechnical)
(USCS) (ASTM D422)

Client: Wooden Sticks Golf Course Lab No.: SS-21-31
Project/Site: 40 Elgin Street, Uxbridge Project No.: 11225419-01
Borehole no.: BH2 Sample no.: SS2
Depth: 0.8to 1.2m Enclosure:
100 ’ *—o 0
/f”.,'
-
90 10
AT
80 '// 20
70 30
o
g 60 40 jﬁ;
& &
% 50 50 g
5 / 5
40 / 60
30 ‘/ 70
" di
20 o~ 80
J’,
o
’f
10 | g et 90
0 100
0.001 0.01 01 1 10 100
Diameter (mm)
Sand Gravel
Clay & Silt - - -
Fine Medium Coarse Fine Coarse
Unified Soil Classification System
Soil Description Gravel (%) Sand (%) Clay & Silt (%)
Silty Sand Fill 6 55 39
Silt-size particles (%): 29
Clay-size particles (%) (<0.002mm): 10
Remarks:
Performed by: Alex Fawcett Date: May 5, 2021
Verified by: Joe Sullivan Date: May 5, 2021

GHD F0-930.103-Particle-Size Analysis of Soils Geotechnical (USCS) (ASTM D422) - Rev. 0 - 07/01/2015



Particle-Size Analysis of Soils (Geotechnical)
(USCS) (ASTM D422)

Client: Wooden Sticks Golf Course Lab No.: SS-21-31
Project/Site: 40 Elgin Street, Uxbridge Project No.: 11225419-01
Borehole no.: BH3 Sample no.: SS7B
Depth: 6.3 to 6.6m Enclosure:
100 . y W_—" 0

920 / 10

80 20

70 / 30
60 40 .

Percent Passing
[$)]
o
[$)]
o
Percent Retained

40 60

30 , 70
20 80
S
o
10 90
Y
0 100
0.001 0.01 0.1 1 10 100
Diameter (mm)
Sand Gravel
Clay & Silt - - -
Fine Medium Coarse Fine Coarse
Unified Soil Classification System
Soil Description Gravel (%) Sand (%) Clay & Silt (%)
Silty Sand 0 77 23
Silt-size particles (%): 19
Clay-size particles (%) (<0.002mm): 4
Remarks:
Performed by: Alex Fawcett Date: May 5, 2021
Verified by: Joe Sullivan Date: May 5, 2021

GHD F0-930.103-Particle-Size Analysis of Soils Geotechnical (USCS) (ASTM D422) - Rev. 0 - 07/01/2015



Particle-Size Analysis of Soils (Geotechnical)
(USCS) (ASTM D422)

Client: Wooden Sticks Golf Course Lab No.: SS-21-31
Project/Site: 40 Elgin Street, Uxbridge Project No.: 11225419-01
Borehole no.: BH4 Sample no.: SS9
Depth: 9.2109.8m Enclosure:
100 ’ *—o 0
90 10
80 20
70 30
o
g 60 40 jﬁ:
& &
g 50 50 g
g e
40 / 60
30 / 70
20 J/ 80
e
P
10 90
R L
0 100
0.001 0.01 0.1 1 10 100
Diameter (mm)
Sand Gravel
Clay & Silt - - -
Fine Medium Coarse Fine Coarse
Unified Soil Classification System
Soil Description Gravel (%) Sand (%) Clay & Silt (%)
Silty Sand 2 52 46
Silt-size particles (%): 40
Clay-size particles (%) (<0.002mm): 6
Remarks:
Performed by: Alex Fawcett Date: May 5, 2021
Verified by: Joe Sullivan Date: May 5, 2021

GHD F0-930.103-Particle-Size Analysis of Soils Geotechnical (USCS) (ASTM D422) - Rev. 0 - 07/01/2015



Particle-Size Analysis of Soils (Geotechnical)
(USCS) (ASTM D422)

Client: W ooden Sticks Golf Course Lab No.: SS-21-31
Project/Site: 40 Elgin St, Uxbridge Project No.: 11225419-01
Soil Type: Native Soil Sample Source: BH7 SS1B
Type of Material: Native Soil Sample Location: N/A
Proposed Use: N/A Depth: 0.13t0 0.6m
Sampled By: N/A Sample Date: 16-Apr-21
Sample Location Remarks: N/A
100.0 . = 90000988 00
pat
90.0 10.0
/
80.0 20.0
70.0 30.0
2 ]
E 60.0 / 40 og
a 3
g 50.0 50.0 g
8 &

40.0 ‘ 60.0
30.0 70.0

20.0 80.0
10.0 90.0
0.0 100.0
0.0 0.0 0.1 1.0 10.0 100.0

Diameter (mm)

Sand Gravel
Clay & Silt Fine Medium Coarse Fine Coarse
Unified Soil Classification System

Soil Description Gravel (%) Sand (%) Clay & Silt (%)

Sand with Silt Fill 0 85 15
Remarks:
Performed by: Alex Fawcett Date: May 3, 2021
Verified by: Joe Sullivan Date: May 5, 2021

GHD FO-930.103-Particle-Size Analysis of Soils Geotechnical (USCS) (ASTM D422) - Rev. 0 - 07/01/2015



Particle-Size Analysis of Soils (Geotechnical)
(USCS) (ASTM D422)

Client: Wooden Sticks Gold Inc. Lab No.: SS-21-31
Project/Site: 40 Elgin Street, Uxbridge Project No.: 11225419-01

Borehole no.: BH7 Sample no.: SS5

Depth: 3.0to 3.5m Enclosure:

100 . y W_—" 0

/
/
90 10

80 / 20
70 30
60 / 40 .

Percent Passing
[$)]
o
[$)]
o
Percent Retained

40 / 60
30 70

20 80
‘/
7
10 — 90
o
0 100
0.001 0.01 0.1 1 10 100
Diameter (mm)
Sand Gravel
Clay & Silt - - -
Fine Medium Coarse Fine Coarse
Unified Soil Classification System
Soil Description Gravel (%) Sand (%) Clay & Silt (%)
Sand with Silt Fill 0 87 13
Silt-size particles (%): 9
Clay-size particles (%) (<0.002mm): 4
Remarks:
Performed by: Alex Fawcett Date: May 5, 2021
Verified by: Joe Sullivan Date: May 5, 2021

GHD F0-930.103-Particle-Size Analysis of Soils Geotechnical (USCS) (ASTM D422) - Rev. 0 - 07/01/2015
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Appendix D

Hydraulic Conductivity Tests

a xipuaddy



Normalized Head (cm/cm)

01 | | | | ‘ | | | | ‘ | | | | ‘ | | | | ‘ | | | |
0. 20. 40. 60. 80. 100.

Time (sec)

HYDRAULIC CONDUCTIVITY TEST AT BH-1- SCREENED IN SILTY SAND

PROJECT INFORMATION

Company: R.J. Burnside & Associates
Project: 300050985

Location: Uxbridge, ON

Test Well: BH1

Test Date: October 14, 2021

AQUIFER DATA
Saturated Thickness: 208. cm Anisotropy Ratio (Kz/Kr): 0.1

WELL DATA (BH1)

Initial Displacement: -310.7 cm Static Water Column Height: 208. cm
Total Well Penetration Depth: 1824. cm Screen Length: 152. cm
Casing Radius: 2.54 cm Well Radius: 7.62 cm
SOLUTION
Aquifer Model: Unconfined Solution Method: Hvorslev

K =0.002 cm/sec y0 =-270. cm




0.1

Normalized Head (cm/cm)

0.01

0. 40. 80. 120. 160. 200.
Time (sec)

HYDRAULIC CONDUCTIVITY TEST AT BH-3S- SCREENED IN SILTY SAND

PROJECT INFORMATION

Company: R.J. Burnside & Associates
Project: 300050985

Location: Uxbridge, ON

Test Well: BH3s

Test Date: October 14, 2021

AQUIFER DATA
Saturated Thickness: 0.5 cm Anisotropy Ratio (Kz/Kr): 0.1

WELL DATA (BH3s)

Initial Displacement: -95.1 cm Static Water Column Height: 0.5 cm
Total Well Penetration Depth: 821. cm Screen Length: 152. cm
Casing Radius: 2.54 cm Well Radius: 7.62 cm
Gravel Pack Porosity: 0.3
SOLUTION
Aquifer Model: Unconfined Solution Method: Hvorslev

K =3.757 cm/sec y0 =-91.13 cm




0.1

Normalized Head (cm/cm)

0.01

0. 60. 120. 180. 240. 300.
Time (sec)

HYDRAULIC CONDUCTIVITY TEST AT BH-3D - SCREENED IN SILTY SAND

PROJECT INFORMATION

Company: R.J. Burnside & Associates
Project: 300050985

Location: Uxbridge, ON

Test Well: BH3d

Test Date: October 14, 2021

AQUIFER DATA
Saturated Thickness: 220. cm Anisotropy Ratio (Kz/Kr): 0.1

WELL DATA (BH3d)

Initial Displacement: -350.2 cm Static Water Column Height: 220. cm
Total Well Penetration Depth: 1435. cm Screen Length: 152. cm
Casing Radius: 2.54 cm Well Radius: 7.62 cm
SOLUTION
Aquifer Model: Unconfined Solution Method: Hvorslev

K =0.002322 cm/sec y0 =-234.2 cm




0.1

Normalized Head (cm/cm)

0.01

0. 120. 240. 360. 480. 600.
Time (sec)

HYDRAULIC CONDUCTIVITY TEST AT BH-4 - SCREENED IN SILTY SAND

PROJECT INFORMATION

Company: R.J. Burnside & Associates
Project: 300050985

Location: Uxbridge, ON

Test Well: BH4

Test Date: October 14, 2021

AQUIFER DATA
Saturated Thickness: 95. cm Anisotropy Ratio (Kz/Kr): 0.1

WELL DATA (BH4)

Initial Displacement: -290. cm Static Water Column Height: 95. cm
Total Well Penetration Depth: 1175. cm Screen Length: 152. cm
Casing Radius: 2.54 cm Well Radius: 7.62 cm
Gravel Pack Porosity: 0.3
SOLUTION
Aquifer Model: Unconfined Solution Method: Hvorslev

K =0.005574 cm/sec y0 =-135.cm
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Appendix E

Groundwater Elevation Data

3 xipuaddy



Table E-1

Groundwater Elevations - Monitoring Wells

13-Apr-21 19-May-21 16-Jun-21 13-Jul-21
. Well Depth Ground Wat w w w
Monitoring Well j ater ater ater ater
(mbgl) Elevation (masl)| Water Level Elevation Water Level Elevation Water Level Elevation Water Level Elevation
(mbgl) (masl) (mbgl) (masl) (mbgl) (masl) (mbgl) (masl)
BH-1 18.03 294.08 16.15 277.93 16.20 277.88 16.31 277.77 16.22 277.86
BH-3s 7.35 289.26 - - dry dry dry dry dry dry
BH-3d 13.50 289.26 11.58 277.68 11.36 277.90 11.47 277.79 11.34 277.92
BH-4 10.84 287.40 9.50 277.90 9.90 277.50 10.02 277.38 9.91 277.49
mbgl - metres below ground level
masl - metres above sea level
'-' denotes data that is unavailable
Note: April 13, 2021 water levels are extracted from
borehole log
R.J. Burnside & Associates Limited
300050985 Page 1 of 3 Table E-1



Table E-1

Groundwater Elevations - Monitoring Wells

12-Aug-21 09-Sep-21 14-Oct-21 11-Nov-21
. Well Depth Ground Wat w w w
Monitoring Well j ater ater ater ater
(mbgl) Elevation (masl)| Water Level Elevation Water Level Elevation Water Level Elevation Water Level Elevation
(mbgl) (masl) (mbgl) (masl) (mbgl) (masl) (mbgl) (masl)
BH-1 18.03 294.08 16.24 277.84 16.33 277.75 16.16 277.92 16.13 277.95
BH-3s 7.35 289.26 dry dry dry dry dry dry dry dry
BH-3d 13.50 289.26 11.42 277.84 11.50 277.76 11.29 277.97 11.27 277.99
BH-4 10.84 287.40 9.96 277 .44 10.05 277.35 9.85 277.55 9.83 277.57
mbgl - metres below ground level
masl - metres above sea level
'-' denotes data that is unavailable
Note: April 13, 2021 water levels are extracted from
borehole log
R.J. Burnside & Associates Limited
300050985 Page 2 of 3 Table E-1



Table E-1

Groundwater Elevations - Monitoring Wells

17-Dec-21 13-Jan-22 11-Feb-22 11-Mar-22
. Well Depth Ground Wat w w w
Monitoring Well j ater ater ater ater
(mbgl) Elevation (masl)| Water Level Elevation Water Level Elevation Water Level Elevation Water Level Elevation
(mbgl) (masl) (mbgl) (masl) (mbgl) (masl) (mbgl) (masl)
BH-1 18.03 294.08 16.11 277.97 16.15 277.93 16.22 277.86 16.11 277.97
BH-3s 7.35 289.26 dry dry 7.33 281.93 dry dry dry dry
BH-3d 13.50 289.26 11.25 278.01 11.29 277.97 11.37 277.89 11.25 278.01
BH-4 10.84 287.40 9.84 277.56 9.88 277.52 9.96 277 .44 9.82 277.58
mbgl - metres below ground level
masl - metres above sea level
'-' denotes data that is unavailable
Note: April 13, 2021 water levels are extracted from
borehole log
R.J. Burnside & Associates Limited
300050985 Page 3 of 3 Table E-1



Groundwater Elevations
BH-1 - Well Depth: 18.0 m, Screened Silty Sand
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R.J. Burnside & Associates Limited
300050985 Figure E-1
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Groundwater Elevations
BH-4 - Well Depth: 10.8 m, Screened in Silty Sand
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Table F-1
Groundwater Chemistry

Sample Description BH-1 BH-4
Date Sampled|10/14/2021 | 10/14/2021
. Type of

Parameter Unit obwaQs Standard
Electrical Conductivity uS/cm 537 547
pH pH Units | 6.5-8.5 oG 7.95 7.95
Saturation pH (Calculated) 6.97 6.94
Langelier Index (Calculated) 0.984 1.01
Hardness (as CaCO3) (Calculated) mg/L 80-100 [0]€] 302 298
Total Dissolved Solids mg/L 500 AO 354 332
Alkalinity (as CaCO3) mg/L 30-500 oG 259 278
Bicarbonate (as CaCO3) mg/L 259 278
Carbonate (as CaCO3) mg/L <5 <5
Hydroxide (as CaCO3) mg/L <5 <5
Fluoride mg/L 1.5 MAC <0.05 <0.05
Chloride mg/L 250 AO 1.92 8.49
Nitrate as N mg/L 10.0 MAC 1.02 1.17
Nitrite as N mg/L 1.0 MAC <0.05 <0.05
Bromide mg/L <0.05 <0.05
Sulphate mg/L 500 AO 42.9 23.2
Ortho Phosphate as P mg/L <0.10 <0.10
Ammonia as N mg/L <0.02 <0.02
Total Phosphorus mg/L 0.17 0.12
Total Organic Carbon mg/L 71.2 45.4
True Colour TCU 5.0 AO <5 <5
Turbidity NTU 5.0 AO 5400 2410
Dissolved Calcium mg/L 101 105
Dissolved Magnesium mg/L 12.2 8.69
Dissolved Potassium mg/L 0.83 1.01
Dissolved Sodium mg/L 20 AO 2.75 8.14
Dissolved Aluminum mg/L 0.1 oG 0.009 0.006
Dissolved Antimony mg/L 0.006 IMAC <0.001 <0.001
Dissolved Arsenic mg/L 0.01 IMAC <0.001 <0.001
Dissolved Barium mg/L 1.0 MAC 0.024 0.022
Dissolved Beryllium mg/L <0.0005 <0.0005
Dissolved Boron mg/L 5.0 IMAC 0.042 0.018
Dissolved Cadmium mg/L 0.005 MAC <0.0001 <0.0001
Dissolved Chromium mg/L 0.05 MAC <0.002 <0.002
Dissolved Cobalt mg/L <0.0005 <0.0005
Dissolved Copper mg/L 1.0 AO 0.002 0.003
Dissolved Iron mg/L 0.3 AO <0.010 <0.010
Dissolved Lead mg/L 0.010 MAC <0.0005 <0.0005
Dissolved Manganese mg/L 0.05 AO <0.002 0.012
Dissolved Mercury mg/L 0.001 MAC <0.0001 <0.0001
Dissolved Molybdenum mg/L <0.002 <0.002
Dissolved Nickel mg/L <0.003 <0.003
Dissolved Selenium mg/L 0.05 MAC <0.001 0.001
Dissolved Silver mg/L <0.0001 <0.0001
Dissolved Strontium mg/L 0.206 0.198
Dissolved Thallium mg/L <0.0003 <0.0003
Dissolved Tin mg/L <0.002 <0.002
Dissolved Titanium mg/L <0.002 <0.002
Dissolved Tungsten mg/L <0.010 <0.010
Dissolved Uranium mg/L 0.02 MAC <0.0005 <0.0005
Dissolved Vanadium mg/L <0.002 <0.002
Dissolved Zinc mg/L 5.0 AO <0.005 <0.005
Dissolved Zirconium mg/L <0.004 <0.004

ODWAQS - Ontario Drinking Water Quality Standards
AO - Aesthetic Objective

OG - Operational Guideline

MAC - Maximum Allowable Concentration

IMAC - Interim Maximum Acceptable Concentration
Bold - Exceeds ODWQS

R.J. Burnside & Associates Limited
300050985 Page 1 of 1 Table F-1
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WATER BALANCE CALCULATIONS
Wooden Sticks Golf Course
Uxbridge, Ontario
November-22
PROJECT No0.300050985.0001

TABLE G-1

Pre- and Post-Development Monthly Water Balance Components

Precipitation data from UDORA Climate Station (1981 - 2010)

Based on Thornthwaite's Soil Moisture Balance Approach with a Soil Moisture Retention of 75 mm (urban lawns in fine sandy loam soils)

Potential Evapotranspiration Calculation JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC YEAR
Average Temperature (Degree C) -7.0 -6.6 -1.3 5.7 12.2 18.0 19.9 19.3 15.1 8.6 2.4 -4.0 6.9
Heat index: i = (/5)"*" 0.00 0.00 000 | 122 | 358 | 695 | 810 | 773 | 533 | 227 | 033 | 0.00 | 358
Unadjusted Daily Potential Evapotranspiration U (mm) 0.00 0.00 0.00 26.24 | 58.89 | 89.03 | 99.05 | 95.88 | 73.87 | 40.62 | 10.46 0.00 494
Adjusting Factor for U (Latitude 43° 57' N) 0.81 0.82 1.02 1.13 1.27 1.29 1.3 1.2 1.04 0.95 0.8 0.76
Adjusted Potential Evapotranspiration PET (mm) 0 0 0 30 75 115 129 115 77 39 8 0 587
COMPONENTS JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC | YEAR
Precipitation (P) 64.9 45.9 53.1 67.9 82.1 106.6 86.4 73.9 87.3 74.9 83.2 60.0 886
Potential Evapotranspiration (PET) 0 0 0 30 75 115 129 115 77 39 8 0 587
P-PET 65 46 53 38 7 -8 -42 -41 10 36 75 60 299
Change in Soil Moisture Storage 0 0 0 0 0 -8 -42 -24 10 36 28 0 0
Soil Moisture Storage max 75 mm 75 75 75 75 75 67 24 0 10 47 75 75
Actual Evapotranspiration (AET) 0 0 0 30 75 115 129 98 77 39 8 0 570
Soil Moisture Deficit max 75 mm 0 0 0 0 0 8 51 75 65 28 0 0
Water Surplus - available for infiltration or runoff 65 46 53 38 7 0 0 0 0 0 47 60 316
Potential Infiltration (based on MOE metholodogy*; independent of 42 30 35 25 5 0 0 0 0 0 30 39 205
temperature)

23 16 19 13 3 0 0 0 0 0 16 21 111
Potential Direct Surface Water Runoff (independent of temperature)
IMPERVIOUS AREA WATER SURPLUS
Precipitation (P) 886 | mm/year
Potential Evaporation (PE) from impervious areas (assume 15%) 133 | mm/year
P-PE (surplus available for runoff from impervious areas) 753 [ mm/year

Assume January storage is 100% of Soil Moisture Storage
Soil Moisture Storage - fine sandy loam, urban lawns/shallow rooted crops 75 mm

*MOE SWM infiltration calculations

topography - rolling to hilly lands 0.15
soils - open sandy loam (native silty sand, sometimes overlain with silty sand fill) 0.4
cover - cultivated land (urban lawns) 0.1
Infiltration factor 0.65
Latitude of site (or climate station) 44°N

<-- See "Water Holding Capacity" values in Table 3.1, MOE SWMPDM, 2003

<-- Infiltration Factors from the bottom section of Table 3.1, MOE SWMPDM, 2003
<-- Infiltration Factors from the bottom section of Table 3.1, MOE SWMPDM, 2003
<-- Infiltration Factors from the bottom section of Table 3.1, MOE SWMPDM, 2003

Table G-1



WATER BALANCE CALCULATIONS
Wooden Sticks Golf Course
Uxbridge, Ontario
November-22
PROJECT No0.300050985.0001

TABLE G-2

Pre- and Post-Development Monthly Water Balance Components

Precipitation data from UDORA Climate Station (1981 - 2010)

Based on Thornthwaite's Soil Moisture Balance Approach with a Soil Moisture Retention of 300 mm (mature forests in fine sandy loam soils)

Potential Evapotranspiration Calculation JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC YEAR
Average Temperature (Degree C) -7.0 -6.6 -1.3 5.7 12.2 18.0 19.9 19.3 15.1 8.6 2.4 -4.0 6.9
Heat index: i = (/5)"*" 0.00 0.00 000 | 122 | 358 | 695 | 810 | 773 | 533 | 227 | 033 | 0.00 | 358
Unadjusted Daily Potential Evapotranspiration U (mm) 0.00 0.00 0.00 26.24 | 58.89 | 89.03 | 99.05 | 95.88 | 73.87 | 40.62 | 10.46 0.00 494
Adjusting Factor for U (Latitude 43° 57' N) 0.81 0.82 1.02 1.13 1.27 1.29 1.3 1.2 1.04 0.95 0.8 0.76
Adjusted Potential Evapotranspiration PET (mm) 0 0 0 30 75 115 129 115 77 39 8 0 587
COMPONENTS JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC | YEAR
Precipitation (P) 64.9 45.9 53.1 67.9 82.1 106.6 86.4 73.9 87.3 74.9 83.2 60.0 886
Potential Evapotranspiration (PET) 0 0 0 30 75 115 129 115 77 39 8 0 587
P-PET 65 46 53 38 7 -8 -42 -41 10 36 75 60 299
Change in Soil Moisture Storage 0 0 0 0 0 -8 -42 -41 10 36 45 0 0
Soil Moisture Storage max 300 mm 300 300 300 300 300 292 249 208 219 255 300 300
Actual Evapotranspiration (AET) 0 0 0 30 75 115 129 115 77 39 8 0 587
Soil Moisture Deficit max 300 mm 0 0 0 0 0 8 51 92 81 45 0 0
Water Surplus - available for infiltration or runoff 65 46 53 38 7 0 0 0 0 0 30 60 299
Potential Infiltration (based on MOE metholodogy*; independent of 49 34 40 29 5 0 0 0 0 0 22 45 224
temperature)
Potential Direct Surface Water Runoff (independent of temperature) 16 11 13 10 2 0 0 0 0 0 7 15 75
IMPERVIOUS AREA WATER SURPLUS
Precipitation (P) 886 | mm/year
Potential Evaporation (PE) from impervious areas (assume 15%) 133 | mm/year
P-PE (surplus available for runoff from impervious areas) 753 | mm/year
Assume January storage is 100% of Soil Moisture Storage
Soil Moisture Storage 300 mm <-- See "Water Holding Capacity" values in Table 3.1, MOE SWMPDM, 2003
*MOE SWM infiltration calculations
topography - rolling to hilly lands 0.15 <-- Infiltration Factors from the bottom section of Table 3.1, MOE SWMPDM, 2003
soils - open sandy loam (native silty sand) 0.4 <-- Infiltration Factors from the bottom section of Table 3.1, MOE SWMPDM, 2003
cover - woodland 0.2 <-- Infiltration Factors from the bottom section of Table 3.1, MOE SWMPDM, 2003
Infiltration factor 0.75
Latitude of site (or climate station) 44°N

Table G-2



WATER BALANCE CALCULATIONS

Wooden Sticks Golf Course
Uxbridge, Ontario
November-22
PROJECT No0.300050985.0001

TABLE G-3

Water Balance - Existing Conditions and Post-Development with No Mitigation

Approx. | Estimated | poiiied | Runoff from | o, RU™°f | Estimated | Runoff from |Runoff Volume| 'Mfiltration | Infiltration o 0 o o5 Total
Impervious L X Volume from . . . from Volume from . .
Land Use Land Area Fraction for Impervious | Impervious Impervious Pervious Pervious | from Pervious Pervious | Pervious Area Volume Infiltration
2, 2, * 2, * 3 3 3
(m%) LandUse | Area(m) | Area™(mia) | o mia) | Area(m) | Area”(m/a) | Area(m’a) | proax (mya) (m¥/a) (m%a)  |Volume (m%/a)
Existing Land Use
Grassed Lands 21,700 0.00 0 0.753 0 21,700 0.111 2,401 0.205 4,458 2,401 4,458
Wooded Lands 6,400 0.00 0 0.753 0 6,400 0.075 479 0.224 1,437 479 1,437
Clubhouse (Roof Areas) - runoff to storm sewer 1,700 1.00 1,700 0.753 1,281 0 0.111 0 0.205 0 1,281 0
Banquet Hall & Shed (Roof Areas) - runoff to
pervious areas (assume 50% of runoff volume 400 1.00 400 0.753 301 0 0.111 0 0.205 0 151 151
infiltrates; excess runoff to storm)®
Parking / Paved Areas - runoff to storm sewer 10,700 1.00 10,700 0.753 8,060 0 0.111 0 0.205 0 8,060 0
TOTAL PRE-DEVELOPMENT 40,900 - 12,800 9,642 28,100 - 2,879 - 5,895 12,371 6,046
Post-Development Land Use
Grassed Lands 17,900 0.00 0 0.753 0 17,900 0.111 1,980 0.205 3,678 1,980 3,678
Wooded Lands 4,800 0.00 0 0.753 0 4,800 0.075 359 0.224 1,077 359 1,077
Clubhouse (Roof Areas) - runoff to storm sewer 1,700 1.00 1,700 0.753 1,281 0 0.111 0 0.205 0 1,281 0
Shed (Roof Areas) - runoff to pervious areas
(assume 50% of runoff volume infiltrates; excess 50 1.00 50 0.753 38 0 0.111 0 0.205 0 19 19
runoff to storm)®
new Hotel (Roof Areas) - assume runoff o storm| 4 250 1.00 1,250 0.753 942 0 0.111 0 0.205 0 942 0
::x‘e"r‘g / Paved Areas - assume runoff to storm 15,200 1.00 15,200 0753 11,450 0 0.111 0 0.205 0 11,450 0
TOTAL POST-DEVELOPMENT 40,900 - 18,200 - 13,710 22,700 - 2,339 - 4,755 16,030 4,774
% Change from Pre to Post 130 21
. o o
Effect of development (with no mitigation) ‘."3 times 21 /f’ rgducﬁon n
increase infiltration
To balance pre- to post infiltration target (m*/a)= 1,272

* figures from Tables G-1 & G-2

@ based on estimation in the LID SWM Planning and Design Guide (CVC & TRCA, 2010) for hydrologic groups A & B

Table G-3




WATER BALANCE CALCULATIONS
Wooden Sticks Golf Course
Uxbridge, Ontario
November-22
PROJECT No.300050985.0001

TABLE G-4
Water Balance - Existing Conditions and Post-Development with Mitigation
i . Runoff . Runoff i i Infiltration
Approx. Eshm'a.ted Estimated | Runoff from uno Estimated | Runoff from Y Infiltration ttratl Total Runoff Total
Land U Land Area Impervious Impervious | | . Volume from Pervious Pervi Volume from from Volume from Volume Infiltration
andtse 2 Fraction for Ap 2 2:2::‘;:;":) Impervious A 2 Ar:::I(C::Z:) Pervious Area | Pervious |Pervious Area 3 Vol 3
™| Landuse | Area(m) Area (m¥ia) | A2 (™) (ma) | Area*(mfa) | (m’la) (mla)  Volume (mla)
Existing Land Use
Grassed Lands 21,700 0.00 0 0.753 0 21,700 0.111 2,401 0.205 4,458 2,401 4,458
\Wooded Lands 6,400 0.00 0 0.753 0 6,400 0.075 479 0.224 1,437 479 1,437
Clubhouse (Roof Areas) - runoff to storm sewer 1,700 1.00 1,700 0.753 1,281 0 0.111 0 0.205 0 1,281 0
Banquet Hall & Shed (Roof Areas) - runoff to pervious areas
(assume 50% of runoff volume infiltrates; excess runoff to 400 1.00 400 0.753 301 0 0.111 0 0.205 0 151 151
storm)®
Parking / Paved Areas - runoff to storm sewer 10,700 1.00 10,700 0.753 8,060 0 0.111 0 0.205 0 8,060 0
TOTAL PRE-DEVELOPMENT 40,900 - 12,800 9,642 28,100 - 2,879 - 5,895 12,371 6,046
Post-Development Land Use
Grassed Lands 17,900 0.00 0 0.753 0 17,900 0.111 1,980 0.205 3,678 1,980 3,678
Wooded Lands 4,800 0.00 0 0.753 0 4,800 0.075 359 0.224 1,077 359 1,077
Clubhouse (Roof Areas) - runoff to storm sewer 1,700 1.00 1,700 0.753 1,281 0 0.111 0 0.205 0 1,281 0
Shed (Roof As - ff t i 50% of]
edl(Roe r'ea) R (assaume 00 50 1.00 50 0.753 38 0 0.111 0 0.205 0 19 19
runoff volume infiltrates; excess runoff to storm)
Roof runoff directed to LID (below) 1,250 1.00 1,250 0.753 942 0 0.111 0 0.205 0 207 0
LID - swales designed to infiltrate 25
New Hotel (Roof Areas) - |mm storm event; 25 mm storms
fi imat| % of
runoff to swales accounlt or :pproxnmat ey 95% of NA NA NA NA NA NA NA NA NA 734 NA 734
total rainfall” (78% of total
precipitation); so assume 78% of
runoff directed to swales will infiltrate
sReevr\:wee:mlng Existing Parking / Paved Areas - runoff to storm 10,200 1.00 10,200 0.753 7683 0 0111 0 0.205 0 7,683 0
Surface runoff directed to LID (below)| 5,000 1.00 5,000 0.753 3,766 0 0.111 0 0.205 0 829 0
LID - swales designed to infiltrate 25
New Parking / Paved mm storm event; 25 mm storms
Areas - runoff to swales - |aecaiintforBpRIExmat eyRek o NA NA NA NA NA NA NA NA NA 2,938 NA 2,938
total rainfall” (78% of total
precipitation); so assume 78% of
runoff directed to swales will infiltrate
TOTAL POST-DEVELOPMENT 40,900 - 18,200 - 13,710 22,700 - 2,339 - 8,427 12,358 8,446
% Change from Pre to Post 100 -40
. L 40% increase in
Effect of development (with mitigation)| No Change infiltration
To balance pre- to post infiltration target (m*/a)= -2,400

* figures from Tables G-1 & G-2

“ based on estimation in the LID SWM Planning and Design Guide (CVC & TRCA, 2010) for hydrologic groups A & B
® based on the Toronto Wet Weather Flow Management Guidelines (City of Toronto, 2006)

Table G-4
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