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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 7214-AMGR5G) for the Middleton Well Field requires
submission of a well field specific biennial report to the Ministry of Environment,
Conservation and Parks (MECP) which documents production well pumping volumes
and water levels in specific monitoring wells every two years. This report has been
prepared to meet the reporting conditions of the PTTW for 2024 and 2025. A copy of the
PTTW is included in Appendix A.

The location of the Middleton Well Field is shown in Figure 1 and the production wells in
Cambridge are shown in Figure 2 with the monitoring network for G1, G1A, G2, G3 and
G14 shown in Figure 3. Well records for the production and monitoring wells are found
in Appendix B.

1.1 Scope of Work

The Region regularly records water levels from a network of monitoring wells to satisfy
the requirements of their PTTW and to confirm that the Region's 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 Middleton Well Field (G1, G1A, G2,
G3, G14) in accordance with PTTW 7214-AMGR5G which consists of the following
activities:

e Measuring the daily volume of water pumped from the G1, G1A, G2, G3 and G14
production wells (Condition 4.1 of the PTTW);

e Measuring water levels in monitoring wells C-MS-BH4-94-AB, C-MS-BH2B-93-AB,
C-MS-BH1-93-ABC, C-MS-OW104-90-A, C-MS-OW2-92-AB and C-MS-MW1-08-AB
(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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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 Middleton Well Field is located north of First Avenue and West of Middleton Street
in the southern portion of the City of Cambridge. The closest municipal well field is the
Willard Well Field which is located about 1.5 km to the south (Figure 2). The closest
surface water feature to the G1, G1A, G2, G3 and G14 site is the Grand River located
200 m to the east of G14 (Figure 3).

211 Pumping Wells

Well records for the production wells are found in Appendix B. The Middleton Well Field
has been used for water supply since the late 1880’s. Initially, seepage was collected at
the base of the riverbanks. In the early 1900’s, wells were installed which flowed
naturally and were later pumped. Records of water level measurements are available
for the production wells since 1975 and for observation wells since 1993.

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

Table 1: Production Well Construction Details

Year Casing Open Hole (:IF:)T:
Well . Diameter | Diameter | . Aquifer
Name Built (mm) (mm) interval
(mbgs)
Lower
G1 NA 350 350 29.3-59.4 | Guelph / Eramosa / Upper
Gasport
28.46- Lower
G1A | 1951 300 500 ' Guelph / Eramosa / Upper
59.7
Gasport
G2 NA 500 500 29.7-49.1 Lower Guelph / Eramosa
G3 1951 508 508 38.2-52.5 Lower Guelph / Eramosa
R.J. Burnside & Associates Limited HA0464020.2024
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Year Casing Open Hole (I)_sz:
Well . Diameter | Diameter | . Aquifer
Name Built (mm) (mm) interval
(mbgs)
G14 | 1951 508 457 29.9-54.2 Eramosa / Upper Gasport

The water taking volumes for the Middleton G1, G1A, G2, G3 and G14 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
Permltteq Avg. Max Total Avg. Daily Total
Max. Daily | Daily Max
Taken Volume Water Volume
Well Water Water . Taken per
. ) per Day |Pumped | Taking Pumped
Taking Taking Day (m?3)
(m?) (m?) (m?) (m?)
(m3) (m3)
G1 24,000 4,079 7,776 | 1,489,008 5,772 7,777 | 2,106,682
G1A 24,000 2,026 4,050 | 739,363 3,492 3,889 | 1,274,414
G2 24,000 3,019 7,777 1,101,821 2,184 7,777 797,219
G3 24,000 6,531 7,780 | 2,383,644 5,508 8,101 | 2,010,307
G14 24,000 110 1,562 40,083 799 4,114 291,643
Combined 24,000] 15,764 | 19,643*| 5,753,919 17,754 22,595* | 6,480,265

Note: *Combined maximum taken per day occurred on May 21, 2024 and June 1, 2025.

In each calendar year the Permit Holder may increase the amount of taking up to
30,000 m?/day for a maximum of 100 days (not necessarily consecutive) and up to
35,000 m®day for a maximum of 15 additional days (not necessarily consecutive)
provided that the average annual daily taking remains at or below 24,000 m®/day.

Production wells G1, G1A and G3 are typically pumped every day, while G2 and G14
are pumped less fequently (434 days and 375 days respectively over the past two
years). 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.
Pumping volumes from the well field ranged from 452,000 m3/month to

510,333 m®/month in 2024, and from 460,709 m®/month to 622,633 m3/month in 2025.

R.J. Burnside & Associates Limited HA0464020.2024
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In total, 5,753,919 m® was produced at this well field in 2024 and 6,480,265 m® was
produced in 2025. These volumes are similar to the previous three years and below the
permitted volume of 8,760,000 m? per year (Table C-1).

21.2 Monitoring Wells

The Region recently updated their well naming protocol in 2017 and as a result, the well
names in EQuIS may vary from the names listed on the PTTW. The well names on the
PTTW are shown below along with the updated name that is used by the Region. The
updated Region names will be used throughout this report.

Table 3: Well Nomenclature

Monitoring well names as they Revised well names consistent with
appear on the PTTW Region nomenclature

C-MS-BH4A-94 C-MS-BH4-94-A

C-MS-BH4B-94 C-MS-BH4-94-B
C-MS-BH2BA-93 C-MS-BH2B-93-A
C-MS-BH2BB-93 C-MS-BH2B-93-B
C-MS-BH1A-93 C-MS-BH1-93-A

C-MS-BH1B-93 C-MS-BH1-93-B

C-MS-BH1C-93 C-MS-BH1-93-C
C-MS-OW104A-90 C-MS-OW104-90-A
C-MS-OW2A-92 C-MS-OW2-92-A
C-MS-OW2B-92 C-MS-OW2-92-B
C-MS-MW1A-08 C-MS-MW1-08-A
C-MS-MW1B-08 C-MS-MW1-08-B

Observation wells C-MS-BH1-93-ABC and C-MS-OW2-92-AB are located adjacent to
wells G1, G1A, G2, G3 and G14. C-MS-BH4-94-AB is located to the west, C-MS-
OW104-90-A is located to the north and C-MS-BH2B-93-AB and C-MS-MW1-08-AB are
located to the east (Figure 3).

Construction details and the locations of C-MS-BH4-94-AB, C-MS-BH2B-93-AB,
C-MS-BH1-93-ABC, C-MS-OW104-90-A, C-MS-OW2-92-AB and C-MS-MW1-08-AB are
described in Table 4 below. Well records for the monitoring wells are provided in
Appendix B.

Table 4: Monitoring Well Construction Details

Monitoring Year Screened Screened Distance to closest

Well ID Built Depth Formation production well (m)
(mbgs)

C-MS-BH4-94-A 1994 78.5-84.6 Eramosa 758 (G3)

R.J. Burnside & Associates Limited HA0464020.2024
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Monitoring Year Screened Screened Distance to closest
Well ID Built Depth Formation production well (m)
(mbgs)

C-MS-BH4-94-B 1994 55.4-58.5 | Lower Guelph 758 (G3)
C-MS-BH2B-93-A 1993 43.0-49.0 | Upper Gasport 310 (G14)
C-MS-BH2B-93-B 1993 28.4-34.4 | Upper Gasport 310 (G14)
C-MS-BH1-93-A 1993 89.8-97.5 | Middle Gasport 59 (G3)
C-MS-BH1-93-B 1993 69.2-75.2 | Upper Gasport 59 (G3)
C-MS-BH1-93-C 1993 51.1-57.2 Eramosa 59 (G3)
C-MS-OW104-90-A |1990 86.0-107.0 Gasport 1310 (G3)
C-MS-OW2-92-A 1992 41.7-44.8 Eramosa 89 (G1A)
C-MS-OW2-92-B 1992 26.5-31.1 | Lower Guelph 89 (G1A)
C-MS-MW1-08-A 2008 48.5-53.0 | Upper Gasport 120 (G14)
C-MS-MW1-08-B 2008 32.0-35.1 | Upper Gasport 120 (G14)
2.2 Regional Geology and Hydrostratigraphy

The following sections provide a brief overview of the regional geology and
hydrogeology of the Middleton 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 Middleton Well Field are included as Figures 5 and 6 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 Middleton Well Field. It should be noted that the deep
A series wells were not included in the modelling. The layers displayed were generated
from results of the Hydrogeological Characterization and Conceptual Model Tier 3
Assessment Update Project (Aqua Insight et al, 2023) and associated hydrogeological
modelling work. Updates to the conceptual model were informed by drilling programs
completed in 2017 and 2018 (Geofirma and Geosyntec, 2020). The most notable
revisions involve the interpreted upper elevations of the Reformatory Quarry Member
and the Gasport Formation. The top of the Reformatory Quarry Member is now
estimated to be approximately 2 to 5 m lower than previously interpreted, and its
thickness has been reduced by roughly 5 to 10 m. No additional geological picks have
been identified to further refine the hydrostratigraphic framework.

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). The surficial geology (Figure 4) in the area on either side of the Grand River
largely consists of sand and gravel outwash deposits (Units 7a and 7b), Ice-contact
kame stratified sands and gravels (Unit 6), modern alluvial deposits (Unit 19) and
sone-poor, carbonate-derived silty to sandy till (Unit 5b).

The Middleton well field is located within the Grand River Valley, and is mapped as
primarily exposed Paleozoic bedrock (Figure 4). Overburden present within the vicinity
of the Grand River ranges from less than 2m to 20 m in thickness. Adjacent to the
Grand River and at the Middleton Well Field, a thin (<2 m) layer of overburden is present
at surface and lies unconformably on top of the bedrock (Stantec, 2011).

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

Aquitard ATA1/ ATA2 - Wentworth Till

The Wentworth Till was deposited by the last glacier to advance in the area. ltis
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 /| ATA3 - 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 ATB3 / AFB3 / ATC1/ AFC1/ ATC2 - 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.

R.J. Burnside & Associates Limited HA0464020.2024
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Aquifer AFD1 / ATE1 /| AFF1/ ATG1 - Pre-Catfish Sand and Gravel

The Pre-Catfish sand and gravel aquifer is present below the Ice-Contact Stratified
Deposits in the Willard and Fountain Street Well Fields but is not a significant unit
elsewhere in the Cambridge area. This unit is the main municipal aquifer for the
Fountain Street Well Field. The Pre-Catfish sand and gravel is found directly overlying
bedrock in the Willard and Fountain Street Well Field area. In these areas it is
hydraulically connected with the upper weathered portion of the bedrock aquifer. Aquifer
AFD1 corresponds to sand and gravel deposits reworked from Catfish Creek and
Pre-Catfish Creek Tills.

2.2.2 Bedrock Geology and Conceptual Hydrostratigraphy

The bedrock 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) 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
Middleton are shown on the cross sections in Figures 5 and 6.

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.

R.J. Burnside & Associates Limited HA0464020.2024
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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 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

The following description of local geology is based on drilling investigations at the
Middleton Well Field. Borehole logs are included in Appendix B.

The well field is located in the Grand River Valley where there is limited overburden
overlying the bedrock. Increasing thicknesses of overburden sands, silts and clay (up to
60 m) have been observed toward the east and west of the valley. At the site, the
overburden consists of inter-bedded layers of sand, silty sand deposits of the

Maryhill Till, and is approximately 2.0 m to 4.0 m thick.

Based on the results of drilling investigations at the site, the bedrock surface is
encountered at approximately 3 mbgs (Appendix B). C-MS-BH1-93-ABC is the deepest
well nest in the immediate vicinity of the production wells. Here, the Guelph formation is
about 42 m thick and is present between 262 masl and 220 masl, the Eramosa
Formation is 22 m thick from 220 to 198 masl and the Gasport is present from about
198 masl to the end of the borehole at about 103 masl.

R.J. Burnside & Associates Limited HA0464020.2024
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3.0 2024 / 2025 Results
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, the closest GRCA and Environment Canada climate station to each wellfield is
used for monthly precipitation data. The closest GRCA weather station relative to the
Middleton well field is the Shades Mills Dam station located approximately 3.8 km
northeast of the well field. The closest Environment Canada station is the Roseville
weather station located about 12.6 km west of the well field. The locations of the
meteorological stations are shown on 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. Monthly precipitation data for the past 10 years at the Shades Mills Dam
station are shown on Figure D.1, Appendix D. At the Shades Mills Dam station, the
long-term average was calculated from when measurements started until the end of
2025. The Roseville “Climate Normals” calculated by Environment Canada for 1981 to
2010.

Annual 2024 / 2025 precipitation data for the GRCA and Environment Canada
meteorological stations closest to the Shades Mills well field are presented in Table 5
below. The Roseville Station was missing 5 days of data in 2024, and 20 days of data in
2025. As a result, the precipitation totals may be under reported at this location.

Table 5: Summary of Precipitation Data

2024 2024 #:r"rﬁ 2025 2025
Station Precipitation | Deviation Precipitation | Deviation
(mm) (mm) Average (mm) (mm)
(mm)
Shades Mills 976 +67 909®) 895 14
Dam @
Roseville 856 63 919® 786 133
Station ("
Sources: Environment Canada (1), GRCA (2),
A 1981 to 2010 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 tend to occur in July / August. Widespread synoptic rainfall events
can also result in Region-wide water level responses. Summer thunderstorms tend to

R.J. Burnside & Associates Limited HA0464020.2024
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be short lived and occur over a smaller area resulting in short term, localized water level
rises not typically seen in all the monitoring wells.

The 2024 total precipitation at Shades Mills station was 976 mm, which is 67 mm above
the long-term average, whereas the Roseville station recorded 856 mm of precipitation,
which is 63 mm below the long-term average. 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 at Shades Mills station which is 14 mm below the
long-term average. Similarly, the total precipitation at the Roseville station was 133 mm
below the long-term average, indicating 2025 was a drier-than-average year. Note that
the Roseville station was missing 25 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 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-MS-BH1-93

C-MS-BH1-93 is located within the Middleton Production Well site and has been
monitored since April 2002. Monthly manual water level monitoring is conducted at
C-MS-BH1-93-ABC. Screens A and B are completed in the Gasport Formation below
the open hole portion of the production wells; screen C is in the Eramosa Formation at
similar elevation to the bottom of G2 and G3.

The water levels in all three screens fluctuate within a range of approximately 8.5 m in
response to pumping. During 2024, groundwater elevations remained within the
established historical range. Pumping increased from an average of 479,493 m3/month
in 2024 to 540,022 m*month in 2025. In 2025, monthly pumping in July and August
(average 619,137 m3/month) was the highest in the past 10 years and water levels
declined to the lowest levels seen in the last 10 years with several measurements
approaching minimums last observed in 2007 when pumping was elevated
(approximately 600,000 m3/month).

C-MS-BH2B-93

C-MS-BH2B-93 is located on the east side of the Grand River approximately 500 m from
the production wells and has been monitored since November 2001. Water level
monitoring was completed using an electronic data logger at C-MS-BH2B-93-A and
monthly manual water level monitoring was conducted at C-MS-BH2B-93-B. Both

R.J. Burnside & Associates Limited HA0464020.2024
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C-MS-BH2B-93 monitoring wells are screened in the Upper Gasport Formation as
indicated in Figure 5.

Water levels in the two monitored screens exhibited closely aligned responses to
pumping, with an overall fluctuation of approximately 9 m. Throughout 2024,
groundwater elevations remained within the established historical range. In 2025, water
levels declined during the summer with the lowest levels seen in July / August when
pumping volumes were the highest. Several measurements in July / August approached
the historical minimums which occurred prior to 2007 when pumping was generally
greater than 600,000 m®/month.

C-MS-BH4-94

C-MS-BH4-94 is located approximately 750 m west of the production wells with water
level monitoring starting in November 2001. Water level monitoring was completed
using an electronic data logger at C-MS-BH4-94-A. C-MS-BH4-94-A is screened in the
Eramosa Formation at a similar elevation to the lower open hole portion of G2 and G3
and the upper open hole interval of G1, G1A and G14 (Figure 5). The daily water level
fluctuation at C-MS-BH4-94-A due to production well pumping is approximately 3 m.
Water levels begin to decline after July 2024 with August 2025 levels the lowest in the
past 10 years.

Monthly manual water level monitoring is conducted at the B screen which is screened in
the Lower Guelph Formation and constructed opposite the upper open hole portion of
production wells G1, G1A and G2. The daily water level fluctuation at C-MS-BH4-94-B
due to production well pumping is approximately 1 m. Water levels declined
approximately 10 m from January 2022 to the lowest levels in the past 10 years in
August 2025 when well field pumping was highest.

C-MS-MW1-08

C-MS-MW1-08 is located approximately 200 m east of the production well site with water
level monitoring starting in November 2008. Water level monitoring was completed
using an electronic data logger at well nest C-MS-MW1-08. The A and B screens are in
the Gasport Formation and at similar elevations to open hole intervals in G1, G1A and
G14.

Since 2014 water levels in both the A and B screens have varied within a 4 m range due
to pumping with water levels about 0.5 m higher in the B screen. In 2025, water levels
declined during the summer, with several measurements during peak pumping in

July / August approaching previously observed minimums which occurred 2007 when
pumping was generally greater than 600,000 m*month.
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C-MS-OW104-90-A

C-MS-OW104-90-A is located approximately 1.3 km northeast of the production wells
site with monitoring starting in May 1993. C-MS-OW104-90-A is screened in the
Gasport Formation about 4 m below the production wells. Water levels are measured
electronically and do not show any correlation with pumping. Water levels during 2025
declined during the summer, with measurements approaching low levels which were last
observed in 2007, when pumping was elevated to 600,000 m? per month.

C-MS-0W2-92

C-MS-OW2-92 is located within the Middleton Production Well site located
approximately 90 m south from G1A and G2, with monitoring starting in April 1992.
Monthly manual water level data is collected from C-MS-OW2-92-A to monitor the
Eramosa Formation. Water level data is collected with an electronic data logger at
C-MS-OW2-92-B to monitor the Lower Guelph Formation.

Water levels in the A and B screens show a similar response to pumping with
fluctuations up to 9 m. Water levels during 2025 declined during the summer, with
measurements approaching similar levels which were last observed in July 2005, when
pumping was elevated to 713,461 m?3for the month.

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
1-800-268-6060."

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

R.J. Burnside & Associates Limited HA0464020.2024
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interference is caused by the water taking, the Permit Holder shall restore the water
supplies of those permanently affected.”

All properties within 500 m of the Middleton wells are serviced with municipal water. The
well field has been in operation for over a century and current water taking is similar or
less than annual takings over the past several decades. Therefore, domestic well
interference is very unlikely. 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 G1, G1A, G2,
G3 and G14 received in 2024 and 2025. There are no other active PTTWs within 2 km of
the well field.

4.2 Aquifer Response to Pumping and Precipitation

Monthly pumping in July / August 2025 was the highest seen in the past 10 years.
Resultant water levels in all monitoring wells in July and August were the lowest seen in
the past 10 years. Water levels in the Lower Guelph Formation were monitored using
monitoring wells C-MS-BH4-94-B and C-MS-OW2-92-B. The water level response to
pumping varies from 1 m at C-MS-BH4-94-B to 7.5 m at C-MS-OW2-92-B which is
screened at a depth similar to the top of the open hole intervals at G1, G1A, G2 and
G14. The groundwater levels in Lower Guelph Formation did not display a correlation
with precipitation events.

Water levels in the Eramosa Formation were monitored using monitoring wells
C-MS-BH4-94-A, C-MS-BH1-93-C and C-MS-OW2-92-A. Water levels indicate a clear
response to pumping with drawdowns between 3 and 9 m. The greatest drawdown in
the Eramosa formation is observed in C-MS-OW2-92-A (9 m). The groundwater levels
in Eramosa Formation did not display a correlation with precipitation events.

Water levels in the Gasport Formation were monitored using monitoring wells C-BH-2B-
93-AB, C-MS-BH1-93-AB, C-MS-OW104-90-A and C-MS-MW1-08-AB. C-MS-OW104-
90-A, which is 1.3 km from the production wells, did not respond to pumping. The water
levels in C-MS-MW1-08-AB vary by up to 4 m in response to pumping, with a response
of about 9 m at C-MS-BH2B-93-AB and C-MS-BH1-93-AB. The groundwater levels in
Guelph Formation did not display a correlation with precipitation events.

The 2024 / 2025 precipitation data from the Shades Mill weather station did not
demonstrate a clear correlation with observed groundwater level responses. A seasonal
pattern was observed across all monitoring wells during 2024 and 2025, characterized
by higher groundwater levels in the spring, lower levels during the summer months, and
partial recovery in the fall.
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5.0 Conclusions

Impacts from pumping the municipal wells at the Middleton Well Field (G1, G1A, G2, G3,
G14) were evaluated through implementation of the Groundwater Monitoring Program.
Based on the information contained in the report, Burnside offers the following
conclusions:

¢ The information presented in this report satisfies condition 4.3 of PTTW
7214-AMGRS5G;

o 2024 and 2025 pumping volumes were within the permitted range;

e There were no reported well interference complaints arising from water taking at the
Middleton well field;

o Water levels in monitoring wells screened in the Guelph, Eramosa and Upper and
Middle Gasport Formations show a measurable response to pumping; and,

o In August 2025 during peak well field pumping, water levels in all monitoring wells
were the lowest seen in the past 10 years. Water levels in this period are similar to
when pumping was elevated above 600,000 m*/month, which occurred in 2005.
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Ministry of the Environment and Climate Change

» >
z)‘—' Ontario Ministére de I’'Environnement et de I’Action en

matiére de changement climatique

PERMIT TO TAKE WATER
Ground Water
NUMBER 7214-AMGR5G

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

The Regional Municipality of Waterloo
150 Frederick St

Kitchener, Ontario

N2G 4J3

For the water Middleton Street Well Field
taking from:  (Municipal Bedrock Wells: G1, G1A, G2, G3 and G14)

Located at: 60 Middleton St Lot 2 West of Grand River Concession 10
Cambridge, Regional Municipality of Waterloo

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

DEFINITIONS

@ "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) “Provincial Officer” means any person designated in writing by the Minister as a Provincial
Officer pursuant to section 5 of the OWRA.

(©) "Ministry" means Ontario Ministry of the Environment and Climate Change.
(d) "District Office" means the Guelph District Office.

(e) "Permit" means this Permit to Take Water No. 7214-AMGR5G including its Schedules, if any,
issued in accordance with Section 34.1 of the OWRA.

()] "Permit Holder" means The Regional Municipality of Waterloo.

(9) "OWRA " means the Ontario Water Resources Act, R.S.0. 1990, c. O. 40, as amended.
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You are hereby notified that this Permit is issued subject to the terms and conditions outlined below:

TERMS AND CONDITIONS

1.

11

1.2

1.3

14

1.5

1.6

1.7

2.1

2.2

Compliance with Permit

Except where modified by this Permit, the water taking shall be in accordance with the
application for this Permit To Take Water, dated February 22, 2017 and signed by Richard
Wootton, and all Schedules included in this Permit.

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

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

This Permit is not transferable to another person.

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 a legal right, vested or otherwise, to a water allocation, and the issuance of this Permit
does not guarantee that, upon its expiry, it will be renewed.

The Permit Holder shall keep this Permit available at all 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.

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.

General Conditions and Interpretation

Inspections

The Permit Holder must forthwith, upon presentation of credentials, permit a Provincial 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.

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

(@) relieve the 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 Provincial Officer, including
the authority to require certain steps be taken or to require the Permit Holder to furnish any
Page 2 - NUMBER 7214-AMGR5G



2.3

2.4

2.5

2.6

3.1

3.2

further information related to this Permit.

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 Provincial
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.

Rights of Action

The issuance of, and compliance with this Permit shall not be construed as precluding or
limiting any legal claims or 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.

Severability

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.

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.

Water Takings Authorized by This Permit

Expiry
This Permit expires on May 31, 2027. No water shall be taken under authority of this Permit
after the expiry date.

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.
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Table A

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

(litres):
1| G1, G1A, G2, Well Municipal | Water Supply 25,200 24 24,000,000 365 17

G3, G14 555241

Drilled 4799693

Total 24,000,000
Taking:
3.3  Notwithstanding Table A daily amounts, in each calendar year the Permit Holder may increase

4.1

4.2

the amount of taking up to 30,000,000 L/day for a maximum of 100 days (not necessarily
consecutive) and up to 35,000,000 L/day for a maximum of 15 additional days (not necessarily
consecutive) provided that the average annual daily taking remains at or below 24,000,000
L/day.

Monitoring

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 a flow meter or calculated in accordance
with the method described in the application for this Permit, or as otherwise accepted by the
Director. 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 31” in every year, the records required by this
condition to the ministry’s Water Taking Reporting System.

The Permit Holder shall measure and record water levels once a month in the following
monitoring wells:

C-MS-BH4A-94
C-MS-BH4B-94
C-MS-BH2BA-93
C-MS-BH2BB-93
C-MS-BH1A-93
C-MS-BH1B-93
C-MS-BH1C-93
C-MS-OW104A-90
C-MS-OW2A-92
C-MS-OW2B-92
C-MS-MW1A-08
C-MS-MW1B-08
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4.3

5.1

5.2

The Permit Holder shall prepare and submit a report to the Director every two years by
June 30 commencing June 30, 2018, 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 in relation to the precipitation and the water taking from the aquifer, and
provides a summary for all interference complaints received by the Permit Holder related
to this permit and reported in the District Office in accordance with Condition 5.1 and the
manner in which the Permit Holder has dealt with the complaint.

Impacts of the Water Taking

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 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
1-800-268-6060.

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.

Director May Amend Permit

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

The reasons for the imposition of these terms and conditions are as follows:
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Condition 1 is included to ensure that the conditions in this Permit are complied with and can be
enforced.

Condition 2 is included to clarify the legal interpretation of aspects of this Permit.

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 beneficial use of waters while ensuring the fair sharing,
conservation and sustainable use of the waters of Ontario. The conditions also specify the water
takings that are authorized by this Permit and the scope of this Permit.
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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, R.S.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 appealed.

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

The name of the appellant;

The address of the appellant;

The Permit to Take Water number;

The date of the Permit to Take Water;

The name of the Director;

The municipality within which the works are located;

P Q20 Do

This notice must be served upon:

The Secretary The Director, Section 34.1, Ministry of the
Environmental Review Tribunal AND Environment and Climate Change

655 Bay Street, 15th Floor 12th Floor

Toronto ON 119 King St W

M5G 1E5 Hamilton ON L8P 4Y7

Fax: (416) 326-5370 Fax: (905) 521-7820

Email: ERTTribunalsecretary@ontario.ca

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

by Telephone at by Fax at by e-mail 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 7006-7BJS39, issued on 2008/02/19.

Dated at Hamilton this 31st day of May, 2017.

B Mk

Belinda Koblik
Director, Section 34.1
Ontario Water Resources Act , R.S.0. 1990
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Schedule A

This Schedule “A” forms part of Permit To Take Water 7214-AMGR5G, dated May 31, 2017.
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File -

G1

G|

—pump station tloor

LOG oo
0O MP—~ 129

%n

existing pump base — /

I3

'

WELL MATERIAL

Tnner Casing: 14 * dis. 375 -« Wall Thk. Mat'l Stee|
Cemented from 0 '_ 0 * 1o 95+ Q0 »

Outer Casing: _20 _ * {ja. * Wall Thk. Mat'l Otecl
Screen: Make: " dia. Opening & Mat'l:

Pumping Rate 1.G.M.:

- . Pleg: Type: . Mt Other
200 ¥ ™ Gravel: Type: Size: Quantity:
centralizer N L]
centre A— 39 n’ neat

J 20 7 cement grout AQUIFEBR TEST DATA
- 4 ob. . Date: By:
drive shoe . N Static Level below M.P.
59.0° < :;

centralizer N
centre .

14T
nlrilled ) o thers op.|
40 ___ 5
coirsizer < — %0
and topyobi oy

?rymnehsot'gngrw:frack

SRS py*

Pumping Duration: _ hrs. min.
Pomping Level at Test Bad:
Performance Plots: dd-t Dwy.
dd-r Dwy.
Step Test

EQUIPPED WELL DATA
Date: By:
Rated Well Capacity IGM

Pamping Rate IGM Static Level ' :
Pamping Level ! -t at brs.

—_— min,
Pump Pressure: pui Main Pressore pii
Skut Off: AGH —— psi W.L. ! :
Clear Well Depth from B.P____'__* Ajr Line P
PUMP & MOTOR DATA
Pump Make: Ratiag: LGM. @ ‘'T.H
Head: Type: S.N.
Columu; 'X *'X "X * Shaft Mat'l
Bowl: Stage: Curve:
Suction: * dia. ) * Loag
Special: Zine Sleoves Taped Oil Line
Other
Motor Make: Frame: S.N.
H.P phase he pm Volts
Beariag No. Upper
Lower

Special Bquipment
Dec 13/95 - 985 teet of 14° 0.0 liner installed

BY

International Water Supply Ltd,

MONTREAL - BARRE - SASKATOON

CLIENT: KEGIONAL MUNICIPALITY OF WATERLOO

WELL No: MIDDLETON WELL gl

OARLED 8Y: Others DATE:

orawk 1. Brown

WATALLED BY: DATE:

pATE  Jan. 3/4¢

L cipsied

%
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G1

JE1 T
-
A =

Motor
Manufacturer: U.S. Motors
Power: 100hp / 575v / 3ph

Discharge Head
Manufacturer: Layne

Top of pump / Bottom airline

Depth

in_metres

0.0 Base plate

0.69 Floor

29.9 Bottom of liner
33.5

35.0 Bottom of pump
59.7 Bottom of well

Q{

Concrete pedestal

T

550 mm (22") Steel casing (Original)

Cement grout

350 mm (14") Steel liner (ID = 337

New 9.5 mm (3/8") plastic airline tu

New 250mm (10") line shaft pipe

New Pump

Manufacturer: American—Marsh
Model: 12HC—4 stage

Serial Number:

550 mm (22") Open rock hole

mm)

bing

38 mm (1 1/2") SS shaft & couplings

NN\ Lotowater

TECHNICAL SERVICES INC.

CLIENT

Regional Municipality of Waterloo

TITLE

Well G1

Pump Installation Drawing

PROJECT No. 006—331

G: \Lotowater Projects\006 Region of Waterloo\331 Well G1\Pump Install.dwg

DESIGN

DRAWN | EH

2015,/03 /25

CHECKED

REVISION No.

2015-03-25

scate  N.T.S.

FIGURE
4
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G1A

G
LO 0 MP— | WELL MATERIAL
ground suctace {267 _ '
i { cﬂncrctc' loner Cesing: 14 * dia. 0375 * Wall Thk. Mat'l _Steel
6'42'\‘ - 4 ) Cemented from 895 0 * 4943 0
top ot casing 1 Outer Casing: 20 * dia. * Wall Thk. Mat'l Steel
Screen: Make:  ° dia. Opening & Mat'l:
N Plug: Type: — ___ Mat'l Other
cZZdtsrcliizcr ———»\. ¥ Gravel: Type: Size: Quantity.
centre . A——~ 3.0 a’neat
Jor | conent ot AQUIFBR TEST DATA
“4"op. |’
~47° “ Date: By:
drive shoe . Static Level below M.P.
54.33". —t > Pumping Rate [.G.M.:
fentre 2" \ J Pumping Duration: hrs min.
; Pumping Level at Test Bnd:
) Performance Plots: dd-t Dwyg.
I drilled ) 4", dd-r Dwy.
2510 svailahd e 00 | Step Test
Z ‘ BQUIPPED WELL DATA
B2 hzer — ] N Date: : By
centrahzer — G533  Rated Well Capacity IGM
and top of Pumping Rate IGM_______ Static Level ! '
cement’ basket .
Pumping Level R 1 | hrs. min.
Pump Pressure: ________ psi Main Pressure psi
Shut Off: AGH ________psi W.L. ! ’
Clear Well Depth from B.P___ ' ___ " Air Line N
PUMP & MOTOR DATA §
hole deill Pump Make: R:ting: IGM. @ ‘'T.H
i estone bedrock Head: Type: S.N.
Column: ''X *X *X * Sheft Mat'l
Bowl: Stage: Curve:
Suction: ® dis. ) * Long
Specisl: Zinc Sleeves —__ Taped Oil Line i
Other
Motor Make: ____ Frame: S.N.
B.P______ phate hz rpm Volts I
Bearing No. Upper
Lower
Special Bquipment
Aug 29/95 - 87.74 1cet ot 14° Q.0 liner installed
-~
| International Water Supply Ltd.
MONTREAL - BARRE - SASKATOON
CLIENT: KEGIONAL MUNICIPALITY OF WATERLOO
WELL No: MDDLETON WELL GIA
oRELED BY: Others DATE: orawi: T, Drown
INSTALLED BY: DATE: bATE  9ept 24/45
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Depths

in_metres

0.0

1.04

2.6

27.4

30.4

29.5

32.8

60.7

Vented well head

Top of new casing

Ground surface

350 mm (14”) torque arrestor

200 mm (8") steel stinger pipe

350 mm (14") pitless barrel

200 mm (8”) x 150 mm (6") crossover

Pitless adapter

Bottom of water level tube

MAASS 14—MB HD pitless adatper

(New) #2 Super Vu—Tron heavy duty
jacketed mine cable

300 mm (12") steel well liner

g b T ey W e i g R AR Sy v E ] ’7“

Top of pump

25 mm (1) PVC flush joint

150 mm (6”) Steel pipe
(New) Couplings and Rethreaded

Pump intake

Bottom of casing

Pump

Manufacturer: Grundfos

Model: 800S500 — 2 stage
S/N: B20340002—-P20344 US925

Motor

Bottom of motor

Total depth

Manufacturer: Franklin
Model: 2766286020
Power: (50Hp/575V/3ph)
S/N: 09J19-08-8022

500 mm (20") open borehole

G:\Miscellaneous\ Alfredo\Lototech.JPG

CLIENT

REGIONAL MUNICIPALITY OF WATERLOO

TITLE

Well G1A
Pump Installation Drawing

PROJECT No.  006-223

G:\Lotowater Projects\006 Region of Waterloo\223 G1A Repair\Pump Install.dwg

FIGURE

DESIGN

DRAWN

EH 2012/02/17

CHECKED]

REVISION No.  2012/02/17

SCALE N.T.S. ‘|
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— G2
e G 2.

LOG ¢

, —pump_atatien {loor

i tbé)of 20°
cabing

20.0°
centralizer
centre

jrnvc shoe
63.0

centralizer
centre

well drilled

[lv others
no log availabl

4

7.0 .
centralizer
centre

ot

and to
cement’ basket

l"lﬁ&chsotlgn'grwccfrock

2.0

o M‘P.*l*
existing pump base /ﬁr

VANE

AN

47}
0.

>

L_\/J— 1163’

1 Pi"tﬂc"ﬂe Oster Casing: _ 20 * gja.

3.9 n' neat
cement grout

WELL MATERIAL

Inger Casing: 14 " dia. 0375 * way Thk. Mat'l 21ee|
Cemented from & ' 4 * 5 948+ (O

—— ' Wall Tht. Met'l Steel_
' dis. Opening & Mat'l:

Screen: Make:

Plog: Type: Mat'l Other
Gravel: Type: Size: Quantity:
AQUIFER TBST DATA
Date: By:
Static Level _ below M.P.
Pamping Rate 1.G.M.;
Pamping Derationr___ pyq. min.
Pemping Level at Test Bad:
Performasce Plots: dd-t Dwg.
dd-r Dwyg.
Step Test
EQUIPPED WELL DATA
Date: By:
Rated Well Capacity IGM
Pumping Rate IGM Static Level ' ‘
Pumping Level ot at hrs. min.
Pomp Pressure: psi Main Pressure psi
Shut Off: AGH psi W.L. ! *
Clear Well Depth from BP____*_ ¢ Air Line P
PUMP & MOTOR DATA
Pump Make: Rating: 1GM @ 'T.H
Head: Type: S.N.
Colxma: 'X *X *X * Shaft Mat'l
Bowl: Stage: Curve:
Suction: * dia. ' * Long
Special: Zinc Sleeves Taped Oil Line
Other
Motor Make: Frame: S.N.
H.P phate he [ Yolts
Bearing No. Upper
Lower

Special Bquipment
—Feb 6/96 - 1010 teet ot 14° Q.0 liner installed

Y

International Water Supply Ltd

MONTREAL - BARRE - SASKATOON

\/”\\

CLIENT: REGIONAL MUNIGIPALITY OF WATERLOO |
WELL No: MDDLETON WELL 47

OARLED 8Y: Others

DATE: orawk 1. Prown

WSTALLED BY:

DATE: oate  Feb. 14/9¢
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G2

Depth
in_metres

Temporary Motor

f—|
-

0.0 Base plate

0.64 Flaor

14.3 Bottom of original cosing

28.9 Bottom of dirline

Discharge Head
Manufacturer: Layne
- Model: TF1018M
Concrete pedestal
A
ot g

8 mm (5/18") airline

NEW Sacrificial anode

30.5 Top of pump

302 Bottorn of well casing

NEW Pump

M —J T

LA A A

2

31.8  Bottom of pump

33.6 Bottom of screen

41.0 Top of cold pump assembly

I
I
I
|
I
|
I
I
|
|
|
I
I
|
|
|
|
|
I
I
|
I
|
i
|
i
: Ofd pump assembly
:

|

|

|

Manufacturer: U.S Electric Motor
i 7 Power: 150hp / 575v / 3ph
Serial # N/A

500 ‘mm (20") original steel casing

350 mm (14") nominal steel well liner

NEW 250 mm (10") SCH 40 column pipg

NEW 38 mm (1.5") SS shaft & couplings

Manufacturer: National Pump Company
Model: J12XHC — 3 stage
Serial Number: 457870A-1

F——— 500 mm (20") Open rock hols

49,7 Bottom of well
[ CLENT
1) lmecsementsbekow lop.of borp lcte m L t Reglenal Municipality of Welstloe
(2] Mew Insiolad Decembaer 5, 2013, o OtO P U a el Tme
e S I T N R PR T Bt Well G2
13 St wirier leved = 10,67 m balow hap of s picte Pumip Installation Detalls
imaasred Dacember 8, 2013,
PROJECTHNo.  004-23¢ GALotowate Projects 004 Region of faterdoo'\ 209 neshaft Pump dwg
DESIGN
prawn | B | 20131023 REVISION No.  2013/10/23 scae  N.T.S. HG;RE

¥CHECKE]
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re G5

G3

LOG (feet) p =+ WELL MATERIAL
O pump_otatien {loor 3 i .
—lagsol 7 ;; } Inser Casing: 14 * die. 0375 * Wall Thk. Mat'l Steel
[4 LIMESTONE h . g Comented from _O_'_ 0 * 15 95 0 -
) 1 Outer Casing: * dia. * Wall Thk. Mat'l Steel
d Screen: Make: ' dia. Opening & Mat'l:
. [. Plug: Type: Mat'l Other
czcon'tor;alizcr —.< > Gravel: TYPC: Size: Qu.nti(y:
centre +— 34 2 neat .
. P cement grout AQUIFER TEST DATA
420 )
ot . op. . Date: By:
drfm shoe — . . Static Level below M.P.
’ . Pumping Rate 1.0.M.:
. 1 Pumpiag Duration: __brs min.
E Pumping Level at Test Bnd:
f‘ﬁt”hz" > Performance Plots: dd-t Dwg.
| centre ] dd-r D';.
] Step Test
I thite LIMESTONE derrlly
R b EQUIPPED WELL DATA
B u Date: By:
94°- centralizer centre —>< >___ 95" Rated Woll Capacity IGM
and top ot cement basket Pumping Rate IGM______ Static Level ' .
4 , Pumping Level ' *oat hrs. min.
liner extension | Pomp Pressure: ____ psi  Maia Pressure psi
not grouted Shut Off: AGH ______psi W.L. ' .
g . Clear Well Depth from B.P16B 'Ll Air Line .
E . 14 %16 swadge —4 4 A [ :%IO
bevel oni o) PUMP & MOTOR DATA
Pump Make: Layne  Rating: 1490 1o.M. @167 ' TR
l Head: Type: IF 1227 S.N.
Colwmu: D' X 10 = x === * x 1 1/2° Shaft Mat1.95_
Bowl: 12 THC Stage:_ 3 Curve:
I Suction: 10 = dia. 5 '__ 0 * Long
Specisl: Zine Slseves 12 Tsped Oil Line
Other
' Motor Make: USEM Frame: 4047TF s N,
:;(5) brovn LMESTONE ke 100 HP_ 3 phase o0 w1 1780  tpm _575  vouus

Bearing No. Upper
Lower

Special Bquipmesnt
Aug 21/9¢ - 124.Q teet of 14" 0D, liner installed

| International Water Supply Lid.

MONTREAL - BARRE - SASKATOON

CLIENT: KEGIONAL MUNICIPALITY OF WATERLOO
WELL No: MIDDLETON WELL @3

oALLED BY: |J, McGeachy OATE: Apr/5| forawk T. Brown
MATALLED oY: G, Keyes OATE Jun/52 [oaTE  Sept 5/46
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Well Material
Outer Casing

P y /
Inner Casing } 2o ¢ 77 >}:K 45

Screen -
Plug -
Gravel
— o Pump
E» So s Y No. 24//4 Setting BP-MB 4o’
z o
Lirt & STONE + No. Stages & Length Bowl 7°-2

Bowl /8 "ARKLE Size & Lgth. Suction /0'x /27"
Head 77 7227 Size Column /2" 33 ’:z,l‘"

Materials or setting details other than standard:

B3
|
!
AN
|

I Make v s Phase 3
Shaft v#s Cycles 6o
I H.P. 200 Volts  ss50
R.P. M. /200 Amps. /92
8" Type c~ u Base
- Frame s87-9 Serial 9/579 ¢

Special Eguipment

TONNSonr RIGHT ANGLE GEAR DRI
s
8832 - 250 - RErIO a_z
SRC S0 Sirze /4 BLo Clufeh

=\

Well ~-3

B. P. referred to original Ground Level 72~ 6.
Started ~aecH /4 1957 Clear Depth 167 g
Preliminary Test Apr 30/‘5’) Length Air Line 0’
Final Test ., . < Static Level /2"-9”

P Quarantee Zooo zrg+’ » Pumping Level
Pressure 270 7TO#H Capacity

N

(s S W/ S 52
\%///x

OPEN pos e
-

‘r
e
T———

Driller: 7 &S Gemerwy (wo 5R)
Installer: @& #Eres  ¢ls/ 52

INTERNATIONAL WATER SUPPLY LTD.

LONDON, CANADA
WATER SUPPLY CONTRACTORS

PUC. GALT, ONT.

RERR OF PUMPIN G STN MIDDLFTON ST.

DRAWN BY C/4L APPROVED BY

= —
3

AN

L AlMESTONE

~
N
~

T

i

weee no. 3 ( Mo/, s957)




i
|

G3

Motor
Manufacturer: U.S. Motors
Power: 100hp / 575v / 3ph

p
Serial #: P018694326—0001M0001

Depth T
in_metres i J,
1 | Discharge Head
Manufacturer: Layne
0.0 Bose plate r U —
Concrete pedestal
0.18 Metal plotform I, : T
. / 5 -
A 92| V]
L] 500 mm (20") Steel casing (Original)
/ / Cement grout
300 mm (12") Steel liner
/- New 9.5 mm (3/8") plastic airline tubing
/ / 250mm (10") SCH 40 line shaft pipe
y 4 38 mm (1 1/2") SS shaft & couplings
35.0 Top of pump / Bottom airline / >
/ ( \I /: New Pump
4 I 1 Manufacturer: National Pump Company
e Model: E10HC—7 stage
Serial Number: 473650A—-7
37.1 Bottom of pump / /
38.4 Bottom of liner [ 4
500 mm (20") Open rock hole
52.7 Bottom of well
CLIENT

NN\ Lotowater

TECHNICAL SERVICES INC.

Regional Municipality of Waterloo

TITLE

Well G3
Pump Installation Drawing

PROJECT No. 004-327

G:\Lotowater Projects\006 Region of Waterloo\327 Well G3\Pump Install.dwg

DESIGN

DRAWN

EH | 2014/12/22 REVISION No.  2014-12-22

(CHECKED

SCALE N.T.S.

FIGURE
4
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G14

.
Well Material
Outer Casing
[aner Casing} 206 ~ 7 2" 6—0
( » Screen -
Plug 8
© /‘ , : @ Gravel -
7o, Sosc ,
‘ 7 P 205 |y,  CEMENT Pump
. . GRoUAT  No. . Setting BP-MB
o i No. Stages ; Length Bowl
§O )
N %\\\ Bowl 2 Size & Lgth. Suction
£ 2 Head Size Column
— .;\ Materials or setting details other than standard,
§ Motor
WHITE // Make Phase . E
LIrg £S5 TDNE $ Shaft , Cycles
N H. P. " Yolts . E
N R.P. M. ; Amps.
\ Type h Base
g
- Frame E
ﬁ, \ CDN . Genezal Tower
C /& AN NoW  CALET
S \ c.
~ N - 4 !
i ) § / , {
L o7 ) W
13 /, . Well : 5
i : \\\\ B. P. referred to original Ground Level
A/M:Jrfm/s R §/ Started Arwr /8, /957 Clear Depth
25 Q ¢ ” Preliminary Test Length Air Line I
SomT  Lirt £ STONE ) \\ *; \ Final Test Static Level
S \ A i\ Guarantee Pumping Level £¢ |5
N . R
LI ESTOn & \ Pressure Capacity /185 TG,
. Recovery slow,
o \ % Driller: T ME Gemewr (we ox)
\\ § Installer :
So~7 3 )
LsrtESTONE \ INTERNATIONAL WATER SUPPLY LTD.fr}
’ LONDON. CANADA
/‘5 /& WATER SUPPLY CONTRACTORS .
WHITE Somr simEsT] ol |
<» /70 ’ ’ !
o GrEY
o AEsTO 7\
it \ PUC. GALT ONTARIO;

e’ \Q//;/& ,

Twic /ST The chameical pralsly of Ehis wares o
fvd‘.v/:-noé/e A LhC ot oy ;3 Loew,

DRAWN BY cw~ve APPROVED BY J"/4
Is

WeELL No. 4(“”- NoZ, /951)
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Fie Gy

¢
: o6 o 4s0 WELL MATERIAL
) e existing pump base ___22/2/ % lamer Casing: 14 * die. 0375 * Wall Thk. Mat'l 2teel
N ° Cemeated from 0 ' 0 * to 48+ 0 -
; 1 Oster Casing: _20__* gia, * Wall Thik. Mat'l _Steel
. Screen: Maske: * dis. Opening & Mat'l:
. ¢ Plug: Type: Mat'l Other
Zcqftornluzcr ——~< > Gravel: Type: Size: Quantity:
centre . +— 35 o neat
| e | comentarout AQUIFER TBST DATA
- :
o . 0D. Date: By:
drive shoe — . Static Level below M.P,
630" o« > Pemping Rate 1.G.M.:
232%%"“' \ 4 Pumping Duration: hrs. min.
. Pamping Level at Test Bad:
: ! Performance Plots: dd-t Dwy.
_/M'/‘. dd-r Dwyg.
0D. . Step Test
l * EQUIPPED WELL DATA
centra |z'er . Date: By:
mdccgtrz* '< 5_ qa8.0° Rated Well Capacity IGM
cement babket Pamping Rate IGM Static Level ' .
iner extensio s Pumping Level et hrs. min.
not groung Pamp Pressure: psi Main Pressure psi
Skut Off: AGH psi W.L. ! *
- 124" centralizer > Clear Well Depth from B.P_____ ' ____* Air Line "
™ — 125.0°
14 X 16 svadge / N 12607 PUMP & MOTOR DATA
(bevel end cut)
Pemp Make: Ratiag: IGM. @ 'TH
Head: Type: S.N.
Colomn: 'X *X *X " Shaft Mat'l
Bowl: Stage: Curve:
open hole drilled Suction: * dis. ' * Long
in limestone bedrock Specisl: Zinc Sleeves Taped Oil Line
Other
o Motor Make: Frame: S.N.
““_mgmal vell H.P phate .} tpm Volts
draving tor Bearing No. U
L - Jpper
driller’s log) Lower
Special Bquipment
May 2796 - 1296 feet of 14" OD, liner installed
7795 - L X 14 X 16 svadge
Apr. 25/96
-~ [International Water Supply Ltd.

MONTREAL - BARREE - SASKATOON

CLIENT: KEGIONAL MUNICIPALITY OF WATERLOO

WELL No: MIDDLETON WELL Gi4

onLen 8y: J. McGeachy

oATE: May/5| [orawk T. Brown

NETALLED ay:

DATE: oate:  May 4/96




G14

Depth
in_metres ———Discharge head
0.0 Top of casing ; }
/ g Concrete pedestal
0.46 Pumphouse floor777—/ /' . A
. / ——————500 mm (20") steel well liner
6.0 Bottom of original casing
o 350 mm (14") steel well liner
N

#2 SOW power cable

e 150 mm (6") Agnus Wellmaster Hose

32 mm (1 1/4") PVC flush joint water level tube

30.3 Top of pump

/ ]
: Pump
g Manufacturer: Grundfos
o Model: 625S600—3A
31.0 Pump intake 7 S/N: D17B6000A3—P 10546407
\ L[/
3
d 3
38.6  Bottom of liner > z 4 Motor
a Manufacturer: Franklin
2 Power: 60 hp/ 575 v/ 3 ph
S/N: 13C19—14-081029
475 mm (20") Open hole
54.12 Bottom of well
CLIENT
\\\ Regional Municipality of Waterloo
, LOtO water -
TECHNICAL SERVICES INC. Well G14
Pump Installation Drawing
PROJECT No. 006-325 \\Poweredge\sharedfolders\...\00é Region of Waterloo\325 G14 Service\Pump Install.dwg FI GURE
DESIGN
DRAWN| EH | 2015/01/30 REVISION No.  2015/01/30 SCALE N.T.S. 4
(CHECKED
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C-MS-BH1-93-(A-B-C)

Borehole Chip Sample Description

Well LD. ' BH-1

Project: Middleton Street Well Field Study

Logged by: | R.A. Trevail OR\oN RESOVRCES coNsuLDNE LCMITED
bEAC

Depth -

Interval - Description

(m bgs) ‘

Guelph Fm. @ 2 metres

25  DOLOSTONE, It brn, bu, f-m xln, pr, pch ¢; intxln, p.p. Vug, sml Vug
5-8 DOL_OSTONE.(75%), m brn, f-m xin, pr, pch ¢, intxln, p.p. Vug, ti
DOLOSTONE (25%), 1t gry-bra, vf-m xln, pr, pch ¢, intxln pp. Vug, ti

8-11 DOLOSTONE, It brn-gry, f-crs xln, perr, pch ¢,intxin p.p. Vug, sml Vug, vugs
' ‘lined w/ dol Xls - : '

11-14  DOLOSTONE, It bm-gry, m-crs xln, fr, uni intxIn ¢, Tr sml vug

14-17 DOLOSTONE, It brn-gry, m-crs xIn, fr, uni intxin ¢, Tr s:;ﬂ vug, incr intxin ¢,
p.p. Vug

17-20 DOLOSTONE, It brn-gry, m-crs xlIn, fr uni intxln ¢, Tr small vug
20-24 ~ DOLOSTONE, It brn, Tr gry, vf-m xIn, pr, pch ¢, intxln, p.p. Vug, sml Vug :
2427  DOLOSTONE, It gry-bm, vi-m, pr, pch ¢, intxln, p.p. Vug, ti

2730  DOLOSTONE, It b (incr gry), vi-m xln, pr, pch ¢, intxdn, p.p. Vug,
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Depth
Interval
(m bgs)

Description

Guelph Fm. @ 2 metres (cont’d.)

30-33

33-36
36-39
39-42

42-45
45-48
48-51
s1-54

54-58

58-61

61-64

DOLOSTONE (80%), 1t gry, vi-f xIn, ti, occ. intxln, p.p- Vug

DOLOSTONE (20%), 1t bm, vi-f xIn, ti, Tr plugged p.p. Vug, sml Vug (dol
rhombs lining some Vugs)

DOLOSTONE, Itd gry-br & gry, f-m xln, ti, occ. intxln, p.p. Vug, sml Vug
DOLOSTONE, It gry-bm & gry, vf-m xln, ti, occ. intxin, p.p. Vug, sml Vug

DOLOSTONE,k 1t gry-brn & gry, vi-f xln, pr, pch ¢, ti, intxln, p.p. Vug, sml Vug

DOLOSTONE (50%), It brn, m xin, ti, occ. intxln, p.p. Vug
DOLOSTONE (50%), It-m gry, mott, micro-f xin, ti, Tr intxln, p.p. Vug, sml Vug

DOLOSTONE (95%), 1t gi'y-bm, micro-f xln, ti, occ. pp.p. Vug, sml Vug
DOLOSTONE (5%), It-m gry, mott, micro-f, ti, Tr intxln, p.p. Vug, sml Vug

" DOLOSTONE, It gry-brn, micro-f xln, pr, pch ¢, intxln, p.p. Vug, sml Vug, vugs

lined w/ dol Xls

DOLOSTONE, It brn, vf-m xln, pr-fr pch ¢, intxln, p.p. Vug, sml Vug, possible

flowstone? on fracture surface

DOLOSTONE (25%), 1t brn, vf-m xln, pr-fr pch ¢, intxln, p.p- Vug, sml Vug
DOLOSTONE (75%), It-m gry & gry-wh mott, f-crs xln, fr ¢, intxln, p.p. Vug,
sml Vug, (tp of bioh)

DOLOSTONE, lt-m gry & gry-wh, mott, vf-crs xln, fr, pch ¢, intxin, p.p. Vug,

sml Vug, fractured?, Tr Pyr, slily arg

DOLOSTONE, lt-m gry & gry-wh, mott, vf-crs xin, good, pch to uni ¢, intxln,
p.p. Vug, sml Vug, slily arg



Depth
Interval ~ Description
(m bgs)

Lockport Fm. - Eramosa Mbr. @ 64 metres

64-67 DOLOSTONE (10%), t-m gry & gry-wh mott, vf-crs xln, good, pch to uni ¢,
intxln, p.p. Vug, sml Vug, slily arg
DOLOSTONE (90%), m brn, micro-f xln, suc tex, fr, unit ¢, intxlIn, Tr p p.- Vug,
fnt alg Lam

Lockport Fm. - Gasport Member @ 67 metres

67710 DOLOSTONE (10%), m brn, micro-f xin, suc tex, fr, uni ¢, intxin, Tr p.p. Vug,
fot alg Lam
DOLOSTONE (90%), lt-m wh—gry crypto-crs xin, fr, pch ¢ intxIn, p.p. Vug, sml
Vug, Tr Pyr '

70-73 DOLOSTONE, It-m gry, vf-m xIn, ti, pr, pch ¢, intxln, p.p. Vug, sml Vug, Tr Pyr
73-76 DOLOSTONE, m gry, micro xln, ti, Tr p.p. Vug, Tr Pyr
76-79 DOLOSTONE, m gry, micro xIn, ti, Tr p.p. Vug, Tr Pyr

-

79-82 DOLOSTONE (90%), m gry, micro xln, i, Tr p.p. Vug, Tr Pyr
DOLOSTONE (10%), 1t brn, f-m xln, fr, pch ¢, intxin, p. ﬁ Vug, sml Vug

82-85 DOLOSTONE, It brn-gry, micro xIn, ti, Tr intxin, p.p. Vug

o O A

85-88 DOLOSTONE, 1t brn-gry, micro xln, ti, Tr intxin, p.p. Vug, Tr gyp in vugs

88-91 'DOLOSTONE, It-m gry mott, & It brn, micro-m xIn, fr, pch ¢, intxln, p.p. Vug,
sml Vug, Tr Pyr

191-94 DOLOSTONE, It-m gry mott, micro-m xIn, pr, pch ¢, intxn, p.p. Vug .




Depth
Interval Description
(m bgs)

94-97 DOLOSTONE, li-m gry mott, micro-m xin, fr, pch ¢, intxln, p.p. Vug, sml. Vug

97-100 ‘DOLOSTONE, lt-m gry mott, micfo-m xln, pr, pch ¢, intxln, p.p. Vug, sml Vug

100-103. DOLOSTONE, It-m gry mott, micro-m xIn, pr, pch ¢, intxln, p.p. Vug, sml Vug,
Tr Py, slily arg

Rochester Fm. @ 104 metres

103-106 DOLOSTONE (10%), It-m gry mott, micro-m xln, pr, pch ¢, intxIn, p.p. Vug, sml

Vug, Tr Pyr, slily arg
SHALE (90%), m-dk gry, dol, Tr Glauc, slily pyr

~

Reynales Fm. @ 106 metres

106-107 DOLOSTONE, It bm, m gry, mott, micro-m xln, pr, pch ¢ intxln p.p. Vug, sml
- Vug, Tr Pyr, Tr shale a.a.

Notes:

Ve

m bgs - metres below ground surface
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C-MS-BH2B-93-(A-B) 1

mk beak éQ Alrrﬁwoﬂoad, K 1S
uelph, Ontario N1K 156
consultants  ichhohe: (519) 763-2325 CORE LOG FORM
AEmEETTTEEY |limited tacsimile: (519) 763-2378
] Discontinuities
Date: 9 November 1993 Page 1 of 6
Project Number:  7209.1 o|@ " * Drilling Go.: Davidson Envi ]
. . — = rillin .: Davidso :
Project Name: Middleton Street Well Field Study 2 g?c:’é 0 > ga; ol |g1j bo i :S n nv;:r;m;ma
& ° ogge : RAA. A ai
L ocation: BH-2B '2 L% w|c o % § 8 . ggB Y o weezey revail
= Zle s = ore Box: I,
Core Size: 76mm/3" = EIRIT|-IB zé e || re Box
3 |o|22|8|8|8 22|22 | 8|2
- @ © —_ =
Lithology 8 |8|1225|8|c/28 |82 | 8|S Remarks
3.66-25.60m 25 1] - fracture
DOLOSTONE, It gry —_ P71 fracture zone
-triconed no core recovered [ O Vug
A = |
— | |*|*
26 fF— ® 98 | 81
= | .
| .
f— @ L] calcite
jr— & [ ]
! |°
25.60-32.75m 27 4+— 1|°®
DOLOSTONE, it gry, intbd w/ 1t gry-brn, vi-f xIn, pr, pch @. intxln, |
p.p. Vug, sml Vug, 1ge Vug, Frac, foss, solitary corals, small 1 ®
brachiopods, bryozoa, cephalopods (mudstone) = .
o8 == e
== [
7 [ ]
Jrom— [ ] L J
-competent zone 25.60-28.80 metres ¥ -
29 & —\— » calcite
— .
| o
30 = . 100 | ss| rubble zone
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k beak 462 Airrr?WORoad' N1K 15
uelph, Ontaric N1K 156
consultants ;oo (519) 763.2525 CORE LOG FORM
AN |imited facsimile: (519) 763-2378
. 3 2 Discontinuities
Date: 29,30 November 1993 [ Page 2 of 6
Project Number:  7209.1 o @ = 8 Driliing Co.: Davidson Envi
Project Name: Middleton Street Well Field Study £y §‘§ Qx, 2 qi: 2 Ln m% bo.. RE::I Sson nv;rRm;mentdI.
Location: BH-2B '2 E o < < o _g § 8 COQQSB Y. 2.3‘ weezey/R.A. Trevail
= —|lols = ore ;2,7
Core Size:  76mm/3" £ S8 IE B qgsé g || & o
% =|2(38/8/8 22 ZE2 (2]
Lithology & [S2215/15|5/%8(E5 |88 Remarks
30 — : = fracture
= | F/1 fracture zone
— . . O Vu
31 -
[ A ]
— [}
F—— ® L J
[ | rubble zone
]
32 4— |
— . .
32.75-42.10 :
-flowstone at 22.80 metres 33 1 1
DOLOSTONE, It gry to It gry-brn, vi-f xIn, pr pch g, intxIn, p.p. Vug, —_— Sls rubble zone
sml Vug, foss, smaller tabulate corals, stromatoporoid fragments, e
gastropods, small brachiopods (wackestone) i
-
=.
L J L}
— ] »
] [} L ]
g [}
L ) [
as __% . 1 . 99 [ 57 fracture zone




beak EE ArrowoRoad.
uelph, Ontarioc N1K 158
consultants 2B A S oazs CORE LOG FORM
limited tacsimile: (519) 763-2378
. Discontinuities
Date: 29 November 1993 Page 3 of 6
Project Number:  7209.1 0|2 = R Brilling Co. Davidson Envi [
. . — 5 rilling Co.: Davidson En t
Project Name: Middleton Street Well Field Study 2N = 5 é ~| & 50 g vironmenta
. a & & ‘ e 3| Logged by: R.A. Sweezey/R.A. Trevail
Location: BH-2B p e =) £ 3|3 8 Core B 456
— _-— 2] o O i s Js
Core Size: 76mm/3" = gt |3 zé 28 || & re Dox
g [»|2Z2|81c|8| o2 |2 8]
Lithology & 1822561555185 838 Remarks
35 1
— o . %EB]S %ggg
=<K — fracture
. r71 J";acture zone
36 1\ e .
— .
— L ] [ ]
. . fracture zone
rubble zone
L ] .
37
3 rubble zone
=
e S Y
— .
L
38 ] rubble zone
=mr
| L ]
—- rubble zone
= . o
39 _g : 0
. fracture zone
L ] L ]
promm— -
mam—nma| . .
: [ ] L ]
40 =— | o 99 | 69




Guelph, Ontario N1K 186
consultants 30400 5 16) 763-0325

CORE LOG FORM

Ammssm—— |limited facsimile: (519) 763-2378
Date: 29 November 1993 Discontinuities
_ [ Page 4 of 4
Project Number:  7209.1 0@ | = X Drili Davi .
Project Name: Middleton Street Well Field Study O 2|2 g =1 5l L” '”g?"Rf:“éSO“ Environmental
in = ° . e aW rai
Location: BH-2B 2 S | e Lol £ § g CoggeBd Y 6.7 weezey/R.A. Trevall
= —iola = ore Box: 6,
Core Size: 76mm/3" £ 8% - 3 gé g’g <! £
- 5 |2|E21218/8 25|85 |5]8
Lithology o (S|2£50!3] 23|55 [ 8} S8 Remarks
40 T . —~ fracture
| F/] fracture zone
fr— Y O VUQ
— - ® 10°
41 1
— Y
pe— .
) .
el [ ]
[ | . 200
Z fracture zone
42.10-52.43m = |, i
DOLOSTONE, gry to It gry-bm mott, vi-f xIn, pr-gd, pch @, intxln, e . d
p.p. Vug, sml Vug, lge Vug, Frac, foss, Stroms, tab Cor, Gast, ] - .
bioherm assemblage (wackestone - packstone) —
N fracture zone
7]
43— .
j— ®
P——— [
E e | [
— — .
44 {7 |
. 100 7
-lower horizontal fracture surface coated with carbonate precipitate ols o
at 44.38 metres ° . fracture zone
LN [
*
L
5 .

4
N EEEEREE




beak 4G2 Alrrﬁwoﬂoad, NTK —l
! uelph, Ontaric N1K 1586
consultants  ojoonone: (515) 763-2325 CORE LOG FORM l
Ammmmerrrrramy  [imited facsimile: (519) 763-2378
Date: 29 November 1993 _ DlscoTtinuitles Page 5 of 6
. , o I . 2
Project Number.M’{’i{])?.l S Well Field Stud - 9:3 = ‘ 5 oa Drilling Co.: Davidson Environmental
Project Name: 1ddieton Street WeH Fie ey 2 & L.% = ? %’ aé Logged by: R.A. Sweezey/R.A. Trevail
N : = £ n =
Location:  BH-2B E w5 o 25 e é g Core Box: 7,8,9
Core Size: 76mm/3" £ e85z 2 @ £
[=% o | = _g 5} 8 8 o L =c al o
Lithology 2 |15 8258 £81E2 |8I8 Remarks
45 wee  fracture
o 7] fracture zone
] O Vug
(1 | ' fracture zone
2 |
46 L
| e
- . .
47 41—
m—— .
) rubble zone
1 rubble zone
48 . . fracture zone
vv— L J
—— °
= |e ,
-competent zone 48.40-49.13 metres A e ’ 102 | 84
| |
49
Y — . * .
] | & .
-competent zone 49.27-52.43 metres A - o
|
=N
50 _: .




mk beak ?'52 ArrowOFioad, 5
uelph, Ontario N1K 158
consultants 2o (519) 763-2325 CORE LOG FORM
A |imited facsimile: (519) 763-2378
. Discontinuities
Date: 29 November 1993 Page 6 of &
Project Number:  7209.1 o = ® : : .
) . . —_ g5 5 oa Drilting Co.: Davidson Environmental
Project Name: Middleton Street Well Field Study & &G = > | @ 2 .
. 8 o T 2 i 2121 Loggedby: RA. Sweezey/R.A. Trevail
Location: BH-2B = L | e S 2| 81a
£ —lol|s o 2% | os | 21 & CoreBox: 9,10
Core Size; 76mm/3" = S8 18| o £5
Lithology 8 151258658 22|88 Remarks
50 —E o —  fracture
—— [7] fracture zone
] O Vug
I R
—
51 _i
- [ ]
e .
[em— L ]
52 : .
|——— [ ]
— | e
== .
End of Borehole at 52.:43 metres -
53 | |
54 | ]
55 |

2 - : : : i - ] ! - i : " - i f |
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%, consultants
limited

Borehole No: BH-4 page 1 of 3 Borehole Log

Project No: 7209.1 Project Name: RMOW Cambridge
Client: RMOW Cambridge Location: Borden Street and 1st Avenue
Geologist: R. Sydor Drilling Method: Mud Rotary

Drilling Co.: Davidson Environmental

Completion Date: 29 March 1994

Depth Geologic Samples
2 Lithologic - &
% ol Description Lol e |21 218
> @ (Sl g 5l a
o | o}] 28l 2l gl BlE
| = = Tl O o DG
w | |2 « Qw| = ]
TR TR I A snl 9 2| 43
Lielz| & s | 2513
=20 [t 0 o L)
. . . . . ling sand with some coarse sand, brown, moderately well graded, trace fing gravel SW
a b 4 * -
» ) - ‘ L]
- ' . : -
- 4 (] ) 4 * 3
. .
. . .
] L3 a
. . .
5+ Tt . . .
5 o 2 = % fine gravel with sand, brown, well-graded, mostly fine gravel and coarse sand, litlle fine and GwW
? : ‘.3 : ? medium sand
1 s 0o
L, SR
A 0O =« 0 & 0O
e e
0200
i LI I B Y
2 G+ 0
L B B Y )
] O« O s
- r s 8 1]
O ¢ 0 e 9
10 473 LI
. . coarsa sand with gravel, brown to medium grey, well-graded, little fine gravel, angular, lew medium sand SW
. . .
- * L] * .
. -
L ’ - a
.
. a * -
. .
= 4 - . * -
L]
L] L] L]
4 L]
L] *
15 R
* ¢ =« » o] fing gravel with sand, medium grey, well graded, gravel angular, little coarse gravel, itle medium and coarse GW
Q00 sandq
“« & 92 3 @
O+ 0 e 9
- 5 L Y
G s 0«0
.t & 4 3
0«00
LI R B B
r O ¢ 0 s Q
. ¥ & 4 a
C &« Qs
. LK B T )
QO «0 Q0
2046 i X 1 with ligh i litte: ine ¢ |
O ¢ 0 « of NG gravel with some coarse sand, light brown, we graded, little fine sand, trace clay
4 & 2 @ 9
000
7 LI T T Y
i G+ 0« 0
4 u 1 & 9
Q + 0 a2 g
vt e oae
O ¢« 0 s Q
— ? L I T Y
O » 0 s 0
LI B T
O 4 0 & g
* o 4 g9 9
- QO s« 0 s Q0
25 :) : a : c; coarse gravel, light brown, well-graded, subangular, trace clay
. * . & 0 "
G0 eg
Ls RREE
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Borehole No: BH-4

page 2 of 3

beak
consultants
{limited

Borehole Log

Depth Geologic Samples
= Lithologic - &
— . Description Lole 8] 2|2
o g cElL|s515{a
n [ D o Lol e 8 -c?! £
Q| = V| O O o] &
o le |s = =] 8 = ola
2le |z b cOr Sl =215
he Jo| = 0 a | »
| 6+0¢0 W
O+ 00
I ® & % & @
0o+ 00
.
| 0+ 00
* ¢ v 9 2
- O 8 0.
30_ g NN T ) C" RO B
clay, grey lo light brown with some coarse sand and fine gravel CL
1 10
35 ‘
silty or clayey fine sand, grey 1o fight brown, little coarse sand, subangular SM
-1
~ 12
40 silty er clayey fina sand, grey to fight brown, litle coarse sand, subangular, trace line gravel
1 13
driller neted colour change at 13.4m
45 4 sitly fina sand, light grey, some sill, little coarse sand
14
15
50 -1 silly fine sand, light grey, soma sill, Yitle coarse sand, few clay, firm
T
'
16 ;
554 T silty fino sand, light grey, some sill, litte coarse sand, few clay, lim
L)
T 17 i
!
] 1
|
M
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Borehole No: BH-4 page3of 3 Borehole Log

Depth Geologic Samples
Fa Lithologic c £
% a. Description 25|l |21 2|3
v |9 o Q 0 a | E
9 [ = Dl O Q [15] 4]
PRV ) @ (0] ()] > - 1]
Do |% - cal 2| 2 inlo
D1E |3 r cg|l 12| =132
e 33O pask O . u:
- 18 S
60 -1 silty lina sand, light grey, some silt, few coarse sand, few clay, finn
~ 19
65 4 - - p - - - - ]
20 silly fine sand, light grey, more silt than previous uni, few lo e coarse sand, few clay, firm ML
T 21
70
T 22
1 - ._L_T_L_ tadrock - medium grey limestona and weil-graded coarse sand, angufar cutlings BORK
1 LE“‘."
75+ I
I 23 ]
] T )
core chip samples collected from 24 to §7m below ground surace
T 24
801
T 25
854
[~ 26
H
7 “I
i
- 27

I N WS S S T — — _ : 4’



C-MS-MW1-08-(A-B-C)

Monitoring Well: C-MS-MW1-08

Project: Middleton Monitoring Well Installation and Upgrades Drilirig: CMET5 Casing Diameter: HW (102 mm ID x 114 mm OD)
Client: Region of Waterloo Bit Type: Christiansen PQ Coring Inclination: 90°
Location: ‘Water Works Park Flush: Polable water- Brethren Waler Service Azimuth: nia
Number: 1609-00492 Foed: Potable water- Brathren Water Service Date Started: Aug-11-2008
Field investigator: L.Kennell Core Diameter: 85 mm
Contractor: Noll Drilling Inc./Durl Hopper Ltd.
SUBSURFACE PROFILE FOTO VIEW CORE RECOVERY DATA
C-MS-MW1-08A C-MS-MW1-088 C-MS-MW1-08C
i " wE GS Elev: 265,895 MAMSL  GS Elev. 265.944 mAMSL GS Elev: 265.935 mAMSL
sy | opmear | cE| = % a | iz T o Caipar — Rasisiviy i TOC Elev.266.682 MAMSL  TOC Elev.266.686 mAMSL TOC Elev:266.647 mAMSL
Depth | Graphic Log| Lithologs: Description Depin | | TELEVEWER| €8 | 2 9 g gx Description Strengih = i (Ohmm) (Uimin) Stick-up:0.767 m Stick-up:0.742 m Stick-up:0.712 m
(m BGS) z &5 Northing:4796727 Northing 4799724 Northing:4799721
we wun oz e sowom 1000 00 W0 awn | 20 a0 w0 w0 Easting; 555411 Ensting: 555411 Easting: 555412
®  (m Ground Surface s g i o ' i WRAS/Object No:9203576  WRAS/Object No:9203577 WRAS/Object No:9203578
FILL ZE5T0 T H et TrmanT T
silly 5and with gravel and some clay 0.00 5
26193 68 mm steal 168 mm steal 168 mm steel
UPPER BEDROCK AQUIFER EET sing casing casing
light brown, dolostona, medium crysialline, wackesions, Top of scraan
wuggy. Dvobves 00% | 70% | 93% | © o simning Irroguar trces (7.62 mBGS)
highly weathered with iron staining from 0-12m % 0% 5% 5 Fon staini Water Lavel
i Sand Sand on 27-Oct.08
pyrite crystals ot 10.15 m BGS 00% | 82% | 7% | 7 rreuaar 265,01 T AMSL
S8% | 4% | 75% | 1 reguar No.00 Siiica Sand
100% | 98% | 8% | 2 rengular sl vase Noost
e 95% 0% 9% 2| unduiaing racture onentation 30° [ R4 Water Level v Water Level bl
- Oci 2700t mm diameler
GFPER BEDROCK AGUIFER 565 to0% | 100% [ 100% | 2 frwoet R4 o oaTone. Bottam of screan
brawn, dolostone, fine to medium cry: . wackestone 00% | 9% | 9a% | 2 irtugular Ra (10.67 m BGS)
bivalves, digitate coral, stromatoparoids, a7 prey T
o ST 9% | 94% | 93% 2 ing 3 —
\pyrite crystals batwean 17.4 1o 18.3 m BGS 20,72 ot 100% | 100% 9% 1 \rapular. RS
UPPER BEDROCK AQUITARD 94% 92% 9 reguiar undulsing Facres Ra Bentanite
dalosiane, fine crystalline, laminar _2_2*!51’,,;2,5_ T00% | 100% | 100% 0 r
oids. sponges .
UPPER BEDROCK AQUITARD 23945 100% 100% 100% 1 ieregular Ré
 whiteflight grey, dolostone, fine crystalline, crinoidal -~ 7% | 94% | B9% Z reguar wo R4
Egiwmeb;ngeuaock AQUIFER . KN N 2 i = 16 100 e
dolastane, fine to medium crystalline, vuggy, microbial 7% 9% 93% 1 bt il R4
Fool. o 0 ot seduenos 100% | 100% | 100% | 0 R3
Microbial Grinoidal Reef Mound — Top of
o0k Dlu® cr ey, S0e wea o) s6iions 100% | 100% | 109% | 1 ol "3 B agreil
100% | 100% | 100% | 1 iroquiar R4 No.00 Silica Sand
100% | 100% | 98% 1 e No.10 Siot
Schedule 40 PV
ST% | 97% | 97% 1 ool curved R4R5 SEnadl S0PV scradn
96% 98% 98% 0 RS Bantoniy Battom of scraen
%% | 9% | 99% | 0 RS (0% mEcs)
100% | 100% | 100% | 2
7% 97% | © Ra
100% 100% 0 R4
6% 96% | 0 Ra
ooe ool i Top of screen
218 wm— 7% 5% 2 arge traciare e (48,46 m BGS)
: 2 : ] i s Ko o B2% | Be% |_82% | =10 T No.00 Silica Sand
3 R No.10 Slot
T 21271 o 0 P O \die=ar] il Schaduls 40 PVC
L Micrabial Crinoxdal Reef Mound 5318 S3% 53% | a3% 2 sty RS ki
| m— 50 mm dismeter
T T dark biue grey 100% 100% 100% 0 RS Botiom of soreen
" 98% | 98% | 98% 0 RS (53.04 m BGS)
 — 99% 99% 99% 0 R3-R4
—L 9%, 9%, 99% 0
—— W% | 9% | 99% 0 Bentanite
: 4[ 20318 8% 98Y, 98% 1 irogutar
5 Crinoid Coguina bl
L—L_{\white_weathered 20224 98% 98% 58% 7 Trrogotar
L——L— Microbial Crinoidal Reef Maund 63.65 98% 98% 98% o R
dark blue gre) 198.74
== Bmdmpo?l sv 0zGan-Crinoid Coguina T joo% | ook om0
tj, T : whit, weathered 19578 100%: 1 00% 1 0% L 0
Botiom of borshole
End of Borehole — (70.10 m BGS)
NOTES: WRAS - Wator Rasource Analysis System Plus Database &
TCR - Total Core Rocovery Electrode spread \/ //\
SCR - Solid Core Recovery —_ NoB /\
RQD - Rock Quality Dosignation = No.l6 "
MAMSL - motros above maan sea lovel — No32
mBGS - motros bolow ground surfaco = No.&d Stwat 1001



squinlan
Text Box
C-MS-MW1-08-(A-B-C)


RECORD OF DRILLHOLE 104~90 o005 PACE 1 OF :

554650 4800640M

Location (UTM COORO.) Driling Contractar LUNNEY WELL DRILLING Dated Orilled July 23, 199
Datum GEODETIC Drilling Method AIR ROTARY PERCUSSION Date Installed Aug. JO—~31
APPARENT NATURAL GAMMA ' C-MS-OW104-90-A
MONITORING CONDUCTIVITY STRATICRAPHY
WELL LITHOLOGY 2 (mS/m) {cps) ELEV.(m
INSTALLATION S ' =) =1 w o DEPTH(m)
0CH A 540 — ~N o &~ rel CROUN
e Coai =Tol ] “ } H } u
0 St TIEAE 1T TTLTTTTTT (2859 O SURFACE
268,50m et 0.6
Manitoring Well L
Water Lavel e
Data from R .
Oclober 13, 1990
5 : OVERBURDEN
g
: 277.0 BEDROCK
|-—1 0 : 9.5
£
WEw 0 |
——15
GUELPH FGORMATION
Light brownizh grey to creamy grey, fine
to medium groined. thinly io thickly bedded,
variously non—porous to porous, occasionally
vuggy DOLOSTOME with tobulate corel and
- Yot brachiopod fossils,
¥
—25
92
(1]
o
o
= WELL C
T
}-.-
o
i
[0
—35
4.0
45
—50
WELL B
|—55 231.5
5.0 LONNNUED ON FAGE 7 OG 3
Scale Logged RB

araject No. 891 —15K2 1250 Golder Associates Checked RB
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RECORD OF DRILLHOLE 104-90 PAGE 2 OF -

SSHB30E  4300640M

Location (UTM COORD.) Drilling Contractor LUNNEY WELL ORILLING Dated DrilledJuly 23, 199
Datum GCEQCETIC Drilling Method AIR ROTARY PERCUSSION - Date Installed auq. "30-31
APPARENT
MONITORING CONDUCTIVITY NATURAL GAMMA STRATIGRAPHY
WELL LITHOLOGY 2 (mS/m) (cps) ELEV.{m
INSTALLATION £ =) = wy < DEPTH m)r
55 ] v = o Des 0 CONTINUED FROM PAGE 1 OF
/ 1 FTTTTTT11 2315
Z
Z
/ GUELPH FORMATION
60 <
Light brawnish grey to creamy grey, iine
/ ta medium grained. Lhinly to thickly bedded,
WELL B variausty non—poraus to porous. occasionally
/ vugqy DOLOSTGNE with tabulote coral ana
/ brachiopod fassils.
— 65 ?
— 70 /. 216.5
70.5
LOCKPORT FORMATION
ERAMOSA MEMBER
Medium {0 brownish grey, Hne grained, thin
e 75 madium bedded, petroliferous argilloceous
A DOLOSTONE with occassional shaty beds.
i — 80 2060
o 80.%
co
"_
Lt
=
~—85
- LOCKPORT FORMATION
= GASPORT MEMBER
a
g Blusish grey to light creamy grey. fine to
medium grained, thickly bedded to massive.
— 90 variously aon—perous to porous DOLOSTONE
with crinoid and tabulate corai lossils.
T WELL A
— 100
105
1768.5
—110 110N CONTNUED ON PAgE 3 OF 3
Seal Logged RB
cagle .
omioms N @o1_ienn 17 250 Golder Associates Checked RS



RECORD OF DRILLHOLE 104-90

Dritling Cantractor LUNNEY WELL ORILLING
Drilling Method AIR ROTARY PERCUSSION

. 554650 4B800640N
Location (yry COORD.)
Qatum GEQOETIC

PAGE 3 OF |

Dated Drilled July 23, 199
Date Installed Aug. 30-31

APPARENT U c
MONITORING CONDUCTMTY NATURAL GAMMA STRATI
WELL LITHOLOGY 2 {mS/m) (cps) ELEV.(m ATIGRAPHY
INSTALLATION ?O =) S o @ 2 DEPTH(m)
110 ) — i T };’g-gcommum FROM_PAGE 2 OF
L T LOCKPORT FORMATION
L GASPORT MEMBER
L
5 Biuefsh grey to light creamy grey, fine o
medium groined. thickly bedded lo mossive,
1 15 | vcl:rioust'y non—porous io perous DOLOSTONE
i with crinoid and tlobulate corol tossily.
—1 4 16R.5
20 22}/ 120.0 RQCHESTER FORMATION
- b= Madium grey SHALE,
- BEN é""‘—_-— 121.8 _IRONDEQUOT FORMATION
- = 63,2 Ught grey. medlum gralned. thickiy
PRI bedded porous, erinodal LIMESTONE.
24.0] REYNALES FORMATION
1 25 Medium grey, fine groined ihin to mediu
bedded COLOSTONE.
END OF HOLE
—130 NOTE
. ~
[7////] DENOTES A 100% SCALE OVERLAP IN GEOPHYSICAL RESULTS
—135 1.Record of cumulative water production during drilling
) 2.27 1/sec between 29.0 and 29.6m
la:-‘ additional water ot 96.6m and 100.6m
}-—
Lol 2.0pen drillnole was developed with a submersible pump at a rate of S /sec
= 140 {limit of pump cepacity) for 3 hours with 7.6m of drowdown on August 9, 1990.
=
- 3, Water level data (October 15, 1990)
I
E Well OQW104D-90 279.41m
! 104C-90 270.70m
- 104B-90 267.30m
—145 104A~90  262.96m
=150
—155
L—160
L. 165
Scale ] Logged RB
Golder Associates Checked RSB

Project No.B91 1582 1:250
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AJYooOHA MIE-OW2/92 | C-MS-OW2-92-(A-B)

0 VAR ,/ f T7T 7
$ OVERBURDEN inp ; H
J poLosTONE AL NOTES:
BEDROCK T
s A XN AW E Screens are 32 mm [D PVC
[ B L
1 A
U AV B Silica sand is 2 m grad
:,«// 1 STEEL ilica sand is 2 m grade
%4 é 11§l casmNg
' | .
10 f'r‘ | H 2 Bentonite is 3/8" gravel
y 4 / N
4 ANV A Packer Test [ntervals shown as
f / . /': Zones | - 4
;Y‘ P-l
15 i, |/ % j
: / ///‘ ; 165 m
ZONE1l | 184mbl Aad  esm
a 2 HENANI=S
e IR
b Smill]l. &) 21.6m Dolastone:
= o Em F ; L, light grey, crystalline
< ; f / with abundant secondary porasity
a: ZONE 2 Az /
S5 3 258 m [ / A,
S ~ ﬁ; i 265m i
= d. 1B .‘-,‘_-'
3 ZONE 3 g
= 30 3 '_‘_'.E et
— [ f |- = 31.1m
31.5m | —
E F T/// Dalostone:
= : as abore, but with even
—— g greater poraosity
38 5
ZONE 4 g /
" //
b1
|77
. " . Dolostone:
E A 4.7 m very porous, crystalline,
=T dark colour in places, mattled
45 - “sm
s | LOTOWATER LTD.
THE REGION OF WATERLOQQ,
23 U0 00| J81EM L0iBal Am . .
75bb-545 (515) ¥y Middleton St{-eet Wel! Flf.‘.ld ALISSUEEM JouoiS=y
92vp-5£5 (615) aucydalal Hydrogeologic Investigation and Installs}
£M'v 9ZN PEUEY NQ J2UBLI1Y of Sentry Wells
19015 RHOPA 051 MI-OW2/92 PIEZOMETER DETAILS

$9IIAIBS J91BM

Project: 006-026
NV NOILV1HOdSNVY

May 1993
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RS A

Ministry : The Ontario Water Resources Act
v) ot WATER WELL RECORD
/' Environment
Ontario
I, PRINT ONLY {N SPACES PROVIDED
2 CHECK CORAECT 801 WHERE APPLICABLE
_L SISTRICT TOWNSHIP BOROUGH CITY TOWN VILLAGE CON  HLOCK TMAC! SURVEY EfC Lor
Region of Waterloo City of Cambridge
owniR Ifulkll‘ FimsY ) ADDRESS C/o Beak COnSultantS Limited DATE COMPLETLD Nov 93
Regional Mun. of Waterloo 42 Arrow Rd..GQ’}J'TnkION NIK 1S6 oxr no NOV¥e 5 270 |
LOG OF OVERBURDEN AND BEDROCK MATERIALS :see iNsTRUCTIONS)
GENERAL COLOUR s oerin EE
couonTer OTHER MATERIALS GENERAL DESCRIPTION —oF =
Brown BrckenrLimestpne Silt Soft 0 4
Lt.Brown | Limestone Hard 4 189
Grey Limestone Med. 189 200
Grey,Brn. | Limestone Hard 200 244
Grey Limestone Hard 244 351
WATER RECORD CASING & OPEN HOLE RECORD Z [ e e orameTer FEneT
w
WATER FOUND 1 InSI0E Al DEPTH - FLETL w "
=1 -sY RIMOFNATER 1:l:.:c::s MATLNIAL *':::é:'\_h:l‘is FRUM To O (WATTRIAL AND TVPL DEP'N":: ::v =
Q OF SCREEN
8 FRESH gsuuuu- v
SALTY MINERALS STEEL FLET
a
2 o reesu D:::rnuu Dg::”:‘;‘z'::"
H% Q sacre  Qumeans 6 | Belaaee | 188 (+3 |21 PLUGGING & SEALING RECORD
lﬁg —— Durees Sl Y maTmAL anp TeRE L e
i B e Dot ||| B a1 1351
L OPEN HOLE
g PLASTIC 0 21 Holeplug
9 & e Bouwor
26 e g“s §:'A!L$:N|1En
R Bl
A PLASTIC
FA LTI S5
PUNMFING TE3! NETWOD FUMPING HATL GuRsliOn OF Fuuring L o c ATI o N o F WE LL
0 puue O sanen 400 e Ny uiay A
ar IN DIAGRAM BELOW SHOW DISTANCES OF W FROM ROAD AND
Py ':E’?{“ WATER LEVELS DUNING g i LOT LINE  INDICATE NORTH BY AmRow. o ®
- . N
@\ " mimuTOn 30 MImUTEE 43 MR W0 MnuTES ! T
w
z 50 et e e FELT r(:vL gt —— — —— — - — —— - e —
-z- J‘I"'t‘LU-:‘I‘K‘ PUMPF (WTARE SCT AT WATLN AT CwD OF TEET ),l L:" l
E P s 0O cLear QO crouoy iF f_ rn’f. ]
3 NECOMMENDCD PUMP TTRD MECOMMENDED MECOMMEnDED s /
a Puur PUMFING
O ssaLcow [ peer SETTING vugr |are aru _— -
: 1
FINAL o ::sr::v:::;:vw’:u g ::::uonzn INSUFFICIENT SUPPLY 13;;-’.' j . e i el
STATUS g(rsst HoLE a unn:?s:izl:: i il { 1 s i
OF WELL [0 RECHARGE WeLL O DEWATERING 73 H ~.;; }
0O ocomEsTIC 0 cOMMERCIAL , ___;.I
O srocx O wmunicipaL
WATER O iRRiGATION O PruBLIC SUPPLY -
USE O INGUSTRIAL O COOQLING OR AIR CONDITIONING
!& OTHER i L u:(ln_ -~
m"—gﬂi‘lﬂry—d sampling
O casLE ToOL O sorinG
METHOD ROTARY (COMYENTIONAL} O bpiamone E !
OF a( ROTARY (REVERSE) O sertine
CONSTRUCTION K rovany (alr) O opriviNG
O AIR PERCUSSION O ciceine O orHer ORILLERS REMARKS 1 3 2 4 1 0
T WELL CONTRACTOR wELL comrmacTons] [
LICEN Akl
« _.vidson Well Drilling Limited 1737 z ‘
8 ApORESS o
| Box 486, Wingham, Ontario. NOG 2W0 n
E MAME OF WELL TEGHMICIAN WELL TECHMICIAN'S 2
. Lic N, BER
31 _G. Reavie 10158 S
o BICHATURE OF Y(QNHI:‘Q“{C“N"‘IC'Q. JUBNIIEION DATE E
et T i - DAY L MO % v93_- o

OWNER'S COPY

FORM NQ, 0506 (11/86) FORM 9

C-MS-BH1-93-(A-B)

BH,| - 93
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Depih (metres)

temp. (*C) 18in. latersl ()
average gamma 13 15 o 2000
(counts/secand) temp. grad (°C/km} 48In. lateral {Q)
o0 25 50 75 100 -1000 1000 0 500
’ [TT1l T T T
5 — b
o —
N [
10 E ........ N\ | e
e

Guel)
Formallm

-
-
C tow
T fow
.......... i
-
j\-‘__h__ 3

packer test inlerval
hydraulle conductivity

C-MS-BH1-93-(A-B)

sleel
casing pK (m/s) waell Instaltation
B7 65423 € 8 A
T
11T :
"
semes - of u
: SAHIEIE
s - ? s a 5
B - ~
10 |... . . :
et lave B L v
B i S
L L .
‘a’ga M s -.. e
F « |t 3
L - .
- - .
20 fueamsieafee o 5
L s “
F - -
E C B
wareelevres s rerere o ~] bentonite
a S
large g = '
™ |
P = 1
[ 1 ~
" -
't 3 y
[omromtmises K Y
4 L \
L L “
- o e
40 [fecisiviiisiibasans i ~
L 5 )
' - - a
" e [ %
i \
open - »
voids 3 ~
- 5
large I - | )
vertical [ » 3 o
fracture E L
mefor _ [ B sand
open fracture 3 |° i i
: |
60 £ ~
B .
- *| bentonlte
. L]
- 5
K -
70 BoarR
open R sand
v [ ;
i
.
60 N
- L A
- F *{ bentontte
s L )
= vareal M yf == | e .
Irnciure — X it
L € | "
s0 [. s "
I £33 - .............. -|] ;| sand
open - L .
100 [ [CEREREROREE :
open - <
opan B IS
" : bentonite
— video fracture
) video vugivold
water movement
¢~ Inta lhe borahole
= out of lhe borshole
J,  down tha borehole
4 tlow direction not
confirm

BH-1 Log and Casing Summa
Middleton Street Well Field Study

Cambiridge, Ontario
r -
M S A Figure | February 1994
limited BH-1 Rev. 00
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5y BURNSIDE

[THE DIFFERENCE IS OUR PEOPLE]

Appendix C

Monitoring Data
(Pumped Volumes and Hydrographs)

9 xipuaddy



BURNSIDE
Prepared by: SQ/LH
Date: 4/14/2026

TABLE C-1

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

Y BURNSIDE

Region of Waterloo
Major Permit to Take Water Details 2021 Production St Y 2022 Production S y 2023 Production S y 2024 Production S y 2025 Production S y
Well Field or Production 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)* | (totalm®/year) |(m®/day)| (L/s) | (totalm?/year) | (m*/day) (L/s) (total m* jyear) |(m®/day)| (L/s) | (totalm?/year) |(m*/day) (L/s) (total m* jyear) |(m®/day)| (L/s)
Middleton Major G1 7214-AMGR5G ombinea rate or 1,731,606 4,744 54.9 1,659,836 4,547 52.6 1,775,254 4,864 56.3 1,489,008 4,079 47.2 2,106,682 5,772 66.8
G1A 7214-AMGR5G PTTW 1,147,490 3,144 36.4 1,304,453 3,574 414 520,879 1,427 16.5 739,363 2,026 23.4 1,274,414 3,492 40.4
G2 7214-AMGR5G 7214-AMGR5G 116,807 320 3.7 230,532 632 7.3 343,298 941 10.9 1,101,821 3,019 349 797,219 2,184 253
G3 7214-AMGR5G 2,774,431 7,601 88.0 2,746,267 7,524 87.1 2,781,482 7,620 88.2 2,383,644 6,531 75.6 2,010,307 5,508 63.7
G14 7214-AMGR5G 145,573 399 46 438,235 1,201 13.9 256,355 702 8.1 40,083 110 1.3 291,643 799 9.2
Well Field Total 8,760,000 420.0 5,915,907 16,208 187.6 6,379,323 17,478 202.3 5,677,268 15,554 180.0 5,753,919 15,764 182.5 6,480,265 17,754 205.5
* Maximum taken per day from all wells shall not exceed
annual daily average of 24,000,000 L/day
| |
Notes:

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

File: 0464020_2025 MIDDLETON Report - Well Field Water Production Summary.xisx\Table C-1

Region of Waterloo
2023 Groundwater Monitoring Report
HA0464020



REGION OF WATERLOO
2025 GROUNDWATER MONITORING REPORT -
MIDDLETON

250

Actual versus Mean Monthly Precipitation
Weather Station - Shades Mills Dam Weather Station

175 +
150 +
125 +
100 +
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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.
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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
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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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