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1.0 Introduction

The Regional Municipality of Waterloo (the Region) is unique in Ontario in that it is the largest
urban municipality to rely almost exclusively on groundwater supplies for its drinking-water
(Region of Waterloo, 2015). Figure 1 shows the location of municipal well fields within the
Region.

The Permit to Take Water (PTTW 7858-BXUUUH) for the Pinebush East Well Field requires
submission of a well field specific biennial report to the Ministry of Environment, Conservation
and Parks (MECP) which documents well pumping volumes and water levels in specific
monitoring wells during 2024 and 2025. This report has been prepared to meet the reporting
condition of the PTTW for 2024 and 2025. A copy of the PTTW is included in Appendix A.

The location of the Pinebush East Well Field is shown in Figure 1 and the production wells in
Cambridge are shown in Figure 2 with the monitoring network for P10, P10A, P10B, P11, P17
and P19 shown in Figure 3. Well records for the production and monitoring wells are found in
Appendix B.

1.1 Scope of Work

The Region records water levels on a regular basis within a network of monitoring wells to
satisfy requirements of their PTTW and to confirm that water taking is sustainable in the long
term. The monitoring wells are concentrated near the production wells. The data from these
wells and regular measurements of pumping volume obtained from the production wells are
used to evaluate the impact of Region pumping on aquifers and potential impacts to private
wells, other water takers and the natural environment.

The Region has developed a monitoring program for Pinebush East Well Field (P10, P10A,
P10B, P11, P17 and P19) in accordance with PTTW (PTTW 7858-BXUUUH) which consists of
the following activities:

e Measuring the daily volume pumped from the P10, P10A, P10B, P11, P17 and P19
production wells (Condition 4.1 of the PTTW);

o Measuring water levels in monitoring wells C-PB-OW5-94-ABCDEFG, C-PB-OW2-06-
ABCDEF*, C-PB-OW1-09-ABCDE, C-PB-OW1-11-AB C-PB-OW1-92-ABC, C-PB-OW1-22-
ABCDEFGH, C-PB-OW2-22-ABC and C-PB-OW3-22-ABC (Condition 4.2 of the PTTW);

e Measure water levels in piezometers C-PB-DP1-21-AB, C-PB-DP3-21-AB and
C-PB-DP5-22-AB (Condition 4.2 of the PTTW);

¢ Measure surface water levels at C-PB-SW3-21-Z and C-PB-SW5-22-Z (Condition 4.2 of the
PTTW);

o Measure surface water flow at C-PB-SW3-21-Z(Condition 4.2 of the PTTW);

¢ Review of precipitation data from the nearest GRCA/Environment Canada weather station
(Condition 4.3 of the PTTW); and

e Completion of a biennial report (every 2 years) that presents data in compliance with
condition 4.3 of the PTTW.

R.J. Burnside & Associates Limited HA0464020.2024
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Note*: Monitoring well nest C-PB-OW2-06 was previously identified as C-CM-PBOW?2-06 in the
Permit to Take Water.

The Monitoring data (pumped volumes and hydrographs) are found in Appendix C with
precipitation data in Appendix D. The monitoring program procedures and methodology are
included in Appendix E.

2.0 Site Setting
21 Well Field Description

The Pinebush East Well field consists of six wells (P10 / P10A/ P10B /P11 /P17 / P19) on
three properties. P11 and P17 are located on a property south of Pinebush Road on

Thompson Drive, wells P10 / P10A and P10B are located south of Pinebush Road and Well P19
is located north of Pinebush Road. The other wells in the Pinebush Well Field (G5 / G5A and
P9/ P15/ P15A) are located west along Pinebush Road closer to Highway 401. The Clemens
Mill Well Field is located about 1 km to the south of the P11 / P17 property (Figure 2). The P11
and P17 wells are in an urban area that is municipally serviced. The P10, P10A and P10B wells
are located adjacent to a small wetland / pond. The closest surface water feature to the P19
site is a small wetland / pond located approximately 170 m to the east. P11 and P17 are
located adjacent to the provincially significant wetland called the Portuguese Swamp (Figure 3).
P10 was decommissioned in 2022.

211 Pumping Wells
Well records for the production wells are found in Appendix B.

Production well P10A was brought online during March 2024 and P19 was brought online during
February 2024 Production wells P10, P10B, P11, P17 and P19 were pumped in 2024 while
P10B and P17 were the primary wells pumped in 2025.

A summary of the production well construction details is provided in Table 1 below.

Table 1: Production Well Construction Details

Casing Open Hole
Name (mm) (mm) (¢]
P10 | 1959 203 203 30.6-32.3 Contact to Upper
Guelph Fm.
P10A | 2010 305 200 &305 58.0-121.0 Goat Island to Lower
Gasport Fm.
R.J. Burnside & Associates Limited HA0464020.2024
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Casing Open Hole
Name (mm) (mm) g
P10B | 2011 305 286 26.5-33 5 ATB1 to LlJ:;?rp])er Guelph
P11 | 1958 254 254 44.8-83.8 Reformatory to Upper
Gasport Fm.
P17 | 1994 254 300 48.2-110.3 Goat Island to Middle
Gasport Fm.
P19 | 2010 203 203 50.3-106.5 Middle Guelph to Lower
Gasport

The water taking volumes for the Pinebush East Well Field are regulated by Condition 3.2 of the
PTTW and are summarized in Table 2 below.

Table 2: Annual Water Taking 2024 / 2025

PTT‘.N 2024 2025
Details
Permitted | = Avg. | Max | r 1 | Avg. Daily Total
Max. Daily | Daily Taken Max
Volume Water Volume
Well Water Water per . Taken per
. . Pumped Taking Pumped
Taking Taking Day (m?) (m?) Day (m?3) (m?)
(m3) (md) (md)
P10 13,910* Decommissioned Decommissioned
P10A 13,910* 20.3 1,027 7,440 0 2 153
P10B 13,910* 1,840 2,809 | 673,322 1,378 2,247 504,515
P11 13,910* 260 875 95,078 0 0 0
P17 13,910* 291 1,157 | 103,665 537 1,085 196,640
P19 13,910* 102 1,296 37,464 0 2 2
Combined | 13,910 2,514 4,011" | 919,969 1,921 3,150? 701,310
R.J. Burnside & Associates Limited HA0464020.2024
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Note:* the Max Taken per Day of 13,910.4 m3/day is based on a combined Max taken per
minute of 9.66 (m?)

' Combined maximum water taking in 2024 occurred on March 27t.
2 Combined maximum water taking in 2025 occurred on February 18t.

The total combined water taking shall not exceed an annual daily average of 11,104 m3/day, as
specified in Condition 3.3 of the PTTW. As shown in Table 2, this requirement was met in both
2024 and 2025.

The pumping volumes are based on the total daily volumes as recorded by the Region’s
SCADA system and are presented in Appendix C as total monthly volumes. The highest total
monthly volumes in 2024 occurred in April (95,649 m3) and the highest total monthly volume in
2025 occurred in January (81,791 m®). In total, 919,969 m® was produced at this well field in
2024 and 701,310 m?3 was produced in 2025. The total well field volume in 2024 is higher than
the 2021, 2022 and 2023 volumes and below the permitted volume of 4,053,007 m? per year
(Table C-1). In contrast, the 2025 volume was lower than the 2021 and 2022 totals but higher
than the volume reported in 2023.

21.2 Monitoring Wells

Construction and monitoring details are provided in Appendix B - Table B1. Well records for the
monitoring wells are provided in Appendix B.

2.2 Regional Geology and Hydrostratigraphy

The following sections provide a brief overview of the regional geology and hydrogeology of the
Pinebush East Well Field. The surficial geology based on regional OGS mapping is provided in
Figure 4. Representative cross-sections showing the stratigraphy in the vicinity of the Pinebush
East Well Field (P10, P10A, P10B, P11, P17 and P19) are included as Figures 5-7 to visualize
the stratigraphy described in this section. The cross-section locations are provided in Figure 3.
The cross-sections are provided as a visual aid and do not necessarily contain all wells in the
monitoring program for the Pinebush East Well Field. The recently completed Tier Three
Assessment Update Project (Aqua Insight et al, 2023) has revised the stratigraphic
interpretation of the bedrock lithology at the Pinebush Wellfield with the most significant
changes in the area of production wells P10A and P15A. Based on an updated interpretation of
geophysical logs in the vicinity of Well P10A and C-PB-OW1-09, the Guelph Formation is
interpretated to be thicker and the tops of the Reformatory Quarry, Goat Island and Gasport
Formations are interpreted to occur at a deeper depth. In the vicinity of Well P15A, the tops of
the Reformatory Quarry, Goat Island and Gasport are all interpreted to be shallower, with the
Reformatory Quarry slightly thicker than previously interpreted (Aqua Insight et al, 2023).

The lithological layers were updated in accordance with documentation provided in the
Numerical Model Surface Transfer memorandum (Aqua Insight Inc, 2026).

R.J. Burnside & Associates Limited HA0464020.2024
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2.21 Surficial Geology and Conceptual Hydrostratigraphy

The surficial geology of the Study Area has been mapped and described by Karrow (1987).
Along the eastern side of the Grand River and the south side of the Speed River, the surficial
geology (Figure 4) largely consists of sand and gravel outwash deposits (Units 7a and 7b in
Figure 4). Ice-contact kame stratified sands and gravels (Unit 6 in Figure 4) are present east of
the outwash deposits and extend towards Puslinch Lake.

The thickness of overburden deposits generally ranges from approximately 5 to 10 m in areas of
outwash deposits; however it can be up to approximately 30 to 40 m thick in areas of the Paris
and Galt moraines to the east of Cambridge. In the vicinity of the Shades Mill, Clemens Mill and
Pinebush Well Fields, the overburden thickness is generally 20 to 40 m. In the Hespeler Well
Field area in northern Cambridge adjacent to the Speed River, overburden thickness is
generally less than 20 m, and the overburden is thin or absent in the Speed River valley.

The Quaternary Geology of the Cambridge area includes the following units (Lotowater 1997,
Karrow 1987 and Bajc and Shirota, 2007) as described below.

Aquitard ATA2 - Wentworth Till

The Wentworth Till was deposited by the last glacier to advance in the area. It is described as a
stony, sandy silt to sand textured till, and is often inter-bedded with sand and gravel. In the
Cambridge area, the Wentworth Till is generally less than 10 m thick. Due to the loose,
coarse-grained nature of the till, the unit behaves as a leaky aquitard or poor aquifer that is
readily recharged from precipitation.

Aquifer AFA2 - Outwash Deposits

The outwash sand and gravel sediments of AFA2 are present within the Grand River Valley and
vicinity, however extensive deposits have also been identified underlying the Wentworth Till in
the Paris and Galt moraines. These outwash deposits are interpreted as the main production
aquifer for the Shade’s Mills municipal wells.

Aquitard ATB1 - Port Stanley Till

The Port Stanley Till is a sandy silt to silty sand till, with occasional stony texture. The Port
Stanley Till was deposited by ice advancing from the Erie-Ontario ice lobe. In other parts of the
Region, Bajc and Shirota (2007) have also used unit ATB1 to represent Tavistock, Mornington
and Upper Maryhill Tills. In the Grand River and Speed River valleys this unit has been largely
removed by erosion. This unit is generally finer grained than the Wentworth Till and behaves as
an aquitard.

Aquifer AFB1 - Upper Waterloo Moraine Stratified Sediments and Equivalents

Significant thicknesses of aquifer AFB1 are interpreted to occur southeast of the Speed River
and west of Puslinch Lake and generally corresponds with mapped surficial ice-contact sands

R.J. Burnside & Associates Limited HA0464020.2024
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and gravels. AFB1 is generally fine sand with some gravel and is often slightly finer grained
than unit AFA2, which typically contains greater amounts of gravel. Since AFB1 and AFA2 both
behave as aquifers, differentiation of these units is not critical from a hydraulic perspective,
although it is necessary to represent AFB1 separately from AFA2 to allow sequential layers for
aquifer units both above and below the Port Stanley Till (ATB1), where this situation occurs.
Where AFB1 is not present, Port Stanley Till may directly overlie Maryhill Till and Catfish Creek
Till (described below), forming a single combined aquitard unit composed of these tills.

Aquitard ATB3 - Lower Maryhill Till

Fine grained till and glaciolacustrine deposits of the Lower Maryhill Till ATB3 generally separate
AFB1 from the underlying Catfish Creek Till. The Lower Maryhill Till is described as a dense,
dark brown, clayey silt to silty clay till and is interpreted to be present in the Fountain Street
(Well P16) well field area above the Catfish Creek and below the Port Stanley Till. Aquitard
ATB3 can be difficult to distinguish from ATB1 throughout most of the study area due to the
similar lithologies of these units. Lotowater (1997) grouped the Port Stanley and Maryhill Tills
as a single aquitard hydrostratigraphic unit, which is a reasonable approach where no significant
thickness of sand and gravel separate these units.

Aquitard ATC1 - Upper / Main Catfish Creek Till

The Catfish Creek Till was deposited by a major glacial advance from the north to northeast that
covered all of southern Ontario. The Catfish Creek Till is a dense, stony, sandy silt to silty sand
till with little clay content. Although originally deposited over the entire Cambridge area, erosion,
glaciations and meltwater events have removed areas of the Catfish Creek Till and it is now
discontinuous. In the Cambridge Area, the thickness of this unit ranges from approximately 5 m
in areas east of the Grand River, to approximately 20 m west of the Grand River, and is usually
found immediately overlying bedrock and beneath clayey sediments. The hydrogeologic
properties of the Catfish Creek Till are variable, ranging from a good aquitard to a poor aquifer,
depending on local lithology, degree of compaction, and the presence of overlying aquitard
units.

Aquifer AFD1 - Sand and Gravel

The Pre-Catfish sand and gravel aquifer is present below the Catfish Creek Till. AFD1
corresponds to sand and gravel re-worked from Catfish Creek and Pre-Catfish Creek Tills.

R.J. Burnside & Associates Limited HA0464020.2024
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222 Bedrock Geology and Conceptual Hydrostratigraphy

The stratigraphy discussed below is consistent with the revised stratigraphic framework
described by the OGS (Brunton, 2009) and is also used in the Tier 3 Study of the area

(Golder, 2011). A brief description (from Stantec, 2013 and Stantec 2022) of each bedrock
formation and conceptual hydrostratigraphic units typically present in Cambridge is provided
below (from youngest to oldest). The formations present in the vicinity of the Pinebush well field
are shown on the cross sections in Figures 5to 7.

Guelph Formation

The Guelph Formation is a cream-coloured fossiliferous dolostone that represents an important
aquifer in the Cambridge and Guelph area, where it is most often the uppermost bedrock unit.

Eramosa Formation

The Upper Eramosa Formation is described by Brunton (2009) as light brown to cream
coloured, pseudonodular, thickly bedded and coarsely crystalline dolostone. The formation
consists of the Reformatory Quarry Member, and the Vinemount Member.

The Reformatory Quarry Member is susceptible to karstification due to its uniform fine dolomite
crystallinity (Brunton, 2009), and also often contains mud-rich and microbial mat-bearing
lithofacies. As a result, this unit generally represents a poor aquifer or poor aquitard. This unit
was described as either the Guelph Formation or Eramosa Member in previous studies within
the Region.

The Vinemount Member is comprised of thinly bedded, fine crystalline dolostone with shaley
beds that give off a distinctive petroliferous odour when broken (Brunton, 2009). This unit
represents an aquitard when present within the Cambridge and Guelph areas.

Goat Island Formation

The Goat Island Formation consists of the upper Ancaster Member and lower Niagara Falls
Member. The Ancaster Member is a chert rich, finely crystalline dolostone that is medium to
ash grey in colour. The Niagara Falls Member is a finely crystalline and cross laminated
crinoidal grainstone with small reef mounds. The finely crystalline nature of these Members
results in a lower hydraulic conductivity and transmissivity compared to the underlying Gasport
Formation (Brunton, 2009). Conceptually, the two members of the Goat Island Formation are
treated as a single hydrostratigraphic unit.

Gasport (Amabel) Formation

The Gasport Formation is a cross-bedded crinoidal grainstone-packstone with sequences of
reef mound and coquina (shell bed) lithofacies. This unit has commonly been referred to as the
Amabel Formation in previous studies in the Region. Upper, middle and lower
hydrostratigraphic units of the Gasport have been defined to allow for general representation of

R.J. Burnside & Associates Limited HA0464020.2024
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the vertical distribution of the more transmissive reef mound and coquina bed lithofacies. Highly
transmissive reef mounds, crinoidal grainstones and coquina beds are generally present in the
upper and middle portions of the formation, and are largely absent from the lower 10 m to 20 m.

The lower portion of the Gasport Formation has been grouped with the Rochester, Irondequoit,
Rockway, and Merriton Formations due to the difficulty in distinguishing the various units from
available borehole data and geophysical logs. All four formations, as well as the base of the
Gasport Formation, are relatively less permeable than the upper sections of the Gasport
Formation.

23 Local Geology

Figure 3 displays the Pinebush East Well Field well plan and cross-section locations.
Representative cross-sections are included as Figures 5 to 7 to visualize the stratigraphy
described in this section.

The borehole log for P10B indicates that AFB1 is present from surface to 9.1 mbgs, AFB3 is
present between 9.1 to 16.8 mbgs, ATC1 is present between 16.8 to 22.9 mbgs and AFB1 was
identified between 22.9 to 29.6 mbgs. The well log for P10A does not have the lithology
classified using the OGS nomenclature.

2.3.1 Bedrock Geology

Based on the results of drilling investigations (Stantec, 2013) the bedrock surface is
encountered at approximately 29 mbgs (Appendix B). Based on the borehole log for
C-PB-OW2-06 (the closest well with the OGS nomenclature provided for the bedrock), the
Guelph Formation was identified between 29.6 and 61.1 mbgs, the Eramosa Formation was
identified between 61.1 and 72.2 mbgs and Goat Island and Gasport (previously referred to as
Amabel formation) between 72.2 and 115.8 mbgs. Shale of the Cabot Head Formation (not
shown on cross sections) was encountered at 134 mbgs at C-PB-OW1-09 and 143 mbgs at
PB-TW1-10. Drilling completed by Stantec in 2022 at monitoring wells C-PB-OW1-22,
C-PB-OW2-22, and C-PB-OW3-22 confirms this stratigraphic sequence with while refining the
depth intervals with some changes from the original Tier 3. New boreholes (C-PB-OW1-22 and
C-PB-OW2-22) are located well to the east of the production wells where there was previously a
lack of hydrostratigraphic information (Figure 3). In general, the data from these wells shows
some small changes relative to the original Tier 3 conceptualization, including the top of
Reformatory Quarry located approximately 5 m shallower at C-PB-OW2-22, a thicker Vinemount
Formation (3 to 6 m) at both wells and the top of Gasport Formation encountered at a shallower
depth (3 to 5 m) at both of the new wells (Aqua Insight et al, 2023).

2.3.2 Drainage and Surface Water

Surface water drainage in the well field is dominated by interconnected lake and creek systems
to the east. Little Lake, approximately 7 hectares in size, drains to Puslinch Lake.
Puslinch Lake is a glacially formed kettle lake and a major regional surface water body with an

R.J. Burnside & Associates Limited HA0464020.2024
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approximate surface area of 156 hectares. Puslinch Lake discharges to Irish Creek, a small
watercourse, which subsequently flows to the Speed River. These features are shown in
Figure 3.

3.0 2024 / 2025 Results

In accordance with condition 4.2 of the PTTW, water levels were measured and recorded in
monitoring wells C-PB-OW5-94-ABCDEFG, C-PB-OW2-06-ABCDEF, C-PB-OW1-09-ABCDE,
C-PB-OW1-11-AB C-PB-OW1-92-ABC, C-PB-OW1-22-ABCDEFGH, C-PB-OW2-22-ABC, C-
PB-OW3-22-ABC and in piezometers C-PB-DP1-21-AB, C-PB-DP3-21-AB and C-PB-DP5-22-
AB. Surface water levels were measured at C-PB-SW3-21-Z and C-PB-SW5-22-Z.

The following sections summarize groundwater levels in the monitoring wells in relation to
precipitation, water taking from the aquifer (in accordance with condition 4.3 of the PTTW)

3.1 Precipitation

Longer term precipitation trends can have an impact on water levels in the supply aquifer. To
assess the potential influence, monthly precipitation is plotted for comparison to water levels
and pumping and presented in Appendix C.

Since variations in precipitation totals can occur throughout the Region due to localized events,
monthly precipitation data from the GRCA and Environment Canada station located closest to
the production wells are used. The closest GRCA weather station relative to the Pinebush East
well field is the Shades Mills Dam station located 3.6 km south. The closest Environment
Canada station is the Waterloo International Airport (WIA) located 8.5 km to the northwest. The
locations of the meteorological stations are shown in Figure 1.

Annual precipitation data from the past 10 years for all stations are compared with long term
averages in Table D.1, Appendix D. At the Shades Mills Dam, the long-term average was
calculated from when measurements started until the end of 2025. The WIA has “Climate
Normals” calculated by Environment Canada for 1971 to 2000.

Annual 2024 / 2025 precipitation data for all the meteorological stations closest to the
Pinebush East well field are presented in Table 3 below. WIA was missing 6 days of data in
2024 and 6 days in 2025. As a result, the precipitation totals at this station may be under
reported.

Table 3: Summary of Precipitation Data

2024 2024 'T'g:‘n% 2025 2025
Station Precipitation | Deviation A Precipitation | Deviation
verage
(mm) (mm) (mm) (mm) (mm)
Region of 874 +23 8514 723 -128
Waterloo
R.J. Burnside & Associates Limited HA0464020.2024
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2024 2024 'T'::‘rg 2025 2025
Station Precipitation | Deviation Precipitation | Deviation
(mm) (mm) Average (mm) (mm)
(mm)
International
Airport ("
Shades 976 +67 9098 895 -14
Mills Dam @
Sources: Environment Canada (1), GRCA (2)
A 1991 to 2020 Normal
B Average annual precipitation since monitoring began to the end of 2025

Water levels typically follow a seasonal trend with highest levels occurring in the spring with the
depth and water content of the snowpack having a significant influence on water levels. Lowest
levels occurring in July / August. Widespread synoptic rainfall events can also result in
Region-wide water level responses. Summer thunderstorms tend to be short lived and occur
over a smaller area resulting in short term, localized water level rises not typically seen in the
monitoring wells.

The 2024 total precipitation at Shades Mills station was 976 mm, which is 67 mm above the
long-term average, indicating 2024 was wetter-than-average at the well field A similar above
long-term average trend is noted at the WIA station. The March 1 GRCA snow survey indicated
a snowpack across the Region that was low compared to normal. In 2025, the total precipitation
was 895 mm, which is 14 mm below the long-term average. The 2025 total precipitation at the
WIA station was 128 mm below the long-term average, indicating 2025 was a drier-than-
average year. However, WIA was missing 12 days of data in 2024 / 2025 and as a result,
precipitation totals may be under reported. The snow survey conducted by the GRCA on

March 15, 2025, showed that the stations in the Region had a high to very high measured snow
water equivalent.

3.2 Monitoring Results

Hydrographs showing the results of water level monitoring over the past 10 years (or since
monitoring began if there is less than 10 years of data) are provided in Appendix C. The
method used to collect the water levels (manual or electronic) is indicated on the graphs in
Appendix C.

C-PB-OW5-94-ABCDEFG

The C-PB-OW5-94 well nest is located approximately 1.3 km east of the production wells and
monitoring has been ongoing since 1994. Monthly manual water level monitoring is conducted
at C-PB-OW5-94-ACDEG and water level monitoring was completed using an electronic data
logger at C-PB-OW5-94-BF. The shallow G screen has been dry for the majority of time and
therefore has limited data which does not allow for any trends to be discerned. The water levels
at the other six screens follow a sesonal trend with annual variations of approximately 1 m.

R.J. Burnside & Associates Limited HA0464020.2024
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Water levels observed in 2024 / 2025 are consistent with historical values and do not show any
declining trends because of pumping.

The influence of pumping is minor but discernable in all screens except G. For example, water
levels in the A to F screens show varying degrees of recovery during the well field shut down
from October to December 2021 and from November 2022 to April 2023.

C-PB-OW2-06-ABCDEF

The C-PB-OW2-06 well nest is located approximately 1.5 km east of the production wells and
and monitoring has been ongoing since 2006. Monthly manual water level monitoring is
conducted at C-PB-OW2-06-BCDE and water level monitoring was completed using an
electronic data logger at C-PB-OW2-06-AF. Water levels in 2024 / 2025 are within historical
ranges and do not show any declining trends because of pumping.

Water levels in all screens display similar patterns with a response to pumping and well field
shutdown. Water levels rose approximately 0.4 in the A screen and 0.2 in the F screen during
the well field shutdowns in March 2015, May 2020 and April 2023. The response from the other
screens is not as obvious because they are not equiped with electoronic data loggers. Water
levels at C-PB-OW2-06-ABCDEF also appear to be influenced by seasonal effects with highest
water levels in the spring, declines in the summer and a rise in the fall.

C-PB-OW1-09-ABCDE

The C-PB-OW1-09 well nest is located adjacent to the P10A / P10B production well site and
monitoring has been ongoing since November 2013. Monthly manual water level monitoring is
conducted at C-PB-OW1-09-BDE and water level monitoring is completed using electronic data
loggers at C-PB-OW1-09-AC. Water levels observed in 2024 / 2025 are consistent with
historical values and do not show any declining trends because of pumping.

Water levels in screens A, B, C and D display similar patterns with a clear response to pumping.
The greatest response is seen in screens A, B and C which are installed within the Gasport and
Guelph Formations respectively. The D screen (ATB1) and E screen (ATB1) also respond to
pumping but the response is muted. A similar response is seen at most screens during the
shutdown of P10/ P11/ P17 from November 2022 to April 2023 and December 2025 with levels
rising by up to 4.8 m. Water levels at C-PB-OW1-09-E (ATB1) appear to be influenced by by
seasonal effects. The C screen (Middle to Upper Guelph Formation) shows the greatest
response to the start up of P10B (ATB1 / Guelph Formation) after May 2023 and shows a
similar water level response as decommissioned well P10.

C-PB-OW1-11-AB

The C-PB-OW1-11 well nest is located adjacent the P11 / P17 production well site and
monitoring has been ongoing since April 2012. Monthly manual water level monitoring is
conducted at C-PB-OW1-11-AB with screens installed in ATB3 / AFB3 / ATC1 and ATB1

R.J. Burnside & Associates Limited HA0464020.2024
Pinebush_East PTTW_Report 2025 SUBMITTED_FINAL



The Region of Waterloo 15

2025 Biennial Groundwater Monitoring Report - Pinebush East Well Field (P10, P10A, P10B, P11, P17 and P19)
June 2026

respectively. 2024 / 2025 water levels are within hstorical ranges and do not show any
declining trends because of pumping.

The water levels show small but measurable responses to pumping and well field shutdown at
P11/ P17 with the greatest response seen in the A screen. The A screen also has a greater
response to P10B and water levels gradually rise about 0.8 m between June and December
2025 as pumping at P17 and P10B is reduced.

C-PB-OW1-92-ABC

The C-PB-OW1-92 well nest is located approximatley 0.2 km southwest from P11 / P17 with
monitoirng ongoing since August 1992. Water level monitoring was completed using an
electronic data logger at C-PB-OW1-92-ABC. Water levels in 2024 / 2025 are within histiorical
ranges and do not show any declining trends because of pumping.

Screen A which extends from the Guelph Formation to the Gasport Formation shows a clear
response to pumping and shutdown of P11 / P17 with the water levels rising by up to 10 m.
Water levels rise about 10m in December 2025 when P10B and P17 are shutdown. Water
levels in screen B (AFB1 to ATB3) and screen C (ATB1) fluctuate slightly with well field pumping
and shutdown.

C-PB-OW1-22-ABCDEFGH

The C-PB-OW1-22 well nest is located approximately 4.2 km east of P19, with monitoirng
ongoing since March 2022. Water level monitoring using electronic data loggers began at
C-PB-OW1-22-AH in March 2022, and monthly manual water level monitoring commenced in
November 2022 at C-PB-OW1-22-BCDEFG. The water levels in all seven screens display a
seasonal trend with annual variations of approximately 2 m. There is no response to pumping
of the Pinebush East wells.

The water levels in the A, B, C, and D screens, which are installed within the Gasport
Formation, are approximately 3 to 4 meters below those in screens E (Vinemount), F (Guelph),
G (Guelph), and H (AFB1). An abrupt water level decline of 2-3 m was observed in the Gasport
Formation during the summer of 2025, compared to the typical gradual seasonal decline of
about 1 m observed from 2022 to 2024. This larger-than-normal drawdown suggests that
nearby groundwater extraction is likely occurring (also noted at C-PB-OW2-22 and to a lesser
degree at C-PB-OW3-22). The increased drawdown occurred during City of Guelph’s
Operational Testing Program (OTP), conducted under PTTW No. 4002-DDRJ8X. OTP Stages 5
and 6 included sustained high-rate pumping of Test Well GSTWO01-20 (maximum permitted rate
4,750,000 L/day), located approximately 6.5 km northeast of C-PB-OW1-22. Pumping at
GSTWO01-20 occurred from June 23-27, 2025 (Stage 5) and continuously from July 8 to
August 8, 2025 (Stage 6). The timing and magnitude of the observed drawdown at the Gasport
screens indicate regional groundwater extraction associated with the City of Guelph’s OTP
(City of Guelph, 2025).
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C-PB-OW2-22-ABC

The C-PB-OW2-22 well nest is located approximately 5.8 km east of P11 / P17 with monitoirng
ongoing since March 2022. Water levels were monitored at C-PB-OW2-22-ABC using an
electronic data logger. The measurements show a seasonal trend with annual variations of
about 1.5 m. There is no response to pumping of the Pinebush East wells.

The water levels in the three screens exhibit a similar pattern, with the levels in the A screen
(Gasport) being approximately 2.0 m higher than those in the B (Reformatory Quarry) and C
(AFA2) screens. An abrupt water level decline of about 2 m was observed in the Gasport
Formation during the summer of 2025, compared to the typical gradual seasonal decline of
about 1 m observed from 2022 to 2024. This larger than normal drawdown is associated with
the previously discribed City of Guelph water taking at GSTW1-20 located 7.7 km to the north.

C-PB-OW3-22-ABC

The C-PB-OW3-22 well nest is located approximately 2.3 km northeast of P19 with monitoirng
ongoing since March 2022. Water levels were monitored at C-PB-OW3-22-ABC using an
electronic data logger. There is no response to pumping of the Pinebush East wells.

The measurements show a seasonal trend with annual variations of about 0.7 m. The water
levels in the three screens exhibit a similar pattern, with the levels in the A screen (Goat Island)
and B (Reformatory Quarry) being approximately 0.9 m lower than those in the C (AFA2)
screen. The water levels during the summer declined by approximately 1 m in the A (Goat
Island) and B (Reformatory Quarry) screen and approximately 0.5 in the C screen (AFA2)
during testing of GSTW1-20. The water level decline noted in C-PB-OW1-22 and C-PB-OW2-22
is noted to a lesser degreee in all three screens at C-PB-OW3-22. GSTW1-20 is located 7.4 km
northeast of C-PB-OW3-22.

C-PB-DP1-21-AB Piezometer C-PB-DP1-21-AB is located on the edge of Puslinch lake located
approximately 1,800 m from P10A with monitoring ongoing since May 2022. Water levels were
monitored using an electronic data logger. There is no response to pumping of the Pinebush
East wells and water levels observed in 2024 / 2025 were consistent with 2022 / 2023 values.

The measurements indicate a seasonal trend, with annual variations of approximately 0.3 m in
2024 and 0.6 m in 2024. Water levels in C-PB-DP1-2-A are about 0.2 m lower than in
C-PB-DP1-21-B, however water levels in both screens follow the same seasonal trend with
highest levels typically seen in the spring and declines during the summer. The water levels in
both A and B screens are influenced by precipitation events and show a similar response.
Water levels in the shallow screen remain consistently higher than in the deeper screen
throughout the monitoring period, indicating a persistent downward vertical gradient.

C-PB-DP3-21-AB and C-PB-SW3-21-Z

PB-DP3-21-A and C-PB-DP3-21-B are shallow overburden piezometers located in the middle of
Irish Creek approximately 2,810 m from P19 with monitoring ongoing since May 2022.

R.J. Burnside & Associates Limited HA0464020.2024
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C-PB-DP3-21-Z is a surface water monitoring station located adjacent to the piezometers in
Irish Creek. Water level monitoring was conducted using electronic data loggers at C-PB-DP3-
21-AB and C-PB-SW3-21-Z. The water levels in the piezometers are approximately 0.3 m
above the surface water elevation. There is no response to pumping of the Pinebush East wells
and water levels observed in 2024 / 2025 were consistent with 2022 / 2023 values.

Water levels in C-PB-DP3-21-A rose slightly through early 2024 and then remained relatively
stable before beginning a gradual decline to late 2024. Levels increased again during spring
2025, followed by a steady decrease toward the end of the year. In contrast, water levels in
C-PB-DP3-21-B generally declined throughout 2024, with several short duration precipitation
related fluctuations. In 2025, this piezometer showed a more pronounced drop from spring
through late summer, after which water levels stabilized toward year-end. Surface water levels
at C-PB-SW3-21-Z remained stable during both 2024 and 2025, fluctuating by less than
approximately 0.1 m except for brief precipitation-related peaks in each year.

The water levels in both surface water and the A and B screens are influenced by precipitation
events. The piezometer pair begins with a consistent downward gradient, but during the spring
of 2024 and 2025 the pattern shifts, with the A screen rising above the B-screen and
establishing an upward vertical gradient

Manual stream flow monitoring took place on 14 occasions in 2024 and 2025, with flows ranging
from 1 L/s to 325 L/s. The results from flow monitoring and the stream flow curve are presented
in Appendix C.

C-PB-DP5-22-AB and C-PB-SW5-22-Z

Water level monitoring was conducted using electronic data loggers at C-PB-DP5-22-AB and
C-PB-SW5-22-Z with monitoring ongoing since November 2022. C-PB-DP5-22-A and
C-PB-DP5-22-B are shallow overburden piezometers driven into the middle of Irish Creek, while
C-PB-DP5-22-Z is a surface water monitoring station. This location is approximately 2,610 m
from the closest production well (P19) and is 760 m downstream from C-PB-DP3-21-AB. The
water levels in the piezometers and surface water flow similar pattern with the B screen
approximately 0.1 m above C-PB-DP5-22-A and the surface water elevation. Water levels in
2024 and 2025 peaked in the spring and declined throughout the year. The dataloggers are
removed during the winter months to avoid freezing. There is no response to pumping of the
Pinebush East wells and water levels observed in 2024 / 2025 were consistent with

2022 / 2023 values.

Water levels at the surface water station and in the deep piezometer (C-PB-DP5-22-A) show
pronounced, rapid responses to precipitation events, as indicated by the sharp, short-duration
fluctuations visible throughout the monitoring period. In contrast, the shallow piezometer
(C-PB-DP5-22-B) demonstrates a much more damped and gradual response, with limited
short-term variability. This behaviour is atypical, as shallow piezometers usually respond more
quickly to rainfall than deeper intervals, but in this case the deep screen displays the more
immediate event-driven changes while the shallow screen reflects slower, more buffered
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groundwater conditions. Water levels in the shallow screen remain consistently higher than in
the deeper screen throughout the monitoring period, indicating a persistent downward vertical
gradient. A site visit was conducted in March 2026 to verify that the piezometers at this location
were correctly identified. Total depths were measured in the field, confirming that each
monitoring interval was accurately labeled and that the correct piezometers have been used
throughout the monitoring program. A follow-up site visit in June 2026 including downhole video
inspection, purging, and installation of a new adjacent piezometer (C-PB-DP5-26-A) installed to
a similar depth as C-PB-DP5-22-A and equipped with a data logger, were completed to further
assess hydraulic conditions. Data downloads will be reviewed to compare responses between
installations and determine whether C-PB-DP5-22-A is functioning properly and if it should
remain in the monitoring network.

4.0 Impact Assessment
4.1 Well Interference

PTTW Condition 5.1 states, "The Permit Holder shall immediately notify the local District Office
of any complaint arising from the taking of water authorized under this Permit and shall report
any action which has been taken or is proposed with regard to such complaint. The Permit
Holder shall immediately notify the local District Office if the taking of water is observed to have
any significant impact on the surrounding waters. After hours, calls shall be directed to the
Ministry's Spills Action Centre at 1-800268-6060."

PTTW Condition 5.2 states: For Groundwater Takings - If the taking of water is observed to
cause any negative impact to other water supplies obtained from any adequate sources that
were in use prior to initial issuance of a Permit for this water taking, the Permit Holder shall take
such action necessary to make available to those affected, a supply of water equivalent in
quantity and quality to their normal takings, or shall compensate such persons for their
reasonable costs of so doing, or shall reduce the rate and amount of taking to prevent or
alleviate the observed negative impact. Pending permanent restoration of the affected supplies,
the Permit Holder shall provide, to those affected, temporary water supplies adequate to meet
their normal requirements or shall compensate such persons for their reasonable costs of doing
so. If permanent interference is caused by the water taking, the Permit Holder shall restore the
water supplies of those permanently affected.

When a well interference complaint is received, the Region has a Well Interference Policy in
place. A copy of the policy is presented in Appendix F of the 2019 Biennial Groundwater
Monitoring Report — Multiple Well Fields (Burnside, 2020). There were no well interference
complaints related to pumping of P10, P10B, P11 and P17 received in 2024 and 2025.

There are no other Groundwater takings registered in the MECP PTTW database withn 2 km of
the P10, P10A, P10B, P11, P17 and P19 wells other than Regional production wells. As shown
in Figure 3, several permits are located more than 2 km away, associated with Puslinch Beach
and Marine, the Puslinch Golf Course to the east as well as PTTW No. 4002-DDRJ8X issued to
the City of Guelph for pumping of Test Well GSTWO01-20. The City of Guelph pumping test
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resulted in drawdown at monitoring locations C-PB-OW1-22, C-PB-OW2-22, and C-PB-OW3-22
during the summer of 2025, consistent with the City of Guelph’s analysis. GSTW01-20 is
located approximately 10 km northeast from P10.

4.2 Aquifer Impacts to Pumping and Precipitation

PTTW Condition 4.3 states: " The Permit Holder shall prepare and submit a report every two
years by June 30, that presents the results of the well field water level monitoring for the two
preceding calendar years, assesses changes in water levels in the supply aquifer(s) in relation
to precipitation and water taking from the aquifer(s)”.

Water levels in the bedrock aquifers of P10A / P10B / P11/ P17 / P19 do not show any
declining trends due to pumping.

Based on monitoring results, the water levels in the Cabot Head Formation indicate a clear
response to pumping at P10/ P10B / P11 / P17 with water levels increasing about 1 m during
the recent shutdowns of P11/ P10/ P17. The groundwater levels in Cabot Head Formation did
not display a correlation with precipitation events.

The water levels in the Gasport Formation indicate a clear response to pumping at P10/ P10B /
P11 / P17 with water levels increasing 1 m during the recent shutdowns of P11/ P10/ P17.
The greatest response was observed in C-PB-OW2-06-A. The groundwater levels in Gasport
Formation did not display a correlation with precipitation events.

Based on monitoring results, the water levels in both wells in the Goat Island Formation indicate
a clear response to pumping at P10/ P10B / P11 / P17 with water levels increasing 1 m during
the recent shutdowns of P11/ P10/ P17. The groundwater levels in Gasport Formation did not
display a correlation with precipitation events.

The water levels in the Guelph Formation indicate a clear response to pumping at

P10/ P10B / P11/ P17 with water levels increasing during the recent shutdowns of
P11/P10/P17. The greatest response was observed in C-PB-OW1-09-C with water levels
rising by 5 m. This well also shows the greatest response when P10B begins pumping after
May 2023 and the late November / December 2025 when pumping was reduced. The
groundwater levels in Guelph Formation did not display a correlation with precipitation events.

The largest water level response of up to 8 m during pumping of P11 and P10 was measured in
C-PB-OW1-92-A which straddles the Guelph, Eramosa, Goat Island and Gasport formations.
The water level response measured in C-PB-OW1-92-A decreased to approximately 5 m in
2023 when new production well P10B replaced P10. Levels rose approximately 8 m in late
November 2025 when pumping was reduced.

The water levels in the lower overburden showed a minor response to pumping at
P10/ P10B / P11/ P17 with water levels rising during the shutdowns of P11 / P10/ P17 after
October 2022. The greatest response was observed at C-PB-OW1-09-D (AFD1) with water
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levels rising 2 m. The groundwater levels in the lower overburden follow seasonal trends but do
not display a correlation with precipitation events.

The water levels in the upper overburden showed a minor response to pumping at

P10/ P10B/ P11/ P17 with water levels rising after the recent shutdowns of P11/ P10/ P17.
The groundwater levels in some of the upper overburden did display a correlation with
precipitation events.

The drive-point piezometers and surface-water monitoring locations do not appear to respond to
pumping; however, they do show clear responses to precipitation events. These sites have only
been monitored since late 2022, so the dataset remains limited.

5.0 Conclusions

Impacts from pumping the municipal wells at the Pinebush East Well Field (P10, P10A, P10B,
P11, P17 and P19) were evaluated through implementation of the Groundwater Monitoring
Program. Based on the information contained in the report, Burnside offers the following
conclusions:

e The information presented in this report satisfies condition 4.3 of PTTW 7858-BXUUUH.

e P10B, P11 and P17 were the main sources in 2024.

o In 2024, wells P19 and P10A were operated only on a short-term, testing basis under the
Pinebush WTP — Well Connection Upgrades project to confirm the system was functioning
as intended. Under the Cambridge East EA, P10A and P19 were otherwise intended to
remain offline until the commencement of Phase 2 of the Operational Testing Program.

e P10B and P17 were the main sources in 2025.

e 2024 and 2025 pumping volumes were within the permitted range.

e There were no reported well interference complaints arising from water taking at the
Pinebush East well field.

e Water levels in wells screened in the Guelph Formation, Eramosa Formation, Goat Island
Formation, Gasport Formation and Cabot Head Formation show a measurable response to
pumping that is most apparent during P10/ P11/ P17 recent shutdowns.

o Water levels in the lower and upper overburden show a measured response to pumping.

o Water levels have remained within the established historical range. No long-term declining
or increasing trends are evident.

¢ Drawdown observed at C-PB-OW1-22, C-PB-OW2-22, and C-PB-OW3-22 during
summer 2025 reflects regional groundwater impacts associated with the City of Guelph’s
OTP, consistent with the City of Guelph’s interpretation of their pumping test.

e Further monitoring of the new piezometers and stream monitoring locations is necessary to
evaluate the groundwater and surface water interactions.
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Ontario @ Ministry of the Environment, Conservation and Parks
Ministére de 'Environnement, de la Protection de la nature et des Parcs

This document is a Clone of Permit # 4073-BURPRF

AMENDED PERMIT TO TAKE WATER
Ground Water

NUMBER 7858-BXUUUH
Reference Number 1507-BVBQSN

Pursuant to Section 34.1 of the Ontario Water Resources Act, R.SO. 1990 this Permit To Take Water is
hereby issued to:

The Regional Municipality of Waterloo
Floor 7 - 150 Frederick St

Kitchener, Ontario, N2G 4J3

Canada

For the water taking Pinebush Well Field; (P10, P11, P17, P10A, B10B, and P19)
from:

Located at: Lot 4, Concession 3 Beasleys Lower Block, Geographic Township of Waterloo
Cambridge, Regional Municipality of Waterloo

340 Pinebush Rd Lot 5 Concession 3 Beasley Lower Block
Cambridge, Regional Municipality of Waterloo

381 Pinebush Rd Lot 5 Concession 3 Beasley Lower Block
Cambridge, Regional Municipality of Waterloo

For the purposes of this Permit, and the terms and conditions specified below, the following definitions
apply:

DEFINITIONS

(a) "Director" means any person appointed in writing as a Director pursuant to section 5 of the OWRA for the
purposes of section 34.1, OWRA.

(b) “Provincia Officer” means any person designated in writing by the Minister as a Provincia Officer
pursuant to section 5 of the OWRA.

(©) "Ministry" means Ontario Ministry of the Environment, Conservation and Parks.
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(d) "District Office" meansthe Guelph District Office.

(e) "Permit" meansthis Permit to Take Water No. 7858-BXUUUH including its Schedules, if any, issued in
accordance with Section 34.1 of the OWRA.

(f) "Permit Holder" means The Regional Municipality of Waterloo.
(9) "OWRA " meansthe Ontario Water Resources Act, R.S.O. 1990, c. O. 40, as amended.

You are hereby notified that this Permit is issued subject to the terms and conditions outlined below:

TERMSAND CONDITIONS

1. Compliance with Per mit

1.1 Except where modified by this Permit, the water taking shall be in accordance with the application for
this Permit To Take Water, dated July 27, 2020 and signed by Karl Belan, and al Schedules included in this
Permit.

1.2 The Permit Holder shall ensure that any person authorized by the Permit Holder to take water under this
Permit is provided with acopy of this Permit and shall take all reasonable measuresto ensure that any such
person complies with the conditions of this Permit.

1.3 Any person authorized by the Permit Holder to take water under this Permit shall comply with the
conditions of this Permit.

1.4 This Permit is not transferable to another person.

1.5 This Permit provides the Permit Holder with permission to take water in accordance with the conditions
of this Permit, up to the date of the expiry of this Permit. This Permit does not constitute alegal right,
vested or otherwise, to awater alocation, and the issuance of this Permit does not guarantee that, upon its
expiry, it will be renewed.

1.6 The Permit Holder shall keep this Permit available at al times at or near the site of the taking, and shall
produce this Permit immediately for inspection by a Provincial Officer upon his or her request.

1.7 The Permit Holder shall report any changes of address to the Director within thirty days of any such
change. The Permit Holder shall report any change of ownership of the property for which this Permit is
issued within thirty days of any such change. A change in ownership in the property shall cause this Permit to
be cancelled.

2. General Conditions and I nterpretation
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2.1 Ingpections

The Permit Holder must forthwith, upon presentation of credentials, permit a Provincia Officer to carry out
any and all inspections authorized by the OWRA, the Environmental Protection Act, R.S.0. 1990, the
Pesticides Act, R.S.0. 1990, or the Safe Drinking Water Act, S. O. 2002.

2.2 Other Approvals
The issuance of, and compliance with this Permit, does not:

(@) relievethe Permit Holder or any other person from any obligation to comply with any other applicable
legal requirements, including the provisions of the Ontario Water Resources Act, and the Environmental
Protection Act, and any regulations made thereunder; or

(b) limit in any way any authority of the Ministry, a Director, or a Provincia Officer, including the authority
to require certain steps be taken or to require the Permit Holder to furnish any further information related to
this Permit.

2.3 Information

The receipt of any information by the Ministry, the failure of the Ministry to take any action or require any
person to take any action in relation to the information, or the failure of a Provincia Officer to prosecute
any person in relation to the information, shall not be construed as:

(a) an approval, waiver or justification by the Ministry of any act or omission of any person that contravenes
this Permit or other legal requirement; or

(b) acceptance by the Ministry of the information's completeness or accuracy.

2.4 Rights of Action

Theissuance of, and compliance with this Permit shall not be construed as precluding or limiting any legal
clamsor rights of action that any person, including the Crown in right of Ontario or any agency thereof, has
or may have against the Permit Holder, its officers, employees, agents, and contractors.

2.5 Severahility

The requirements of this Permit are severable. If any requirements of this Permit, or the application of any
requirements of this Permit to any circumstance, is held invalid or unenforceable, the application of such
requirements to other circumstances and the remainder of this Permit shall not be affected thereby.

2.6 Conflicts

Where there is a conflict between a provision of any submitted document referred to in this Permit,
including its Schedules, and the conditions of this Permit, the conditions in this Permit shall take
precedence.

3. Water Takings Authorized by This Permit

3.1 Expiry
This Permit expireson May 31, 2030. No water shall be taken under authority of this Permit after the expiry
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date.

3.2 Amounts of Taking Permitted
The Permit Holder shall only take water from the source, during the periods and at the rates and amounts of
taking specified in Table A. Water takings are authorized only for the purposes specified in Table A.

Table A

Source Name | Source: Taking Taking Max. Max. Num. |Max. Taken | Max. Num. Zone/
/ Description: Type: Specific Major Taken per of Hrs per Day of Days Easting/
Purpose: Category: Minute Taken (litres): Taken per [ Northing:

(litres): per Day: Year:
1 P10, P11, Well Municipal ||Water Supply 9,660 24 13,910,400 365 17
P17, P10A, 556957
P10B, P19 Drilled 4806840
Total 13,910,400
Taking:

3.3 Notwithstanding the Maximum Taken per Day specified in Table A of Condition 3.2, the combined taking
from wells P10, P10A, P10B, P11, P17 and P19 shall not exceed an annual daily average of 11,104,128 L/

day.

4. Monitoring

4.1 Under section 9 of O. Reg. 387/04, and as authorized by subsection 34(6) of the Ontario Water
Resources Act, the Permit Holder shall, on each day water is taken under the authorization of this Permit,
record the date, the volume of water taken on that date and the rate at which it was taken. The daily volume of
water taken shall be measured by aflow meter or calculated in accordance with the method described in the
application for this Permit, or as otherwise accepted by the Director. A separate record shall be maintained
for each source. The Permit Holder shall keep all records required by this condition current and available at
or near the site of the taking and shall produce the records for inspection by a Provincial Officer upon his or
her request. The Permit Holder, unless otherwise required by the Director, shall submit, on or before March
31st in every year, the records required by this condition to the ministry’ s Water Taking Reporting System.

4.2 The Permit Holder shall complete the monitoring plan as described in the letter by Golder Associates
titled “Monitoring Plan — Cambridge East Well Fields (Pinebush and Clemens Mill) PTTW Applications’
dated April 22, 2020. The Permit Holder shall measure and record water levels hourly in the following
monitoring wells:

- C-PB-OW5-94 ABCDEFG
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- C-CM-PBOW2-06 ABCDEF
- C-PB-OW1-09 ABCDE

- C-PB-OW1-11 AB

- C-PB-OW1-92 ABC

4.3 The Permit Holder-shall prepare and submit an electronic copy of areport prepared by a Qualified
Person (P.Geo or equivalent) every two years by June 30 commencing in 2022. The report shall present the
results of the well field water level monitoring for the two preceding calendar years, assess changesin water
levelsin the supply aquifer in relation to the . precipitation and the water taking from the aquifer, and provide
asummary for all interference complaints received by the Permit Holder related to this Permit and reported
to the District Office in accordance with Condition 5.1 and the manner in which the Permit Holder has dealt
with the complaint. Any application for an amendment or renewal shall be accompanied by the most recent
biennial report.

5. Impacts of the Water Taking

5.1 Notification

The Permit Holder shall immediately notify the local District Office of any complaint arising from the
taking of water authorized under this Permit and shall report any action which has been taken or is proposed
with regard to such complaint. The Permit Holder shall immediately notify the local District Officeif the
taking of water is observed to have any significant impact on the surrounding waters. After hours, calls shall
be directed to the Ministry's Spills Action Centre at 1-800-268-6060.

5.2 For Groundwater Takings

If the taking of water is observed to cause any negative impact to other water supplies obtained from any
adequate sources that were in use prior to initial issuance of a Permit for this water taking, the Permit Holder
shall take such action necessary to make available to those affected, a supply of water equivalent in quantity
and quality to their normal takings, or shall compensate such persons for their reasonable costs of so doing,
or shall reduce the rate and amount of taking to prevent or aleviate the observed negative impact. Pending
permanent restoration of the affected supplies, the Permit Holder shall provide, to those affected, temporary
water supplies adequate to meet their normal requirements, or shall compensate such persons for their
reasonabl e costs of doing so.

If permanent interference is caused by the water taking, the Permit Holder shall restore the water supplies of
those permanently affected.

6. Director May Amend Per mit

The Director may amend this Permit by letter requiring the Permit Holder to suspend or reduce the taking to

an amount or threshold specified by the Director in the letter. The suspension or reduction in taking shall be

effectiveimmediately and may be revoked at any time upon notification by the Director. This condition does
not affect vour right to appeal the suspension or reduction in taking to the Environmental Review Tribunal
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under the Ontario Water Resources Act, Section 100 (4).

The reasons for the imposition of these terms and conditions are as follows:
1. Condition 1 isincluded to ensure that the conditionsin this Permit are complied with and can be enforced.
2. Condition 2 isincluded to clarify the legal interpretation of aspects of this Permit.

3. Conditions 3 through 6 are included to protect the quality of the natural environment so as to safeguard the
ecosystem and human health and foster efficient use and conservation of waters. These conditions allow for
the beneficia use of waters while ensuring the fair sharing, conservation and sustainable use of the waters of
Ontario. The conditions aso specify the water takings that are authorized by this Permit and the scope of this
Permit.

In accordance with Section 100 of the Ontario Water Resources Act, R.S.O. 1990, you may by written
Notice served upon me and the Environmental Review Tribunal within 15 days after receipt of this
Notice, require a hearing by the Tribunal. Section 101 of the Ontario Water Resources Act, RS O. 1990,
as amended, provides that the Notice requiring the hearing shall state:

1. The portions of the Permit or each term or condition in the Permit in respect of which the hearing is
required, and;

2. The grounds on which you intend to rely at the hearing in relation to each portion appeal ed.

In addition to these legal requirements, the Notice should also include:

The name of the appellant;

T 9

The address of the appellant;

The Permit to Take Water number;
The date of the Permit to Take Water;
e. The name of the Director;

o o

f. The municipality within which the works are |ocated;

This notice must be served upon:

The Secretary AND The Director, Section 34.1,

Environmental Review Tribunal Ministry of the Environment, Conservation and
655 Bay Street, 15th Floor Parks

Toronto ON Floor 1, 135 & Clair Ave W

M5G 1E5 Toronto, ON

Fax: (416) 326-5370 M4V 1P5

ERTTribunalsecretarv@ontario.ca

Further information on the Environmental Review Tribunal’s requirementsfor an appeal can be obtained directly
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from the Tribunal:

by Telephone at by Fax a by email at
(416) 212-6349 (416) 326-5370 WWw.ert.gov.on.ca
Toll Free 1(866) 448-2248 Toll Free 1(844) 213-3474

This Permit cancels and replaces Permit Number 0271-BURPRE, issued on 2020/11/02.
Dated at Toronto this 3 rd day of February, 2021.

ST

Gregory Meek
Director, Section 34.1
Ontario Water Resources Act, R.S.0. 1990
Schedule A

This Schedule “A” forms part of Permit To Take Water 7858-BXUUUH, dated February 3, 2021.

1. “Monitoring Plan — Cambridge East Well Fields (Pinebush and Clemens Mill) PTTW Applications’ dated
April 22, 2020.

2. "Regional Municipality of Waterloo Cambridge East Water Supply Class Environmental Assessment,
Project File Report Appendix A, Hydrogeology and Natural Environmental Report” dated December 2017.

3. Pinebush Road Well Field Construction and Testing of Test Wells P10A, P10B, TW1-10, And Production
Wells P11 and P17" dated Sept 6, 2013.

4. Municipal Well P10 Optimization Project, Test Well PB-TW1-10 Construction and Diagnostics,
Cambridge, Ontario" dated November 1, 2010.
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April 22, 2020 Project No. 19119485

Karl Belan, M.A.Sc., P.Geo., Hydrogeologist
Regional Municipality of Waterloo

Water Services

150 Fredrick Street, 7th Floor

Kitchener, ON N2G 4J3

MONITORING PLAN - CAMBRIDGE EAST WELL FIELDS (PINEBUSH AND CLEMENS MILL)
PTTW APPLICATIONS

Dear Mr. Belan,

In support of the Region of Waterloo’s Permit to Take Water (PTTW) applications to the Ministry of the
Environment, Conservation and Parks (MECP) for the Pinebush and Clemens Mill well fields, the following letter
presents the monitoring plan to be completed by the Region in support of the updated PTTWs. This letter follows
the completion of the Cambridge East Water Supply Class Environmental Assessment (EA) (Golder, 2018), which
recommended the addition of water supply from wells P10A, P10B and P19 in the Pinebush well field and from
G19 in the Clemens Mill well field. This letter provides additional details on the recommended monitoring program
provided in the EA documentation (Golder, 2018).

Background — Pinebush Well Field

The Region currently has a Permit for wells P11 and P17 (PTTW No. 7343-9FFJBX) for 120 L/s in the Pinebush
well field. This permit was issued in January 2014 and expires on May 31, 2024. Wells P10, P11 and P17 supply
the Pinebush Water Treatment Plant (WTP). Well P10 was constructed prior to the Ontario Water Resources Act
and therefore is not listed on the PTTW. In 2010 and 2011 new test wells P10A, P10B, P19 (previously referred to
as PBTW1-10) were constructed, a steel well casing liner was installed in P17 and P11 was re-drilled and re-
constructed. Following testing of the new and existing wells in 2010/2011 (Stantec, 2013), groundwater modelling
(Golder, 2017) and the completion of the Class EA (Golder, 2018), the Region is applying for a PTTW renewal for
the Pinebush well field which will include P10, P10A, P10B, P11/P17 and P19. P10B is intended as a
replacement for P10 which will be decommissioned once these new wells are brought online. Wells P10A and
P19 were constructed to restore municipal well capacity that has declined at P11 and P17.

Background — Clemens Well Field

The Regional currently has a Clemens Mill well field permit for wells G6, G16, G17 and G18 (PTTW No. 8842-
9FDJUC) for 150.8 L/s. This permit was issued in January 2014 and expires on May 31, 2024. These wells
supply the Turnbull WTP. Following the completion of the Class EA (Golder, 2018), the Region is applying for a
PTTW renewal for the Clemens well field, which will include wells G6, G16, G17, G18 and G19 (previously
referred to as CMPW2-06 or Cedarbrook Well). As part of the Hydrogeological and Natural Environment Report,

Golder Associates Ltd.
210 Sheldon Drive, Cambridge, Ontario, N1T 1A8, Canada T:+1 519 620 1222 F: +1 519 620 9878

Golder and the G logo are trademarks of Golder Associates Corporation



Karl Belan, M.A.Sc., P.Geo., Hydrogeologist Project No. 19119485
Regional Municipality of Waterloo April 22, 2020

an assessment of the sustainability of the new takings was completed and a monitoring program was
recommended (Golder, 2017); a copy of this report is included with the application (electronic).
Monitoring Program

As required in the current PTTWSs, monthly annual monitoring is completed at five wells in Pinebush and 13 wells
in Clemens Mills, as shown in Table 1 and on Figure 1.

Table 1: Monitoring Included in Current PTTW

Pinebush Well Field Clemens Mill Well Field

C-PB-OW1A-11 C-CM-OW6ABCD-94
C-PB-OW1B-11 C-CM-OWO02A-10
C-PB-OW1A-92 C-CM-OW02B-10
C-PB-OW1BC-92 C-CM-OW01A-10
C-CM-OW4A-92
C-CM-OW4BC-92
C-CM-OW3ABC-06

Recommended Additional Monitoring — Existing Locations

As part of the Hydrogeological and Natural Environment Report (Golder, 2017), a monitoring program was
recommended for the Pinebush and Clemens Mills well fields. The following additional recommended monitoring
is consistent with the recommendations included in the Cambridge East Class EA.

1)  Groundwater monitoring should be completed at the locations listed in Table 2 (appended) and shown on
Figure 1. Groundwater monitoring should be completed using dataloggers set to record at 1-hour intervals.
As per the protocol in the Region’s Groundwater Monitoring Program (GMP), manual measurements will be
completed to backup the dataloggers.

m Itis noted that the following proposed monitoring locations have already been incorporated by the
Region into their GMP: CMOW1-06, CMOW2-10, PBOW1-06, PBOW2-06, and PLOW1-06.

2) Monitoring should continue at the following wells: TW9-78, TW10-78 and MW09-T3-01. These wells are
currently being monitored by the Township of Puslinch.

3) Water levels in Puslinch Lake (LWL) should be monitored at a higher frequency (datalogger for continuous
measurement during ice-free conditions).

Recommended Monitoring - New Locations

1) The locations of proposed new monitoring locations are shown on Figure 1. The Region has initiated
discussions with the property owners at these locations. The final locations of these proposed monitoring
stations will be dependent on receipt of signed access agreements with the property owners.

O GOLDER 2
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Regional Municipality of Waterloo April 22, 2020

2)

6)

As ongoing water level monitoring is limited primarily in the area west of Puslinch Lake, the following
additional monitoring wells were recommended as part of the Class EA to better define groundwater
gradients and groundwater level changes around the lake:

= A multi-level deep monitoring well nest installed near Irish Creek north of Puslinch Lake (Well A);
= A multi-level deep monitoring well nest installed to the northeast/east of Puslinch Lake (Well B);

= A multi-level deep monitoring well nest installed further east of PBOW1-06 along Concession 1, in
the vicinity of Mill Creek to better define the eastern limits of the zone of influence of pumping (Well
C); and

= Additional shallow drivepoint piezometers installed in accessible locations in the vicinity of the
Puslinch Lake shoreline.

A shallow streambank piezometer is recommended east of CMOW2-06 along Shellard Road, south of Gore
Road and adjacent to Mill Creek.

A stream gauging station is recommended on Irish Creek for continuous flow gauging, during ice-free
conditions; additional spot baseflow measurements are also recommended for Irish Creek.

A shallow streambank piezometer should be installed adjacent to Irish Creek to assess shallow groundwater
gradients.

A shallow piezometer along Cedarbrook Creek (H7-06) should be reinstalled at an historic monitoring
location and included in the monitoring program.

Operational Testing and Adaptive Management

Details about the Operational Testing and Adaptive Management Plan are provided in the Hydrogeological and
Natural Environment Report (Golder, 2017) and in the Class Environmental Assessment Project File Report
(Golder, 2018)

To ensure that the optimized pumping rates are sustainable, an operational testing program should be carried out,
which is recommended to include the following steps:

m  Continue pumping of only the existing wells and P10B with expanded monitoring to collect baseline
data;

m Increase pumping from new wells in the Pinebush well field (P10A and P19); and

m Increase pumping from new wells in the Pinebush well field (P10A and P19) and the Clemens Mill well
field (G19).

After each step, a report will be completed with an updated adaptive management plan. Quarterly data reports at
key monitoring locations will also be completed. The pumping duration of each operational step will be up to five
years and the monitoring results will be available to the public and provided to the Township of Puslinch. The total
supply increase of 38 L/s is not required until the year 2031 and the Region would have the flexibility to gradually
increase takings in the period leading up to this time.

<y
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Reporting on progress of operational testing will be provided every two years in the form of Biennial Monitoring
Reports incorporated into the Region’s existing Groundwater Monitoring Program.

Well Interference Policy

The Region’s well interference policy can be found on their website at www.regionofwaterloo.ca/protectwater.

A revised well interference Policy Area was developed as part of the Class Environmental Assessment,
considering the new wells in the Pinebush and Clemens Mill well fields. The revised well interference Policy Area
is presented on Figure 11 of the Class Environmental Assessment Project File Report (Golder, 2018). This
Revised Policy Area will be added to the policy prior to new wells coming online. Although impacts to private wells
are not expected from the increased taking, an enhanced level of response will be given to any well complaints
within these policy areas.

Closure

We trust that this information is suitable to support the PTTW application. Please do not hesitate to contact us if
you have any questions or concerns.

Sincerely,
Golder Associates Ltd.

Jennifer Hancox, M.Sc., P.Geo. John Piersol, M.Sc., P.Geo.
Hydrogeologist Associate, Senior Hydrogeologist
JLH/JAP/I

Attachments: Figure 1 — Monitoring Locations in Pinebush and Clemens Mill Well Fields
Table 2 — Proposed Cambridge East Monitoring Locations

https://golderassociates.sharepoint.com/sites/105935/project files/6 deliverables/cambridge east pttw support/04_final letter_2020apr22/19119485_cambridge east pttw monitoring
support_2020apr22.docx
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FIGURE

Figure 1 — Monitoring Locations in
Pinebush and Clemens Mill Well
Fields
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April 2020 Table 2 - Proposed Cambridge East Monitoring Locations 19119485
Sys_ Loc . . . Screened . .
Well Name Co_de Region Name Easting Northing Interval Formation Screened Well Field |Notes
(mbgs)

CMOW3A-06 | 9202639A | C-CM-OW3-06-A | 558916.3 | 4804866.4 | 77.7 - 108.2 |Gasport Clemens Mill  |Existing PTTW - Clemens Mill

CMOW3B-06 | 9202639B | C-CM-OW3-06-B 50.3-56.1 |Guelph Existing PTTW - Clemens Mill

CMOW3C-06 | 9202639C | C-CM-OW3-06-C 36.6 - 39.6 |Guelph Existing PTTW - Clemens Mill

CMOW1-10 | 9205505A | C-CM-OWO01-10-A | 556344.5 | 4805060.2 9.8-12.8 |Shallow Overburden Clemens Mill  |Existing PTTW - Clemens Mill

CMOW2A-10 | 9205506A | C-CM-OW02-10-A | 557206.2 | 4804356.0 | 33.8 - 35.4 |Deep Overburden Clemens Mill  |Existing PTTW - Clemens Mill

CMOW?2B-10 | 9205507B | C-CM-OWO02-10-B | 557208.1 | 4804356.7 | 9.7 - 12.7 |Shallow Overburden Existing PTTW - Clemens Mill
OW4A-92 | 1000389A | C-CM-OW4-92-A | 558908.1 | 4804869.3 | 36.9 - 37.8 |Guelph Clemens Mill  |Existing PTTW - Clemens Mill
OW4B-92 | 1000390B | C-CM-OW4-92-B | 558910.8 | 4804870.2 | 28.4-29.9 |Deep Overburden Existing PTTW - Clemens Mill
OW4C-92 | 1000390C | C-CM-OW4-92-C 8.8-10.4 |Shallow Overburden Existing PTTW - Clemens Mill
OWG6A-94 | 6507562A | C-CM-OW6-94-A | 556277.2 | 4804365.8 | 155.5 - 158.5 |[Cabot Head Clemens Mill  |Existing PTTW - Clemens Mill
OW6B-94 | 6507562B | C-CM-OW6-94-B 130.0 - 133.0 |Gasport Existing PTTW - Clemens Mill
OW6C-94 | 6507562C | C-CM-OW6-94-C 111.0 - 114.0 |Gasport Existing PTTW - Clemens Mill
OwW6D-94 | 6507562D | C-CM-OW6-94-D 68.6 - 71.6 |Guelph Existing PTTW - Clemens Mill
OW1A-92 | 1000383A | C-PB-OW1-92-A | 557014.6 | 4805951.6 | 29.5-84.1 |Guelph - Gasport Pinebush Existing PTTW - Pinebush
OW1B-92 | 1000382B | C-PB-OW1-92-B 18.3 - 21.3 |Deep Overburden Existing PTTW - Pinebush
OW1C-92 | 1000382C | C-PB-OW1-92-C 7.3-10.4 |Shallow Overburden Existing PTTW - Pinebush

PBOW1-11A | 9205806A | C-PB-OW1-11-A | 557123.0 | 4806116.0 | 19.8 - 22.9 |Deep Overburden Pinebush Existing PTTW - Pinebush

PBOW1-11B | 9205807A | C-PB-OW1-11-B 6.1-7.62 |Shallow Overburden Existing PTTW - Pinebush

CMOW1A-06 | 9202637A | C-CM-OW1-06-A | 558725.7 | 4805314.2 | 102.1 - 120.4 |Gasport Clemens Mill  |[GMP

CMOW1B-06 | 9202637B | C-CM-OW1-06-B 48.8 - 57.9 |Guelph GMP

CMOW1C-06 | 9202637C | C-CM-OW1-06-C 36.6 - 39.6 |Guelph GMP

CMOW1D-06 | 9202664D | C-CM-OW1-06-D | 558724.0 | 4805313.1 | 30.2-33.1 |Deep Overburden GMP

CMOW1E-06 | 9202665E | C-CM-OW1-06-E | 558723.0 | 4805312.4 | 14.0-17.1 |Intermediate Overburden GMP

CMOW1F-06 | 9202666F | C-CM-OW1-06-F | 558724.8 | 4805313.7 4.6-7.6 |Shallow Overburden GMP

CMOW?2A-06 | 9202638A | C-CM-OW2-06-A | 559589.2 | 4804173.7 | 91.4 - 111.6 |Gasport Clemens Mill  [GMP

CMOW?2B-06 | 9202638B | C-CM-OW2-06-B 45.0 - 58.2 |Guelph GMP

CMOW?2C-06 | 9202638C | C-CM-OW2-06-C 30.5-35.4 |Guelph GMP

CMOW?2D-06 | 9202667D | C-CM-OW2-06-D | 559589.8 | 4804173.5 | 27.4-29.0 |Deep Overburden GMP

CMOW?2E-06 | 9202668E | C-CM-OW2-06-E | 559588.2 | 4804174.2 | 13.7 - 16.8 |Intermediate Overburden GMP

CMOW?2F-06 | 9202669F | C-CM-OW2-06-F | 559590.5 | 4804173.0 4.6-7.6 |Shallow Overburden GMP

CMTW3A-05 | 9202049A | C-CM-TW3-05-A | 557560.0 | 4805132.0 | 106.7 - 125.0 |Gasport Clemens Mill  |[GMP

CMTW3B-05 | 9202049B | C-CM-TW3-05-B 64.0 - 70.1 |Guelph GMP

CMTW3C-05 | 9202049C | C-CM-TW3-05-C 38.4 - 46.0 |Guelph GMP
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Table 2 - Proposed Cambridge East Monitoring Locations

19119485

Sys_ Loc . . . Screened . .
Well Name Co_de Region Name Easting Northing Interval Formation Screened Well Field |Notes
(mbgs)

CMOW1A-15] 9207189A | C-CM-OW1-15-A | 557250.5 | 4803752.0 | 93.0-96.0 |Gasport Clemens Mill  |GMP
CMOW1B-15 | 9207190B | C-CM-OW1-15-B | 557244.0 | 4803751.0 | 77.1-80.2 |Goat Island GMP
CMOW1C-15| 9207190C | C-CM-OW1-15-C 30.5-33.5 |Guelph GMP
PBOW1A-06 | 9202643A | C-PB-OW1-06-A | 559285.9 | 4806058.2 | 91.4 - 109.1 |Gasport Pinebush GMP
PBOW1B-06 | 9202643B | C-PB-OW1-06-B 48.2 - 54.3 |Guelph GMP
PBOW1C-06 | 9202643C | C-PB-OW1-06-C 35.4-415 |Guelph GMP
PBOW1D-06 | 9202670D | C-PB-OW1-06-D | 559284.4 | 4806058.2 | 32.0 - 35.5 |Deep Overburden GMP
PBOW1E-06 | 9202671E | C-PB-OW1-06-E | 559283.1 | 4806058.4 | 19.0 - 22.9 |[Intermediate Overburden GMP
PBOW1F-06 | 9202672F | C-PB-OW1-06-F | 559281.8 | 4806058.7 | 8.2-11.3 |[Shallow Overburden GMP
PBOW2A-06 | 9202673A | C-PB-OW2-06-A | 558534.8 | 4806923.5 | 91.4 - 109.8 |Gasport Pinebush GMP
PBOW2B-06 | 9202673B | C-PB-OW2-06-B 48.9 - 55.0 [Reformatory Quarry GMP
PBOW2C-06 | 9202673C | C-PB-OW2-06-C 33.5-44.4 |Guelph GMP
PBOW2D-06 | 9202674D | C-PB-OW2-06-D | 558535.9 | 4806925.7 | 33.2 - 36.3 |Deep Overburden GMP
PBOW2E-06 | 9202675E | C-PB-OW2-06-E | 558536.3 | 4806926.8 | 25.0 - 28.0 [Intermediate Overburden GMP
PBOW2F-06 | 9202676F | C-PB-OW2-06-F | 558534.4 | 4806922.1 | 14.0-17.1 [Shallow Overburden GMP
PLOW1A-06 | 9202647A | C-PB-PLOW1-06-A | 559402.9 | 4806775.2 | 9.1-10.7 |Shallow Overburden Pinebush GMP
PLOW1B-06 | 9202647B | C-PB-PLOW1-06-B | 559403.1 | 4806774.7 3.8-5.3 |[Shallow Overburden GMP
OW5A-94 | 9200572A | C-PB-OW5-94-A | 558345.8 | 4806730.4 | 137.0 - 140.0 |Cabot Head Pinebush GMP
OW5B-94 | 9200572B | C-PB-OW5-94-B 104.0 - 110.0 [Gasport GMP
OW5C-94 | 9200572C | C-PB-OW5-94-C 53.3-59.7 |Reformatory Quarry - Goat Island GMP
OW5D-94 | 9200572D | C-PB-OW5-94-D 43.3 - 48.3 |Guelph GMP
OW5E-94 | 9200572E | C-PB-OW5-94-E 36.3 - 39.3 |Deep Overburden GMP
OWS5F-94 | 9200572F | C-PB-OW5-94-F 6.1-9.1 |Shallow Overburden GMP
OW5G-94 | 9200572G | C-PB-OW5-94-G 14.8 - 17.8 [Shallow Overburden GMP
LWL 9202660 P-LWL-06 559343.8 | 4806815.2 | surface water |Puslinch Lake Pinebush GMP

> GOLDER
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Well Materia]

- 8" drive niy

Outer Casing luzren
Inner Casing
Screen
Plug
Gravel
Rump
No. Setting BP-MB
No. Stages Length Bowl
Bowl Size ‘R Lgth. Suction
Head Size Column

Materials or setting details other_than¥standa
Impellers: Trim

Make Phase
H. P. Cycles
R. P. M. Volts
Type Amps.
Frame Serial

Bearing Nos.

Special Equipment

B.P. referred to original ground level

Clear depth below B.P.

Started_ 1/29/59
Preliminary Test ‘/21/59 Static Leve]

Final Test .
Guarantec 1G P Mm Capacity,
Contract Pressure

Length Air Line__

o

Final Test ..~

Pumping Level

300 |G p;

% Pressure Pump
Main_

WEL ¥ 1 (Goarz)

INTERNATIONAL WATER SUPPLY LTD.

_MONTREAL

OAKVILLE

WATER SUPPLY CONTRACT 2RS

LONDON. CANADA

SASKATOC
VANCOUVE

PUnriC ulaolil.e

CRILLED BY

1§

INSTALLED BY

-

DT

D0 DO N >

Beuoerlein

BB EN

ORAWN

BY
AFFROVED BY

Yy :
CUNna S8 ] Dy

.t .
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Depths
in_metres

0.00 Top of existing base plate I

P10

Custom mild stee discharge head
150 mm (6") flanged connection

0.27 Pumphouse floor

25.5 Top of reducer
25.6 Bottom of water level tube

25.7 Top of pump

[ dnnd 3ovis z |

[T

26.5 Pump intake

YOLON dH Of j‘g

27.4 Bottom of motor
30.9 Bottom of 200 mm casing

32.6  Top of fill (2010/05/03)

443 Top of seal

46.4 Top of hole plug

64.3 Original bottom of well

Vd
#8 AWG TWU power cable
25 mm (17) flush joint water level tube

200 mm (8") nominal steel well casing

100 mm (4") SCH40s 304SS column pipe

150 mm (6") bronze check valve

Pump
Make: Goulds
Model: 7THC—2 stage

Motor

Make: Franklin

Model: 2366268120

Power: 30 hp/ 575 v/ 3 ph
FL Amps: 31.6

200 mm (8") nominal open borehole

Neat Portland cement grout

Bentonite hole plug gravel (9.5 mm grade)

CLIENT
\\\ Regional Municipality of Waterloo
\ Lotowater |-
[ECHNICAL SERVICES INC. P10 Production Well
Pump Installation (As-Installed)
PROJECT No. 006-144 G:\Lotowater Projects\006 RMOW\ 146 Cambridge Wells H3, H5 & P10\P10...\Pumpl Installation (P10).dwg
p—— FIGURE
DRAWN | MG | 2010/04/19 REVISION No.  2010-04-19 SCALE N.T.S. ‘|
(CHECKED]
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Ontario @

Measurements recorded in:

First Name

Well Owner’s Information

Conservation and Parks

Emperial

[[] Metric

Ministry of the Environment,

Well Tag No. (Place Sticker and/or Print Below)

NA.

Well Record

Regulation 903 Ontario Water Resources Act
of ‘

Page I

La t Name/Organlzatron

d(d‘uf\- U“" Léaufb\rl()o

E-mail Address [] Well Constructed

by Well Owner

Mailing Address (Street Number/Name)

150 ¥-r

Well anatlon

Address of Well Locatlon (Street Number/Name) %y

Municipality

Province Postal Code

o

Telephone No. (inc. area code)

”To ‘hlp Lot Concession
tnchush Chmb “%C\\\r
Cohnt /Drstnct/Mumcrpahty City/Town/Village ~ Province Postal Code
% Ontario t
cher\ap L o
UTM Coordinates| Zone  Easting Northing [ Municipal Plan and Sublot Number Other
NAD | 8|3 i

General Colour

Overburden and Bedmck Materials/Abandonment Sealing Record (ses in

Most Common Material

Other Materials

General Description Depth (m/flt_)

From

Rnouwin Well @10 Ouvevdrilled

2305 84

Cas \\Y\q Q&M@LL&A

(99 ”")(‘Zf/g C

A

Vo Leagth ot Gasing Removed.

©)
e

Lower Pocrion o CasSing Leo

Oed (\'/ Corcocied .

Ocrgpra’ WAl Recovdl ¥ 65 132 Marh 1959

_ Annular Space

Velrrrrre Placed

Depth Set at (m/ft) Type of Sealant Used
Fom | To (Material and Type) (m¥/ft%)
O 1003 Pentenvie Onvas Hesoibs
foo2 10594 Well Gl 3

_ Method of Construction

[] Public

[[] Cable Tool [] Diamond

[[J Rotary (Conventional)  [] Jetting [] Domestic
[[] Rotary (Reverse) [C] Driving [] Livestock
[1Boring [] Digging [ Irrigation

[1 Air percussion [ Industrial

[[] Other, specify

R

[T] Other, specify

] Commercial [# ot used
[] Municipal ["] Dewatering
[} Test Hole ["] Menitoring

[T] Cooling & Air Conditioning

_Construction Record -Casing
Inside Open Hole OR Material Wall Depth (m/ft)

Diameter | (Galvanized, Fibreglass, | Thickness Replacement Well
(cmfin) Concrete, Plastic, Steel) (cm/in) From To L1 Repl

[ Water Supply

[] Test Hole

[] Recharge Well

[] Dewatering Well
[[] Observation and/or

Monitoring Hole
[] Alteration

Construction Record - Screen -
= CeliueuenRoperd Boes .

Depth

Outside
Diameter
(cm/in)

(Plastic, Galvanized, Steel)

Material Slot No.

From

(Construction)
[] Abandoned,
Insufficient Supply
[_] Abandoned, Poor
Water Quality
bandoned, other,
specrfy

(m/ft)
To

Csi 453 Cencibiod

[] Other, specify

Water found at Depth

Kind of Water []Fresh I:l Untested

_ Hole Diameter

Depth (m/ft) Drameter
(m/ft) [ ]Gas| [ |Other, specify i) o Ll
Water found at Depth |Kind of Water: [ |Fresh [ |Untested O q Ci \H A
(m/ft) []Gas| [ Other, specify
Water found at Depth |Kind of Water: [ |Fresh [ ]Untested
(m/ft) [ ]Gas| [ Other, specify

Busmess ‘Name of WeII Contractor

SO Huieper O(Z\u.w\)S

H6 1Y 2

After test of well yield, water was: Draw Down Recovery
[[] Clear and sand free Tirrre Water Level | Time | Water Level
[[] Other, specify (min) (m/ft)  |(min) (m/ft)

If pumping discontinued, give reason: S
pumping » g o evel

1 1

Pump intake set at (m/ft) 2 2

Pumping rate (Vmin/ GPM) 3 3

4 4

Duration of pumping
s e Ll omin 5 5

Final water level end of pumping (m/ft) 10 10

If flowing give rate (/min/GPM) 15 15

20 20

Recommended pump depth (m/ft)

25 25

Recommended pump rate

(Imin/GPM) 30 30

: 40 40

Well production (/min/GPM)

50 50

Disinfe
[“¥es []No 60 60

1
N 7 >N
Wl 010 o

Ovevcheibled anel Cece S5 v

Business Address (Street Number/Name)

2014

O \\g

Municipality

ST MAYS

Province

Postal Code

Business E-mail Address

Comments:

£10

OI/\) NILH K] | C’H '\"“('-D@—\\W rw\\ & Ca Well owner's | Date Package Delivered
Bus.Telephone No. (inc. area code) |Name of Well Technician(Last Name, First Name) g\éggggon e R :
¢D W?Eﬁ \ 5\’“&0‘)‘) s Date Work C MI’ ;[id =
Well Technician’s Licence No. |Signaturg/of Teciician andfor Contractor|Date Submitted L] Yes o - .
213 820 22| (0 2022 L2 ||re

0506E (2020/06)

© Queen’s PrintMOnt% 2020

Ministry’s Copy
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LOG OF DRILLING OPERATIONS

@ BURNSIDE = P
age 1 of 6

Ciieni: _ Ragion of Waterioo

Projact Name: P10 Test Well Construction

Logged by: 8. Guinian

Project No.. MTA17230

Location: _Pinebush Rd. Cambridge

Ground {m amal): 31317

SANDY SILT - with trace clay, grey brown,
- \dense.

-'*

-*¢! SAND - fine to medium, with trace of gravel, siit
.| and clay, dark grey/brown.

216 | GRAD

| Driing Co.: _ Davidson Drilling Limited Date Started: _12/21/2009 Static Water Level (m amsl): 304.33
Driling Method: Air Rotary Date Completed:  1/10/2010 Sand Pag_t !m a’nslh NA
SAMPLE
Depth ] D
Scale Stratigraphic Description E % et &l P
() (m)i Surface Elevation (m): 3317 {m) i {ft) (m)
. | TOPSOL - organics, brown fine sand and silt AR R
110 pwith trace gravel, moist, g i R G T10
s SILTY SAND - brown, soft, moist to wet. X1 80T
- 2.0 X .. —2.0
1 Ot A 2 e G 1
10.0-4- 3.0 . :"' ‘, * wo—430
1, |\ SAND - medium-grained sand, reddish brown, iz o] « |ove G I,
8 5L i
wod saturated. _ x ox 1 I
.o | SILTY SAND - fine-grained reddish brown silty [~ < T 50
* sand tilt, some stones and gravel (<20 mm el il G +
»ott0 | diameter), saturated; intermittent hard, grey, silty |, > , 1 #0890
- H C 1 -
1., clay layers 100 to 400 mm in thickness. e T o | e G L,
mo- A na-"
T . %, % :_ L 20
T, RSILTY CLAY - hard grey silty day, saturated. ) DL L N = e G T..
=™ | SILTY SAND - fine-grained reddish grey silty "xT wt
4 wn| sand, trace gravel, dense, saturated; intermittent [x *.< | o |oms G <4 0o
ot | layers (<600 mm) of soft med. sand, frace fine 1 wod
r ne| gravel. x .:-x I3 o l o G _-u.n
w120 : .xo: : i wo 128
™ ::: : s (oree G T
T o g T
-4 ® o+ y 510 | GRAB G -
wol : .x':. 1 wo b0
L xo | SANDY SILT - race clay, grey/brown, dense. | - | il o1t |ova G Lo
un-:'m " m":w.o
.’ . -
o, =G | T
0o el 1 001
-v-_—‘ll.ﬂ ;‘ .:" 3 313 | GRAR G -:1.\0
o 00 ). x I 801 20
T o NSILTY SAND with trace clay grey/brown. et B i b G Tao
mo4 | SANDY SILT - trace clay, grey/brown, dense. x ox 0
420 SILTY SAND with trace clay grey/brown. gy & =3 | oRa G I=e
3 0 x- “""" -
- 81 G

S1T | GRAB

before use by others.

Pre%red B&. $. Quinlan Checked By: _J. Pre
was prepared for Iydrogeotogical and/or environmental purposes and doss not necessarily conta

D red: 10/18/2010

nmation a

gectechnical assessment of the subsurface conditions. Borehole data requires interpretation by R. J. Bumside & Associates Limited personnel

BHLOG GUELPH PAGINTWPROECTSIWIMTATTZ0N 10-TW2-00.GP.) TEMPLATE.GDT 21111

LEGEND MONITORING WELL DATA
Y. Water found g time of drilling | Pipe: 20.3 cm dia. stesl

¥ Static Water Level - 171172010 | Screen:  20.3 cm open hols

sawpLe TYPE AC (K] Augercuting  ss BX]  solit spoon
CSD:DGmtiwous
e (B2 Rock Core

AR [ AxRotary
wc =] wash cuttings
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INTWPROJECTSWIMTA1 72300 10-TW2:00.GPJ TEMPLATE.GDT 2111

BHLOG GUELPH P\G|

LOG OF DRILLING OPERATIONS

@ B‘JINSIDE Eﬁiﬁﬁiﬁ’mm P10-TW2-09
Page_2 of 8

Client: Reglon of Waterloo Project Narme: P10 Test Well Construction Logged by: S. Quinian

Project No.: MTA1T230 Location: _Pinsbush Rd. Cambridge Ground (m amsl): _313.17

Driing Co.: Davideon Drilfing Limited Date Started:

1272172000

Static Water Level (m amsl): 304.33

w: Alr Rotary Date Com| : 1110/2010 Sand Pack {(m amsl}: NA
Depth SAMPLE Degth
Scale _ Stratigraphic Description g E Depth ™~ 5 § # Scale
(M) (m)| Surface Elevation (m): a7 L Llm i ® (m)
+ [ GRAVEL - with sand medium to coarse, o i - ,..G +
- 210 . 1 170
[ T . w0
B SAND - fine to medium, trace gravel, sit and T i
1™ clay, dark greybrown. I il i G T
.0 200 1 o200
T BOTOSTONE Nl == | f=
. - brown, very porous i sioel casing otol.
I-ne s N P Jao
10804~ 320 i G 105.0 -1 %0
":m s | onas G -:nn
11001 1100
_‘:N o | o G _:m
115.0-4= 3.0 1140 -4- 30
':an | ahA G ':an
m-:l‘m 55 | e G ‘m::wﬂ
mo-:” ﬂm-:lu
':m L BL G ":m
1 s [ DOLOSTONE - grey brown, very pofous, large =T e
T voids. . &7 | are G +
oo 410 350410
4 o : en | cAm G ~-e0
me-:m R E 1940~ :m
+ 1 []open hole bedrock | = |ows G 4
m-:“"’ _ m-:"“
I us | DOLOSTONE - tan, very porous, large voids. = |ove G Lo
- Large voids at 45.42 m and 49.68 m L
1900+ 18004
=480 - 40
e H | ORAB e
mo_-l?.ﬂ G ‘II.D-"“
4 an N 2 | o G 40
mo-:‘“ 2 1m-:u
- ) | Gea G .
oo 1 T NN P
B DOLOSTONE - grey, becoming less porous at Q -
T 52.73 m, mottled. Large voids at 50.90 m, 51.51 //\4 4 | o G 1
1700 m N 1700

R e oo R D i s
was prepared for hydrogeological and/or ental purposes and Goes not necessarnly contal ation a

geotechnical assessment of the subsurface conditions. Borshole data requires interpretation by R. J. Bumside & Associates Limited personnel

before use by others.

LEGEND MONITORING WELL DATA sawpLE TYPE AC [kl Augercuting 55 (2] spit Spoon

¥ Waier found @ time of driling |Pipe:  20.3 cm dia. steel cs 011 contnuows AR () A Rotary

Y Static Water Lovel - 1/11/2010 | Screen: 20,3 cm open hols R %] mockcors  we ] waeh Cuttings |




LOG OF DRILLING OPERATIONS

0 RJRNSIDE et T P10-TW2-09
Page 3 of 6
Clert:  Region of Waterioo Project Name: P10 Test Well Construction Logged by: 8. Quinian
Project No.: MTA17230 Location:  Pinsbush Rd, Cambridge Ground (m amsl):  313.17
| Driling Co.:  Davidson Driliing Limited Dats Started: _12/21/2009 Static Water Level (m amsi): 30433 |
mmﬁ\oﬂ: " Air Rotary Date Completed: 1/10/2010 smmsmml: NA
SAMPLE |
Depth ) . , . Depth
Scale Strafigraphic Description g & |oeptn| ™ E|&{g| | scae
(m) (m)| Surface Elevation (m): 31347 (m) il M (m)
<+ s | Gre -
wn-:m I G -.m-:m
4 840 s |ove S e
m-:m G “”":n
1 DOLOSTONE - grey, very porous, mottied. s |one G +
ol ™| Large voids at 55.78 m, 56.69 m, 58.44 m, o
| 61.57m, 64.00 m 65.22 m and 67.06 m. : o
_:IT.O 2w | oma G 1m0
100.0-1_ g5 0 ; oo gmp
Tee =l | e
1804 O
_:U.O 4 s | ome G _:N
120004 810 0.0 -4~ 8.0
-:m \ s {one G -:m
[xE.0-1- 205.0 =1~
gl wa |ome e
001540 » G m-:u.n
Trees J open hole beckock | | G T
2801 804
o= . wimel(S | L™
|z=0.0-- @70 2200 = 8.0
':-n i G . -:“
|0 DOLOSTONE - grey, becoming less porous, mso-
§ I™| mottled. Open cavem at 73.46 m to 74.98 m. o | one G' I~
E ”“‘:M. H mo-:m
Pl Fre W |ove G “+na
S 280 —_—
B I™ . e foma G i
5 ma—:m Juoatmo
§ “ 140 I 840 | GRad ~1-ra
u&o-:m . G m-'m
i : e
- - 0 H i
5™ 1 [ DOLOSTONE - tan, moderatsly porous. [ 1
17| Horizontal fracture at 79.25 m. 5 1 jome G T
s - (e Jm-‘
CheckedBy: J. Baxter ate ared:
; 'was prepared for ydrogeciogical and/or environmental purposes and does not necessart
g | assessment of the subsurface conditions. Bomholedafarequmm'pretabmbyR.J Bunnlde&AuodﬁesUmﬂedpemomel

&f before use by others.

LEGEND MONITORING WELL DATA
X Water found @ time of driling | Pipe: 20.3 cm dis. stesl
§ Y Static Water Level - /112010 | Screan:  20.3 cm open hols

GUELPH

saMPLETYPE AC (K] Awgercuting s 51 spit Spoon

cs 010 continuous AR Air Rotary
Re EX Rokcos  WeEE] wesh Cuttings |




PAGINTWPROJECTSWAMTA 72300 10-TW2-DB.GPJ TEMPLATE GDT 2111

BHLOG GUELPH

LOG OF DRILLING OPERATIONS

@ BURNSIDE T P10-TW2-09
Page 4 of 6
Client:  Raglon of Waterloo Project Name: P10 Teat Well Conatruction Logged by. 8. Quinian
Project No.. MTA17230 Location: Pinebush Rd. Cambridge Ground (m amsl):  313.17
Driling Co.. _ Davidson Drilling Limited Date Started: 12/21/2009 Static Water Level (m ams!): 304.33
Driling Method: _ Air Rotary Date Completed: 11042010 Sand Pack (m amsl): NA
SAMPL_I%__‘_
Depth . Depth
Scale Siratigraphic Description EE loeptn| [N §[8[| |
(%) m)| Surface Elevation {m}; 317 (m) L 1@ (m)
-+ | 552 | GRAR -,
|m-:m - 5 M G m_:m
§ o [ DOLOSTONE - grey, moderately porous, large !  |ow G 400
o | voidat81.08 m bacoming mottied R ) ot
L 810 R 810
Ter e == | tfu
2700 B 1 7m0
£ s | DOLOSTONE - tan, horizontal fractures, [ 1 | s |coa GI N
bsod” moderately porous, richly fossiliferous. Large i ! I
%3 | void at 89.61 m. L 1 00
I - -G [}
- 50 " 'Y
Jmo04 i 1 ) a0
) L : 67 | GRam 4800
s, i G o .
L ws | DOLOSTONE -grey. moderately porous, richly il ) o |one G Teo
|00 fossilliferous A X 001
1™ [ "DOLOSTONE - tan, moderately porous, richly i = ora G 1
|msews | fossiliferous. i H N rm-—m
x N F
- 910 - [ open hoie badrock N G 912
00— " 3000 -4
_:m : 4 281 |Gl G -:m
08,01~ 02,0 B %5.0-1-qa0
‘:m 1 1 | ove G -:Il.ﬂ
1001 4 +
oo 1 o | ome G :'“M_-nn
I.-.m--u.o | & lss-|-ses
1| DOLOSTONE - grey, slightly to moderately st | e G I
~¥°| porous, mottled, richly fossiliferous g 910
200~ 13001
- 980 - 00.0
+ N 885 | GRAR <1
eno-- %0 G _rm-—u.n
e » - o | e G -:
m.0“:1111.0) 1 3 m-:m
I iy | T
Im—"m : 804
1 i o | onva 4
400~ N | ) G 340.0 -
| [

was prepared
before use by others.

Checked By: J.

Tor heydrogeoiogical and/or environrmental purposes and does not
gectechnical assessment of the subsurface conditions. Borehole data requires interpretation by R. J. Bumside & Assocdiates Limited personne!

Date gr%:% 1%_85010
contain i s ra

Y Static Water Level - 1/11/2010

LEGEND MONITORING WELL DATA
Y. water found @ time of drifing | Pipe: 20.3 cm dia. steel

Scresn;  20.3 cm open hole

savPLE TYPE AC (K] Augercuting 88 X0 spitt spoon
cs (I continuous
rc (55)  Rook Core

AR Air Rotary
we =] wash Cutiings |




LOG OF DRILLING OPERATIONS

0 BLIRNSIDE e T o P10-TW2-00
Page 5 of 6
Cilent: _ Reglon of Watsrioo Project Name: P10 Test Well Construction | Logged by: 8. Quinian

Prolect No.: MTA172%0

Location: Pinebush Rd, Cambridge

Ground (m amsl): 313.17

Co.: Davideon Limited Date Started:  12/21/2008 Static Water Lovel (m amsl): 304.33
w: Nr m Date Cunpls!ed: 1/110/2010 Sand Pack {m amsll: NA
Depth SAMPLE Depth
Scsle Stratigraphic Description EE loepn| [N HHARES
(%) (m)| Surfsce Elevation (m): a7 (m) - ® (m
1 DOLOSTONE - tan, moderately porous N o [ome G 4
| I becoming very porous starting at 105,77 m, i 4 ot
- mottled, vugs and slightly fossiliferous. Large R -
T void at 106.07 m. | 4 ™ ‘“"G T
|nn-:m ' m-l"m
-+ 5 8T | GRAB G -
im-:u w_: 1
I { A e L
mn.o-:‘ H G m-:ﬂ
" - an | orm G e
ﬂo—-:‘“ m-:‘"
2= 11 — ar4 | oma G =4
o DOLOSTONE - grey, moderately porous, slightly r
-1 fossiliferous G -1t
T —_— » 1 a1 | araa -+
ot ™9 DOLOSTONE - tan, moderately porous, slightly eso ™
o fossiliferous. : G e
Jma‘:ﬂl H : m—:
DOLOSTONE - grey, slightly porcus, mottled, 1
1..d Slightly fossiiferous. Horizontal fracture at ]| T o G T
|meed "} 117.35m ' 1 H open hole bedrock 8.0~
41180 ; n | ona 1
l:no-:““ | G J’"':ﬂ
4 M m | o G B
N T— oo
.../ DOLOSTONE - dark grey and white, mottled, : ™
1 slightly porous. w0 |ona G 1
400.04 1220/ 001 4
T q H ™ G 1
4 8.0
S H  k o2 | v G 1
- AHD
..:m 3 : 0 |ons G 4
Ot ; ! 50
- =2, » .
- s | GrAg _
420.0 4 128.0] ~ 1 G 4200
{a o | e G i
*T - G 1%
l Wn CheckedBy: J. Pr :_10/18/2010
log was prepared for hydrogeciogical and/or smvironmental purposes and does not nacessarily s a

| assassmant of the subsurface conditions. Borehole data requires interpretation by R. J. Bumsida & Associates Limited personnel

 Static Water.Level - 1/11/2010

bafora use by others.
LEGEND . MONITORING WELL DATA
Y Water found £ time of driling | Pipe: 20.3 cm dia, steel

Screen:  20.3 em open hole

saMPLE TYPE AC (K1 Augercuting 58 2] spmt Spoon
cs B continuos AR [EZ]  AirRotary
Re o] RockCoe  WC[Z] waeh Cutiings




LOG OF DRILLING OPERATIONS

¥ o . b 60 14 P
@ BIJRNSIDE s AT i a0 . 1g ﬂ!g Ei
age 8 _of 6

Client: _ Region of Waterioo

Project Name: P10 Test Wall Construction

Logged by: 8. Quinian

Project No.. MTA172)0

Location: _Pinebush Rd. Cambridge

Ground (m amsl): 313.17

Driting Co.. _Davidaon Drilling Limited

Date Started: 12/21/2000

Static Water Level (m amsl); 304.33

w: Air Rotary Date Completed: 1/10/2010 Sand Pack (m amsl): NA
o SAMPLE
Scale Stratigraphic Description ™S E § g Scale
(M) _(m)| Surtace Elevation (m}: 31347 ll A ®_(m)
—DOLOSTONE - tan, mottied, slightly porous o [one G
0.0 131.9) . ) L2
hole bedrock
1220 ' e ST | A G 1:.]
| 498.0 8.0

BHLOG GUELPH PAGINTWROJECTSWAMTAI72300P10-TW2-00.GPJ TEMPLATE.GODT 2MA1

Prepared By, _S. Quinian Checked By: J. Baxter Date%rﬁo%%: 10/18/2010
was prepared for hydrogeoclogical and/or environmental purposes and does not necassarlly

geotechnical assessment of the subsurface conditions. Borehole data requires interpretation by R. J. Burnside & Associates Limited personnel

before use by others.

LEGEND MONITORING WELL DATA samPLE TYPE AC [IK] Augercuting 88 B spit 8poon

Y Waoter found @ time of dibing |Pipe:  20.3 om . steet cs 0] conivous AR (] Ax Rotary

¥ Static Water Lovel - 1/11/2010 | Screen: _20.3 cm open hole Re [E5] Roxcore WG] wash Cuttngs




P10A

DEPTH (Metres
Below Ground Surface)

o e L IR R AP

SN

SRR

FIGURE 7

- REGION OF WATERLOO
CITY OF CAMBRIDGE
WELL P10A CONSTRUCTION AND TESTING
PRODUCTION WELL
DETAIL

TOP OF CASING

GROUND SURFACE
ST s A

600mm NOMINAL DIAMETER HOLE IN OVERBURDEN AND
SHALLOW BEDROCK

500mm NOMINAL DIAMETER STEEL CASING

36m 2
425mm NOMINAL DIAMETER HOLE IN BEDROCK
——————————  300mm NOMINAL DIAMETER, 9.5mm WALL STEEL
CASING
58.0m 5’%\% BOTTOM OF STEEL CASING
%%E —  300mm@ OPEN HOLE
K&
PN
o
74.0 - 76.0m ﬂ*’n ] PRIMARY WATER PRODUCING INTERVALS
|
85.0m b 2.
ol
S ; 200mmi@ OPEN HOLE
Bl Uow
_<{§ I & "
106.0m - 2 é g Scale: N.T.S.
%‘I L%\S’A\ SECONDARY WATER February, 2010
118.0m *ﬁ? o PRODUCING INTERVAL Project No.: MTA17230.3
121.0m ﬁf 200mm@ OPEN HOLE Prepared by. A. Argue Verified by: J. Baxier
NS SEALED WITH
2 BENTONITE GRAVEL B
AND CEMENT GROUT [J'RNS IDE
132.6.0m

NEAT CEMENT GROUT
(1,800 kg/m¥)

BOTTOM OF HOLE
17230 P10 PRODUCTION WELL DESIGN.dvg

Plot Time: Feb 01, 2011-4:52pm
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Test Well: C-PB-TW3-11 P10B

STANTEC BOREHOLE AND WELL - MASTER 17X11 160900651_BOREHOLES_110909.GPJ STANTEC - DATA TEMPLATE.GDT 2/7/12 MJFRASER

Project: Well Construction/Replacement Field Investigator: J. Koch Ground surface elevation:313.32 m AMSL
Client: Region of Waterloo Contractor: Gerrits Well Drilling Top of casing elevation: 314.02 m AMSL
Location:Cambridge, ON Drilling method: Truck mount, DR24, air rotary Easting: 556943
Number: 160900651 Date started/completed:08-Mar-2011 / 25-May-2011 Northing: 4806851
SUBSURFACE PROFILE HYDROGEOLOGY | SAMPLE GEOPHYSIC DETAILS WELL DETAILS
DETAILS
=
=] c
Elevation oL <] 25 |2,
. . ] L (m AMSL) Cement 56 2 o9 o5 Caliper Gamma Resistivity
Depth Graphic Log Lithologic Description Depth Bond Log % IS g (Eu g (Eu = (cm) (cps) (Ohm.m)
(m BGS) 2 2 hz 0
% 10 15 20 25 30 14 28 42 56 600 120018002400
) (m) 314.84 L1 L1 L1
] N R Above Ground
I Do Do Do Casing
Ground Surface 313.32 R Do Do Stick-Up=0.7 m
0— 550
fine grained sand, little to trace fine grained gravel, trace clay, brown, decreasing gravel with depth, wet
1 GB 4
5 —| \-— 762 mm Borehole
Oto6m
2 GB Z
10 — ] | ®— 609 mm OD
trace clay from 1.5 to 3.0 m BGS 590 mm ID
Steel Casing
Upper 3 GB Oto6m
Moraine
15— 308.75 AFg1 | Stratified
SILTY SAND 4.57 Sediments
fine grained sand, some fine grained gravel, brown, wet and
Equivalents
a 4 |GB “®— Neat Cement
o 307.22 Otobm
SAND 6.10
fine grained sand, some silt, some fine grained gravel, brown, wet
5 |GB
25 —
6 GB
30— 304.18
SILTY SAND 9.14
fine grained sand, trace medium grained sand, reddish brown, wet
7 GB
35— ®—— 508 mm Borehole
6t029.9m
8 |GB
40 —
€ 324 mm OD
9 |GB 305 mm ID
Lower Steel Casing
45 — Moraine 0to26.2m
| AFB3 | Stratified
Sediments
10 |[GB
50— colour change to brown, trace medium grained sand (15.25 to 16.76 m BGS)
1" GB
296.56
55 — SAND 16.76
fine grained sand, little silt, brownish grey, wet
12 | GB
60 — . 295.03
+ SILTY CLAY 18.29
brown, wet
I 13 | GB
Notes: mAMSL - metres above mean sea level
m AMSL - metres above mean sea level mBGS - metres below ground surface o
m BGS - metres below ground surface ‘/ 7
m BTOC - metres below top of casing GS - grain size analyzed grab sample ¢
GB - grab sample
Geophysics completed on March 16, 2011
n/a - not available/applicable Two (2) gravel tubes installed to 23.8 m BGS _
Drawn By/Checked By: EH/LV Stantec
Sheet 1 of 2
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STANTEC BOREHOLE AND WELL - MASTER 17X11 160900651_BOREHOLES_110909.GPJ STANTEC - DATA TEMPLATE.GDT 2/7/12 MJFRASER

Test Well: C-PB-TW3-11

Project: Well Construction/Replacement Field Investigator: J. Koch

Ground surface elevation:313.32 m AMSL

Client: Region of Waterloo Contractor: Gerrits Well Drilling Top of casing elevation: 314.02 m AMSL
Location:Cambridge, ON Drilling method: Truck mount, DR24, air rotary Easting: 556943
Number: 160900651 Date started/completed:08-Mar-2011 / 25-May-2011 Northing: 4806851
SUBSURFACE PROFILE HYDROGEOLOGY | SAMPLE GEOPHYSIC DETAILS WELL DETAILS
DETAILS
.'é‘
=) c
Elevation o0& 2 o5 (2,
. . . - (m AMSL) Cement 56 o o9 o5 Caliper Gamma Resistivity
Depth Graphic Log Lithologic Description Depth Bond Log 3 IS 5 (Eu g (Eu = (cm) (cps) (Ohm.m)
(m BGS) 2 2 nz o
g 10 15 20 25 30 14 28 42 56 600 120018002400
@ m ?
20 SILTY CLAY
-4 brown, wet Upper/Main
. ATC1 Catfish 14 | GB
1 291.98 CreekTil [“€— Bentonite Chips
70 — - 19.5t022.5m
N 4 CLAYEY GRAVEL 21.34
fine grained gravel, little fine grained sand, little silt, grey, wet
15 | GB
i
200.46 ;’g% c:]f1 Gravel
GRAVELLY SAND 22.86
fine grained sand, little medium grained sand, trace coarse grained sand, fine grained gravel, brown, wet
16 | GB
288.94
SAND 24.38
fine to medium grained sand, trace coarse grained sand, trace silt, trace fine grained gravel, brown, wet
17 |GB ~<— Top of Lead Pipe
287.41 53m
GRAVELLY SAND 25.91 Pre-Catfish K-Packer
fine grained gravel, fine to medium grained sand, little coarse grained sand, brown, wet AFD1 | Sand and
Gravel 18 |as Base of Casing
26.2m
Top of Screen
26.5m
19 | GS ~483 mm Borehole
29.91t033.5m
trace silt at 29.0 m BGS
283.75 20 | GB
DOLOSTONE 29.57
upper 1 m of bedrock highly fractured ~—— 286 mm diameter
No. 40 Slot
. Telescopic Screel
[ [ fracture producing water at 31.2 m BGS
7] [ 1
:_ j l j l Bedrock Guelph
106——32 [T ] Formation ~— Gravel Pack
— | | #2 Morie
Ny ] 225t033.5m
=+ [ 1
E [ 1
10— [ [ ~&— Bottom of Screen
. [ 1 335m
— 34 [ [
- [ [ ~®—— 152 mm Borehole
. [ [ Natural Cave
115 — I I 278.27 335t035.1m
_ End of Borehole 35.05
T— 36
120 —
125 — 38
130 —
T—40
Notes: mAMSL - metres above mean sea level
m AMSL - metres above mean sea level mBGS - metres below ground surface o
m BGS - metres below ground surface ‘/
m BTOC - metres below top of casing GS - grain size analyzed grab sample ¢
GB - grab sample
Geophysics completed on March 16, 2011
n/a - not available/applicable Two (2) gravel tubes installed to 23.8 m BGS _
Drawn By/Checked By: EH/LV Stantec
Sheet 2 of 2




P11

.r/_\-_/’(' . ]
\ ' ‘i:) .= Well Materlal Pl :
* Outer Casing 83'é" of 10" drive pipe |
] + 1 Inner Casing ... "
. G.L. ot nne P :
[ Screen
‘Black Muck | . Plug
- G 1
Erov ‘ A ) rave 5
' Bandy tlay 10" . Pump
jand.uravel | 4y —_ No. : Setting BP-MB
iBrowﬁ N No. Stage Length Bowl :
Sandy Clay 551 . Bowl Size R L.gth. Suction ;
— Head Size Column :
2 .
Silty Band 67! : Materials or sctting details other_than]standard
gg;’n%gd i' E ) lmpcllc.rs: Trim '
aevel o ezt | - 876" ’ Motor
T I "k Make Phase
Muddy .. N St R ‘
! brown 3 E H. P. ‘ Cycles :
!Limestone, 5 3 R. P. M Volts '
|- - & A . :
| 1290 Y ULk - e pmes. .
"Brown ’ N » rame - Scrial ;
Limestone . ) E Bearing Nos. o)
- ,“ 145 4 B Special Equipment i
Crey = ] K
'Li;:x-e;.,!;one . 5 \ .
- — 175 h 3
AT J M
Limestone 5 -
L . 200! S 5 fP 1
‘ 3 A <-58
Browm - p N Well No. .~
y >
Limestone Ty i N B.P. referred to original ground Jevel
- p A Clear depth below B.P. e
Grey < - Starlcd:)/ jO/ -’8 . Final Test_ ..
Licestone . N N Preliminary Test10/27/58Static Level _Z'13" -
: - _255' ] S Final Test_ ... . Pumping Levcl,_,_?z,"_' .
Grey S ; : E Guarantee ___ . 1GP M C.’\pt\citylﬁlf_qg_,__l GPYV
Lime;tqne . Z / > S Contract Pressure.____ = Pressure Pump ..t
: ' 275 . Z ASYZAYAYZA S 75 Lcntzth I\;l' Linc __________ h\:\in_, e eae e o 2
P , . =
; INTERNATIONAL WATER SUPPLY LTD. :
: MONTREAL LONDON, CANADA SASKATOO!
OCAKVILLE WATER SUPPLY CCNTRACTORS VANCOUVE!
}\ 5}1(] ' PiHECTUN, UNTAR1Q- . .- :
. oriLLTD BY LU, wiucrleln CHAWN.‘;'B;’;"_.'J:..‘H& i
. ) INSTALLED BY AFPROVED BY )

LOTOWATER LTD

CAMBRIDGE WELL P//
Qb - CoNSTRU CTED

FloURE v
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P11

Depths
in_Metres F
0 Top of Casing ] | Well Cap
Electrical Junction Box /j
0.77 Ground level T
1.7 Pitless Adapter MAASS barrel style pitless adapter
g;ﬁgggi;&g : Model: 7P51012WBWEQEMGE
. . - 250 mm (107) Steel well casing
i op of liner
25 mm SCH40 flush joint sounding tube
NEW 100 mm Steel riser pipe
NEW TWU #8-4 Fower cable
46.3 Bott f i
ettom of cosing ! I NEW Sacrificial anode
|
: l
: |
52.0 Bottom of sounding tube } = {
! [
52.7 Check valve : i NEW 100 mm Check vaive
! |
{ |
1 |
1 L
| t
52.9 Top of pump : :
I l
| o 1
| |
=
| O ! NEW Pump
! % ! Manufacturer: Goulds
! ! Model: #7CLC—3
. I i L | Serial #: 4153138-1
53.8 Pump intcke ! 7 !
| |
N
I I
| |
I 8 i
| - i NEW Motor
| ; ! Manufacturer: Franklin
! 3 } Model: 2366268120
! g : FPower: 30HP/575V/3PH
! ! Serial #: 15B19-11-067100A
o4.7 Bottom of motor : !
| 1
5 ;F 250 mm {(107) Open rock hcle
I |
1 |
I |
| |
| :
84.8 Bottom of well ' j
NCTES CLIENT

(1) Al! measurements below top of casing
which is 0.81 m above ground.

(2) All existing components unless specified
NEW.

N\ Lotowater

TECHNICATL SERVICES INC.

Regional Municipality of Waterloo

TITLE

Well P11
Pump Uograde

PROJECT No. 006-381

G: \Lotowater Projects\006 Region of Walerloo\381 P11&17 Service\P11 Fump Installgtion Drawing.dwg

DESIGN

FIGUR
orRawn | £R | 2014/10/17 REVISION No. 2017-02-15 scalE N.T.S. CURE
CHE CKED 4
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Pl/

DEPTH (metres)
\:IW 0
500 mm HOLE
PORTLAND CEMENT AND
BENTONITE GROUT
STEEL CASING
336.5 mm INSIDE DIAMETER
356 mm OUTSIDE DIAMETER
OVERBURDEN 29.0
N - - - .
N BEDROCK
L)
- - - - 33.1
(solution feature but no water) 36.6-37.8
53.3

|

< 60.0 - 60.3

%\A 'r'()% Co b‘ 78.0 - 78.9

<¢—— OPEN HOLE IN BEDROCK

110.3

NOT TO SCALE

B LOTOWATER LTD.

#~1 SOLUTION FEATURE
THE REGIONAL MUNICIPALITY OF WATERLOO

&, MAJOR SOLUTION FEATURE P17 CONSTRUCTION DETAILS
i ‘

Project: 011-016 ‘ May 1994 FIGURE 4
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P17

Gamma Log(cpm) QVERBURDEN QVERBURDEN
50 300 200 1200
2

LOftELOG 5ft
00 (ohm—ft) 1400 300qohm~—ft)}15000
1000 2000

[T IR

SAND and GRAVEL

—saROY sTT— — — — ITETT

DOLOSTONE BEDROCK

[~ brown DUCOSTONE —

VOID 174-175
white to grey DOLOSTONE

'g)
!

[ VOIDTT97=-1%8 — — T

5

Depth

grey to tan
to white DOLOSTONE

NNSNNNNNNNNNN
Ny

N

N

VOID 258-259"
\d.grey to black DOLOSTONE]

N
NN
\SI\\

N

NN
NN

NNNNNNNNNNNNNNN

N

grey to white DOLOSTONE

N
N

N
N

“

N
N

™~
N

\

N
N

N

Inamm sttt Lo o) Lo

LOTOWATER LTD.

Well Name: p11 twin THE REGIONAL MUNICIPALITY OF WATERLOO
File Name: P17ROCK GEOPHYSICAL AND LITHOLOGIC LOGS OF

Location: cambridge

Elevation: 0O Reference: Surface THE P17 PILOT HOLE

Project: 011-016 May 1994 FIGURE 3
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P17

&> Ontario Ministry of L Well.‘ A 07 g 1‘7‘M7Drm'eelow} Well Record

the Environment Reguiation 303 Ontario Water Resomces Act .

¢ Mimperial - | . . | L Page z of

3 Welt Constructed

by Well Owner
Te\ephcne Mo finc. area code)
]

Measurements recorded in: %&ic

Well Owner’s Information
First Hame

Lo, f:? Vd/4
Me;img A{!dress (Szreet Numoen e)

hp  fred st [’
Well Location (e
Address of Wiy..ccauon {Street Number/ Name)

Tenpion Rz B ‘t

County/DisinctiMaficipdity Ciyflgwniilage [ Province TPBostal Code

A ) . Onfarie SR
UTh Coordinates | Zone Eastmg Northing Mummpal P%an argﬂ’Subloi Number { Oiher ’ -

wois3 74501708l z2 00 1
Gverbufden and: Bedrock MateﬂalsiAbanéonment Sealin cord (e Ihstrictions on the back of this P
General Colour | Most Common Material Other Materials ‘ Genaral Description

D Bori o cmrii i Lol Fa Lz |
o g,cf/j'fzi, myw / ,sf/:z wbia

Bepth ()
From ! Te

G B “AnnularSpace - : Rosuits of Well Yield Testing. i
Dep\h Set at({}f} Type of Sealant Used | Volurge,Placed After test of well vield, waler was! - Drav Down - Recovery
Fom | . To | (Material and Type) i ;!(:Lﬂa’]\lt’) 4 Clear and sand free Time | Water Level | Time | Water Level

3 - - [} Other, speciy whing | il OV
; ..133% /%/ﬂ/) (ﬁ‘ 6’5/711 '{s' &}{Z{m? f pumping discontinued, gtve:easm Ef:‘g {(D,Ho o) 32,2‘3

e . " Z?x? - -
395 %MJ’&/%AZ; - e £ | iean] 136,09
Wt f Pump intake set a' @ 2 f? 43 Zc;f ;%

2
EA! "z"“ ! AT Loty ok, i . e :
VoL R ’K} /// ‘3) ( L | Pu’n?:":éxe Gorror 3 190.0b | 328,497

“sethod ‘of Constriction® ! ) % {3 ;
"I Cable Toot [Mplamond | [l Poblic 7 Commercial 7] Not used Duré e Dqu)p e 4 QO{ 7;'2( 4 2? 7f>
[etiary (Conventional) L] Jening 7 pomestic [ A aicipal {7] Dewatenng ¥ ; 2 -
7 Retary (Reverse) [} Dr{virs; [ Livestock [ Test Hole 1 Monitoring «,i s +..3_,(3 min 512 [ Iois 27. 7 "5“
[ Bering I Digging [ trigation 71 Cosling & Air Conditioning Final water level end of pumping (mAll ¢ 2? g _!8 10 :2\5 B 06’
[ Air parcussion [ industrial ?3(}_4 . ﬂcz e ’ A X it
{1 Othar, specity 7] Othar, spocify W flowing give rate (Vmin / GPM) 15 ;ll-% ‘L{q 1512 3}1 &7
“Construction Record:: ; s of A ot :
- 2o 20 | 275
B;nside Open Ha::d OR Material Wall Depthisy Wtef Sy ppxs Hecommended pump depth (m/A) |~ 5.5 1 - 22 }@
ar Galvanized, Fibreglass, Thickenss < 3 s ot AY
&) {Ccnmele Piastc, Sioel) a{ﬁ(;‘in; From Te E?ﬁ::{:e’\twe 25 194,:3% 25 2085
’ N ’ Recommatided pump rate i PR P
IR Wel P 30.07 30.
B8 Feol oz o | B85 || 2 pLIS] 228
2, /, Sy j &S z; [ Observation andior | 1 Welt praduction (dmin / GPI4} 40 2 ‘?30\ 40 8 SLI
a1 fresed 7 feritoning Hole . aah
1 aseration oo = 50, ,?.C? L’ 8 50, ;?-2‘?
[ (Construotion} Dxfmiectec.m . 2 By
7] Avandoned, : L
{nsufficient Supply
,,,,,,,, i nes o ) Aband , Poor
Catsile y Depth ’('m’@,, Water Quatity
’ Material
Ciameter ;. fun Siot No. Abandaned. other,
fomin) (Plastic, Galvanized, Steel) ”ﬁmrn/ To ] sﬂ:; ;ﬂe other,
[ O;xer, specify

A//

Diameter

‘n?‘f} Ga ) —
Water found at Deou i H B SV NP

(/) | Gas
L Wall and Well Tachnician Information .
Busmﬂss‘ are p*Wel ontractar ‘Well Contragtor's Licence No.
T L 712.d
}f j’iww ¥ MQ L2 SR Lok &L
Su»mg} Address {Strc}et Number!Name} , Mumc&pahty Comments:
LA ,jf"“/‘(q {142 Loy, : ;
Province Pcsta‘ Code fsusmess E-mail Address
7 o T | Welt owner's | Date Package Defwemd
g { - - ? &NL E e e me e L inforrrtion
Bus. Tmephme No. (:nc aroa code) | Name ST Wel Tachnician (Last Name. F package
: 2’ fé ((f; S P s e A S I Date Work Completed ;
‘mCA"‘:' eancs N Smnﬁggpﬁ -achnician and/or Contracﬁoxf)}ale Subrnitied o Yoy b
- i ey, H . . -
7 2 2 T Afa ey 402828 1201 106 ) bl

e Fnter for Ontane SB07 Ministry's Copy

PRoDUCTION WELL P17
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P17

Depths
in Metres Q
0 Top of Casing | | Well Cap
Electrical Junction Box ——M8M | /j
1.05 Ground level V7777
2.5 Pitless Adapter MAASS barrel style
Discharge to pitless adapter
System Piping
NEW 200 mm x 125 mm reducer
. 350 mm (147) well casing
5.1 Top of liner =
Void
250 mm (107) Steel liner
11.0 Top of Grout —
NEW 25 mm SCH40 flush joint sounding tube
g < Grout
125 mm Steel riser pipe
7 s/
NEW TWU #4—4 Power cable
33.5 Bottom of Grout &
Void
445 Top of Grout va
4 %
45.7 Bottom of sounding tube
47.7 Check valve NEW 125 mm check valve
g Grout
I NEW 150 mm x 125 mm reducer
48.5 Top of pump
4 /
Pump
g 4 Manufacturer: Grundfos
Model: 800S600—-3AA stage (1 Impeller Removed)
49.5 Pump intake
7 /
g ° 2 NEW Motor
® Manufacturer: Franklin
§ Model: 2366288125
S Power: 50HP/575V/3ph
50.0 Bottom of liner / Grout 4 Serial #: 14G19-29-080968
50.9 Bottom of motor 1 |
| |
| |
| : 300 mm (127) Open rock hole
| |
| |
109.2 Top of Fill {FaFSPaS TS
110.2 Bottom of well e
NOTES CLIENT

(1) All measurements below top of casing
which is 1.05 m above ground.

(2) All existing components unless specified
otherwise.

NN\ Lotowater

Regional Municipality of Waterloo

TITLE

Clemens Mill Well Field
TECHNICAL SERVICES INC.
Well P17
PROJECT No. 006—321 G: \Lotowater Projects\006 Region of Waterloo\321 P17 Emergency Repair\P17 Pump Installation Drawing.dwg
DESIGN
FIGURE
DRAWN | EH | 2014/10/17 REVISION No. 2014/10/17 SCALE N.T.S.
CHECKED X
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P17

Well Initiatives Limited 7461 Wellington Rd. 18 Box 416 Elora ON, NOB 1SO
Telephone (519) 846-8289 Fax (519) 846-8281 Email info@wellinitiatives.com

@ WELL INITIATIVES

PUMP INSTALLATION RECORD

TECHNICIAN: D.R,, RA. DATE: June 15, 2011

CLIENT: Region of Waterloo
WELL I.D. /LOCATION: P17

PUMP INFORMATION

MAKE: Grundfos MODEL: 6255600-3 SERIAL NUMBER:
BOWL DIA.: 21.08cm NO. STAGES: 3 DISCHARGE DIA.: 15.24cm
BOWL MAT’L: Stainless IMP. MAT’L: Stainless INTAKE B.B.P.:47.69m

MOTOR INFORMATION

MAKE: Franklin MODEL NO.: 2366298125 SERIAL NUMBER:

DATE CODE: 05K MOTOR DIA.: 13.82cm HP: 60

VOLTS: 575 PHASE: 3 MAX. AMPS.: 72.8

SF.: 115 KVACODE: H BASE OF MOTOR B.B.P.: 49.25m

COLUMN PIPE INFORMATION

PIPE DIA.: 12.70cm THREAD TYPE: V WALL THICKNESS: schd 40
PIPE MAT’L: Black Steel TOTAL PIPE (FT): 44.81m CHECK VALVE:

WIRE INFORMATION

WIRE SIZE: #4 WIRE TYPE:AWG TOTAL LENGTH: 47.24m

WELL INFORMATION

WELL DEPTH: 110.64m LINER DIA.: 25.40cm CONSTRUCTION: bedrock
STATICW.L.: 12.66 m
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BHLOG GUELPH PAGINT\PROJECTSIWMMTAQ19051.GP.J TEMPLATE.GRT 10/25/10

7153494 P19

LOG OF DRILLING OPERATIONS

R . Burnside & Avsocisies brited

m B . :m%gmmmm:?mmm P_B'.TM
URNSIDE Page 1 of 10
Client: Region of Waterloo Project Name:  Plnebush Test Well Logged by.  D. Soeting
Project No.. MTA019051 Location: Pinebush Road, Cambridge Ground {m ams):
Drilling Co.: Davidson Drilling Limited Date Started:  7/27/2010 Static Water Level (m amsl}:
Drilling Method: _Mud Rotary Date Completed:  9/2/2010 Sand Pack (mamsl): NA
SAMPLE
Depth = . Depth
Scale Stratigraphic Description % n—cf Depth \ § % § Scale
() (m} (M) {ft} (m)
TOPSOIL - organics, loose, brown fine sand W@ /
- and silt with trace gravel, moist. A / i
— hALALAA, 4 —
~** | SANDY-SILT - trace organics, firm, brown fine  [F x| * / -
.4 | sand and silt, trace gravel and clay. xS / 5ot
20 x x % / 20
" ':.“ : /
o0 3.0 RGN 030
e SANDY SILT and GRAVEL - compact, firm, [ < { *® | / b
- | brown fine sandy silt and gravel. " / "
- 40 NOx * / —‘—4.0
X x OX
150 X . X / o
50 xD)( * / 5.0
| X xck | / i
- xox x / =
not-8t | GRAVEL and CLAY - compact, firm brown 5 5® / 20 %
| fines with gravel. 2] / |
1,0 | CLAY with SILT and trace STONES - brown,  [*_°] ** % | 10
compact, hard. o
o —a-x / steel casing 250
v
I- 8.0 Lo / 6.0
T L % T
N IQ-o-xo_ % T
L % _ 7 / L
I ox
104 r_"::_ % T-100
B o o L
35.0 x4 250
1.0 q?:_ / 110
1 | i
| wod IQ:_O.:— / wad ™
of = % o]
| oX..
130 *— © % 1130
- oxX
r & o / L
45.0—] —-x 45,0
- 14.0 % T / [~ 140
L OXxX
‘ =7 ‘
Prepared By: D. Soeting Checked By: J. Baxter Date Prepared: 10/20/2010

This borehole log was prepared for hydrogeological and/or environmental purposes and does not necessarily contain information
suitable for a geotechnical assessment of the subsurface conditions. Borehole data requires mterpretatlon by R. J. Burnside &
Associates Limited personnel before use by others.

LEGEND

MONITORING WELL DATA

¥ water found @ time of drilling
Y Static Water Leve! - 9/13/2010

Pipe:
Screen:

sampLE TYPE Ac (K]  Auger Cutting
es 2] continuous
RC Rock Core

8s E Split Spoon
EA|  Air Rotary
WC - Wash Cuttings



squinlan
Text Box
P19
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@ BUrNSIDE

LOG OF DRILLING OPERATIONS

R J. Burnyide & Assacintes Limited

15 Townlnm, Orangevile,

Otaria LIW JRA
Telephone (518 8415331 lan (51959418120

PB-TW1-10
Page 2 of 10

Client: Region of Waterloo

Project Name:

Pinebush Test Well

Project No.: MTA019051

Location: Pinebush Road, Cambridge

Logged by: D. Soeting
Ground {m amsi}.

Drilling Co.: Davidson Drilling Limited Date Started: 7/27/2010 Static Watsr Level {m amsl}:
Drilling Method:  Mud Rotary Date Completed:  9/2/2010 Sand Pack {m amsl): NA
Deoth SAMPLE
ept PR Depth
Scale Stratigraphic Description % § Depth ™~ g § £ Scale
{ft)_(m) | m) “ 1" (i) (m)
50,6 E‘_g_‘ / 50.0—
- la o / r
—— 16.0 Qj’fu_‘ % - 164
55.0—'- = :*__E FTOa / 55.0'—"_
-0 [ CLAY - brown clay with some silt layers - - ® -
1 brown, compact, hard. ] / i
——] /
60.0—] - — / 60.0-1
190 [— —] / ERTYH
o] ] % wod
200 e / - 200
—] /
00— : _:_ % 70.0
e %
i — ] / steel casing B
15.0—_2&0 : _:‘__ % 75.13—_23.0
240 ::::: % 240
*F [ TILL - grey clay till, fine gravel; compact, hard. 528 ™ | / 0T
Jaso / e
8501 250 é 80 o0
270 / _—27.0
s % 280
95.0-1- 200 % %0200
{1 [SAND- grey medium sand; firm. o // 1
Prepared By: D. Soeting Checked By: J. Baxter Date Prepared;  10/20/2010

This borehole log was prepared for hydrogeological and/or environmental purposes and does not necessarily contain information
suitable for a geotechnical assessment of the subsurface conditions. Borehole data requires interpretation by R. J. Burnside &
Associates Limited personnel before use by others.

LEGEND
XY water found @ time of drilling

Y Static Water Level - 9/13/2010

MONITORING WELL DATA
Pipe:
Screen:

sampLE TYPE AC (B Augercutng ss =51 split Spoon
cs 021 continuous AR ;

Air Rotary

RC Rock Core WC Wash Cuttings




LOG OF DRILLING OPERATIONS

RJ. Bumzide & Asypciaas bmived

BHLOG GUELPH PAGINT\PROJECTSWMTA019051.GPJ TEMPLATE.GDT 10/25110

@ B - » 1'3.2:'."(;339-»5;31"7.7‘;%%5"94’7% BPB-TW1-1
URNS'DE Page 3 of_10
Client. Region of Waterloo Project Name:  Pinebush Test Well Logged by:  D. Soeting
Project No.. MTA019051 Location: Pinebush Road, Cambridge Ground (m amsl}):
Driling Co.: Davidson Drilling Limited Date Started:  7/27/2010 Static Water Level {m amsl}):
Drilling Method:  Mud Rotary Date Completed:  9/2/2010 Sand Pack (m amsl): NA
SAMPLE
Depth : o Depth
Scale Stratigraphic Description % n_c: Depth t g § « Scale
Z|~|-
(ft) {m) (m) {ft) (m)
10C.0—1 // 10001
I~ 310 / F31.0
. TILL - grey clay till, fine gravel, trace stones; e / 1
i compact, hard; increasing sand content with i
wso—+n0 | depth. / 1060320
_— 33.0 % d-m
100 / 1100
~34.0 % 34.0
1150 350 % 1150350
_—36.0 % _‘— 360
1200 / 1200
I 370 / I-ar.0
+ / steel casing T
1260 3¢ % 1250 80
T as0 % e
1300 / 1300
L 400 / 400
T % sso]
Taz0 % - 420
oo / 100
- 430 / 430
I~ 44.0 % - 44.0
1450 s 1450
L DOLOSTONE - mottled grey and brown; very / L
porous, some voids. /)
Prepared By. D. Soeting Checked By: J. Baxter Date Prepared: 10/20/2010
This borehale log was prepared for hydrogeological and/or environmental purposes and does not necessarily contain information
suitable for a geotechnical assessment of the subsurface conditions. Borehole data requires interpretation by R. J. Bumnside &
Associates Limited personnel before use by others.
LEGEND MONITORING WELL DATA saMPLE TYPE ac [BR] Augercutting  ss Split Spoon
! Water found @ time of drilling | Pipe: cs [m Continuous 4l  Air Rotary
¥ Static Water Level - 9/13/2010 screen: Rc [E2]  Rock core WC Wash Cuttings




BHLOG GUELPH PAGINT\PROJECTSWIMTAR19051.GPJ TEMPLATE.GDT 10/25/18

R J. Bumside & Assacinies Limited

LOG OF DRILLING OPERATIONS

m B - :m:ms:a1m:§|msmuu &M
URNSIDE Page 4 of 10
Client: Region of Waterlco Project Name:  Plnebush Test Well Logged by: D, Soeting
Project No.. MTAQ019051 Location:  Pinebush Road, Cambridge Ground {m amsl):
Drilling Co.: Davidson Drilling Limited Date Started:  7/27/2010 Static Water Level {m amsl):
Driliing Method: Mud Rotary Date Completed:  9/2/2010 Sand Pack {(m amsl):  NA
SAMPLE
Depth P . Depth
Scale Stratigraphic Description % T Depth ™~ £ § = Scale
Z|~|-
{ft} (m) . {m) / (ft}y (m)
150.0—_ / 150,0—_
I 46.0 % b 460
- a7.0 / . 470
. / steel casing ss5.0]
1 480 % —48.0
0] / so.o:
e - 49.C / ! = 49.0
- 50.0 - 50.0
165,01 Iy N 165.0 -]
=510 1] 1] 4510
1700 > ] ¥ a 1700
-0 [ DOLOSTONE - mottled grey and brown; o 520
| moderately porous; some small voids 4 8
T throughout; vugs at 54.1. 7
— 53.0 . N N 530
175.0—_ 175.0—_
50 A 540
B qd M open hole bedrock B
180.0— 180.0
| 550 ; 1 - 55.0
— 56.0 N y [~ 56.0
1950 ! | 1860
I-s7.0 - - 550 570
7 DOLOSTONE - grey with trace brown mottiing; 4 .
r slightly porous, trace vugs and voids. u
1900 e NN W0 a0
- 59.0 =590
1950 H N 9501
: N
Prepared By: D. Soeting Checked By. J. Baxter Date Prepared:  10/20/2010
This borehole log was prepared for hydrogeological and/or environmental purposes and does not necessarily contain information
suitable for a geotechnical assessment of the subsurface conditions. Borehole data requires interpretation by R. J. Burnside &
Associates Limited personnel before use by others.
LEGEND MONITORING WELL DATA samPLE TYPE AC (K] Augercuting ss B split Spoon
¥ water found @ time of drilling | Pipe: Cs [D:I Continuous Ar LBl Air Rotary
¥ static Water Level - 9/13/2010| Screen: RC E:Eﬂ Raock Core WC Wash Cuttings
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LOG OF DRILLING OPERATIONS

A.J. Bumside & Assaciates Limited

m B » :mag m-mrﬂrstgrsmm PB-TW1-1
URNSIDE Page 5_of 10
Client: _Region of Waterloo Project Name:  Plnebush Test Well Logged by: D.Soeting
Project No.. MTAQ19051 Location:  Pinebush Road, Cambridge Ground {m amsl):
Drilling Co.: Davidson Drilling Limited Date Started:  7/27/2010 Static Water Level {m amsl):
Drilling Method:  Mud Rotary Date Completed:  9/2/2010 Sand Pack {m amsl): NA
SAMPLE
Depth I Depth
Scale Stratigraphic Description % & Depth ™ § Eg £ Scale
{ft) (m) {m) {ft) (m)
] i X ]
2006 61,0 ' 2000610
_—szo =00 ~ 4 -62.0
DOLOSTONE - darker grey colour, some
501 brown mottling increasing with depth; some i N 20501
| .o | Voids throughout; vugs at 67.4 | ao
2100 64.0 N N 2100——64.0
_~66.0 \ ) r—BSO
21504 N N 2150
660 k 1 [~ 660
|z200 670 \ A 2200 67.0
i DOLOSTONE - lighter grey colour, trace oA H 1 epen hole bedrock B
Tao | mMottiing; slightly porous. eeo
2250 : ; 250
- 690 N N 69,0
sa00- 709 00" 700
TFre - n Xy N N Fre
DOLOSTONE - grey with some tan mottling; :
brssod very porous, large voids and vugs; horizontal 1] ssod
| ..o | 1ing features at 71.7 m and 72.0 m; small N[ o
| caverns at 71.3mand 72.2m, and 74.3 m;
- vugs at 73.9 m. H M T
— 730 - 73.0
240,0— N ~ 240.0
T 740 N i Tr40
245.0—_ § N 2450—_
Prepared By: D. Soeting Checked By: ' J. Baxter Date Prepared: 10/20/2010
This borehole log was prepared for hydrogeological and/or environmental purposes and does not necessarily contain information
suitable for a geotechnical assessment of the subsurface conditions. Berehole datarequires interpretation by R. J. Burnside &
Associates Limited personnel before use by others. .
LEGEND MONITORING WELL DATA saMPLE TYPE AC [IB] Augercuting  ss B split Spoon
¥ Water found @ time of drilling | pipe: cs 03] contruous AR ] Air Rotary
Y Static Water Level - 9/13/2010| screen: Re [E5] Rockcore  we Wash Cuttings




RJ. Burncide & Asgacinies brnited

LOG OF DRILLING OPERATIONS

@ B . ;'Mig'mm”m:;"sﬂm PB-TW1-1
URNSIDE Page 6 of 10
Client: Region of Waterloo Project Name:  Plnebush Test Well Logged by: D, Soefing
Project No.: MTA019051 Location:  Pingbush Road, Cambridge Ground {(m amsl):
Drilling Co.: Davidson Drilling Limited Date Started:  7/127/2010 Static Water Level {m amsl);
Drilling Method:  Mud Rotary Date Completed:  9/2/2010 Sand Pack {mamsl): NA
SAMPLE
Depth = Depth
Scale Stratigraphic Description % f Depth ™~ E é E Scale
Z|F|=
(ft) {m) () (f) (m)
N
- 76.0 760
25001 N n 260.0 1
1o N I e
| | DOLOSTONE - grey with trace tan layers; " i
25,01 moderately porous, smal! voids; some fossils. H o d 2650
- 78.0 780
790 ~ N -79.0
260.6-] N ¥ 260.0
—1 8.0 ) b ——800
265.0—_ ) | 255.0—_
610 N Kk 810
I a20 N N 820
270,01 270.0
B N -] open hole bedrock B
830 1830
275.0— R 1 2750
- 84.0 ~ ~ - 4.0
| 0o | DOLOSTONE - grey and tan mottled; i 1 1 | 650
2900 increased porosity, large voids and vugs, 4 25001
B horizontal and small vertical fractures; r
g0 T— & N _[es0
DOLOSTONE - grey, trace tan colour with N
i depth; moderately porous increasing with 4 i
#5071 oo | depth; small to medium voids; some fossils; L
J horizontal fracture at 96 m. { |
880 A K 860
0.0 ) ] 2000
I 89.0 8 & _—eg.o
2850 220}

Prepared By: D. Soeting _

Checked By: J. Baxter

Date Prepared: 10/20/2010

BHLOG GUELPH PAGINT\PROJECTSWIMTAO015051.6PJ TEMPLATE.GDT 10/25/10

This borehale log was prepared for hydrogeological and/or environmental purposes and does not necessarily contain information
suitable for a geotechnical assessment of the subsurface conditions. Borehole data requires interpretation by R. J. Burnside &
Associates Limited personnel before use by others.

LEGEND
¥ water found @ time of drifling
¥ Static Water Level - $/13/2010

MONITORING WELL DATA
Pipe:

Screen:

sAMPLE TYPE AC (K] Auger Cutting

cs D:ﬂ Continuous
RC EE:I Rock Core

88 E Split Spoon
fzi]  Air Rotary
WC Wash Cuttings




RJ. Bunside & Asseciates Limited

LOG OF DRILLING OPERATIONS

m B ) :‘mgw-mlm:ﬁ"mﬂm PB-TW1-1
URNSIDE Page 7 of _10
Ciient: Region of Waterloo Project Name:  Plnebush Test Well Logged by:  D. Soeting
Project No.. MTA019051 Location: Pinebush Road, Cambridge Ground (m amsl}):
Drilling Co.: Davidson Drilling Limited Date Started:  7/27/2010 Static Water Level {m amsl):
Drilling Method: Mud Rotary Date Completed:  9/2/2010 Sand Pack (m amsl):  NA
SAMPLE
Depth %= Depth
Scale Stratigraphic Description = & {Depth ™~ § % £ Scale
{ft) (m) (m) {it) (m)
N
- 91.0 910
30001~ § 5 300,01
- gz0 1 N 920
305.0—1 93.0 ) ] 5.0 1 93.0
_— 4.0 N N _—94.0
310.0— 31001
- 95.0 b i ~95.0
7 " DOLOSTONE - light grey: very porous; trace 1 H R e
r small voids; richly fossiliferous. -
- 97.0 x X ~97.0
32001 N 11 open hale bedrock 00~
980 |- 98.0
250" 980 § ¥ azsp— %80
_— 100.0 _—100.0
330.0 N M oo
~101.0 I3 14 [~ 101.0
sz 1920 ) y asa 920
1030 1 R Foee
2400 i ] 00
1040 M N I 1040
Prepared By. D. Soeting Checked By: J. Baxter Date Prepared: 10/20/2010

This borehole log was prepared for hydrogeological and/or environmental purposes and does not necessarily contain information
suitable for a geotechnical assessment of the subsurface conditions. Borehole data requires interprefation by R. J. Burnside &
Associates Limited personnel before use by others.

BHLOG GUELPH PAGINT\PROJECTS\MIMTAQ19051.GPJ TEMPLATE.GDT 10/25/10

LEGEND
Y water found @ time of drilling
Y Static Water Level - 9/13/2010

MONITORING WELL DATA
Pipe:

Screen:

sampLE TYPE AC [IR] Auger Cutting
cs IIZI Continuous
RC

Rock Core

ss |Z| Split Spoon

WC - Wash Cuttings
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LOG OF DRILLING OPERATIONS

RJ. Buride & Associstes Lavtad

@ B n 33.1-"'.3@ B! o RS 8170 PB-TW1-10
URNSIDE Page 8 of 10
Client. Region of Waterloo Project Name: Plnebush Test Well Logged by:  D. Sceting
Project No.: MTA019051 Location: Pinebush Road, Cambridge Ground (m amsl):
Drilling Co.: Davidson Drilling Limited Date Started:  7/27/2010 Static Water Level {m amsl):
Drilling Method: Mud Rotary Date Completed:  9/2/2010 Sand Pack {mamsl): NA
SAMPLE
Depth - Depth
Scale Stratigraphic Description % f Depth S § § o Scale
Z| -~
{ft} (m) {m} {ft) (m)
245.0 N 345.0
T 1060 Tfreeo
350.!]—_ SSU.OH_
- 167.0 N . - 107.0
- 108.0 ~ 108.0/
355.0— k K 395.0
T 109.0 N N T 1089
360.0—_ N 1 360.0—_
1100 ~110.0
1110 1110
365.0— H N 363.0—
1120 n B =120
- K Hopen hole bedrock B
370.0— 370.0+
- 113.¢ F113.0
- 1140 N N 1140
375.0— 375.0 -
~ 115.0] 1158
380.0 3800+
1160 by 11 I 116.0
- +
- 417.0 ) I ~117.0
3650 N N #s0
r 1180 J 1 _[—118.0
~ ~
300.0-] N N 3900
 118.0 - 119.0
Prepared By: D. Soeting Checked By: J. Baxier Date Prepared: 10/20/2010
This borehole log was prepared for hydrogeological and/or environmental purposes and does not necessarily contain information
suitable for a geotechnical assessment of the subsurface conditions. Borehole data requires interpretation by R. J. Burnside &
Assoclates Limited personnel before use by others. .
LEGEND ' MONITORING WELL DATA samPLE TYPE AC (K] Augercuting  ss X1 split Spoon
¥ Water found @ time of drilling | Pipe; cs D21 cContinuous AR 2l  Air Rotary
Y Static Water Level - 9/13/2010| Screen: RC Rock Core WG Wash Cuttings




A J. Gumside & Assecintas Liniiad

LOG OF DRILLING OPERATIONS

BHLOG GUELPH PAGINT\PROJECTS\MWTAO19051.GPJ TEMPLATE.GDT 10/25/10

m B u :mgw-mrm:;“umm &M
URNSIDE race 5 of 10
Client: Region of Waterloo, Project Name: _Plnebush Test Well Logged by:  D. Soeting
Project No.: MTA019051 Location: _ Pinebush Road, Cambridge Ground (m amsl):
Drilling Co.: Davidson Drilling Limited Date Started:  7/27/2010 Static Water Level {m amsl):
Drilling Method:  Mud Rotary Date Completed:  9/2/2010 Sand Pack (mamsl): NA
' SAMPLE
Depth o Depth
Scale Stratigraphic Description % = |Depth ™~ £ § .. Scale
Z|~|=
{ft) (m) . (m}) {ft) (m)
395.0— | 1 3950
_— 200 _-— 121.0
000 1220 N N 4000 000
[~ 123.0; - 123.0
4050 N N 4050
1240 N N 1240
410.0—1 1250 \ A 410.0 1250
_— 126.0 R 1 _— 126.0
415.01— A15.0
~ 127.0 y 2 1274
B ) 19 open hole bedrock B
420.0—— 1280 420.0 1 128.0
_—129.0 N N _—129.0
4250 NE . 4260
~ 130.0 - 130.¢
a30.0-1 181.0 N N 4300 1319
a0 } ) 2o
435.0- 8 ~ 5350~
- 133.0 - - TR J 1 1330
i DOLOSTONE - light to dark grey with depth; q H ]
B horizontal fractures at 133.9 m, 138.8 m, 141.2 -
|0l M, 142.0 m, 142.6 m; richly fossiliferous; 4 H | s
0.0 moderate porosity, trace small voids. 400
o ) i
Prepared By: D. Soeting Checked By: J. Baxter Date Prepared: 10/20/2010
This borehole log was prepared for hydrogeological and/or environmental purposes and does not necessarily contain information
suitable for a geotechnical assessment of the subsurface conditions. Borehole data requires interpretation by R. J. Burnside &
Associates Limited personnel before use by others,
LEGEND MONITORING WELL DATA saMPLE TYPE AC [BB]  Auger Cutting S8 Split Spoon
¥ water found @ time of drilting | Pipe: cs 2] continuous 1l AirRotary
¥ Static Water Level - 9/13/2010| Screen: rc [E] Rockcore  we Wash Cuttings




telephong (518 5415301 fax (919) 3413120

LOG OF DRILLING OPERATIONS

PB-TW1-1

@ BURNSIDE

Page 10 _of 10

Client: Region of Waterloo Project Name: Plnebush Test Well Logged by:  D. Soeting
Project No.: MTA013051 Location: _Pinebush Road, Cambridge Ground (m amsl):
Drilling Co.: Davidson Drilling Limited Date Started:  7/27/2010 Static Water Level {m amsl}:
Drilling Method: Mud Rotary Date Completed:  9/2/2010 Sand Pack {m amsly: NA
SAMPLE
Depth R ] Depth
Scale Stratigraphic Description % E Depth ™~ g § < Scale
2|~
{ft) (m) (m) {fty (m)
Y
asn-d 1 N 1450
1360 1360
— 1376 13 ] - 137.0
450.0—1 450.0
1380 ) T 1380
w50 I M ool
~ 133.0 N 1 — 139.0
- 140.0 - - 5000 I ) - 140.0
460.0- DOLOSTONE - grey, trace voids, slightly 450.0
B porous, no vugs or fossils. N open hole bedrock -
T 1410 A 1 T 1440
465.0—1_ N h 455.0—_
I 1420 M M H142.0
- 143.0 50 - 143.0
il SHALE - biue shale, hard. H A 407
1440 N H —+ 1440
475.0 ¥ E 475.0
- 1450 - 145.0,
ﬁ - 146.0 AN N N |- 1469
“5_ 14530 TE.15
&
o
i
5
o
=
[
Y
&
=
w
& -
¢| Prepared By: D. Soeting Checked By: J. Baxter Date Prepared: 10/20/2010
2| This borehale log was prepared for hydrogeological andfor environmental purposes and does not necessarily contain information
&| suitable for a geotechnical assessment of the subsurface conditions. Borehole data requires interpretation by R. J. Burnside &
&| Associates Limited personnel before use by others.
T
a
Z|LEGEND MONITORING WELL DATA samPLE TYPE AC [IR]  Auger Cutting  8S Split Spoon
§ ! Water found @ time of drillihg Pipe: Ccs [m Continuous Ar U Air Rotary
2| 7 static Water Level - 9/13/2010 screen: rRe [E2d Rockcore  we Wash Cuttings




C-PB-OW1-09-ABC

Depth
(Feet btoc)

+1

(108)

(112)
(112)

(122)

(131)

(249)
(282)

(292)
(299)

(322)

(343)

DEEP PRODUCTION INTERVAL

(353)

(367)

(452)

NOTES:

Depth (Meters
Below Top of Casing)

+0.37

R R FETRA

330—

MA—nu
342

REGION OF WATERLOO

MONITOR WELL
P10-TW1-09
CONSTRUCTION
DETAIL

WELD ON 200mm DIAMETER LOCKABLE WELL
CAP

Top of Casing (+0.60)

200mm NOMINAL DIAMETER BLACK STEEL
CASING (WELDED JOINT)

SHALLOW INTERVAL
37.2

BOTTOM OF STEEL CASING

3m OF 0.5mm SLOT OPENING PVC WELL

40

76

86
PRODUCTION INTERVAL

SCREEN

89
91

98

3m OF 0.5mm SLOT OPENING PVC WELL
SCREEN

BENTONITE GRAVEL AND BENTONITE GROUT

104.6

SCHEDULE 80 PVC FLUSH JOINT 32mm
DIAMETER MONITOR WELL PIPE

107.6

12—

137.8 —M

DEPTHS SHOWN ARE NOT TO SCALE

3m OF 0.5mm SLOT OPENING PVC WELL
SCREEN

No. 3 GRADE K&E SILICA SAND TO EXTEND AT
LEAST 1m ABOVE AND BELOW THE MONITOR
WELL SCREEN

BENTONITE GRAVEL

February 2010
N.T.S.
FILE NO.: MTA17230.3

BURNSIDE

17230 H3-TW109 WELL DETAILS.DWG


squinlan
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R.J. Burnsie B Assecinas Umiied

C-PB-OW1-09-D

LOG OF DRILLING OPERATIONS

@ B . kb 513841031 e 18 41 120 P10-TW1D-10
URNSIDE Page 1 of 2
Client: Region of Waterloo Project Name: Cambridge Well Optimization Logged by:  S. Quinlan
Project No.: MTA17230 Location: Cambridge Ground (m amsl):
Drilling Co.:  Pro Core Drilling Date Started:  4/16/2010 Static Water Level (m amsl):
Drilling Method:  PQ Coring Date Completed:  4/19/2010 Sand Pack (m amsl):
SAMPLE
Depth %5 . > | Depth
Scale Stratigraphic Description & @ |Depth £ ‘é = | 8| Scale
Z|F|T|K
(ft) (m) (m) x [ (ft) (m)
TOPSOIL - organics, brown fine sand and silt AN 1| ss 37
- with trace gravel, moist. I % cement -
n AAA A 2 ss 91 n
=1 | SILTY SAND - brown, soft, moist to wet. oo 10
T :X - 3 ss 83 | S0
. .x .
20 B 2.0
- X -
B X . e 4 ss 83 B
X AVA
10.0—~ 30 x . - 5 cs g 8 100 | 10030
- SAND - medium-grained sand, redish brown, e 2 L
1., | \saturated. I 1o
| SILTY SAND - fine-grained redish brown silty x> ol 7 '
1501 sand till, some stones and gravel (<20 mm e 150
., | diameter), saturated; intermittent hard, grey, silty [ > L eo
| clay layers 100 to 400 mm in thickness. X |
L AR 7 | cs 18 i
200 80 M .X' x 200 80
T 7.0 X X ’ X~ T 7.0
X - X 8 Cs 7
250 x .x~ x % % 250
8.0 X x . i grout 8.0
T L.SILTY CLAY - hard grey silty clay, saturated. -— o | wl T
L oo | SILTY SAND - fine-grained redish grey silty * ' L oo
%007 sand, trace gravel, dense, saturated; intermittent | x . %00
B layers (<600 mm) of soft med. sand, trace fine N i
100 | gravel. X 100
X 10 Cs 100
30 i Xi 350
L 110 ) X, N -11.0
i % Xx 1 | cs 70 i
L 12,0 X -12.0
40.0— X % . X. 40.0
— 130 X .X~X. T-13.0
X .><~>< 12 | cs 100
45.0—_ X .>< . * 45.0—_
- 14.0 x 'X.x - 14.0
Prepared By: S. Quinlan Checked By: J. Baxter Date Prepared:  5/19/2010

This borehole log was prepared for hydrogeological and/or environmental purposes and does not necessarily contain information suitable
for a geotechnical assessment of the subsurface conditions. Borehole data requires interpretation by R. J. Burnside & Associates Limited
personnel before use by others.

LEGEND MONITORING WELL DATA
¥ water found @ time of drilling | Pipe: 51 mm dia. PVC
V. Static Water Level - Screen: 51 mm dia. PVC #10 slot

samPLE TYPE AC (K] Augercuting ss <] split Spoon

Cs [ZD Continuous AR Al Air Rotary
RC Rock Core WC Wash Cuttings



squinlan
Text Box
C-PB-OW1-09-D


LOG OF DRILLING OPERATIONS

R.J. Burnsie B Assecinas Umiied

@ B . e 18 300 B0 o 18 A B2 P10-TW1D-10
URNSIDE Page 2 of 2
Client: Region of Waterloo Project Name: Cambridge Well Optimization Logged by:  S. Quinlan
Project No.: MTA17230 Location: Cambridge Ground (m amsl):
Drilling Co.:  Pro Core Drilling Date Started:  4/16/2010 Static Water Level (m amsl):
Drilling Method:  PQ Coring Date Completed:  4/19/2010 Sand Pack (m amsl):
SAMPLE
Depth . . o %5 © 2 Depth
Scale Stratigraphic Description &b) & |Depth g e | £ é Scale
Z ||~
(ft) (m) _| (m) x [ (ft) (m)
50.0— * X X. 82 50.0—
SANDY SILT - trace clay, grey/brown, dense. R
—+ 16.0 X X —16.0
X 'X,x' 14 cs 100
55.0— X .><' X 55.0
—17.0 >< 'X.X ~17.0
).( ). x 15 | cs § § 100
- 18.0 x . % { - 18.0
60.0— s oy 60.0
L Cx 1] grout L
_-19.0 < X5 =8 _t190
x 'X.X :}:‘I 16 | cs 100
L x = L
65.0— X < X '2:.'. 65.0
- 20.0 < x 2!5' 200
4 L. SILTY SAND with trace clay grey/brown. o M ol
~210 | SANDY SILT - trace clay, grey/brown, dense. X ' e 100 L 210
70.0—_ X 70.0—_
SILTY SAND with trace clay grey/brown. x oo
220 X 22,0
N S bentonite seal N
L MR 18 | Cs 80 B
no | SANDY SILT - with trace clay, grey brown, AV o o
” Ldense. o '
g SAND - fine to medium, with trace of gravel, silt | . .. i
..o | andclay, dark grey/brown. 19 | os 70 | a0
80.0—_ 80.0—_
=0 | silica sand pack %0
- s 20 Ccs 100 -
8501 2.0 8501 2.0
B GRAVEL - with sand medium to coarse, °L0 T i
7 grey/brown. i _— 7
~*°| SAND - fine to medium, trace gravel, silt and B ° e
900 clay, dark grey/brown. SR 00
27 7% T
Prepared By: S. Quinlan Checked By: J. Baxter Date Prepared:  5/19/2010

This borehole log was prepared for hydrogeological and/or environmental purposes and does not necessarily contain information suitable
for a geotechnical assessment of the subsurface conditions. Borehole data requires interpretation by R. J. Burnside & Associates Limited
personnel before use by others.

BHLOG GUELPH P:\GINT\PROJECTS\M\MTA17230\P10ANDH50VERBURDEN.GPJ TEMPLATE.GDT 27/8/10

LEGEND MONITORING WELL DATA samPLE TYPE AC (K] Augercuting ss <] split Spoon
Y water found @ time of drilling Pipe: 51 mm dia. PVC cs DJ]  continuous AR Al  AirRotary
V. Static Water Level - Screen: 51 mm dia. PVC #10 slot RC Rock Core WC Wash Cuttings




C-PB-OW1-09-E
LOG OF DRILLING OPERATIONS

R.J. Burnsie B Assecinas Umiied

@ B I ks 518800 31 o 10 8410128 P10-TW1E-10
URNSIDE Page 1 of 1
Client: Region of Waterloo Project Name: Cambridge Well Optimization Logged by:  S. Quinlan
Project No.: MTA17230 Location: Cambridge Ground (m amsl):
Drilling Co.:  Pro Core Drilling Date Started:  4/20/2010 Static Water Level (m amsl):
Drilling Method:  PQ Coring Date Completed:  4/20/2010 Sand Pack (m amsl):
SAMPLE
Depth . . o %5 © Depth
Scale Stratigraphic Description & & |Depth § |_% £ Scale
(ft) (m) (m) :~:~ :A. (ft) (m)
TOPSOIL - organics, brown fine sand and silt M 4 N
- with trace gravel, moist. TN & & cement -
1.0 AAAA] 1.0
.o | SILTY SAND - brown, soft, moist to wet. x 1™ 1| os ot
20 x >< ) 20
T L bentonite seal T
SRV
%L AVA
10.0—— 30 S gg 10,030
PRI 2 Ccs
- SAND - medium-grained sand, redish brown, e 7)) L
1 [\saturated. I 1
4.0 - - - - x x il 4.0
SILTY SAND - fine-grained reddish brown silty x S L
15.0- sand till, some stones and gravel (<20 mm e =P 150
., | diameter), saturated; intermittent hard, grey, silty [ > - Lo
1 clay layers 100 to 400 mm in thickness. X = _
B AV g 4 | cs B
200 % x i X g silica sand pack 2007
Lo X ~><.X~ g Fro
X - X — 5 cs
250" 3 .x. X — % % 250
792 Tor
Prepared By: S. Quinlan Checked By: J. Baxter Date Prepared:  5/19/2010

This borehole log was prepared for hydrogeological and/or environmental purposes and does not necessarily contain information suitable
for a geotechnical assessment of the subsurface conditions. Borehole data requires interpretation by R. J. Burnside & Associates Limited
personnel before use by others.

BHLOG GUELPH P:\GINT\PROJECTS\M\MTA17230\P10ANDH50VERBURDEN.GPJ TEMPLATE.GDT 27/8/10

LEGEND MONITORING WELL DATA samPLE TYPE AC (K] Augercuting ss <] split Spoon
Y water found @ time of drilling Pipe: 51 mm dia. PVC cs DJ]  continuous AR Al  AirRotary
V. Static Water Level - Screen: 51 mm dia. PVC #10 slot RC Rock Core WC Wash Cuttings
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C-PB-OW5-94
s =99
WML 007 £

Sy HOLE/MONITORING WELL OW5/94

FLUID
ESISTIVITY LOG3

et)

0

(Ohm~—feet)

i

LI

HEEE!

GEOLOGIC
DESCRIPTION

GEOLOGIC

INTERPRETATION

g','n?b'J

Guslph Fm.

RESRERERERSISRE (st

Dark grey dolostons

MONITORING
WELL INSTALLATIONS

NEST ¢ NEST 3 NEST DEPTH CASING
(OVERBURDEN)  (CVERBURDEN) (m‘() GEOP?I:SE\L Lngélﬁcm

::::% % b
G é TBl e e onie Sy
wE || E
?
%
e

detoils are approximats
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C-CM-PB-OW2-06

PROJECT: 05-1112-010(1000) BOREHOLE LOG OF: CMOWZ'OG SHEET 1 OF 3

LOCATION: N 4804173.7 ;E 559589.2 DRILLING DATE: June 6 to June 13, 2006 DATUM: Geodetic
DRILL RIG: Air Rotary
DRILLING CONTRACTOR: Gerrits Drilling Ltd.

o
=i 3 GEOPHYSICAL RECORD PIEZOMETER
B o | eLev. OR
oK DESCRIPTION a STANDPIPE
re 2 Di':)TH GAMMA (cps) CONDUCTIVITY (mS/m) INSTALLATION
u >
e o 20 40 60 80 10 20 30 40
1 1 1 1 L 1 1 1
GROUND SURFACE 300.66 D CBA
[ (TOPSOIL) brown ORGANIC SILT, foofiefs __

Brown CLAY, with SANDY GRAVEL (TILL)

Brown SILTY SAND and GRAVEL (TILL) and
trace cobbles, heterogeneous, moist, compact,
subrounded to subangular gravel

296.09

29304

286.94

15| Brown-grey SAND and GRAVEL, some
cobbles, porous, fairly clean, angular to
subrounded

Fine to coarse gravel from 15. mto 15.5 m
depth

283.90

20

Medium brown, fine SAND, some coarse sand,
uniform, homogeneous, loose

25 Fine to medium sand, trace cobbles and
occasional boulder from 24.4 to 25.0 m depth
Brown-grey fine SAND and GRAVEL, some
silty clay, very dense, heterogeneous (TILL)

Brown SILTY SAND and gravel grading to
coarse gravel, heterogeneous

Buff brown DOLOMITE, fractured, moderately
weathered, massive, fine grained

Pl (GuephFm) _ _ _
Brown/greyish brown DOLOMITE, crystalline,
weakly laminated, trace micro vugs,
moderately to well indurated, blocky to platy
chips

(Guelph Fm)

Intermittent thin fractures from 32 m to 36.6 m
depth

s ““

271.70

By
By

ININANY

35

40

45

VNIRRT AR W

I T T T T e

of—_—_——————————— —
CONTINUED NEXT PAGE

MIS-HYD 003 05-1112-010.GPJ GAL-MISS.GDT 4/23/07

DEPTH SCALE LOGGED: Al

1:250 CHECKED:
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PROJECT: 05-1112-010(1000)

LOCATION: N 4804173.7 ;E 559589.2

BOREHOLE LOG OF: CMOW2-06

DRILLING DATE: June 6 to June 13, 2006
DRILL RIG: Air Rotary
DRILLING CONTRACTOR: Gerrits Drilling Ltd.

SHEET 2 OF 3

DATUM: Geodetic

MIS-HYD 003 05-1112-010.GPJ GAL-MISS.GDT 4/23/07

Q
=i 3 GEOPHYSICAL RECORD PIEZOMETER
a4 © | ELEV.
oF DESCRIPTION a STANDPIPE
Fu 2 Di':)TH GAMMA (cps) CONDUCTIVITY (mS/m) INSTALLATION
w
>
e * 20 40 60 80 10 20 30 40
1 [ I I
|, | .= CONTINUED FROM PREVIOUS PAGE — F D
| Brown/greyish brown DOLOMITE, crystalline, =
- weakly laminated, trace micro vugs, Z
- moderately to well indurated, blocky to platy >
- chips Z
B (Guelph Fm) -
L 55 Z
B Fine grained, vuggy, porous rock from 57.9 m E
| to 61.9 m depth Z
_ Z
N =
- Dark brown DOLOMITE trace clear calcite, 5 61-10W
B crystalline, moderately indurated, blocky to ¥
B platy chips with strong petroliferous odour [~
R (Eramosa Member) Z
— 65 Z
R Thin grey clay seam at 66.8 m depth 5
— 70 g;
i =
R =~
S 721 22842
B Blotchy grey DOLOMITE, fine crystalline, 7 7224
[ moderately indurated, weakly laminated, =
B tabular to platy chips v
L (Amabel Fm) EE;
— 75| Dull, light grey from 74.7 m to 93.0 m depth v
- -—4
s &
i =
: =
- = =
B ==
C =
B Micro-vugs starting at 79.2 m depth =
— 80 =z
i =
: =
R =~
. =
i =
: =
X —
— 85 :E
- >—<]
R =~
. =
i =
: =
R =~
- =
i ~—
[~ % Vuggy from 89.6 m to 88.4 m depth :EE
: =
[ Well indurated, some small vugs, trace fossils =2}
| from 91.4 m to 105.2 m depth i
B ==
B =~
R =~
B =
— o =
: =
R =~
B =
B :EE !
B 5:: b
X — ;
>—<]
- -—
- 00— - - - v N S .L ___________________________
CONTINUED NEXT PAGE
DEPTH SCALE LOGGED: Al
1:250 CHECKED:




PROJECT: 05-1112-010(1000) BOREHOLE LOG OF: CMOWZ'OG SHEET 3 OF 3

LOCATION: N 4804173.7 ;E 559589.2 DRILLING DATE: June 6 to June 13, 2006 DATUM: Geodetic
DRILL RIG: Air Rotary
DRILLING CONTRACTOR: Gerrits Drilling Ltd.

Q
éw 9 GEOPHYSICAL RECORD PIEZOMETER
Qu O | ELEV. OR
IE DESCRIPTION 3 |oeemm STANDPIPE
gL 2 ™) GAMMA (cps) CONDUCTIVITY (mS/m) INSTALLATION
w
>
e * 20 40 60 80 10 20 30 40
[ T T [ I I
| oo | CONTINUED FROM PREVIOUS PAGE — F E P
B Blotchy grey DOLOMITE, fine crystalline, » 3
- moderately indurated, weakly laminated, 5
- tabular to platy chips >
B (Amabel Fm) Z
R Small fracture or vug at 103.3 m depth é
[ 3
L 105 Z .
B Becoming darker grey colour and weakly [2
i laminated z 1
B Trace fossils from 106.7 m to 111.3 m depth 5
- Trace fine sulphides from 108.2 m to 109.7 m 5
R depth -
L 110 Z
B =~
. =
i =
— 115 =
- - [ >—~<] 184.86
R Dark grey DOLOMITE, disseminated fine Ez: 115.80
B sulphides, platy to flaggy chips, crystalline :EE
[ [Lcontains thin shale lined fractures =2 18316
[ [<Grey SHALE (Rochester Fm) _ _ — — e
[ Dark grey DOLOMITE = I
- - 2] 18086
[~ 20| Dull brownish-gray DOLOMITE, interbedded ~ [Z=2 119.80
B green, soft shale, black mottling, disseminated [Z—=] 17946
n sulphides, thinly laminated, platy chips 121.20
B END OF BOREHOLE
[ 125
[ 150
— 135
L 140
L 145
[ 150

MIS-HYD 003 05-1112-010.GPJ GAL-MISS.GDT 4/23/07

DEPTH SCALE LOGGED: Al

1:250 CHECKED:




@ BURNSIDE

C-PB-OW1-09

LOG OF DRILLING OPERATIONS

mst%&ﬂ# oy W P10-TW1-09

Page 1_of 6

Client: _Reglon of Waterloo

Project Name:

P10 Test Well Construction Logged by: 8. Quinlan

Project No.: MTA16513.1

Location: _Pine

bush Rd. Cambridge Ground (m amsl): ~314

Drilling Co.. Waell Initiatives Date Started:  10/18/2009 Static Water Level (m amsl). ~304.5
Drilling Msthod: Mud Rotary Dats Completed:  10/22/2009 Send Peck {mamsl): NA
Beoth SAMPLE
p , : , Depth
Scale Stratigraphic Description E & |oeptn E|&|g| | scae
{H (m)| Surface Elevation (m): ~314 {m} =" {fy (m)
| SILTY CLAY - brown ¥ -
. = 8 |orre -
[ gt G r1e
so4 | x—| T
20 ¥ guiliagd G 20
--‘ '___”""_“ 82 ORAR —_
100132 3__—_- 10o—30
i Y plrity e G -:m
et Py
- 50 — e =50
{ A “lwe(g |1
2.0~ 80 | X 20048
» §- gl -
b __—__x:_ 85 (GRAR G T1p
2.0 ' ;{__:'_: T
4 - —:__- s o G _:u
s.0-{" 10 [~ —]| wo %2
T 1o0 [ —| 37 |orAd G ":m.n
Bo- "'_""._:-' wo{
110 F guiagd 110
< g ...’:‘.. 85 |anan G -4
s 0 f__:"—: sop{ 120
L ‘_5:}_-: steel casing il b G ™
aso et Y
140 [ — »— | 14
<+ g —] $10 | Gran G 4
sopl 15 | > =150
| g — | we
-+ 180 ;-—-':'- 811 | GRAS G - 186
’“-:n.o ";:_r_-' m..:"j
i oS we o (5 i
m'_:m f——:!:: m_:m
1™ [ CLAY - with silt, brown ™| il G
8391 20 :"":""’: el Y
1 ——] ane |omns G +
mu_-z"o L-__:- m’_-zm
L —— e Jas
1s.u-: no :::__-: 0 : no
T oo [ SILTY CLAY - brown e B e |ome G} Taeo
i GRAVEL - with sand, brown o { e
280 o 817 |onan G S-mo
[ | SILT - with sand and gravel, brown « -

Prepared By: 8. Quinlan Checked By:
This Ewﬁog log was prepared for hydrogeological and/

J. Baxter Date Prepared: 12/2/2009
ogical and/or environmental purposes and does not necessanly contain information

suitable for a geotechnical assessment of the subsurface conditions. Borehole data requires Interpretation by R. J. Burnside &
Associates Limited personnel before use by others.

BHLOG GUELPH PAGINTWROJECTSWAMTA1651 3P 10.GPJ TEMPLATE.GDT 101610

LEGEND

Y Static Water Level - 10127

MONITORING WELL DATA

Y water found @ time of drilling | Pipe:

creen:

15.9 cm dia. stogl
18.6 cm dia. open hole

samPLE TYPE AC [BE] Augercutting s B3 spitt spoon
cs D:ﬂ Continuous AR [-} Air Rotary
RC 5] mockcore  We[Z) wash Cuttings
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L. Barneid « &/ 5 poater L 461

LOG OF DRILLING OPERATIONS

EMPLATE.GDT 10A18/10

@ B iDE MQm-mlt';:rlmm P10-TW1-09
URNS Page 2 of 6
Client  Region of Waterloo Project Name: P10 Test Well Construction Logged by. 8. Quinlan
Project No.:. MTA16513.1 Location: _Pinebush Rd. Cambridge Ground {m amsl): ~314
Drilling Co.: Woell Initiatives Date Started:  10/158/2009 Static Water Level (m ams!):. ~304.5
] Drilling Method: _Mud Rotary Date Completed: 10/22/2009 Sand Pack (m amsl). NA
SAMPLE
Papth _ ) . i 5 . Depth
Scale Stratigraphic Description g & |Depth Eidlg Scale
(f) (m)| Surface Elevation (m); ~314 (m) i A (#) (m)
X
+ [: * ] 815 |orap G i
-7 x A ~2ara
L L wo—
o * * 81 |oRrAB G =0
i DOLOSTONE - brown, moderately porous Gt 8
Bo1=20 50— 200
T oo /' /| steet casing 520 (oRas G Lo
10001 4 100.0—
_:su 021 | cans G :m)
108.0—=32.0 1040 == 320
':u.o 2 |aran G _:n.n
oo [ Voo
- 340 G 30
4 q £z |oRAB 1
11504 342 1Hsa—380
“:u.o | I il e G -:u.n
120.0-1 & ] 1200
=370 X N ~510
4 25 |oRAB ER
25,0 300 H - G 12500
T30 4 4 828 | GRAB G o
™1 s [ DOLOSTONE - grey brown, very porous, large Ny E I
T voids. Large void at43.58 m i il b G T
a0 440 150440
+ 20 ) I 821 TORAB G 420
voa . y K open hole bedrock wel .
{ w» |aws G I
Jm.u-:“" R us.o-:“”
I . | DOLOSTONE - tan, very porous, large voids. bl ] w0 |onsa G Lus
5 Large voids at 44.50 m and 50.11 m N N L
1500 150.0
- 480 - 480
-+ . [ s |oraz G -4
"“'_:47.0 m.n_:un
- 43.0 A i 332 | GRAB G T80
;w.n-:‘" » ] '“‘n-:u,o
i o |ova G +
wead e ] § wsa °
3 DOLOSTONE - grey, becoming less porous at i
T*¢| 52.73 m, mottied. It s |ons G Lo
170.0+4 y e 170.0
Preplared By: 8. Quintan Checked By: J. Baxter Date Prepared: 12/2/2009
is borehole og was prepared for hydrogeological and/or environmental purposes and does not necassarily contain information

suitable for a geotechnical assessment of the subsurface conditions. Borehole data requires interpretation by R. J. Bumside &
Associates Limited personnel before use by others.

BHLOG GUELPH PAGINTYPROJECTSWWNMTATES513WP10.GPJ T

LEGEND MONITORING WELL DATA

¥ Water found @ time of drilling | Pipe:

¥ Static Water Level - 10/27/200

15.8 cm dia. stee
15.6 cm dia. open hole

sAMPLE TYPE AC [BE] Augercuting ss 5 spit spoon
AR m Alr Rotary
wc 21 wash Cuttings

cS D:D Continuous
RC [facd] Rock Core




LOG OF DRILLING OPERATIONS

P, Barvenid « & { 3: woer et

B iDE uu—“ ""'I?::mi"m?f.mm _...._.._P1 0-TW1-08
m Umls Page 3 of 86
Ciient. Region of Waterloo Project Name: P10 Test Well Construction Logged by:  §.Quinlan
Project No.: MTA18513.1 Location: Pinebush Rd. Cambridge Groynd (m amsl): ~314
Drilling Co.: _Well initiatives Date Started:  10/15/2008 Siatic Water Level (m ams!). ~304.5
Drilling Method: _ Mud Rotary — Date Completed. 10/22/2009 Sand Pack (m ams!): NA
Denth SAMPLE
ep . . - ] . Depth
Scale Stratigraphic Description g E Depth ] E §: i Scale
(f) (m)i Surface Elevation (m): ~314 (m) =" {f) (m)
=4 \ 835 [GRAB T
530 N

= 53.0
s

Frl
Z

175.0

4540
-

350

yir
a3

1800

|

¥ 3

ra
g
B

; |
:
Ol[al[0)[0)[0l[0)0)[0)[0] [0l ool OlOIOlO]) (G

[~ 8.0

a4,

¥ i}
T

ds1e o

..
-]
H

i
T

.

[

Fri

F i

10004 gg0

Iz
rr

195,04

1
F )
r

I
)

]
S
1
1)
1
L-J
y 1
i

q open hole bedrock

21501

- 0.0 580
1 [ I 54 | GRAD L
je20.01 870 2004872
J ] N 5

. 545 |GRAB b .
{22501 ! 4 .
- iy
4 B4t |oRas 4
z00-~ 700 H : 2094100
e 3 4 847 | SRAB <4 e
23801 235.0-"
L 720 -
=<1 . i s4s {oran +
PIVT g N T
B k : i
e 84 [GRAB N
2480 o 2450
- 780 H H -
T _ %0 |oRas 4
- 7.0 N \ =T
#5057 B 23084
["*T [ DOLOSTONE - tan, moderately porous. [
Tre M |omas <o
I -
'zsu- = 2585

Prepared By S. Quinfan Checked By: J. Baxter Date Prepared: 12/2/2009
This borehole log was prepared for hydrogeological and/or environmental purposes and does nof necessarily contain information
suitable for a geotechnical assessment of the subsurface conditions. Borehole data requires interpretation by R. J. Bumnside &
Assoclates Limited perscnnel before use by others.

LEGEND MONITORING WELL DATA samPLE TYPE AC (K] Augercutng ss 0 spiit Spoon
¥ water found @ time of drilling Pipe: 48,9 cm dla. steel cs O3] continuous Ar (MK air Rotary
Y Static Water Level - 10/27/200BScreen: _15.8 cm dia. open hole RC [on] RockCore WG Wash Cuttings

BHLOG GUELPH PAGINTPROJECTSWIWITA1651 210.GP3 TEMPLATE.GDT 101810




AL Broald 1 & g otector it 4

LOG OF DRILLING OPERATIONS

@ BURN SilDE b S 30T o B1R Ay o120 P10-TW1
Page 4 of §
Client Reglon of Watsrioo Project Name: P10 Test Well Construction Logged by:
Projact No.: MTA16513.1 Location: Pinebush Rd. Cambridge Ground {m amsl).
Driiling Co.: Well Initiatives Date Started:  10/15/2009 Static Water Lovel {m amsl): ~304.5
Drilling Methcd: Mud Rotary Date Completed:.  10/22/2008 Sand Pack (m amsl):
Depth Depth
Scale Stratigraphic Description E Depth \ < Scale
(fi) (m)| Surface Elevation {m): ~314 {m) () {m)
|m.n-‘:"'° 3 M G mn-:n'g
+ w: | DOLOSTONE - grey, moderately porous, large e ! G Lo
- void at 81.08 m becoming mottled 1 N 5
Lol Lokl P
T il Q| 1.
1700 ! moe-
~+—Re " " - 830
I!?l.ll-: *o 5 & G :755_:“‘
+ | DOLOSTONE - tan, horizontal fractures, G +
o[ 2 | moderately porous, richly fossiliferous. Large H & 150
- | open area from 85.95 m to 86.87 m T
L 1 | G |
zls.a-:," zu.o-:m,
1... | DOLOSTONE —grey, moderately porous, richly 1 7 G Tus
wol | fossiliferous 5 N
1™ [ DOLOSTONE - tan, moderately porous, richiy G L
ma w0, | fOssiliferous. NN 200 g0
“M_:"-" N k¥ open hoie badrock G s _:"-“
_N"Z.II K _—'Z.D
wm—:n_u G 30 -ﬂ-:u.o
| 1. il & | T
981~ R HILTE 3
e \ [ we
; q [t
3150 0 2 M 30~ MO
4 | DOLOSTONE - grey, slightly to moderately G -
wal | POTOUS, mottied, richly fossiliferous i K .
- M0 -0
w.ﬂ-:”'ﬂ G 326.—:"9
- 100 ) ) G :nw.ol
m’:-wu N ¥ G mn-:m”
5.0~ 1020 i N ,,,,,,:m.n
= 1030 X 5 G :103.0
LRLEE NI LU e M0
Prepared By: S. Quinian Checked By: _J, Baxter Date Prepared:  12/2/12009
is borehole log was prepared tor hydrogeological and/or environmental purposes and does not necessarily contain information

suitable for a geotechnical assessment of the subsurface conditions. Borehole data requires interpretation by R. J. Burnside &

Assoclates Limited personnel before use by others.

LEGEND

BHLOG GUELPH PAGINTWROJECTSWIMTA18510P10.GPJ TEMPLATE.GDT 10/8410

¥ Static Water Level - 10/27.

MONITORING WELL DATA

¥ water found @ time of drilling | Pipe:

15.9 cm dia. stesl|
15.86 cm dia. open hole

sampLE TYPE AC [IE]  Auger Cutting

Cs D:D Continuous
RC [E2) Rock Core

ss 23] syt Spoon
AR [I] Air Rotary
wc =1 wash Cuttings
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LOG OF DRILLING OPERATIONS

@ B ' = m=M1mglmm P10-TW1-0
URNSIDE Page 5 of 8
Client. Region of Waterloo Project Name: P10 Test Well Construction Loggedby: 8. Quialan
Project No.. MTA18513.1 Location: Pinebush Rd. Cambridge Ground (m amsi): ~314
Drilling Co.. Wall Inltiatives Date Started:  10/15/2009 Static Water Level (m ams!): ~304.6

' Drilling Mﬂe&od: Mud Rotary Dgte Con'_u_pletad: 10/22/2009 Sand Pack (m amsi): NA
SAMPLE
Depth e ] Depth
Scale Stratigraphic Description £ & |Depth pa E|&| < Scale
() (m)| Surface Flevation (m): ~314 (m) A ) (m)
4 DOLOSTONE - tan, moderately porous N s |ohan G 4
uso- 1000 DECOMING very porous starting at 105.77 m, q 1 ssa 1062
- mottled, vugs and slightly fossiliferous -
“1- 10820 k : 810 | Gham G e
00— 50,04
1070 = 107.0
—4 1] N 871 | GRAS G “+
”“_‘: b ! ! “"_t 108.0,
-+ 1000 [ 1 E72 | GRAB G 11000
00| 4 k 0.0
- 1100 M [ [~ 110.0
T L il b G T
5o 9| DOLOSTONE - grey, moderately porous, ! { o 1118
B slightly fossiliferous F
1128 A 3 T4 |GRAB G =1 112.0]
m.c-: 139 :10.0-: 130
B — N N 873 | GRAB G -+
sol 40| DOLOSTONE - tan, moderately porous, slightly b o2
fossiliferous 4 K G 0
41158 378 | GRAB -+ 115.0{
m.n—- N N SID.B-—
"¢ DOLOSTONE - grey, slightly porous, mottled, T s
T.,..| stightly fossiliferous A et G T
-~ H  Hopen hole badrock m_n__“”'
1180 ! | a7 |cran G 41180
’”’“':m.u "“‘:m.o
4 [3 N 87 |GRAB G -
- 120.0 = 1200
w501, K k N1
iz 1 3 0 | oras G ST |

o wo.u-: 1220 N X ‘”-":mn

3l + [ B | GRAB G 4

§ - 123.0 4 L 1230

e i ) 085l

al e W ; ! 2 |cras G |10

E woo-L 1so] DOLOSTONE - dark grey and white, mottled, bk 1) -

E ST slightly porous. 1! L

- N M 253 | GRAR ~
E - 1280/ G 1240
2R415.0—— R ] 415.0

g _‘117-0 I I =8+ | Gran G __—127.&

g m,n-:ﬂu M N 4200 - 1268

é —:m.n k L 83 | oran G ':m.u
42501 I ) < 42501

2 G

£| Prepared By: $. Quinlan Checked By: J. Baxter Date Prepared: 12/2/2009

E s boreho was prepared for hydrogeological and/or environmental purposes and does not necessarily contain information
suitable for a geotechnical assessment of the subsurface conditions. Borehole data requires interpretation by R. J. Burnside &

Z Associates Limited personnel before use by others.

§ LEGEND MONITORING WELL DATA samPLE TYPEAC [IR) Augercuting 55 B3 spit Spoon

g| ¥ Water found @ time of driling | Pipe: 5.8 cm dla. stes! cs 01 continuous AR (ME) Air Rotary

2| 7 Static Water Level - 10/27/200B5creen:  15.8 em dia. open hole RC [£%) RockCore  WC Wash Cuttings




LOG OF DRILLING OPERATIONS

R Bursside & Asaaciates Limited

m B » e 1R VST o SR IZD P10-TW1-09
URNSIDE Page & of
Client. Region of Waterioo Project Name: P10 Test Well Construction Logged by: 8. Quinlan
| Project No.. MTA18513.1 Location: Pinebush Rd. Cambridge Ground (m ams!). ~314
Drilling Co.. Well _In[tlutivu Date Started:  10/15/2009 Static Water Level {m amsl). ~304.5
i Drilling Method: Mud Rotary Date Completed:  10/22/2008 Sand Pack {(mamsl). NA
Depth SAMPLE 5
ep! : ] epth
Scale Stratigraphic Description g E Depth S E § - Scale
(M) (m)|_ Surface Elevation (m): ~314 (m il A ) (m)
1 [ DOLOSTONE - tan, mottied, slightly porous b ws [oms G i
430041318 » k] 430,01~ 1319
-':1;2” ] ] 7 |GRAD G _:132,0
230=-{" ) 1 43501 J
- 1330 G 134,
T ] R 38 | GRAN T
N W ' open hole bedrock O I
L | SHALE - green Ny ™ s 5
s I S50 | ORAR G T-1350
50" 3 ] uso
- 1380 » M = 1340
} : -G ¥
wor- "L SHALE - red Mgyt o= 19

Pre%ared By: 8. Quinlan_ Checked By: _J. Baxter Date Prepared: 12/2/2009

is borehole log was prepared for hydrogeological and/or environmental purposes and does nol necessarily confain informafion
suitable for a geotechnical assessment of the subsurface conditions. Borehole data requires interpretation by R. J. Bumnside &
Associates Limited personnel before use by others.

BHLOG GUELPH PAGINTWPROJECTSWIMTA16513\P10.GPJ TEMPLATE GOT_10/1810

LEGEND MONITORING WELL DATA sampLE TYPEAC [IE] Augercuting s Spit Spoon
Y water found @ time of drilling | Pipe: 15.9 cm dia. steel cs 1  continuous AR () Air Rotary
Y Static Water Level - 10/27/200PScreen: 18,8 cm dia. open hote Re [E2] Rockcore  we Wash Cuttings|




C-PB-OW1-11

Monitoring Well: C-PB-OW1AB-11

STANTEC BOREHOLE AND WELL - CLUST 11X17 160900651_BOREHOLES_110909.GPJ STANTEC - DATA TEMPLATE.GDT 1/20/12 AVANDENHOFF

Project: Well Construction/Replacement Field investigator: E. Hayman
Client: Region of Waterloo Contractor: Gerrits Well Drilling
Location:Cambridge, ON Drilling method: Truck mount, DR24, air rotary
Number: 160900651 Date started/completed:26-Jul-2011 / 29-Jul-2011
SUBSURFACE PROFILE HYDROGEOLOGY | SAMPLE WELL DETAILS
DETAILS
S - Name: C-PB-OW1A-11 Name: C-PB-OW1B-11
Elevation| .o S o5 |@ |GSElev: 307.39mAMSL  GSElev: 307.44 m AMSL
. . . - (mAMSL)| §& 2 2.9 |2 §|TOCElev: 308.25 mAMSL ~ TOC Elev: 308.10 m AMSL
Depth Graphic Log Lithologic Description Depth % IS 5 (Eu g <Eu,2‘ Easting: 557123 Easting: 557123
(m BGS) 2 8 DZ |9 [Northing: 4806116 Northing: 4806119
g Stick-up:  0.86m Stick-up:  0.66 m
) (m) 308.25 @
B ~&— Above Ground
B Cas;?\g ) ~<— Above Ground
oo Ground Surface 307.39 Casing
TOPSOIL 0.00
| .| medium to coarse sand and little gravel, brown (7.5 YR 4/3), gravel varies in colour, non-uniform, dry, subrounded gravel
U 1 GB [®— Bentonite
1 ANBNTA > Holeplug >
i RN
: 305.86
SAND and GRAVEL 152 ><— l1_)_55.5 :nt ol
medium to coarse sand, small to large few gravel, brown (7.5 YR 4/3), gravel varies in colour, non-uniform, dry to moist, subrounded to lameter Borehole
rounded gravel
2 GB >
[®— Bentonite
Holeplug
51 mm Diameter
wet at 3.05 m BGS Schedule 40
PVC riser >
3 GB >
51 mm Diameter
Schedule 40
> PVC riser
4 GB >
N Top of Sand
Upper and B (5.48 mBGS)
Lower N .
301.29 | arpy/ Moraine No.2 Silica Sand
SAND 6.10 AFB3 Stratified Top of S
fine to medium sand, trace silt, brown (7.5 YR 4/3), wet Sed;r:]w:nts (Gc?ggom Bcrg;r)\
Equivalents H
5 |GB 9% No.10 Slot
= Schedule 40
. . PVC screen
51 mm Diameter
299.77 Cla—
SILTY SAND 7.62 [T Bottom of Screen
fine sand and silt, brown (7.5 YR 4/3), wet (7.62mBGS)
6 GB
Bottom of Sand
(8.53 m BGS)
Bentonite Grout
155.5 mm
Diameter Borehole
in Overburden
Upper/Main
ATC1 Catfish
Creek Till
289.10
SAND 18.29 X
fine to coarse grained, some gravel Bentonite
Holeplug
1 Top of Sand
: (19.2 m BGS)
No.2 Silica Sand
Top of Screen
(19.8 m BGS)
Notes: mMAMSL - metres above mean sea level “

m AMSL - metres above mean sea level mBGS - metres below ground surface y
m BGS - metres below ground surface

m BTOC - metres below top of casing

GB - grab sample

n/a - not available

Drawn By/Checked By: EH/LV Sheet 1 of 2
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STANTEC BOREHOLE AND WELL - CLUST 11X17 160900651_BOREHOLES_110909.GPJ STANTEC - DATA TEMPLATE.GDT 1/20/12 AVANDENHOFF

Project: Well Construction/Replacement
Client: Region of Waterloo
Location:Cambridge, ON

Number: 160900651

Monitoring Well: C-PB-OW1AB-11

Field investigator: E. Hayman
Contractor: Gerrits Well Drilling
Drilling method: Truck mount, DR24, air rotary

Date started/completed:26-Jul-2011 / 29-Jul-2011

SUBSURFACE PROFILE HYDROGEOLOGY | SAMPLE WELL DETAILS
DETAILS
§ - Name: C-PB-OW1A-11 Name: C-PB-OW1B-11
Elevation o0& S 05 o GS Elev: 307.39 m AMSL GS Elev: 307.44 m AMSL
. . . - (mAMSL)| §& 2 2.9 |2 §|TOCElev: 308.25 mAMSL ~ TOC Elev: 308.10 m AMSL
Depth Graphic Log Lithologic Description Depth % IS 5 (Eu g (Eu >|Easting: 557123 Easting: 557123
(m BGS) 2 8 Dz |O |Northing: 4806116 Northing: 4806119
% Stick-up:  0.86m Stick-up:  0.66 m
SAND
fine to coarse grained, some gravel
Pre-Catfish
AFD1 | Sand and
Gravel
No.10 Slot
Schedule 40
PVC Screen
51 mm Diameter
-’ [ Bottom of Screen
. (22.9 mBGS)
Bottom of Sand
(23.8 mBGS)
r<— Bentonite
Holeplug
280.56
DOLOSTONE 26.82
I [ [ no significant fractures or producing zones
[ 1
90— I | I |
- [ 1
[ 1
—28 [ [
[ 1
- [ 1
o [ 1
— [ 1
[ 1 R
95— [ [ " [*®— 152 mm Diameter
[ 1 Borehole in
- | | Bedrock
L [ 1
7] [ 1
} 1
— 30 I I I I
7 [ 1
100 —+ I I I I
_ [ 1
[ 1
I [ 1
[ 1
] [ 1
- [ 1
- [ 1
[ 1
106——32 [ [ 1
[ 1
- [ 1
L [ 1
— [ 1
[ [ Bedrock B
T+ I I Bedroc  Guelph .- [®— Pea Stone
[ [ Formation .
] [ 1
[ 1
110 — [ [
} 1
[ 1
— 34 [ [
7 [ 1
| [ 1
- [ 1
_ [ 1
[ 1
115 — I | I |
] [ 1
n [ 1
] [ 1
| : | :
T—36
[ 1
E [ 1
[ 1
120 — [ 1
[ 1
4 1
[ 1
b [ 1
[ 1
T [ 1
} 1
: | : |
— 38
125 — [ [
| [ 1
- [ 1
| [ 1
[ 1
1L [ [ 268.37
End of Borehole 39.01
130 —
40
135 —

Notes:

mAMSL - metres above mean sea level

m AMSL - metres above mean sea level mBGS - metres below ground surface
m BGS - metres below ground surface
m BTOC - metres below top of casing

GB - grab sample
n/a - not available

Drawn By/Checked By: EH/LV
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ALIPER GAMMA RESISTIVITY RESISTIVILY c 1
. . @w.ul o Yot cingl (U e LBlesteade Spaciug) -PB-OW1-92 _
_ 0w V&L - Q40
. e O\% 0 GRADE GRAVE. .LL
ol B 7 o T PEAT, ORGANIC
"""""" = MATERIAL
= CLAY, SILT,

et

",
5
2
\

-4 40

\~B-4

PR AN

= )

\
t
»\\Y
"l
Depth Below cnde@_g_)___/
J _
4

80

it n i
| w
W

-L 100

VERY FINE SAND

FINE TO VERY FINE
SAND, SILT,
FINE GRAVEL

CLAY, SILT

SILT, VERY FINE
SAND, CLAY

SAND, GRAVEL

TILL, COBBLES

SAND, GRAVEL

SAND, GRAVEL, TILL

BEDROCK - DOLOSTONE

LOTOWATER LTD.

LEGEND

2m Silica Sand Pack
=3 0.25mm Slot PVC Monitor Well Screen _
WwWell Screen Intervais Isolated and Sealed with Bentontte Gravel

1 foot=0.3048 metres

REGIONAL MUNICIPALITY OF WATERLOO
Clemens Mill Aquifer Study

Cambridge, Ontario

OVERBURDEN LOGS AND WELL COMPLETION
INTERVALS AT OW1/92

Project: 006-024 March 1993
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STANTEC BOREHOLE AND WELL - MASTER 17X11 160900968-20221007_CAMBRIDGE_EAST_LOGS.GPJ DATA TEMPLATE_ENVS_CA_140725.GDT 3/13/23 AHEALEY

Monitoring Well: C-PB-OW1-22

Project: Cambridge East Drilling Field Investigator: S. Hutchinson
Client:  Region of Waterloo Contractor: Aardvark Drilling Inc.
Location: Township of Puslinch; Concession 2, Puslinch, east of Wellington Rd 32 Drilling method: CME 75 truck mount - Hollow Stem Auger/PQ Mud Rotary/HQ
Number: 160900968 Date started/completed: 04-Jan-2022 / 24-Jan-2022
SUBSURFACE PROFILE HYDROGEOLOGY SAMPLE DETAILS GEOPHYSIC DETAILS WELL DETAILS
§ - Name: C-PB-OW1-22A Name: C-PB-OW1-22H
Elevation e S oy o g‘ 3 C% Location:  9207772A Location: 9207772H
) . . - (m AMSL) Optical 56 s o] ag | > x 9 | 5w Caliper Gamma Resistivity Static Flow |GS Elev: 31257 mAMSL ~ GS Elev: 312.69 m AMSL
Depth | Graphic Log Lithologic Description Depth /| Televiewer | =8 5 SEIEF| 8|8 |8 |8c (cm) (cps) (Ohm.m) (m/s)  |TOCElev: 313.25mAMSL  TOC Elev: 313.46 m AMSL
(m BGS) 2 8 nz @n v4 [l Easting: 4808506 Easting: 4808506
e 4 8 12 16 50 100150200250 | 2500 5000 7500 041 02 03 04 No_rlhing: 560859 No_rlhing: 560862
) (m) 312.87 * L Ll L . . | , |Stickup: 068m Stick-up:  0.77 m
0o—J—o _ Ground Surface 312 57 P - P <
. : OPSOIL 0.00 A SS 17" | nja | n/a | n/a Holepl I
- \Organics, fine- to medium-grained sand, trace fine gravel, very dark greyish brown (10YR 3/2), moist, loose. 312.42 \71% oleplug
T SILTY SAND 025 B ss |67 | n/a | nia | nia D %rﬁsg:si(::; 14
5 - Fine-grained sand, fine to coarse gravel, subangular to angular, brown (10YR 5/3), moist, loose. c ss \67?{9( na | na | na 01606m [— Bentonite
1?2 31013 el Holeplug
4 - 04 0to3.1m
1 GRAVEL 244 1 PQ | 26" | na | nia | nia <
10— Fine to coarse gravel, some silt and sand, trace cobbles, subangular, dark yellowish brown (10YR4/4), wet, loose \100%f
1 4 Outwash 2 PQ 150%':,/ nfa | nfa | n/a K
< AFA2 | sand and N
15— gravel ~®— 200 mm Borehole 152 mm Borehole
T 50" Diameter Diameter
- 3 PQ 87% nfa | nfa | n/a < 0to35.5m 0to25.6 m
20——6
T - k
T 4 PQ 50% nfa | nfa | n/a
25 ___ . >— 114 mm Diameter
1 304.09 35" Steel Casing
T SIT 548 5 PQ 58% nfa | nfa | n/a 0to35.5m
30— some fine grained sand, trace fine to coarse gravel, subangular to subrounded, dark yellowish-brown ( 10 YR 4/4), wet loose, poorly graded.
_'_ 13
n 10 6 PQ 22% nfa | nfa | nla
35— . . <&— Portland Cement Bentonite Grout
+ Stiff at 10.7 m, returns to soft at 11.4 m. ATBA Silty to 5 Outside of 114 3.1t020.9m
€ clayey till 7 PQ | goo,| Wa | nfa | nia mm casing
40 — 300.28 5 0.61t0355m
-1 CLAYEY SILT 12.29 .
T Trace fine-grained sand, trace fine- to coarse-gravel, subrounded, brown (7.5 YR 4/3), moist, stiff. 8 PQ 95570/ nfa | nfa | n/a
5] 298.85 °
— SAND 13.72
- Fine-grained sand, some silt, light brownish-grey (10 YR 6/2), moist to wet, firm. 9 PQ 51" y y y Schedule 80
E Small (<2 mm) laminations of silt (dark-grey 10 YR 4/1), moist to wet, loose (14.1 to 14.4 m) 85%| Ma | ma | na 60 mm OD PVC
50 — Medium-grained sand beginning at 14.4 m. Casing
n Trace fine-gravel beginning at 15.4 m, subangular to subrounded. 53" 0t096.9 m
— 296.32 10 PQ 88% nfa | nfa | n/a
— GRAVEL 16.25 °
55— Some medium-grained sand, subrounded, greyish-brown (10 YR 5/2), poorly graded.
- 3g"
n " PQ 63% nfa | nfa | n/a
60 — Bentonite Grout Schedule 40
] o4 Between 60 mm 60 mm OD PVC
- 12 PQ 40% nfa | nfa | nla and 114 mm Casing
. ° Casing 0t022.6m
65 ] 292.45 0to35.5m
— SAND 20.12 Moraine 46"
- Fine-grained sand with trace silt, subrounded, dark yellowish-brown (10 YR 4/4), firm, wet. AFB1 | stratified 13 PQ | 77¢,| Ma | nfa | na
] Medium-coarse grained sand, soft from 20.6 to 21.7 m. sediments .
70 I®— Bentonite
i 56" — Holeplug
— 290.04 14 PQ 93% n/a | nfa | n/a B l—\ 20.9t021.8 m
75— GRAVELY SAND 2253 a "
— \Medium— to coarse-sand, subrounded, brown (10 YR 4/3), wet, soft, well graded. /"\ 289.71 [ 2“?-825”'205668;“
oI o @° ot * | GRAVEL & COBBLES (matrix likey washed away) 22.86 15 PQ | 8% | wa | na | wa ’ :
80 T 24 .. .’ Fine- to coarse-gravel, rounded to subangular, loose, well graded 100% %—— No. 10 Slot
€ g 60 mm OD
-+ o \d 60" PVC Screen
-+ N CURN 16 PQ 100%) nfa | nfa | n/a 22610256 m
85— o6 Dp .’
1 [ "
— '. . * 17 PQ 310 n/a | nfa | n/a
e . ‘- . 52%
90 — 284.99
1 CLAY TILL 27.58 .
-4 Some silt, grey (10 YR 5/1), moist, hard, homogeneous. 18 PQ ;87% na | na | na
95 ——
:__ 30 ATB2 Silty to 19 PQ 1%%':% n/a | nfa | n/a
100 1 Wet from 29.9 to 30.4 m. clayey till
4 281.30 33"
—| o 3127 20 PQ 55% n/a | nfa | n/a
Screen Interval:  96.93 - 99.97; 22.56 - 25.60 m BGS Notes: Geophysical testing was completed by Lotowater
Sand Pack Interval:21.79 - 25.60 m BGS m AMSL - metres above mean sea level Technical Services Inc. within the open bedrock
Well Seal Interval: 0.00 - 21.79 m BGS m BGS - metres below ground surface borehole at C-PB-OW1-22A from January 27 to 28,
m BTOC - metres below top of casing 2022. Gamma counts within the overburden are
S8 - split-spoon sample based on testing within the PVC casing at
PQ - wireline continuous core sample C-PB-OW1-22H on March 30, 2022.
Sta nte C n/a - not available/applicable
Drawn By/Checked By: SHMJF Sheet 1 0f 4




STANTEC BOREHOLE AND WELL - MASTER 17X11 160900968-20221007_CAMBRIDGE_EAST_LOGS.GPJ DATA TEMPLATE_ENVS_CA_140725.GDT 3/13/23 AHEALEY

Monitoring Well: C-PB-OW1-22

Project:
Client:

Cambridge East Drilling
Region of Waterloo

Location: Township of Puslinch; Concession 2, Puslinch, east of Wellington Rd 32

Field Investigator: S. Hutchinson

Contractor: Aardvark Drilling Inc.

Drilling method:

CME 75 truck mount - Hollow Stem Auger/PQ Mud Rotary/HQ

Number: 160900968 Date started/completed: 04-Jan-2022 /24-Jan-2022
SUBSURFACE PROFILE HYDROGEOLOGY SAMPLE DETAILS GEOPHYSIC DETAILS WELL DETAILS
S - Name_: C-PB-OW1-22A Name_: C-PB-OW1-22H
Elevation e S oy 2, g a 3 C% Location:  9207772A Location: 9207772H
. ; . - (m AMSL) Optical 56 2 29 2o | 2 & L Caliper Gamma Resistivity Static Flow [GS Elev: 31257 mAMSL  GS Elev: 312.69 m AMSL
Depth | Graphic Log Lithologic Description Depth /| Televiewer | =8 5 SEIEF| 8|8 |8 |8c (cm) (cps) (Ohm.m) (mis)  |TOCElev: 31325 mAMSL  TOC Elev: 313.46 m AMSL
(m BGS) 2 g nz |0 P4 rg Easting: 4808506 Easting: 4808506
% 4 8 12 16 50 100150200250 | 2500 5000 7500 041 02 03 04 quthing: 560859 quthing: 560862
L Ll L Ll Stick-up:  0.68 m Stick-up:  0.77 m
-1\ CLAY-GRAVEL TILL \ 280.74 / M DA Do I
\Some silt, fine to coarse gravel, grey (10YR 5/1), subangular to subrounded, wet, soft, well graded. / 31.83 . . .
SANDY SILT \ 280.08 / 21 PQ | fd |35 3| 4
some gravel, dark grey (10YR 4/1) subrounded, wet, soft, well graded. 32.49 78% | 61% | 57%
GUELPH FORMATION
Dolostone, dark grey/brown, coral, sponges, crinoids 2 PQ 51" | 51" | 485" 7
85% | 85% | 81%
—
L—
63" | 60" | 49"
= BRT | HQ 14000/ 5% | 78%| ©
_.:7 ~&— Bentonite Grout
61" | 59" | 54" 35.5t039.0m
= BR2 | HQ |400%| 97%| 89%|
—
—— 60" | 60" | 60"
S BRS | HQ | 400%| 100%| 100%|
—— |
_ Guelph BR4 HQ 600 590 600 4
Formation 100%| 98% | 100%
e—
— 58" | 57" | 55
_— BRS | HQ | 970, | 95%| 92%| *
"—— 62" | 60" | 58"
= BR6 | HQ | 4030| 100%| 97%| 2
_ [ [ | Fossiliferous from 44.7 to 47.7 m. = BR7 HQ | 39| 58" | 59" |
150 —1 6 | | Flow profile indicates 25% of flow from 45.4 to 52.3 m. 98% | 97% | 98% ~€— 96 mm Borehole
] [ 1 Diameter
- 1 ot | s0r | 61" 355t0 1224 m
155 — I | I | BR8 | HQ | 4020 100%] 1029%|
1—48 [ 1
. [ 1 60" | 57.5"| 51"
160 — 1 A BRO | HQ 1400%| 96% | 85%| 7
] 1 .
I 1 ERAMOSA FORMATION, REFORMATORY QUARRY MEMBER 49.38 o | 6o | 56
-T— 50 Dolostone, brown to dark brown, vuggy, mineralization in vugs
165 [ l [ l < ¢ Reformatory BR10 Ha 103%| 100%| 93% 6
T+ [ [ - Quarry
] [T Member " o | age
170 — 52 T [ T [ 260.30 BR11 HQ 9555% 95‘?% 859% 6
T | | ERAMOSA FORMATION, VINEMOUNT MEMBER 52.27
= [ [ Dark brown to black, fine crystalline, horizontally thinly bedded dolostone. Petroliferous odour when broken. BR12 HQ 60" | 52" | 51" 8
175 —_ [ [ 100%| 87% | 85%
] [T
T 54
. [ 1
— 61" | 60" | 58"
180 - : [ I [ BR13 | HQ | 4029| 100%| 97%| * ~<=— Bentonite
T | | vi " Holeplug
Fs6 [T = | "Member 60" | 56" | 57" (PetPlug)
1 39.0t0 95.9
185 —_ I I I I BR14 | HQ | 4000, 93% | 95%| * 0 95:5m
I 1
—+ 58" | 56" | 58"
190 g5 [ I | I BRIS | HQ | 979, | 93% | o7%| 7
T [ 1
T [ I [ I GOAT ISLAND FORMATION, ANCASTER MEMBER 255; -1434 Bri6 | Ha | 20 o0 | ooc
195 — ] I . - 100%]| 100%| 100%
1 60 | | Finely crystalline dolostone, thinly bedded, grey. Black chert nodules.
] [ 1
T 1 I I P P
200 —- 1 - C;OGI 'S{?nd 100%| 75% | 68%
— ormation
- [T
TJ—62 [ [ [ 60" | 54" | 47"
205 —- L 249.78 BR18 | HQ | 100%| 90% | 78%| *
-+ [ 1 GASPORT FORMATION 62.79
T | | Dolostone, alternating blue grey crinoidal reef mound with light grey coquinas

Screen Interval:

96.93 - 99.97; 22.56 - 25.60 m BGS

Sand Pack Interval:21.79 - 25.60 m BGS
Well Seal Interval: 0.00 - 21.79 m BGS

@ Stantec

Notes:

Geophysical testing was completed by Lotowater

m AMSL - metres above mean sea level
m BGS - metres below ground surface
m BTOC - metres below top of casing
S8 - split-spoon sample

PQ - wireline continuous core sample
n/a - not available/applicable

Technical Services Inc. within the open bedrock
borehole at C-PB-OW1-22A from January 27 to 28,
2022. Gamma counts within the overburden are

based on testing within the PVC casing at

C-PB-OW1-22H on March 30, 2022.

Drawn By/Checked By: SHMJF

Sheet 2 of 4




STANTEC BOREHOLE AND WELL - MASTER 17X11 160900968-20221007_CAMBRIDGE_EAST_LOGS.GPJ DATA TEMPLATE_ENVS_CA_140725.GDT 3/13/23 AHEALEY

Monitoring Well: C-PB-OW1-22

Project: Cambridge East Drilling Field Investigator: S. Hutchinson
Client: Region of Waterloo Contractor: Aardvark Drilling Inc.
Location: Township of Puslinch; Concession 2, Puslinch, east of Wellington Rd 32 Drilling method: CME 75 truck mount - Hollow Stem Auger/PQ Mud Rotary/HQ
Number: 160900968 Date started/completed: 04-Jan-2022 / 24-Jan-2022
SUBSURFACE PROFILE HYDROGEOLOGY SAMPLE DETAILS GEOPHYSIC DETAILS WELL DETAILS
s - Name:  C-PB-OW1-22A  Name:  C-PB-OW1-22H
Elevation e 2 oy o g 85 Location: 9207772A Location: 9207772H
i i i inti (m AMSL) Optical 56 o 2.9 a2 | > | x| Q|50 Caliper Gamma Resistivity Static Flow |[GS Elev: 31257 mAMSL  GS Elev: 312.69 m AMSL
Depth | Graphic Log Lithologic Description Depth | Televiewer | > 5 SEE | 52| 8| 8|8 |8 (cm) (cps) (Ohm.m) (mis)  |TOCElev: 31325 mAMSL  TOC Elev: 313.46 m AMSL
(mBGS) ta g nz n & T8 Easting: 4808506 Easting: 4808506
£ 4 8 12 16 50 100150200250 | 2500 5000 7500 01 02 03 04 [Northing: 560859 Northing: 560862
(ft) (m) n Ll . L Stick-up:  0.68 m Stick-up:  0.77 m
210 ——64 | 1| GASPORT FORMATION BRT9 | AQ | 60" |"59" 1 60" |2 B S
-1 [ [ | Dolostone, alternating blue grey crinoidal reef mound with light grey coquinas 100%]| 98% | 100%,
] [T
4 60" | 57" | 57"
215 - I l I l - BR20 | HQ | 400%| 95% | 95%| 2
66 ]
T [ [ 60" | 58" | 50"
220 - [ 1 BR21 | HQ 1 4000%| 97% | 98%| 2
o e
—+—68 " " "
] 1 62" | 62" | 62
25— [ 1 BR22 | HQ | 1009%| 100%] 100%| '
-1 [T
T [T BR23 | Ha | 58| 57" |85 | 4
230 ——70 [ I [ I Flow profile indicates 10% of flow from 69.9 m to 74.9 m. This interval contains a relatively high concentration of fractures (up to 3 cm thick) relative to the rest of the 100%| 98% | 95%
T formation.
1 [ 1
. ] 62" | 60" | 59"
25— [ 1 BR24 100%| 97% | 95%|
T2 ]
I [ 1 59" | 49" | 41"
240 — 1 BR2S | HQ | 10204/ 85% | 71%|
] m—
74
+ [ 1 60" | 57" | 56"
245 — 1 BR26 | HQ |400%| 95%| 93%| 2
] [ 1
a1 [ [ 61" | 61" | 61
o 76 [T 1 BR27 | HQ 14020 102%| 102%| ~— 95 mm Borehole
. [ l [ l Diameter
1 35510 1224 m
= [ ] 60" | 60" | 60" Bentonite
255 T T BR28 | HQ | 400%| 100%| 100%| ° Holeplug
- [ 1 (Pel-Plug)
] [ 1 " " " 39.0t095.9 m
. BR2o | Ha |00 1 39 | 5901
260 — I I I I Flow profile indicates 20% of flow from 79.0 m to 83.3 m. This interval contains an elevated concentration of fractures relative to the rest of the formation. 100%| 98% | 98%
J—s80 [ 1
. [ 60" | 57" | 59"
265 — [ 1 BRSO | HQ | 1009%| 95% | 98%| 2
4 [T
] [ 1 " " "
1 e 60" | 60" | 60
270 — | : | : BR3T | HQ 1 1009%| 100%| 100%| ©
1 ! [ ! [ _— 60" | 55" | 56"
25— g4 [ : [ : #;E: | BRS2 | HQ | 4000%| 929% | 93%| *
1 L1 = R
280 —_ I | I | — = 100%| 98% | 92%
186 [T
. [ 61" | 58" | 61"
285 — 1 Gasport | BR¥* | HQ 1000 979 | 1020 *
1 [ [ : Formation
1 g8 [ 1] — 59" | 59" | 59"
200 —_ | : | : R BR3S | HQ | 959, og% | 98% |
1 L1 - 53" | 52" | 50"
205— g9 [ l I l BR36 | HQ | 1009 o8% | 94%| 2
4 [T
- ] 55" | 55" | 53"
3001 ] BR37 | HQ | 4000l 4009l 96% | 2
B [T . . .
—— 92 60 59 58
1 I | I | BRS8 | HQ | 1009%| 98% | 97%| 2
305 —- 1
& [T
T— o4 [ 1 e indi % of ) ; ) o BR39 | ha | 73| 7373l
310 - [ : [ : Flow profile indicates 40% of flow between 94 and 99 m, concurrent with several fractures in a coquina interval. - 100%]| 100%)| 100%
T [ T ,
—

Screen Interval:

© 96.93-99.97; 22.56 - 25.60 m BGS Notes:
Sand Pack Interval:21.79 - 25.60 m BGS
Well Seal Interval: 0.00 - 21.79 m BGS

@ Stantec

m AMSL - metres above mean sea level
m BGS - metres below ground surface
m BTOC - metres below top of casing
S8 - split-spoon sample

PQ - wireline continuous core sample
n/a - not available/applicable

Geophysical testing was completed by Lotowater
Technical Services Inc. within the open bedrock

borehole at C-PB-OW1-22A from January 27 to 28,

2022. Gamma counts within the overburden are

based on testing within the PVC casing at

C-PB-OW1-22H on March 30, 2022.

Drawn By/Checked By: SHMJF
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STANTEC BOREHOLE AND WELL - MASTER 17X11 160900968-20221007_CAMBRIDGE_EAST_LOGS.GPJ DATA TEMPLATE_ENVS_CA_140725.GDT 3/13/23 AHEALEY

Monitoring Well: C-PB-OW1-22

Project:
Client:

Cambridge East Drilling
Region of Waterloo
Location: Township of Puslinch; Concession 2, Puslinch, east of Wellington Rd 32

Field Investigator:

Contractor:

Drilling method:

S. Hutchinson

Aardvark Drilling Inc.
CME 75 truck mount - Hollow Stem Auger/PQ Mud Rotary/HQ

Number: 160900968 Date started/completed: 04-Jan-2022 / 24-Jan-2022
SUBSURFACE PROFILE HYDROGEOLOGY SAMPLE DETAILS GEOPHYSIC DETAILS WELL DETAILS
S - Name: C-PB-OW1-22A Name: C-PB-OW1-22H
Elevation e S oy o g 3 E Location: 9207772A Location: 9207772H
i i i inti (m AMSL) Optical 56 k= 2.9 a2 | > | x| Q|50 Caliper Gamma Resistivity Static Flow |[GS Elev: 31257 mAMSL  GS Elev: 312.69 m AMSL
Depth Graphic Log Lithologic Description Depth Televiewer % o 3 5 g 5 2 § 8 &’ e (cm) (cps) (Ohm.m) (m/s) TOC Elev: 313.25mAMSL ~ TOC Elev: 313.46 m AMSL
(mBGS) %’ g wz | o i3 i} Easting: 4808506 Easting: 4808506
5 4 8 12 16 50 100150200250 | 2500 5000 7500 041 02 03 04 quthing: 560859 quthing: 560862
(ft) (m) — _ s S N N , L L L Ly |Stickup: 0.68m Stick-up:  0.77 m
315 —— 96 GASPORT FORMATION I SN : : Do ;
4 [T _| Dolostone, alternating blue grey crinoidal reef mound with light grey coquinas 98% | 97% | 98% : <— No.2 Silica Sand
1 [T o | sor | 61 : iy 95.9t099.9 m
320 I l I l BR41 1 HQ | 4029| 100%| 102%| : -
-9 [T ] : i
+ |- so | 52 | 55 : | ~—No. 10 Slot
325 — [ 1 BR42 | HQ | gg9,| g7%| 92%| 3 : 60 mm OD
-1 [ [ : . PVC Screen
1 g0 L1 : - 96.91099.9 m
I 59" | 59" | 57" :
s30T I : [ : BR43 | HQ | 959 | 98%| 95%| :
I 1 :
T [ 1 56" | 55 | 53" :
335 —— 102 ] I | I BRA4 | HQ | 959, | oo% | 88%| 2 :
il 1 :
- 60" | 60" | 60" .
340 —~ I l I l BR45 | HQ | 4009%| 100%| 100% :
T 104 T T :
T ] 6o | 50" | a0 :
345 — : [ : [ BR46 | HQ | 400%| 98% | 100%| 2 %
1— 108 [ 1 :
- 60" | 58" | 60"
350 l I l I BRAT | HQ | 100%| 97% | 100%|
] [T :
T [ 1 60" | 58" | 58"
355 — 18] ] : [ : BR48 | HQ | 400%| o7% | 97%| 2
T [ 1
+ [ 1 60" | 58" | 60"
30— o [T BR4S | HQ 14009 97%| 100%| 2
3 [T
=4 ] P R R
T 201.39 60 57 57
T T BR50 HQ 2 "
365 T 1 ROCHESTER FORMATION 111.18 Rochester 100%) 95% | 95% - Sgrg‘t’”'ﬂ‘zg ‘Z"ets
1 112 I I Dark grey shale 201.32 Formation -to 4m
n | | IRONDEQUOIT FORMATION 111.25 Irondeq!.loit 60" | 60" | 60"
370 —| ] \Dolostone, fine crystalline, medium bedded, grey to light grey 200.40 \l;:g‘r:nkit’:;/ BRS1 HQ | 4009%| 100%| 100%| ! .
] | | ROCKWAY FORMATION 112.17 N
T 1 \ Greenish-grey argillaceous dolostone with thin shaley partings [T\ 199.18 /| n\.Formation /1 . ) . 1
a5 114 [ T | MERRITTON FORMATION | . o 113.39 _ Meriton | BR52 | HQ 852"/ 85:(3)"/ gg.,/ 4
_ [ [ Pinkish-brown, bioturbated, finely crystalline, dolostone, pyrite rich 197.66 Formation o o o
| I I !
4 [T CABOT HEAD FORMATION 114.91 [ E?
380 . e FT [ | [ Grey/green to red/maroon, shale BR53 HQ 079 | 95% | 3% 6
T S L
—+ 61" | 60" | 44"
385 —_ [ 1 BRS4 | HQ | 100%| 98% | 72%| 10 E
-T— 118 l I l I b
B Cabot Head 60" | 59" | 54 r
300 [ : I : - | Formation | BRS5 | HQ | 1000 a8%| o0%| ° b
T [T
1120 [T 58" | 57" | 47" P
305 —| [ I [ I BRSG | HQ | 979, | 959%| 78%| 7
) [T
_+ 60" | 60" | 50"
400 —— 122 l I l 19019 BRS7 | HQ 1 1009% 100%| 83%| ° :
T End of Borehole 122.38 - " ="
405 —-
—-— 124
40—
126
415 —
Screen Interval:  96.93 - 99.97; 22.56 - 25.60 m BGS Notes: Geophysical testing was completed by Lotowater

Sand Pack Interval:21.79 - 25.60 m BGS
Well Seal Interval: 0.00 - 21.79 m BGS

@ Stantec

m AMSL - metres above mean sea level
m BGS - metres below ground surface
m BTOC - metres below top of casing

S8 - split-spoon sample

PQ - wireline continuous core sample

n/a - not available/applicable

Technical Services Inc. within the open bedrock
borehole at C-PB-OW1-22A from January 27 to 28,
2022. Gamma counts within the overburden are
based on testing within the PVC casing at
C-PB-OW1-22H on March 30, 2022.

Drawn By/Checked By: SHMJF
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STANTEC BOREHOLE AND WELL - MASTER 17X11 160900968-20221007_CAMBRIDGE_EAST_LOGS.GPJ DATA TEMPLATE_ENVS_CA_140725.GDT 3/13/23 AHEALEY

Monitoring Well: C-PB-OW2-22

Project: Cambridge East Drilling Field Investigator: S. Hutchinson/ R. Baker
Client:  Region of Waterloo Contractor: Aardvark Drilling Inc.
Location: Township of Puslinch; Concession 1, Puslinch, east of Sideroad 10 Drilling method: CME 75 truck mount - Hollow Stem Auger/PQ Mud Rotary/HQ
Number: 160900968 Date started/completed: 31-Jan-2022 / 14-Feb-2022
SUBSURFACE PROFILE HYDROGEOLOGY SAMPLE DETAILS GEOPHYSIC DETAILS WELL DETAILS
S < Name: C-PB-OW2-22-A  Name: C-PB-OW2-22-B  Name: C-PB-OW2-22-C
Elevation e S o5 20 dE)‘ a 8 g Location:  9207773A Location: 9207773B Location: 9207773C
. . . - (m AMSL) Optical 58 = ] a3 | 2 x L] Caliper Gamma Resistivity |GS Elev: 302.42mAMSL  GS Elev: 302.67 mAMSL  GS Elev: 302.38 m AMSL
Depth | Graphic Log Lithologic Description Depth | Televiewer | =8 g SE | Ex| 8|8 |2 |8T (om) (cps) (Ohm.m) |TOC Elev: 30328 mAMSL ~ TOC Elev: 303.07 m AMSL  TOC Elev: 303.26 m AMSL
(mBGS) 2 8 nz ”n 14 g Easting: 4806872 Easting: 4806874 Easting: 4806870
g 4 8 12 16 50 100150200250 | 2500 5000 7500 | Northing: 562939 Northing: 562938 Northing: 562937
(ft) (m) 302.72 a L Ll L Stick-up:  0.86 m Stick-up:  0.40 m Stick-up:  0.88 m
Ground Surface 300 42 T P
0—T—0 <
+ ety 38-1028 A SS | nfa | na|nalna N “— Cement
. . 0t0 0.6 m
1 SAND ; i i 0.74 SS nfa | nfa | na | na <
5 — Medium to fine sand with trace gravel, dark yellowish brown (10YR, 4/4), wet, loose. «— 200 mm Borehole 200 mm Borehole o
i : T c SS | nia|nal| nal na Diameter Diameter « oleplug
. Fine sand beginning at 1.52 m. 0mto259m < < 0t025.9m 06t031m
1 N/A [ nfa | nfla | n/a | n/a
10 —
- Beginning at 3.05 m, fine sand with some silt, some cobbles and trace gravel, subangular, yellowish brown (10YR 5/4), wet, loose, well graded. 24"
— 1 PQ 0% nfa | nfa | n/a
15— ~&— 114 mm Diameter ~%— 114 mm Diameter 152 mm Borehole
- 34" Steel Casing < < Steel Casing Diameter
- s " bbles beginni 554 2 PQ 52% n/a | nfa | n/a 0t025.9m 0t025.9m 0to17.1m
— ome gravel, trace cobbles beginning at 5.54 m.
20 —
n 3 PQ 557:/0 nfa | nfa | n/a K
25 — Medium-fine sand with trace silt beginning at 7.37 m. ~&— Portland Cement ><— Portland Cement
] . Outside of 114 Outside of 114 .
. 4 PQ | 2 | wa | na | na mm casing mm casing Bentonite Grout
30 — Outwash 37% 002505 hiuprrtct 31t0134m
- deposits of
1 AFA2
n sand.and "
3 SILTY CLAY e 5 Pa | 3% | wa | na | na
90%
- brown (10YR 4/3), soft, saturated.
35 ] ~&— Schedule 80 X®— Schedule 80 Schedule 40
] SAND 46 60 mm OD PVC 60 mm OD PVC 60 mm OD PVC
— i 6 PQ n/a | n/a | n/a Casing Casing Casing
40 B Fine sand, trace gravel, subangular, (10YR 4/2), soft, wet, poorly graded. 77% Ct071.9m 0t035.9m 010182 m
. 12"
] STV SAND 7 PQ 20% nfa | nfa | n/a
45— Fine sand, some gravel, subangular to subround, (10YR 5/2), soft, wet, moderately graded. Bentonite Pellet:
] entonite Pellets
- SAND 8 PQ | na | na | na | na (Pel-Plug)
— Medium-fine sand with some silt and trace gravel, subangular, dark grayish brown (10YR 4/2), very soft, wet, well graded. 13.4to 14.6 m
50 — Medium-coarse sand beginning at 15.09 m. No. 2 Siica Sand
0. 2 Silica San
- 25"
— 9 P / / / 14.6t0 17.1m
m Some gravel and trace cobbles beginning at 16.13 m. Q | 42%| Ma | ma | na
55 — P n Fine sand beginning at 16.54 m. No. 10 Slot
] GRAVEL 60" 60 mm OD
- ‘ With some cobbles, subangular to angular. 10 PQ 100% nfa | nfa | n/a PVC Screen
g '. » &, Holeol Bentonite Grout 15210 16.8 m
- ~®— Holeplug entonite Grou
] " (Pel-Plug) Between 60 mm
- \?\;&H CLAY I, subround 10YR 6/1). fi " 11 PQ ;‘go/ n/a | nfa | n/a Between 60 mm and 114 mm
41 ith trace gravel, subround, gray ( ), firm, wet. o and 114 mm casing
65— 20 casing 0t023.5m
T . " 0t025.9m
a1 Silty to 60
-+ Some gravel beginning at 20.73 m. ATB1 clayey till 12 PQ | 1009| Ma | Ma | n/a
70 —_
1,5 (£ —= — T CLAYEYSLT _
- — — — Some gravel, subangular to angular, gray (10YR 6/1), firm, moist. 13 PQ n/a | n/a | n/a
- I I \Boulder 87%
[ S [~ T | GUELPH FORMATION
-1 Dolostone, light /b "
1o | I | I olostons, fignt greylbrown 14 PQ 1%%% na | nfa | nfa J
oo— [T
1 1 - X K goleplug
- 1 15 PQ ol Ma | na | na etween 60 mm
€1 | | 100% and 114 mm
85 ——26 casing
1 | I | I 23.5t025.9m
. 60" | 55" | 48"
T [ 1 cueon | BV HQ | 100%| 92% | s0% | °
90 —- [ 1 - Formart’ion ~€— 96 mm Borehole <€— Holeplug
-— 28 [ [ 6o 585 | 56" Diameter (Pel-Plug)
1 I I I I BrR2 | Ha | 500185 56 | 4 25.9t0 106.8 m 259mto35.1m
95— ] “*—Holeplug
T P . (Pel-Plug)
I | I | I BR3 HQ 600 570 57-05 3 259t071.2m ~%— 96 mm Borehole
— 100%| 95% | 96% Diameter
100 E | I | I 2591039.0m
:_ [ [ BR4 HQ 61.5"| 59" [59.5" 4
Screen Interval:  71.93 - 75.59; 35.96 - 39.01; 15.24 - 16.76 m BGS Notes: Geophysical testing was completed by Lotowater
Sand Pack Interval:14.63 - 17.07 m BGS m AMSL - metres above mean sea level Technical Services Inc. within the open bedrock
Well Seal Interval: 0.61 - 14.63 m BGS m BGS - metres below ground surface borehole at C-PB-OW2-22A from February 23 to 24,
m BTOC - metres below top of casing 2022. Gamma counts within the overburden are
S8 - split-spoon sample based on testing within the PVC casing at
PQ - wireline continuous core sample C-PB-OW2-22C on March 25, 2022.
Sta nte C n/a - not available/applicable
Drawn By/Checked By: RB/IMJF Sheet 1 0f 4




Monitoring Well: C-PB-OW2-22

STANTEC BOREHOLE AND WELL - MASTER 17X11 160900968-20221007_CAMBRIDGE_EAST_LOGS.GPJ DATA TEMPLATE_ENVS_CA_140725.GDT 3/13/23 AHEALEY

Project: Cambridge East Drilling Field Investigator: S. Hutchinson/ R. Baker
Client: Region of Waterloo Contractor: Aardvark Drilling Inc.
Location: Township of Puslinch; Concession 1, Puslinch, east of Sideroad 10 Drilling method: CME 75 truck mount - Hollow Stem Auger/PQ Mud Rotary/HQ
Number: 160900968 Date started/completed: 31-Jan-2022 / 14-Feb-2022
SUBSURFACE PROFILE HYDROGEOLOGY SAMPLE DETAILS GEOPHYSIC DETAILS WELL DETAILS
S < Name: C-PB-OW2-22-A  Name: C-PB-OW2-22-B  Name: C-PB-OW2-22-C
Elevation e S o5 20 aE; a 8 g Location:  9207773A Location: 9207773B Location: 9207773C
. . . - (m AMSL) Optical 58 o a9 a3 | 2 x L] Caliper Gamma Resistivity |GS Elev: 302.42mAMSL  GS Elev: 302.67 mAMSL  GS Elev: 302.38 m AMSL
Depth | Graphic Log Lithologic Description Depth | Televiewer | =8 g SE | Ex| 8|8 |2 |8T (cm) (cps) (Ohm.m) |TOC Elev: 30328 mAMSL ~ TOC Elev: 303.07 m AMSL  TOC Elev: 303.26 m AMSL
(mBGS) 2 8 nz n 14 g Easting: 4806872 Easting: 4806874 Easting: 4806870
g 4 8 12 16 50 100150200250 | 2500 5000 7500 | Northing: 562939 Northing: 562938 Northing: 562937
ft m 0 Stick-up:  0.86 m Stick-up:  0.40 m Stick-up:  0.88 m
) ) L1 [ L1
105——32 [ L[ 27013 : TO3%[ 98% | 99%
1 [T ERAMOSA FORMATION, REFORMATORY QUARRY MEMBER 3229 | | . .
-+ [ [ Dolostone, light grey/brown, coral-stromatoporoid wackestone to grainstone = : BR5 HQ 1%%0/ gga/ 5816"5/ 5
] 0 o o
110 —— [ 1
I—34 [ |
] [ 1 60" |57.5"| 58"
115 : I I I BRG | HQ | 400%| 96% | o7% |
T [ 1 g | a5 475 - <&—No. 2 Silica Sand
- i ismi : A1 1 mto 39.
o 36 [ ] | | | Possible seismite bed from 35.8 m to 37.8 m BR7 HQ | 970, | 750 | 799 | © 1 35.1mt039.0m
4 I I -
Elin SEEAFAEAEARE |1 105
125 —— 38 1 Reformatory _ 60 mm OD
I [ [ - Quarry PVC Screen
1 I I Member BR H 60" | 52" | 57" B 35.9t039.0m
T . 9 Q1 400%| 87% | 95% | 5
130 _—_ 40 | | Within open borehole, static and pumping flow profile indicated outward flow of water from 35 to 45 m
1 [ 1 61" | 60" | 60"
135 : [ : [ BR10 1 HQ 14029 100%| 100%|
] [ 1
) 56" | 57" | 57"
o l I l I BRIT | HQ | 530, | 95% | 95% | S
] l T l T dolostone, light grey/brown, vuggy, mineralization in vugs from 42.9 to 44.3 m " " "
4+ 61" | 53" |53.5
] [ 1 BR12 1 HQ 4029 88% | 89% | °
145 —— 44 —— 258.12 o| 067 o
- | | ERAMOSA FORMATION, VINEMOUNT MEMBER 44.30
1 [ [ | Dark brown to black, horizontal, thinly bedded dolostone with shale partings BR13 Ha 615" 58" | 60" | o
+ [ 1 103%| 97% | 100%
150 — 46 [ ~<«— 96 mm Borehole
- [ [ so | 58 | 65" Diameter
= I | I | BR14 | HQ | g0, | 97% | 94%| 4 Toiopg o em
N - S50 T2
T—a8 [ [ 1] BR15 | HQ | 81" | 60" | 60" |, Slertem
160 [ 1 102%)| 100%| 100%
— [ 1
- [ 1 ’
a1 Vinemount 57" | 43" | 41"
o550 | | | | © | Memper | BR16 | HQ | 9501 750, | 68%| ©
] [ 1
T [ 1 63" | 59" | 60"
0T ] BRI7 1 HQ 14059 08% | 100%| 3
52 [ 1
- [ 1
q1 60" | 59" |59.5"
s I | I | BRI | HQ 1400%| 98% | 99% | 2
4 [ 1
T L1 60" [54.5"| 55"
1 BR19 HQ . 6
180T | | | | i 100%| 91% | 92%
] [ 1 GOAT ISLAND FORMATION, ANCASTER MEMBER 54.99
I [ [ Dolostone, dark brown to black, fine crystalline, horizontally thinly bedded BR20 HQ 60" [59.5"|59.5" 2
185 56 [ ] [ 100%| 99% | 99%
- [ [ Goat Island
-+ [ [ light brown, medium bedded - Member " " .
- I I BR21 HQ 60 59" [59.5 1
190 - T T 100%| 98% | 99%
4 %8 ] 243.92
] 1 GASPORT FORMATION 58.50 BR22 | HQ |39 |54 |55 | ,
195 - [ [ Dolostone, alternating blue grey crinoidal reef mound with light grey coquinas 98% | 90% | 92%
=y [ 1
—-— 60 [ [ M " "
- 61" [60.5"|60.8'
w01 | I | I BR23 | HQ 14029| 101%] 101%| ©
1 ]
] I I 59" | 58" | 57"
s 62 T ] BR24 | HQ | g0, | o794 | 95%| 1
0 [ 1
T [ 1 o | san | san
q 1 BRo5 | Ha | 60" | 54" |58 | 4
Screen Interval:  71.93 - 75.59; 35.96 - 39.01; 15.24 - 16.76 m BGS Notes: Geophysical testing was completed by Lotowater
Sand Pack Interval:14.63 - 17.07 m BGS m AMSL - metres above mean sea level Technical Services Inc. within the open bedrock
Well Seal Interval: 0.61 - 14.63 m BGS m BGS - metres below ground surface borehole at C-PB-OW2-22A from February 23 to 24,
m BTOC - metres below top of casing 2022. Gamma counts within the overburden are
S8 - split-spoon sample based on testing within the PVC casing at
PQ - wireline continuous core sample C-PB-OW2-22C on March 25, 2022.
Sta nte C n/a - not available/applicable
Drawn By/Checked By: RB/IMJF Sheet 2 of 4




Monitoring Well: C-PB-OW2-22

STANTEC BOREHOLE AND WELL - MASTER 17X11 160900968-20221007_CAMBRIDGE_EAST_LOGS.GPJ DATA TEMPLATE_ENVS_CA_140725.GDT 3/13/23 AHEALEY

Project: Cambridge East Drilling Field Investigator: S. Hutchinson/ R. Baker
Client: Region of Waterloo Contractor: Aardvark Drilling Inc.
Location: Township of Puslinch; Concession 1, Puslinch, east of Sideroad 10 Drilling method: CME 75 truck mount - Hollow Stem Auger/PQ Mud Rotary/HQ
Number: 160900968 Date started/completed: 31-Jan-2022 / 14-Feb-2022
SUBSURFACE PROFILE HYDROGEOLOGY SAMPLE DETAILS GEOPHYSIC DETAILS WELL DETAILS
S < Name: C-PB-OW2-22-A  Name: C-PB-OW2-22-B  Name: C-PB-OW2-22-C
Elevation e S o5 20 E a 8 g Location:  9207773A Location: 9207773B Location: 9207773C
. . . - (m AMSL) Optical 58 = 22 2o | 2 x L Caliper Gamma Resistivity |GS Elev: 302.42mAMSL  GS Elev: 302.67 mAMSL  GS Elev: 302.38 m AMSL
Depth Graphic Log Lithologic Description Depth Televiewer %‘ @ 3 S g S 2 § 3 &5 e (cm) (cps) (Ohm.m)  |TOC Elev: 303.28 mAMSL  TOC Elev: 303.07m AMSL  TOC Elev: 303.26 m AMSL
(mBGS) 2 8 nz a 4 g Easting: 4806872 Easting: 4806874 Easting: 4806870
g 4 8 12 16 50 100150200250 | 2500 5000 7500 | Northing: 562939 Northing: 562938 Northing: 562937
(ft) (m) €N L L Stick-up:  0.86 m Stick-up:  0.40 m Stick-up:  0.88 m
210 ——64 | GASPORT FORMATION 100%[ 90% [ 97% B I
-1 | | Dolostone, alternating blue grey crinoidal reef mound with light grey coquinas —_— i :
. T & 59" | 53" | 57" | :
. BR26 HQ 2 o :
— [ [ - 98% | 88% | 95% I :
215 — I I - - o :
66 o :
T - oo | wa |62 |60 o | IR s
220 —+ T 103%| 100%| 102% iE :
4 [T ik :
1 [ 1 60" |58.5"| 59" | :
_ . BR28 | HQ | 400%| 98% | 98%| | :
= l l B :
I [ [ B :
4 59" | 58" |58.5" s :
] [ 1 BR29 | HQ | o5, | g7% | 98%| ' ik :
230 —— 70 [] | I | B :
1 1 60" | 57 | 54" i E :
- [ [ Flow profile indicated about 60% of flow from 71 to 76 m. BR30 HQ 100%| 95% | 90% 3 o :
235 — I I J : : . <®—No.2 Silica Sand
T—72 I T Y : 1t 71.2mto 75.6 m
:_ 60" 57_5“ 59n . . : -
- | I | I BR31 | HQ | 400%| 96% | 98% | > : -
] 1 : | <
] " " " : 1t No. 10 Slot
174 [ 1 60" | 59" |56.5 y B
I 1 BR32 | HQ |4000| oo | 94%| ' : 1 60 mm OD
245 —| T T 3 - PVC Screen
. 1 H  79w756m
T 59.5" | 54.5" | 54.5" I N -
1 5 [ 1 BR33T1HA Voow ot | ot | | 0 |l ik
250 — [ | [ | S :
1 [T 60" | 58" | 58" :
255 T 1 BR34 | HQ | 100%| o7% | o7% | 2 ;
. 78 | | :
- [ [ :
£ 58" | 54.5"|52.5" .
. L] BRSS | HQ | o795 | 01%| 8o | 2 | ¢ | :
260 — [ 1 R Gasport o :
] % [ | [ | Formation ool :
N 61" |59.5"|58.5" :
3 |- BR36 | HQ 14029| 9% | 98% | 2 :
265 1 :
] 1 :
e 60" |55.5"| 57" :
w1082 [T l I l BRS7 | HQ 1400%| 93% | 95% | 2 ;
= [ 1 :
I [ 1 60" |56.5"|56.5" :
yrs T I | I | BR38 | HQ 1400%| 94% | 94%| 3 :
84 :
=l 1 r
. 60" |56.5"| 57" :
w0 | | | | BR3S | HQ | 400%| 94% | 95% | * :
1 ] :
I8 [ 1 55" |535"| 54" :
2g5 ] [ I [ I BRAO | HQ | 95, | '8g% | 90%| ' :
1 [ 1 :
. 61" | 57" | 55" :
o 1% I | I | BRAT | HQ 140295| 95% | 92% | 3 :
g 1 5
I [ 1 60.5" | 58.5" | 53.5" :
sos T : I : I BR4Z | HQ 070 ‘o5% | Bo% | ;
T 90 :
4 [ 1 :
. 63" | 61" | 62" :
T | I | I BRA43 | HQ | 4050| 102%| 103%| 2 : ~<— Holeplug
300 —- ] : (Pel-Plug)
+—92 T i , : 75.6 10 106.8 m
- 59' 58" [58.5 :
s [ : [ : BRA4 | HQ | o0, | 97% | 98% | © :
€ ] ) B
- 60" |57.5"|54.5" Y
s % l | l BRAS | HQ 1400%| 06% | o1%| & | © il: ¢ f
i |
I [T 61" |58.5"| 60"
-1 T T BR46 HQ ) 3
Screen Interval:  71.93 - 75.59; 35.96 - 39.01; 15.24 - 16.76 m BGS Notes: Geophysical testing was completed by Lotowater
Sand Pack Interval:14.63 - 17.07 m BGS m AMSL - metres above mean sea level Technical Services Inc. within the open bedrock
Well Seal Interval: 0.61 - 14.63 m BGS m BGS - metres below ground surface borehole at C-PB-OW2-22A from February 23 to 24,
m BTOC - metres below top of casing 2022. Gamma counts within the overburden are
S8 - split-spoon sample based on testing within the PVC casing at
PQ - wireline continuous core sample C-PB-OW2-22C on March 25, 2022.
Sta nte C n/a - not available/applicable
Drawn By/Checked By: RB/IMJF Sheet 3 of 4
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Monitoring Well: C-PB-OW2-22

Project: Cambridge East Drilling Field Investigator: S. Hutchinson/ R. Baker
Client:  Region of Waterloo Contractor: Aardvark Drilling Inc.
Location: Township of Puslinch; Concession 1, Puslinch, east of Sideroad 10 Drilling method: CME 75 truck mount - Hollow Stem Auger/PQ Mud Rotary/HQ
Number: 160900968 Date started/completed: 31-Jan-2022 / 14-Feb-2022
SUBSURFACE PROFILE HYDROGEOLOGY SAMPLE DETAILS GEOPHYSIC DETAILS WELL DETAILS
S < Name: C-PB-OW2-22-A  Name: C-PB-OW2-22-B  Name: C-PB-OW2-22-C
Elevation o K} 05 o > 8 E Location: 9207773A Location: 9207773B Location: 9207773C
o = 20 2 ) [N}
. . : - (mAMSL)|  Optical 56 2 29 28| 2| %|§ |3 Caliper Gamma Resistivity |[GS Elev: 302.42mAMSL  GSElev: 30267 mAMSL ~ GS Elev: 302.38 m AMSL
Depth Graphic Log Lithologic Description Depth Televiewer % g 3 [c,)En g [c,)En 2 § 8 E e (cm) (cps) (Ohm.m)  |TOC Elev: 303.28 mAMSL  TOC Elev: 303.07m AMSL  TOC Elev: 303.26 m AMSL
(mBGS) £ @ z 14 g Easting: 4806872 Easting: 4806874 Easting: 4806870
g e = 4 8 12 16 50 100150200250 | 2500 5000 7500 | Northing: 562939 Northing: 562938 Northing: 562937
(ft) (m) €N L L L Stick-up:  0.86 m Stick-up:  0.40 m Stick-up:  0.88 m
315——96 [ | GASPORT FORMATION 102%][ 98% [ T00%] B : I
-1 | | Dolostone, alternating blue grey crinoidal reef mound with light grey coquinas :
1 [ 1 60" |59.5"|59.8" :
120 ] ] BR47 | HQ | 4000| 99% | 100%| °© :
-0 [ 1 :
+—98 [ [ :
£ 60" | 59" [59.5" .
s | I | I BRA8 | HQ | 100%| o8% | 99% | ! :
T [ 1 :
4 T T 202.50 61" | 60" |60.5" :
J 1o BR4S | HQ 14020, 100%| 101%| 3 '
230 T ROCHESTER FORMATION 100.20 Rochester N It Ry : ~<— Holeplu
-4 T [ | \Dark grey shale 202.14 Formation : (Pel—glugg)
1 [ | IRONDEQUOIT FORMATION 100.28 '\Irondeq}.loit' 59.5"|58.5" | 59" 75.6t0 106.8 m
- T T \Dolostone, fine crystalline, medium beded, grey to light grey 201.23 Formation/| BR50 HQ 99% | 98% | 98% | * :
335 — 102 T~ T~ "]\ROCKWAY FORMATION 101.19 | Rockway | :
I [T |\Greenish-grey argillaceous dolostone with thin shaley partings 200.46 F’arm@ttlon ., . . :
-+ | MERRITON FORMATION 101.96 Fomation | BRST | HQ | og |6 | ass | 3 5
340 — [T | Pinkish-brown, bioturbated, finely crystalline, dolostone 198.76 ° ° ° :
+— 104 [ 1 I [ I CABOT HEAD FORMATION 103.66 :
1 Grey/green to red/maroon, shale 59" |59.8"|54.5" :
] 1 BRS2 1 HQ | 959, | 100%| 91%| B :
345 — [ 1 _ | Cabot Head :
7 [ [ Formation :
—— 106 60.5"| 60" | 56" :
450 I l I l 19561 BRS3 | HQ 14019 100%| 93%| * :
] End of Borehole 106.81 n/a - -
355 108
%0440
365 —
— 112
370 —
1114
375 —
380116
385 —_
T— 118
390 —
J—120
395 —-
400 —— 122
405 —-
124
410
126
415 —
Screen Interval:  71.93 - 75.59; 35.96 - 39.01; 15.24 - 16.76 m BGS Notes: Geophysical testing was completed by Lotowater

Sand Pack Interval:14.63 - 17.07 m BGS
Well Seal Interval: 0.61 - 14.63 m BGS

@ Stantec

m AMSL - metres above mean sea level
m BGS - metres below ground surface
m BTOC - metres below top of casing
S8 - split-spoon sample

PQ - wireline continuous core sample
n/a - not available/applicable

Technical Services Inc. within the open bedrock
borehole at C-PB-OW2-22A from February 23 to 24,
2022. Gamma counts within the overburden are
based on testing within the PVC casing at
C-PB-OW2-22C on March 25, 2022.

Drawn By/Checked By: RB/IMJF
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Monitoring Well: C-PB-OW3-22

Project: Cambridge East Drilling Field Investigator: R. Baker
Client: Region of Waterloo Contractor: Aardvark Drilling Inc.
Location: Township of Puslinch; Ellis Rd, Cambridge (near Puslinch Lake Golf Course) Drilling method: CME 75 track mount - Hollow Stem Auger/PQ Mud Rotary/HQ
Number: 160900968 Date started/completed: 17-Feb-2022 / 12-Apr-2022
SUBSURFACE PROFILE HYDROGEOLOGY SAMPLE DETAILS GEOPHYSIC DETAILS WELL DETAILS
g < Name: C-PB-OW3-22-A  Name: C-PB-OW3-22-B  Name: C-PB-OW3-22-C
Elevation e S o5 ) dE)‘ 8 g Location:  9207774A Location: 9207774B Location: 9207774C
. . . - (m AMSL) Optical 55 o o9 a3 > o Q § b2l Gamma Resistivity |GS Elev: 303.40 mAMSL  GS Elev: 303.55mAMSL  GS Elev: 303.45m AMSL
Depth | Graphic Log Lithologic Description Depth | Televiewer | =8 g SE | Ex| 8|8 |2 |8: (cps) (Ohm.m) |TOC Elev: 303.97 mAMSL ~ TOC Elev: 304.02m AMSL ~ TOC Elev: 304.44 m AMSL
(mBGS) 2 8 nz ”n 4 g Easting: 4808938 Easting: 4808939 Easting: 4808937
g 50 100150200250 | 2500 5000 7500 | Northing: 558312 Northing: 558316 Northing: 558309
303.70 n Ll L Stick-up:  0.57 m Stick-up:  0.47 m Stick-up:  0.99 m
Ground Surface 30340 B S
0.00 ¥ Cement
3 0t0 0.6 m
\ <<—200 mm Borehole < <<—200 mm Borehole [€— 200 mm Borehole
N/A | nla | nfa | n/a Diameter Diameter Diameter
M < 0to26.5m < < 0t025.6 m 0t025.9m
299.59
SAND, GRAVEL AND COBBLES 3.81
Fine, medium and coarse sand, small, meidium and coarse gravel, well graded, sub-angular, sand matrix washed away. 1 PQ :;29;'/ wa | na €— 114 mm Diameter €— 114 mm Diameter
° Steel Casing Steel Casing
N < 0to26.5m < < 0t025.6 m
N/A | n/a | nfa | n/a
2 P |28 | va | wa [ Holeplug
80% 0.6t013.1m
>&— Portland Cement >&— Portland Cement
Outside of 114 Outside of 114
294.67 3 PQ 29" nla | na mm casing mm casing
SILTY SAND . . 8.53 48% 0t026.5m 0t0256m
Fine and meidium grained sand, some couarse sand, trace gravel, grayish brown (10YR 5/2)
0.1 m of firm silt at 8.8 mand 9.0 m. ,
Increase in coarse sand and gravel 10.13 m to 10.36 m 4 PQ 30 na | na
292.73 50%
SILTY SAND, GRAVEL AND COBBLES 10.67 N e 0 ve N Bentonite orout “ e e
| fine, medium and coarse sand, small, medium, and coarse gravel, some silt, well graded, sub-angular, silty sand matrix washed away. 26" mm etween o0 mm mm
5 PQ 43% n/a | n/a Casing and 114 mm Casing
° 0to67.1m casing 0to0 16.8m
Outwash 0t025.6 m
deposits of "
512 sand and 6 PQ 23?0/ n/a | n/a
gravel °
58" r®— Holeplug
7 PQ 97% n/a | n/a (Pel-Plug)
13.1to 15.5m
36" L - »
8 PQ | 5o, | Ma | na - 1&—No.2 Silica Sand
156.5t020.7m
9 NA | g | na | wa +— No. 10 Slot
. 60 mm OD
Bentonite Grout Schedule 80 PVC Screen
o Between 60 mm 60 mm OD PVC 16.8t0 18.4 m
10 PQ 3% n/a | n/a and 114 mm Casing
° casing 0t040.7m
0to24.4m
11 Ara 430 1 wa lna ]
500N /2
N/A | n/a | nfa | n/a
®— Native Cave
20.7t025.9m
: 277.80 N
GUELPH FORMATION 25.60
Dolostone, light grey/brown, grainstone to packstone
~&— 96 mm Borehole
BR1 HQ 28.8"|27.5"| 28.5" Diameter
\100%195%99% 26.5t0 1129 m
61.5"| 56" [53.5"
= BR2 | HQ 4030 93% | 89%
=5 ~€— Holeplug
= " , " (Pel-Plug)
- 2 41.
o BR3 | HQ 1%3% gg% 6905/0 24410396 m
100 — I I = ~&— Bentonite-Cement
-+ T T = Grout
] = 59" | 53" | 47" X X
£ T T - BR4 HQ AR 2561t035.1m
Screen Interval:  67.06 - 70.10; 40.69 - 43.74; 16.84 - 18.36 m BGS Notes: Geophysical testing was completed by Lotowater
Sand Pack Interval:15.54 - 20.73 m BGS m AMSL - metres above mean sea level Technical Services Inc. within the open bedrock
Well Seal Interval: 0.61 - 15.54 m BGS m BGS - metres below ground surface borehole at C-PB-OW3-22A from March 22 to April
m BTOC - metres below top of casing 7, 2022. Gamma counts within the overburden are
PQ - wireline continuous core sample based on testing within the PVC casing at
@ S ta n tec n/a - not available/applicable C-PB-OW3-22C on March 25, 2022.
Drawn By/Checked By: RB/IMJF Sheet 1 0f 4
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Monitoring Well: C-PB-OW3-22

Project:
Client:

Cambridge East Drilling
Region of Waterloo

Location: Township of Puslinch; Ellis Rd, Cambridge (near Puslinch Lake Golf Course)

R. Baker
Aardvark Drilling Inc.

Field Investigator:
Contractor:
Drilling method:

CME 75 track mount - Hollow Stem Auger/PQ Mud Rotary/HQ

Number: 160900968 Date started/completed: 17-Feb-2022 / 12-Apr-2022
SUBSURFACE PROFILE HYDROGEOLOGY SAMPLE DETAILS GEOPHYSIC DETAILS WELL DETAILS
§ < Name: C-PB-OW3-22-A  Name: C-PB-OW3-22-B  Name: C-PB-OW3-22-C
Elevation e S o5 ) E 8 g Location:  9207774A Location: 9207774B Location: 9207774C
i i i ioti (m AMSL) Optical 5§ = e 22| > | x| Q |5@ Gamma Resistivity |GS Elev: 30340 mAMSL ~ GS Elev: 303.55mAMSL  GS Elev: 303.45 m AMSL
Depth | Graphic Log Lithologic Description Depth | Televiewer | =8 g SE | Ex| 8|8 |2 |8: (cps) (Ohmm) |TOC Elev: 303.97 mAMSL ~ TOC Elev: 304.02mAMSL  TOC Elev: 304.44 m AMSL
(mBGS) 2 8 nz n 4 g Easting: 4808938 Easting: 4808939 Easting: 4808937
g 50 100150200250 | 2500 5000 7500 | Northing: 558312 Northing: 558316 Northing: 558309
)  (m) * | |Stick-up: 0.57m Stick-up:  0.47 m Stick-up:  0.99 m
— GUELPH FORMATION B Guelph .
105 - % : | : Dolostone, light grey/brown, grainstone to packstone Formation
T 60.5"|56.5" | 54"
1 I I I BRS | HQ |4010| 94% | 90%
1Mo— [ 1 ~«— 96 mm Borehole
T [ M " " Diameter
61 58' 58'
T | | | BR6 HQ 102%| 97% | 97% 25.6t045.3 m
15—
T [T
] 59" | 51" | 48"
13 | | I BRT | HQ | og9, | 85% | 80%
120 —~ [
T ] 6o | a6 | a5
oI BR8 HQ ~&— Holeplug
1 138 I l I 265.30 100%| 77% | 75% (Pel-Plug)
25 - | | ERAMOSA FORMATION, REFORMATORY QUARRY MEMBER 38.10 35.1t039.6 m
1 [ Dolostone, dark gray, vuggy, mineralization in vugs BRY Ha 60" | 41" | 49"
] [ 1 100%| 68% | 82%
180 — l q B <— annular Seal Plug * {~ <®— Annular Seal Plug
J40 L1 e | 53 [s5.5 at39.6m at39.6m
T I l I BR10 | HQ 14050, 8% | 93% i
185 [ Cavern observed in A borehole from 42.4 to 43.3 m and B borehole from 41.1 m to 45.3 m. % <¢— Open Cavern
1 42 | | Voids, up to 30 cm thick, were observed in A borehole from 43.3 m to 47.3 m BR11 Ha 50" | 38" | 42" =
4 [ 83% | 63% | 70% = <€—— No. 10 Slot
140 l I l <&—— QOpen Cavern = g?/gms" oD
\ /M\NVa/nn/a - creen
T I I N/A /m\n/a/M\n/a/n\n/a/ = 40.7 to 43.7 m
44 [
145 —] K BR12 A\ HQ A 22" 7" 45"
R A ~— seroae 0
T [ 1 BR13 | HQ | 41" | 22" | 26" 60 mm OD PVC
150 —] I 68% | 37% | 43% Egs;r;g 53m
-+ I sr14 | na | 54| 13| 12
T [ 1 90% | 22% | 20%
155 — I
T1—ag | [ | 60" | 32" | 23
] | . |Reformatory) BRI | HQ | 1000/ 53% | 38%
160 —| [ 1 Y
. [ Member
4 [ 1 I-stromatoporoid wackestone to grainstone from 49.5 m to 58.8 BR16 | Ha | B0, | 3% | 410
1 5 I coral-stromatoporoid wackestone to grainstone from 49.5 m to 58.8 m 100%| 65% | 68%
165 -1 I l I
Ey 58" | 32" | 31"
N [ 1 BRI7 1 HQ | 5704 | 53% | 52%
70— 4 : [ :
I 59" | 50" | 51"
+ I : I BR18 | HQ | 959, | 83% | 85%
175 —_ |
154 [ [ 1 60" | 51" | 520
] | BR19 1 HQ 14000 85% | 87%
180 — [ I [
oI 62.5"| 54" | 62"
156 [ I : BR20 | HQ 146201 90% | 103% ~<€—Holeplug
185 —- 1 (Pel-Plug)
1 I oo | 56 15650 45.71066.1 m
1 [ : [ BR21 1 HQ 14009 03% | 94%
190 —— 58
] [ 1
+ I 244 .57 56" | 39" |40.5"
I T ERAMOSA FORMATION, VINEMOUNT MEMBER 58.83 -_/]\Vinemount BR22 | HQ | g9, | e5% | 68%
195 - I \Dark brown to black, horizontal, thinly bedded dolostone with shale partings /- 244.42 Member
—+—60 I I GOAT ISLAND FORMATION 58.98 60" | 55" | 57
- I Dolostone with crinoids, brachiopods, and pinhole texture alternating with dark blue grey dolostone interpreted as small reef mounds BR23 HQ 100%| 92% | 95%
200 —- [ I [
4 60" | 44" | a9
T2 [ I l BR24 1 HQ 1400%| 73% | 82%
205 - I l I
-1 60" 37n 35n
T 1 BR25 | HQ | 100%| 60%] 58%

Screen Interval:

67.06 - 70.10; 40.69 - 43.74; 16.84 - 18.36 m BGS

Sand Pack Interval:15.54 - 20.73 m BGS
Well Seal Interval: 0.61-15.54 m BGS

@ Stantec

Notes:

m AMSL - metres above mean sea level
m BGS - metres below ground surface
m BTOC - metres below top of casing
PQ - wireline continuous core sample
n/a - not available/applicable

Geophysical testing was completed by Lotowater
Technical Services Inc. within the open bedrock
borehole at C-PB-OW3-22A from March 22 to April
7, 2022. Gamma counts within the overburden are
based on testing within the PVC casing at
C-PB-OW3-22C on March 25, 2022.

Drawn By/Checked By: RB/IMJF
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Monitoring Well: C-PB-OW3-22

Project: Cambridge East Drilling

Client: Region of Waterloo

Location: Township of Puslinch; Ellis Rd, Cambridge (near Puslinch Lake Golf Course)
Number: 160900968

Field Investigator: R. Baker
Contractor: Aardvark Drilling Inc.
Drilling method: CME 75 track mount - Hollow Stem Auger/PQ Mud Rotary/HQ

Date started/completed: 17-Feb-2022 / 12-Apr-2022

SUBSURFACE PROFILE HYDROGEOLOGY SAMPLE DETAILS GEOPHYSIC DETAILS WELL DETAILS
E - Name:  C-PB-OW3-22-A Name: C-PB-OW3-22-B Name:  C-PB-OW3-22-C
Elevation e S o5 ) E %g Location:  9207774A Location: 9207774B Location: 9207774C
) ) ) . (mAMSL)|  Optical 55 =4 2.9 22| 2| x| Q9 |50 Gamma Resistivity |GS Elev: 303.40mAMSL ~ GSElev: 303.55mAMSL  GS Elev: 303.45 m AMSL
Depth | Graphic Log Lithologic Description Depth | Televiewer | =8 g SE | Ex| 8|8 |2 |8: (cps) (Ohmm)  |TOC Elev: 303.97 mAMSL  TOC Elev: 30402 m AMSL ~ TOC Elev: 304.44 m AMSL
(mBGS) 2 8 nz a 4 g Easting: 4808938 Easting: 4808939 Easting: 4808937
g 50 100150200250 | 2500 5000 7500 | Northing: 558312 Northing: 558316 Northing: 558309
(ft) (m) €N L Stick-up:  0.57 m Stick-up:  0.47 m Stick-up:  0.99 m
210 ——64 | [ | GOAT ISLAND FORMATION
-1 | | Dolostone with crinoids, brachiopods, and pinhole texture alternating with dark blue grey dolostone interpreted as small reef mounds 6o | 52 | 4z
1 [ 1 BR26 | HQ o | 2% o | 6
] [ 1 100%| 87% | 78%
215 — [ [
1—66 1 60" | 40" | 43
T | I | I BR27 | HQ | 4000| 67% | 72% | 4 . ~t—No. 2 Silica Sand
220 —— J-1- 66.1t0 70.4 m
+ [ 1 -
7 60" | a3 | 41
T8 l I l BR28 | HQ 1 100%| 55% | 68% | © -
25— 1 ”|-—No. 10 Siot
T " " " ’ 60 mm OD
1 H5 Broo | Ha | 0,148 145 | 6 , PVC Screen
230——70 [ ] i e M - 67.1t070.1m
+ [ 1 e
1 [T srao | na | 60 |45 | am | o
100%| 75% | 78%
235 _+ [ [ R Goat Island 0 0 0
-+ 79 [ I [ I Formation
- 60" | 56" |55.5"
T | : | : BR31 | HQ 14000 93% | 93%| °
240 —|
h [T
-1 60" | 59" |59.5"
474 I [ I [ BR32 | HQ |100%| 8% | 9% | !
245 —~ ]
N [ ] 60" | 57" |57.5"
. 1 BR33 | HQ 14000 95% | 96% | °
76 [T ]
250 —|
b [T
T 58" | 43 | 53"
T I : [ : BR34 | HQ | 70| 720 | 88% | 3
255 —|
1 78 [ I [ I
-+ 61" | 53" | 54"
] | : | I BR35 | HQ 14020, 88% | 90% | *
260 —|
b [ 1
—80 [ 1 54" |50.5" | 52.5"
s ] BR3G | HQ | g00; | 845 | 88%|
] [T
-4 [ 1 62" |55.5"| 55"
€ 1 BR37 | HQ | 4030/ 93% | 92%| 5
82 I I
270 —
b [T
=+ 1 61" | 55" | 55"
+ | BR38 | HQ 14000, 920 | 92% | #
21584 | | Deformed bed about 30 cm thick with clasts at base of unit 21928
T | I | | GASPORT FORMATION gL sr3o | na |57 4 | 4o |
4 I I Dolostone, alternating blue/grey reef mounds with light grey/cream coquinas that include crinoids, bryozoans, and bivalves 96% | 78% | 82%
280 —|
=1 [T
T—8 [T ] 61" | 55" | 58"
. BRAO | HQ | 4000, o204 | 97%| 3
[T
285 —| 1
1 1 o1 | ser | 590
1 1 : I : BRA1 1 HQ 4000 o7% | 98% | 2
290 —
— [ 1
T ] 60.5"|55.5"| 57"
+ | BR4Z | HQ 14019 ‘93% | 95% | °
295 —— 90 [ [
4 [T 58" | 48" | 48
T I | I | BR43 | HQ | 70, | 0% | 80% | °
300 - o 1 <€— Holeplug
I [T 62" | 61" |61.5" (Pel-Plug)
T | BR44 | HQ 140309 1020%| 103%| ° 70410 112.9 m
305 — ]
1 [ [ " " "
60" | 57" | 57
104 [ : [ : BRAS 1 HQ 4009 05% | 95% | 2
310 —
- [T
_ 1 Gasport 59" | 58.5"|58.5"
T 1 - P BR46 | HQ | 9g0,| og%| ool ©

STANTEC BOREHOLE AND WELL - MASTER 17X11 160900968-20221007_CAMBRIDGE_EAST_LOGS.GPJ DATA TEMPLATE_ENVS_CA_140725.GDT 3/13/23 AHEALEY

Screen Interval: ~ 67.06 - 70.10; 40.69 - 43.74; 16.84 - 18.36 m BGS Notes:
Sand Pack Interval:15.54 - 20.73 m BGS m AMSL - metres above mean sea level
Well Seal Interval: 0.61 - 15.54 m BGS m BGS - metres below ground surface

m BTOC - metres below top of casing
@ Stantec

Geophysical testing was completed by Lotowater
Technical Services Inc. within the open bedrock
borehole at C-PB-OW3-22A from March 22 to April
7, 2022. Gamma counts within the overburden are
based on testing within the PVC casing at
C-PB-OW3-22C on March 25, 2022.

PQ - wireline continuous core sample
n/a - not available/applicable
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Monitoring Well: C-PB-OW3-22

Project:
Client:

Cambridge East Drilling
Region of Waterloo
Location: Township of Puslinch; Ellis Rd, Cambridge (near Puslinch Lake Golf Course)

Field Investigator:

Contractor:

Drilling method:

R. Baker

Aardvark Drilling Inc.
CME 75 track mount - Hollow Stem Auger/PQ Mud Rotary/HQ

Number: 160900968 Date started/completed: 17-Feb-2022 / 12-Apr-2022
SUBSURFACE PROFILE HYDROGEOLOGY SAMPLE DETAILS GEOPHYSIC DETAILS WELL DETAILS
§ < Name: C-PB-OW3-22-A  Name: C-PB-OW3-22-B  Name: C-PB-OW3-22-C
Elevation e S o5 20 E a 8 g Location:  9207774A Location: 9207774B Location: 9207774C
) . . - (m AMSL) Optical 58 =3 a9 2o | 2 x L Gamma Resistivity |GS Elev: 303.40 mAMSL ~ GS Elev: 303.55mAMSL  GS Elev: 303.45 m AMSL
Depth | Graphic Log Lithologic Description Depth | Televiewer | =8 g SE | Ex| 8|8 |2 |8: (cps) (Ohmm)  |TOC Elev: 303.97 mAMSL  TOC Elev: 30402 m AMSL ~ TOC Elev: 304.44 m AMSL
(mBGS) 2 8 nz a 4 g Easting: 4808938 Easting: 4808939 Easting: 4808937
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Screen Interval:

67.06 - 70.10; 40.69 - 43.74; 16.84 - 18.36 m BGS

Sand Pack Interval:15.54 - 20.73 m BGS
Well Seal Interval: 0.61-15.54 m BGS

@ Stantec

Notes:

m AMSL - metres above mean sea level
m BGS - metres below ground surface
m BTOC - metres below top of casing
PQ - wireline continuous core sample

n/a - not available/applicable

Geophysical testing was completed by Lotowater
Technical Services Inc. within the open bedrock
borehole at C-PB-OW3-22A from March 22 to April
7, 2022. Gamma counts within the overburden are
based on testing within the PVC casing at
C-PB-OW3-22C on March 25, 2022.
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Table B1: Construction Details

Monitoring Well |Year |Screened Screened Formation Closest Production
ID Built |Depth well Distance (m)
(mbgs)
C-PB-OW5-94-A | 1994 | 137.0-140.0 Cabot Head 1355 (P11)
C-PB-OW5-94-B | 1994 | 104.0-110.0 Middle Gasport 1355 (P11)
C-PB-OW5-94-C | 1994 53.3-59.7 Lower Guelph to 1355 (P11)
Reformatory Quarry
C-PB-OW5-94-D | 1994 43.3-48.3 Upper to Middle Guelph 1355 (P11)
C-PB-OW5-94-E | 1994 36.3-39.3 ATC1 1355 (P11)
C-PB-OW5-94-F | 1994 6.1-9.1 AFA2 1355 (P11)
C-PB-OW5-94-G | 1994 14.8-17.8 ATA1 1355 (P11)
C-PB-OW2-06-A | 2006 | 91.44-109.8 | Upper Gasport to Cabot 1,581 (P10A)
Head
C-PB-OW2-06-B | 2006 48.9-55.0 Lower Guelph to 1,581 (P10A)
Reformatory Quarry

C-PB-OW2-06-C | 2006 33.5-44.4 Guelph to Contact 1,581 (P10A)
C-PB-OW2-06-D | 2006 33.2-36.3 ATB3 1,581 (P10A)
C-PB-OW2-06-E | 2006 25.0-28.0 ATB3 1,581 (P10A)
C-PB-OW2-06-F | 2006 14.0-17 1 AFA2 1,581 (P10A)
C-PB-OW1-09-A | 2009 | 104.6-107.6 Middle Gasport 10 (P10B)
C-PB-OW1-09-B | 2009 86.0-89.0 Upper Gasport 10 (P10B)




Monitoring Well |Year |Screened Screened Formation Closest Production
ID Built |Depth well Distance (m)
(mbgs)
C-PB-OW1-09-C | 2009 34.1-37.2 Upper to Middle Guelph 10 (P10B)
C-PB-OW1-09-D | 2009 25.6-28.7 ATBA1 10 (P10B)
C-PB-OW1-09-E | 2009 4.5-7.6 ATB1 10 (P10B)
C-PB-OW1-11-A | 2011 19.8-22.9 ATB3/AFB3/ATC1 7 (P17)
C-PB-OW1-11-B | 2011 6.1-7.6 ATB1 7 (P17)
C-PB-OW1-92-A | 1992 29.5-84 .1 Upper Guelph to Upper 195 (P17)
Gasport
C-PB-OW1-92-B | 1992 18.3-21.3 AFB1 to ATB3 195 (P17)
C-PB-OW1-92-C | 1992 7.3-10.4 ATB1 195 (P17)
C-PB-OW1-22-A | 2022 96.9-99.9 Gasport 4,230 (P19)
C-PB-OW1-22-B | 2022 80.7-80.8 Gasport 4,230 (P19)
C-PB-OW1-22-C | 2022 70.9-71.0 Gasport 4,230 (P19)
C-PB-OW1-22-D | 2022 63.9-64 Gasport 4,230 (P19)
C-PB-OW1-22-E | 2022 52.3-52.4 Vinemount 4,230 (P19)
C-PB-OW1-22-F | 2022 46.9-47 Guelph 4,230 (P19)
C-PB-OW1-22-G | 2022 43.5-43.6 Guelph 4,230 (P19)
C-PB-OW1-22-H | 2022 22.6-25.6 AFB1 4,230 (P19)
C-PB-OW2-22-A | 2022 71.9-75.6 Gasport 4,653 (G19)




Monitoring Well |Year |Screened Screened Formation Closest Production
ID Built |Depth well Distance (m)
(mbgs)
C-PB-OW2-22-B | 2022 35.9-39 Reformatory Quarry 4,653 (G19)
C-PB-OW2-22-C | 2022 15.2-16.8 AFA2 4,653 (G19)
C-PB-OW3-22-A | 2022 67.1-70.1 Goat Island 2,360 (P19)
C-PB-OW3-22-B | 2022 40.7-43.7 Reformatory Quarry 2,360 (P19)
C-PB-OW3-22-C | 2022 16.8-18.4 AFA2 2,360 (P19)
Piezometer Year | Screened Screened Formation Closest Production
Monitoring ID Built Depth well Distance (m)
(mbgs)
C-PB-DP1-21-A | 2021 2.1-2.5 Shallow Overburden 1,800 (P10A)
C-PB-DP1-21-B | 2021 1.0-1.4 Shallow Overburden 1,800 (P10A)
C-PB-DP3-21-A | 2021 2.1-2.6 Shallow Overburden 2,810 (P19)
C-PB-DP3-21-B | 2021 1.3-1.7 Shallow Overburden 2,810 (P19)
C-PB-DP5-22-A | 2022 2.0-24 Shallow Overburden 2,610 (P19)
C-PB-DP5-22-B | 2022 1.1-1.5 Shallow Overburden 2,610 (P19)
Surface Water Year Closest Production
Monitoring ID Built well Distance (m)
C-PB-SW3-21-Z | 2021 2,810 (P19)
C-PB-SW5-21-Z | 2021 2,610 (P19)
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TABLE C-1

WELL FIELD WATER PRODUCTION SUMMARY
REGION OF WATERLOO - 2025 GROUNDWATER MONITORING REPORT

BURNSIDE

Region of Waterloo
I I
Major Permit to Take Water Details 2021 Production Summary 2022 Production Summary 2023 Production Summary 2024 Production Summary 2025 Production Summary
Well Field or Production Status MOE Permitted Permitted| Total Production = Average | Average | Total Production @ Average | Average | Total Production | Average | Average | Total Production @ Average | Average | Total Production @ Average | Average
Minor Well Permit Capacity Rate Well Volume Daily Rate Rate Well Volume Daily Rate Rate Well Volume Daily Rate Rate Well Volume Daily Rate Rate Well Volume Daily Rate Rate
Supply |  Name Number' (total m* /year)* (L/s)* (total m* /year) | (m*/day) (L/s) (total m*/year) | (m*/day) (L/s) (total m*/year) | (m*/day) (L/s) (total m* /year) | (m*/day) (L/s) (total m* /year) | (m*/day) (L/s)
P10 Decommissioned 7858-BXUUUH Combind Rate for 7858-BXUUUH 680,107 1,863 22 580,945 1,592 18 0 0 0 - - - - - -
P10A Primary 7858-BXUUUH 0 0 0 0 0 0 0 0 0 7,440 0 0 153 0 0
P10B Primary 7858-BXUUUH 0 0 0 0 0 0 490,481 0 0 673,322 0 0 504,515 1,382 16.0
Pinebush East Major P11 Primary 7858-BXUUUH 155,873 427 5 138,236 379 4 50,725 139 2 95,078 260 3 0 0 0
P17 Primary 7858-BXUUUH 79 0 0 45,385 - - 23,727 65 1 106,665 292 3 196,640 539 6
P19 Primary 7858-BXUUUH 4,053,007 161 0 0 0 0 0 0 0 0 0 37,464 103 1 2 0 0
Well Field Total 4,053,007 161 836,059 2,291 27 764,566 2,095 24 564,933 1,548 18 919,969 2,520 29 701,310 1,921 22
*The combined taking from wells shall not exceed an
anuual daily average of 11,104,128 L/day

Notes:

- = no applicable data
n/a = data not available
* = rates and volumes based on permitted L/day

BURNSIDE
Prepared by: SQ/LH
Date: 3/11/2026

File: 0464020_2025 PINEBUSH_P10 P11 P17 P19 Report Well Field Water Production Summary\Table C-1
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REGION OF WATERLOO
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Date Stage (m) Stream Flow (L/s)
15-Apr-24 0.20 107.4
24-May-24 0.08 13.4
21-Jun-24 0.15 35.0
30-Jul-24 0.23 61.3
28-Aug-24 0.11 19.6
20-Sep-24 0.13 4.5
25-Oct-24 0.06 3.9
4-Apr-25 0.35 324.7
26-May-25 0.11 24.4
18-Jun-25 0.07 3.7
7-Jul-25 0.11 21.2
28-Aug-25 0.06 0.9
18-Sep-25 0.06 0.8
20-Oct-25 0.06 1.4
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Table D-1
Precipitation Variation from Average
Region of Waterloo - 2025 Groundwater Monitoring Report

Kitchener/Waterloo Weather Station University of Waterloo Station
Established 1966 Established 1988
Annual 30-yr NORMAL Annual Average
Precipitation Precipitation | Difference Precipitation Precipitation | Difference
Year (mm) 1981-2010 (mm) (mm) Year (mm) 1998-2024 (mm) (mm)
2016 748 851 -103 2016 891 871 20
2017 818 851 -33 2017 989 871 118
2018 749 851 -102 2018 950 871 79
2019 695 851 -156 2019 923 871 52
2020 689 851 -162 2020 953 871 82
2021 772 851 -79 2021 1022 871 151
2022 438 851 -413 2022 578 871 -293
2023 813 851 -38 2023 959 871 88
2024 874 851 23 2024 763 871 -108
2025 723 851 -128 2025 943 871 72
Shand Dam Conestogo Dam
Established 1939 Established 1961
Annual Average Annual Average
Precipitation Precipitation | Difference Precipitation Precipitation | Difference
Year (mm) 1940-2025 (mm) (mm) Year (mm) 1961-2025 (mm) (mm)
2016 976 926 50 2016 983 990 -7
2017 1093 926 167 2017 1210 990 220
2018 849 926 -77 2018 962 990 -28
2019 1081 926 155 2019 992 990 2
2020 1017 926 91 2020 1021 990 31
2021 876 926 -50 2021 975 990 -15
2022 798 926 -128 2022 907 990 -83
2023 1015 926 89 2023 1053 990 63
2024 994 926 68 2024 972 990 -18
2025 995 926 69 2025 1025 990 35
Woolwich Dam Shade's Mills Dam
Established 1960 Established 1960
Annual Average Annual Average
Precipitation Precipitation | Difference Precipitation Precipitation | Difference
Year (mm) 1960-2025 (mm) (mm) Year (mm) 1960-2025 (mm) (mm)
2016 844 835 9 2016 934 909 24
2017 986 835 151 2017 1092 909 183
2018 869 835 34 2018 1042 909 133
2019 824 835 -11 2019 1059 909 150
2020 862 835 27 2020 848 909 -62
2021 649 835 -186 2021 1020 909 111
2022 668 835 -167 2022 682 909 -227
2023 859 835 24 2023 982 909 73
2024 793 835 -42 2024 976 909 67
2025 732 835 -103 2025 895 909 -14
Laurel Dam Roseville Weather Station
Established 1960 Established 1972
Annual Average Annual 30-yr NORMAL
Precipitation Precipitation | Difference Precipitation Precipitation | Difference
Year (mm) 1960-2025 (mm) (mm) Year (mm) 1981-2010 (mm) (mm)
2016 985 938 47 2016 899 919 -20
2017 1062 938 124 2017 882 919 -37
2018 1071 938 133 2018 905 919 -14
2019 940 938 2 2019 957 919 38
2020 938 938 0 2020 817 919 -102
2021 1027 938 89 2021 832 919 -87
2022 689 938 -249 2022 637 919 -282
2023 921 938 -17 2023 945 919 26
2024 907 938 -31 2024 856 919 -63
2025 894 938 -44 2025 786 919 -133
NOTES:

WIA station data is not subject to review by the National Climate Archives, therefore, undergoes very limited quality checking.
GRCA Dam stations data is not reviewed extensively and undergoes limited quality checking.
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Region of Waterloo — 2025 Groundwater Monitoring Report

Figure D.1
Shade's Mills Dam
Monthly Precipitation
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REGION OF WATERLOO 1
2025 Groundwater Level Monitoring Program Report — APPENDIX E

GROUNDWATER LEVEL MONITORING PROGRAM PROCEDURES
E.A Overview

The Region of Waterloo (Region) collects water level measurements at specific
monitoring wells to ensure sustainable long-term water supply and to meet monitoring
and reporting requirements for the Region’s water-taking permits. The goal of the
program is to manage and protect the Region’s groundwater supply and to assess the
potential impact of municipal pumping on the groundwater and surface water resources
in the Region. The ongoing collection and assessment of groundwater level data is
integral to assess any changes to the water resources that may occur due to pumping.

E.1.1 Production Well Pumping and Water Levels
In 2023 the Region managed approximately 132 production wells with status defined as:

e Commissioned — Active wells
e New Not-Commissioned — Well are inactive or locked out until future demand or
repairs/maintenance of other wells requires activating them

The well fields are referred to as Urban (Kitchener, Waterloo, and Cambridge) and Rural
(North Dumfries, Woolwich, Wilmot, and Wellesley). Well fields in Kitchener, Waterloo,
and Cambridge are referred to as the Integrated Urban System (IUS).

The Region's active production wells are monitored through the Region’s SCADA
(Supervisory Control and Data Acquisition) system, which reads and records the volume
pumped on a daily basis. A few wells do not have their own meter but are combined
with other nearby well(s) in the well field and the combined flow is divided into a record
for each source. Water level measurements are obtained from the production wells
where required. All manual measurements are obtained using either an air line or a
water level tape.

R.J. Burnside & Associates Limited HA0464020.2024
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REGION OF WATERLOO 2
2025 Groundwater Level Monitoring Program Report — APPENDIX E

E.1.2 Monitoring Wells and Surface Water levels

Water levels are measured at monitoring wells and at some surface water features. The
objective of this monitoring is to collect data to ensure that the Region's water taking has
minimal impact on the environment and on private water takers.

Water levels in the Region's monitoring wells are measured either electronically or
manually. Most of the wells that are monitored electronically use datalogger equipment
manufactured by /n-Situ Inc.® LevelTROLLs® and RuggedTROLLs®; as well as, by Van
Essen Instruments (formerly Schlumberger Water Services) Mini-Divers®, Micro-Divers®,
and TD-Divers®; or by Solinst® Leveloggers®. The datalogger pressure sensor models
used may be either vented (gauged) or non-vented (absolute) for In-Situ Inc.®; whereas,
for Van Essen Instruments and for Solinst,® non-vented (absolute) models are used.
Barometric dataloggers by each manufacturer suspended in select well locations are
also used with the non-vented (absolute) models to provide the required barometric
pressure compensation necessary in producing the water level data. Manual monitoring
is done using a Solinst® and/or Heron Instruments Inc. electronic water level meter with
both visual and audio indicators.

The electronically monitored wells are typically measured every hour, with increased
frequency as required. At the hourly frequency, the following trends can be
distinguished in an individual monitoring well:

e Seasonal climate trends;

e Water level changes in the aquifer that is being pumped;

e Water level changes in aquifers connected to the pumped aquifer; and

e Individual precipitation events in unconfined aquifers.

The manually monitored wells are measured once per month. At this frequency only the
first three responses listed above can be distinguished.

E.1.3 Climatological Data

To evaluate the reaction of water levels to changes in climatic conditions, precipitation
data are monitored at various locations throughout the Region. Within the Region of
Waterloo, climate data is collected by Environment Canada at the Region of Waterloo
International Airport (WIA) and the Roseville weather station, by the Grand River
Conservation Authority (GRCA) at various Dam locations and by the University of
Waterloo at a weather station located on the north campus.
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REGION OF WATERLOO 3
2025 Groundwater Level Monitoring Program Report — APPENDIX E

E.2 Groundwater Level Collection Protocols
E.2.1 Groundwater Level Monitoring Network Summary Well Checklist

A well checklist and data entry spreadsheet are prepared of all the measuring points
where water levels will be collected on a monthly basis. The checklist and spreadsheet
are organized by well field so wells in close proximity are grouped together and indicates
whether locations are measured with electronic dataloggers or manual measurements
only. Once a well is visited, data is entered in the spreadsheet and the well is checked
off the list; thus, the checklist and spreadsheet provides an obvious indication that work
is unfinished if a location is unchecked and has no data.

E.2.2 Well Inspection

Upon visiting a well for the first time, the well/casing/equipment details are noted, photos
taken, and GPS coordinates are recorded in a field book and/or in the monthly data entry
spreadsheet. Well/casing/equipment details includes: location, access, condition,
materials, diameters, casing security, surface seal condition, requiring repair or not,
well/casing stickup measurements from ground level, well total depth, and the type of
datalogger and/or sampling equipment installed. Any notable deficiencies, concerns,
problems, or changes in the well condition are recorded in a field book and/or in the
monthly data entry spreadsheet, as well as, photos are taken. Also, any observed
activities taking place around or near the well that are worth noting are recorded in a
field book and/or in the monthly data entry spreadsheet.

E.2.3 Monitoring Well Manual Water Level Measurement Procedure

e Unlock well casing and open well casing lid.

e Remove well cap (if present).

e Use an Electronic Water Level meter and lower the probe down the well until the
meter beeps to indicate the probe has encountered water.

e The probe is raised up until the beep of the meter stops, indicating the probe is now
above the water.

e Then the probe is slowly lowered down until the probe just contacts the water level
surface causing the meter to beep.

e At this point the depth (in meters) is read off the water level meter tape from the
measuring point of the well (in most cases is the top of the casing or pipe) and this
provides the water level depth below the measuring point.

e The date, time, and water level depth measured is recorded in a field book and/or in
the monthly data entry spreadsheet.

e This procedure is repeated for each of the well screens inside the well casing.

R.J. Burnside & Associates Limited HA0464020.2024
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REGION OF WATERLOO 4
2025 Groundwater Level Monitoring Program Report — APPENDIX E

o Replace well caps.
¢ Close well casing lid and lock well casing.

E.2.4 Downloading of Water Levels from Electronic Dataloggers Procedure

For Non-Vented (Absolute) Datalogger Models:
In-Situ Inc.® LevelTROLLs® and RuggedTROLLs®, Van Essen Instruments Divers®, and
Solinst® Leveloggers®

e Prior to downloading data from the datalogger, a manual water level is measured in
each well screen containing a datalogger.

e The datalogger is pulled out of the well, unthreaded from the cap that is attached to a
wire cable and connected to (or placed in) the corresponding datalogger
communication device. The communication device is connected to a laptop/tablet PC
or a RuggedReader® Handheld PC and the associated datalogger software is
started.

o Water level data stored in the datalogger is subsequently downloaded and viewed
using the datalogger software and saved on the hard drive/memory.

¢ Note: downloading data from the datalogger does not automatically stop the
datalogger from recording.

e The status of the datalogger is viewed and checked for correct operation and to
confirm that the datalogger is hanging in the well water within its operating range.

e Select datalogger details such as the battery level and free/used memory are
recorded in a field book and/or in the monthly data entry spreadsheet.

e |If the datalogger does not require restarting to free up memory or to change the
sample rate, then the datalogger is removed from the communication device and is
threaded back onto its cap and lowered back down the well on the wire cable.

e |If the datalogger does require restarting to free up memory or to change the sample
rate, then the datalogger is stopped, reprogrammed, and restarted using the
datalogger software and, as a result, erases the previous data stored in memory on
the datalogger.

e This procedure is repeated for each datalogger within each of the well screens inside
the well casing.

e After all the non-vented (absolute) dataloggers have been downloaded then the
Barometric dataloggers are downloaded following the same procedure as above.
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REGION OF WATERLOO 5
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For Vented (Gauged) Datalogger Models:
In-Situ Inc.® LevelTROLLs®

e Prior to downloading data from the datalogger, a manual water level is measured in
each well screen containing a datalogger.

e The desiccant tube is unconnected from the datalogger cable.

e The datalogger cable is connected to a communication cable device that is
connected to a laptop/tablet PC or a RuggedReader® Handheld PC and the
datalogger software is started.

o Water level data stored in the datalogger is subsequently downloaded and viewed
using the datalogger software and saved on the hard drive/memory.

¢ Note: downloading data from the datalogger does not automatically stop the
datalogger from recording.

e The status of the datalogger is viewed and checked for correct operation and to
confirm that the datalogger is hanging in the well water within its operating range.

e Select datalogger details such as the battery level, free/used memory, and desiccant
condition (colour) are recorded in a field book and/or in the monthly data entry
spreadsheet.

e The desiccant tube condition is checked and replaced if necessary.

e If the datalogger does not require restarting to free up memory or to change the
sample rate, then the communication cable device is disconnected from the
datalogger cable and the desiccant tube is reconnected.

e |If the datalogger does require restarting to free up memory or to change the sample
rate, then the datalogger is stopped, reprogrammed, and restarted using the
datalogger software and, as a result, erases the previous data stored in memory on
the datalogger.

e This procedure is repeated for each datalogger within each of the well screens inside
the well casing.

E.2.5 Data Entry and Processing into the Burnside MS ACCESS/SQL® Database

o Allfield data collected (i.e. date, time, manual water level depth measured,
comments) and recorded for each well screen and datalogger in a field book is
entered into the monthly data entry spreadsheet, unless already entered in the field
using a laptop/tablet PC.

e The monthly data entry spreadsheet is checked and reviewed prior to importing the
data into a database table using Burnside Water Level Data Tools software. Manual
water level depth values are converted into water level elevation values using the
software during this import process.

e Any associated well notes, comments, and datalogger details are entered into a
database table under the appropriate well and screen.
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REGION OF WATERLOO 6
2025 Groundwater Level Monitoring Program Report — APPENDIX E

e Water level data from the dataloggers downloaded to a laptop/tablet PC or a
RuggedReader® Handheld PC are transferred to Burnside file folder network upon
returning to the office.

e These datalogger water level data files are subsequently read and the data is
imported into a database table using Burnside Water Level Data Tools software.

e Using Burnside Water Level Data Tools software, the datalogger water level data are
reviewed and processed (as described below) resulting in corrected water level
depth values and corrected water level elevation values that are stored in a database
table.

e For Non-Vented (Absolute) Datalogger Models:

Datalogger water level data is first barometric pressure compensated using selected
Barometric datalogger data, then a manual water level depth value measured at the
time of the most recent download is applied and used to convert the barometric
compensated water level data into corrected water level depth values, which are
converted into water level elevation values that are appended to a database table.

e For Vented (Gauged) Datalogger Models:

A manual water level depth value measured at the time of the most recent download
is applied to the datalogger water level data to convert the water level data into
corrected water level depth values, which are converted into water level elevation
values that are appended to a database table.

e Temperature data recorded by the dataloggers are also imported into a database
table.

e Hydrographs are subsequently created for each well and screen from the water level
elevation data in the database for review and presentation. If there are some data
points that are erroneous, then these data points are marked as non-reportable
(invalid) within the database and/or are removed resulting in them not being plotted
on the hydrographs.

¢ An updated data file is provided to the Region on a quarterly basis for upload into
their eWRAS EQuIS database.
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