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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 0071-BUKPUS5) for the Greenbrook 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 during 2024 and 2025. This report has
been prepared to meet the reporting conditions of the PTTW for 2024 and 2025. A copy
of the current PTTW issued on October 20, 2020 is included in Appendix A.

The location of the Greenbrook Well Field is shown on Figure 1 and the production wells
(K1A, K2A, K4B, K4C, K5A and K8) are shown on Figure 2 with the monitoring network
shown on Figure 3. Well records for the production and monitoring wells are found in
Appendix B.

1.1 Scope of Work

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

The Region has developed a monitoring program for the Greenbrook Well Field in
accordance with PTTW 0071-BUKPUS5, which consists of the following activities:

o Measuring the daily volume pumped from production wells K1A, K2A, K4B, K4C,
K5A and K8 (Condition 4.1 of the PTTW),

e Measuring the water levels in monitoring wells K-GB-BH1-90-AB, K-GB-M4-94-AB,
K-GB-GB1-96-ABC, K-GB-GB1-97-AB, K-GB-OW1-08-AB, K-GB-OW2-08-AB and
K-GB-OW1-15-A (Condition 4.2 of the PTTW);

e Reviewing precipitation data from the nearest GRCA / Environment Canada weather
station; 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 Greenbrook Well Field is located in the central portion of Kitchener just northwest of
the intersection of Westmount Road and Conestoga Parkway (Highway 7 / 8). The
supply wells are located along the natural corridor that borders Shoemaker Creek. The
closest municipal well fields are the Mannheim East Well Field, located about 2.5 km to
the southwest and the Parkway Well Field located about 3.2 km to the southeast
(Figure 2). All the Greenbrook production wells are located within 100 m of Shoemaker
Creek and its tributaries (Figure 3).

211 Pumping Wells

The Greenbrook Well Field consists of production wells K1A, K2A, K4B, K4C, K5A and
K8. Well records for the production wells are found in Appendix B. In 2021, K4B was
decommissioned and replaced with K4C. A summary of the production well construction
details is provided in Table 1 below.

Table 1: Production Well Construction Details

Well ;e'f\I: (I:;smgt/ Screen Screene: Interval Aquifer
Name ui iameter (mm) (mbgs)
K1A 2009 356 / 305 42.1-49.7 AFD1
K2A 2009 356 / 305 43.6 — 51.2 AFD1
K4B 1996 400/ 300 31.6-37.1 AFD1
K4C 2015 305 /305 31.1-38.7 AFD1
K5A 1997 406 / 355 32.0-40.2 AFD1
K8 1987 300/ 300 42.4 -46.9 AFD1
R.J. Burnside & Associates Limited HA0464020.2024
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The water taking volumes for the Greenbrook 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

Well PTTW 2024 2025
Permitted Avg. Max Total Avg. Max Total
. Daily Taken Daily Taken
Max. Daily Volume Volume
Water per Water per
Water ) Pumped ) Pumped
. Taking Day Taking Day
Taking (m3) (md) (m3)
(m?) (m3) (m3) (m3)
K1A 2,202 3,163 | 803,810 2,110 3,597 | 770,153
K2A 1,606 2,162 |586,043 674 1,968 |246,030
K4B 0 0 0 0 0 0
K4C 1,976 5170 |721,334 791 3,111 | 288,755
K5A 867 2,705 |316,394 446 1,353 | 162,861
K8 613 1,692 |223,772 406 1,849 | 148,044
Total . 37,361 7,264 14,648 |2,651,353 |4,427 7,759 1,615,843
Combined

Condition 3.3 of the PTTW specifies that the combined water taking from the well field
shall not exceed an annual daily average of 17,626 m3/day. As shown in Table 2, this
requirement was met in both 2024 and 2025.

The Region's SCADA system records total daily water taking volumes including the
dates and times of water takings, the rates of pumping, and calculations of the total
amounts of water pumped per day for each supply well, which complies with condition
4.1 of the PTTW.

The pumping volumes are presented in Appendix C as total monthly volumes. Pumping
volumes from the well field ranged from 97,761 m%/month to 283,992 m3/month in 2024,
and from 79,501 m®month to 218,509 m3/month in 2025. In total, 2,651,353 m® was
produced at this well field in 2024 and 1,615,843 m3 was produced in 2025. The 2024
volumes are within the range of pumping volumes for 2020, 2021 and 2022 and below
the permitted volume of 13,636,692 m? per year (Table C-1). Annual volumes in 2024
and 2025 are lower than historical volumes due to wells and water treatment plant going
offline for repairs.

21.2 Monitoring Wells

As per the PTTW, water level monitoring is completed at the following monitoring wells:
K-GB-BH1-90-A, K-GB-BH1-90-B, K-GB-M4-94-A, K-GB-M4-94-B, K-GB-GB1-96-A,

R.J. Burnside & Associates Limited HA0464020.2024
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K-GB-GB1-96-B, K-GB-GB1-96-C, K-GB-GB1-97-A, K-GB-GB1-97-B, K-GB-OW1-08-A,
K-GB-OW1-08-B, K-GB-OW2-08-A, K-GB-OW2-08-B and K-GB-OW1-15-A (Figure 3).

Construction and location details for the monitoring wells are described in Table 3 below.
Well records for the monitoring wells are provided in Appendix B.

Table 3: Monitoring Well Construction Details

Year Screened Screened Distance to
Monitoring Well ID Built Depth Formation Closest Pumping
(mbgs) Well (Well)
K-GB-BH1-90-A 19.8 - 23.3 ATB3
1990 116 m (K5A)
K-GB-BH1-90-B 3.3-46 AFB2
K-GB-GB1-96-A 57.1-59.9 AFF1/ATG1
178 m (K1A)
K-GB-GB1-96-B 1996 51.2-54.4 AFD1
197 m (K2A)
K-GB-GB1-96-C 99-129 AFB2
K-GB-GB1-97-A 38.6-41.8 AFD1
1997 10 m (K5A)
K-GB-GB1-97-B 1.1-4.3 AFB2
K-GB-OW1-08-A 442 —47.3 AFD1
2008 6 m (K1A)
K-GB-OW1-08-B 36.6 — 38.1 AFD1
K-GB-OW2-08-A 48.2 -51.2 AFD1
2008 6 m (K2A)
K-GB-OW2-08-B 37.5-39.0 AFD1
K-GB-M4-94-A 60.9 -64.0 AFD1
1994 1302 m (K2A)
K-GB-M4-94-B 50.3 -53.6 |ATC1/AFC1/ATC2
K-GB-OW1-15-A 2015 | 32.6 —35.87 AFD1 26 m (K4C)
R.J. Burnside & Associates Limited HA0464020.2024
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2.2 Regional Geology

The following sections provide a brief overview of the regional geology and
hydrogeology of the Greenbrook Well Field. The surficial geology based on regional
OGS mapping is provided in Figure 4. The Greenbrook Well Field is located in the core
of the Waterloo Moraine (Figure 5). Representative cross-sections showing the
stratigraphy in the vicinity of the Greenbrook Well Field are included as Figures 6 and 7.
The cross-section locations are provided on Figure 3.

The cross-sections are provided as a visual aid and do not necessarily contain all wells
in the monitoring program for the Greenbrook Well Field. The recently completed Tier
Three Assessment Update Project (Aqua Insight et al, 2023) has revised the previous
(Matrix 2015) stratigraphic interpretation of the lithology around the Greenbrook Well
Field._The lithological layers were updated in accordance with documentation provided in
the Numerical Model Surface Transfer memorandum (Aqua Insight Inc, 2026).

Refinements (Aqua Insight et al, 2023) along cross-section A-A” (Figure 6) include the
following:

e The ATB1 unit was subdivided into ATA1, AFA1, and ATB1. ATA1 and AFA1
represent surficial units, with ATA1 interpreted as Whittlesey Clay and AFA1
interpreted as Whittlesey sand deposits;

e There were minimal changes to the thickness of ATB1 and AFB1. However, the
thickness of AFB1 decreased in the area between K-GB-GB1-96-ABC and Stirling
Avenue;

e Between Homer Watson Parkway and Conestoga Parkway, AFA1 and AFB1 were
largely replaced by ATB2. The thickness of ATB2 decreased near K2A but increased
in the area between K-GB-GB1-96-ABC and K-GB-BMW121-92-ABCD;

e The thickness of AFB2 increased in the area south of McClennan Park (former
Kitchener Landfill). In contrast, there were minimal to no changes in the area
immediately surrounding the Greenbrook production wells, except for localized
thickness increases near K-GB-GB1-96-ABC and decreases near K-GB-BMW121-
ABCD;

e AFB3 is absent within the wellfield area; and

e ATB3 thickens toward the northeast, while ATC1 correspondingly thins in that
direction.

Refinements along cross-section B to B’ (Figure 7) include the following:

e An updated DEM provides improved delineation of the former Kitchener Landfill in
the south/southeast compared to the DEM used in the previous study;

e The ATB1 unit has been subdivided into ATA1, AFA1, and ATB1. ATA1 and AFA1
represent surficial units, with ATA1 interpreted as Whittlesey Clay and AFA1
interpreted as Whittlesey sand deposits;

R.J. Burnside & Associates Limited HA0464020.2024
0464020_2025_Greenbrook PTTW_Report_ SUBMITTED_FINAL



The Region of Waterloo 6

2025 Biennial Groundwater Monitoring Report - Greenbrook Well Field (K1A, K2A, K4B, K4C, K5A, K8)
June 2026

¢ In the southwest portion of the cross-section, ATB2 is interpreted to be present,
resulting in a corresponding thinning of AFB1;

¢ The thickness of AFB2 increases in the area extending from Greenbrook Drive to
well K-GB-GB1-97-AB,;

o ATB3 is thin to absent immediately northwest of Wells K1A / K2A and near
K-GB-OWM3-94 (not shown on the cross-section); and

e Hydrostratigraphic surfaces have been smoothed overall particularly near Wells
K1A / K2A, and near K-GB-BMW201-92.

2.21 Surficial Geology and Conceptual Hydrostratigraphy

The surficial geology of the area has been mapped and described by the Ontario
Geological Survey (2003) and updated in Bajc and Shirota (2007). The surficial geology
in the area of the Greenbrook Well Field consists of ice contact sand and gravel, silty to
sandy till sediments and silty to clayey till sediments (Figure 4).

The lithologic units typically present within the Waterloo Moraine are briefly described
below, in order from youngest to oldest.

Aquitard ATB1

Aquitard ATB1 consists of low permeability, spatially discontinuous, surficial till units
found predominantly along the flanks of the Waterloo Moraine. Along the western flank
of the Moraine, Aquitard ATB1 corresponds to the Mornington, Stratford and Tavistock
Tills; whereas along the eastern flank of the Moraine this unit corresponds to the

Upper Maryhill and Port Stanley Tills (Bajc and Shirota, 2007).

Aquifer AFB1 / AFB2 — Upper Waterloo Moraine Stratified Sediments and
Equivalents

Aquifer AFB1 / AFB2 represents the main water supply aquifer in the core areas of the
Waterloo Moraine. These units are generally comprised of layered silt and fine sand to
coarse sand and gravel. Throughout the core areas of the Moraine (Figure 5), the unit
typically exceeds 45 m in thickness. In some areas, the Upper Waterloo Moraine
Aquifer is interpreted to be bisected by the middle Maryhill Till (ATB2), effectively
separating the aquifer into two units, AFB1 and AFB2. This aquifer is the most prolific
aquifer in the Waterloo Region due to its high hydraulic conductivity and transmissivity,
lateral extent, and high recharge rate.

R.J. Burnside & Associates Limited HA0464020.2024
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Aquitard ATB3 — Lower Maryhill Till

The Lower Maryhill Till is described as a clayey silt to silty clay till. This unit represents
one of the primary regional aquitards due to its strong influence on the groundwater flow
system within the Waterloo Moraine. This unit is extensive within the core area of the
Waterloo Moraine, while along the eastern flank it tends to be thin, discontinuous, or
reworked and re-deposited as glaciofluvial sediments.

Aquitard ATC1 / ATC2 - Catfish Creek Till

The Catfish Creek Till was deposited by a major glacial advance from the north to
northeast that covered all of southern Ontario. It is a dense, stony, sandy silt to silty
sand till with little clay content. The hydrogeologic properties of the Catfish Creek Till
are variable, ranging from a good aquitard to a poor aquifer, depending on local
lithology, degree of compaction, and the presence of overlying aquitard units. The
Catfish Creek Till is typically thickest in the core area of the Waterloo Moraine, and thin
or absent along the eastern flank.

Aquifer AFD1 — Pre-Catfish Creek Sand and Gravel

Pre-Catfish Creek Till aquifer corresponds to sands and gravels re-worked from

Catfish Creek and Pre-Catfish Creek Tills and represents the main supply aquifer in
several production wells in the Cities of Kitchener and Waterloo, including the
Greenbrook Well Field. This unit is spatially discontinuous throughout much of the core
areas of the Waterloo Moraine and pinches out beneath Alder Creek.

Aquitard ATE1 — Canning Drift

The Canning Dirift is comprised of till and associated fine-textured lake deposits. It is
typically found at depths of greater than 70 mbgs in the Waterloo Moraine area and is
identified to be discontinuous and limited in lateral extent and thickness. Where it is
absent, a hydraulic connection is present between the deep overburden aquifers and the
underlying bedrock.

Aquifer AFF1 — Pre-Canning Till

The Pre-Canning aquifer is characterized by coarse-grained sand and gravel sediments
and is typically found within bedrock depressions. This unit is discontinuous throughout
the Region, and where present is hydraulically connected with the upper weathered
portion of the bedrock aquifer.

222 Bedrock Geology

The Paleozoic bedrock in the area consists of the Salina and Guelph Formations.

R.J. Burnside & Associates Limited HA0464020.2024
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2.3 Local Geology

The Greenbrook Well Field was included as part of the Tier 3 Water Budget and Local
Area Risk Assessment study which was undertaken by the Region. As a result, there
was additional refinement of the hydrostratigraphic model proposed by the OGS. The
following is a summary of the hydrostragraphic interpretation of the well field presented
in the Tier 3 Study (Stantec, 2012). Borehole logs of the Greenbrook Well Field are
included in Appendix B.

Upper Waterloo Moraine (AFB2) — This unit was interpreted to be continuous in the
Greenbrook area. The aquifer unit is identified as a surficial aquifer consisting of fine to
coarse sand, with silty sand and sand and silt. AFB2 ranges in thickness from 5 m to
30 m, with an average thickness of about 10 m. The updates to the lithological layers
(Aqua Insight Inc. et al, 2023) did not result in any sgnificant changes to AFB2 in the
area near the production wells. AFB3 which was previoulsy interpretd to be present in
the area is now considerd to be absent (Aqua Insight Inc. et al, 2023).

Lower Maryhill Till (ATB3) — This unit is one of the most significant aquitard units in the
Region, physically separating Aquifer AFB1 / AFB2 from Aquifer AFB3. ATB3 consists
of the lower Maryhill Till and equivalents, and was interpreted to be generally continuous
in the Greenfield Well Field area with a thickness ranging from 5 m to 25 m, and an
average thickness of 8 m. The Tier 3 Update resulted in ATB3 being thickened
approximately 3 m to 4 m east of the production wells towards Highland Road (Figure 6).
There were several identified areas where ATB3 was found to be thin or absent with a
pinch out identified at K-GB-BMW213-94A (Aqua Insight Inc. et al, 2023), possibly
allowing for windows or leakage into the lower aquifer systems. ATBS3 varies from
clayey silt to silty clay till and was found at elevations between 295 masl to 320 masl.

Catfish Creek Till (ATC1/ AFC1/ ATC2) — This unit is interpreted to be continuous in
the area of the Greenbrook Well Field; with thicknesses typically ranging from 5 m to

25 m. ltis typically defined as a sandy silt till; however, in areas it is described as silt or
clay and is commonly referred to as “Hard Pan” in MECP Water Well Records (WWR).
When paired with ATB3 acts to provide an effective confining layer above the municipal
supply aquifer AFD1. Near the Greenbrook production wells, ATC1 is observed to be
vertically extensive, reaching thicknesses up to 25 m and averaging 10 m. ATC2 was
identified within several boreholes surrounding the Greenbrook production wells. Where
present this unit is typically thin, averaging only 3 m in thickness. It was identified based
on the presence of AFC1, the aquifer unit that separates ATC1 from ATC2. When AFC1
was not present, the entire Catfish Creek Till unit was identified as ATC1. Combined,
ATC1 and ATC2 are generally vertically extensive units, being at least 10 m thick.

Pre-Catfish Creek Sand and Gravel (AFD1) - This unit is the municipal supply aquifer
for the Greenbrook Well Field. The production wells are completed in AFD1 at depths
between 31.6 and 50 m below ground (291.2 to 278.4 masl). AFD1 consists of

R.J. Burnside & Associates Limited HA0464020.2024
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Pre-Catfish sand and gravel material and is interpreted to be generally continuous in the
Greenbrook Well Field area typically occurring at elevations of 275 masl to 295 masl. It
is described as anything from a silty sand to a gravel; however, near the production wells
the aquifer composition is predominantly gravel or gravelly sand. Continuous coring
near Production Wells K1A and K2A indicate a general coarsening of aquifer material
with depth, starting as a silty sand and transitioning to medium to coarse sand and
gravel and gravel at depths where the production wells are screened. The vertical
extent of this unit varies, ranging from 5 m to 25 m, with an average thickness of 15 m.
Recent Tier 3 work (Aqua Insight Inc. et al, 2023) has resulted in the thickness of AFD1
being increased by about 2 m near Lakeside Park (Figure 6) and 3 to 5 m along
Highway 7/8 (Figure 7).

Canning Drift (ATE1) — This unit is interpreted to be thin (average of 5 m) and
continuous in the Greenbrook Well Field. ATE1 physically separates AFD1 from AFF1;
however, it likely does not provide effective hydraulic separation between these two
aquifer units, as wells screened within AFF1 tend to respond to pumping in AFD1. ATE1
was described as a dense clay or silty clay till unit in the area of the Greenbrook Well
Field. It is generally found at elevations between 270 masl and 290 masl.

Pre-Catfish Creek Till (ATG1) — This unit is described as stony to silty sand till and is
typically found between 255 masl to 275 masl. Itis a thin unit, ranging in thickness from
1 m to 15 m, but typically averaging less than 5 m. This unit was identified in boreholes
near the production wells. It is not considered to be a significant unit. When present, it
was found to directly overlie bedrock and was identified as a stony to silty gravel.

Pre-Canning Till (AFF1) — this unit consists of a thin (<10 m thickness) sand and silt
layer of coarse textured glaciofluvial / glaciolacustrine deposits. When present, AFF1 is
typically found to exist between 270 masl and 290 masl. AFF1 was found to be
discontinuous throughout the Greenbrook Well Field and was identified in less than half
of the investigated borehole logs.

3.0 2024 / 2025 Results

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

3.1 Precipitation

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

R.J. Burnside & Associates Limited HA0464020.2024
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Since variations in precipitation totals can occur throughout the Region due to localized
events, monthly precipitation data from the University of Waterloo (U of W) and
Environment Canada station located closest to the production wells are used. The
closest weather station relative to the Greenbrook Well Field is the U of W station
located 6.7 km from the well field. The closest Environment Canada station is Roseville
located about 8.3 km from 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 University of Waterloo station are shown on Figure D.1,
Appendix D . At the U of W station, the long-term average was calculated from 1998 until
the end of 2025. The Roseville station has “Climate Normals” calculated by Environment
Canada for 1981 to 2010.

Annual 2024 / 2025 precipitation data for the U of W and Environment Canada
meteorological stations closest to the Greenbrook Well Field are presented in Table 4
below. In 2024, Roseville was missing 5 days of data and 20 days in 2025. As a result,
the precipitation totals may be under-reported at this location.

Table 4: Summary of Precipitation Data

2024 2024 #:r"rﬁ 2025 2025
Station Precipitation | Deviation Precipitation | Deviation
(mm) (mm) Average (mm) (mm)
(mm)
University of ®)
Waterloo @ 763 108 871 943 +72
Roseville
- A) -
Station ™ 856 63 919 786 133
Sources: Environment Canada (1), University of Waterloo (2)
A1981 to 2010 Normal B 1998-2025 data

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

The 2024 total precipitation at the U of W station was 763 mm, which is 108 mm below
the long-term average, indicating 2024 was drier-than-average at the well field. A similar
below long-term average trend is noted at the Roseville station. On March 1, 2024, the
GRCA snow survey indicated a snowpack across the Region that was also low
compared to normal. In 2025, the total precipitation at U of W was 943 mm, which is

72 mm above the long-term average. In 2025, the total precipitation at the Roseville
station was 133 mm below the long-term average, indicating 2025 was a
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drier-than-average year. However, Roseville was missing 20 days of data in 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

In accordance with Condition 4.2 of the PTTW, water levels were measured and
recorded once per month at the monitoring wells listed in Table 3. 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.

K-GB-BH1-90-AB

Monitoring well nest K-GB-BH1-90-AB is located approximately 120 m northeast of K5A
and about 260 m northwest of K4C. Screen A is located in the till aquitard (ATB1).
Screen B is located in Aquifer 1 (AFB2). Water level monitoring at the A and B screens
was completed using monthly manual measurements.

The 2024 and 2025 water levels in Screen A are within historical ranges. Water levels in
Screen A are impacted by pumping with historical drawdowns of up to 4 m occurring.
Water levels rise / fall about 2.1 m after June 2025 when pumping at K4C is

decreased / increased. Water levels do not show any long-term impacts from pumping.

Water levels in the B screen are also within historical ranges in 2024 and 2025. Inthe B
screen, changes in water levels are within a 2.0 m range showing a seasonal trend. A
gradual increase in water levels of about 1 m is observed after May 2025 in response to
decreased pumping at the well field. Water levels in the B screen are stable and do not
show any long-term impact from pumping.

K-GB-M4-94-AB

Monitoring wells K-GB-M4-94-AB are located 1.3 km west of K2A and water levels are
collected using monthly manually measurements in the A screen and electronically using
an automatic water level recorder in the B screen. Screen A is located in AFD1 and
Screen B is located in the Catfish Creek Till unit ATC1/ AFC1/ ATC2 about 10 m above
the A screen.

The 2024 and 2025 water levels in Screens A and B are within historical ranges.
Screen A water levels fluctuate within a 2 m range in response to pumping. From 2016
to the end of 2025 water levels range from 321.9 masl to 326 masl with no long-term
decreasing trend observed. Screen B water level trends are similar to Screen A with
fluctuations of up to 2 m in response to variations in pumping. Water levels range from
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322.5 masl to 326.6 masl from 2016 to the end of 2025. Water levels in both screens
decline about 3 m from February to May 2025 in response to increased pumping. Levels
then rise about 2.3 m when pumping is reduced.

K-GB-GB1-96-ABC

Monitoring well nest K-GB-GB1-96-ABC is located about 180 m southeast of K1A and
200 m east of K2A and water levels are collected using monthly manual measurements.
Screen A is located in the till aquitard ATE1 about 10 m below the production wells,
Screen B is located in AFD1 at a similar interval to the production wells and Screen C is
located in AFB2. Water levels in all three screens respond to pumping and the 2024 and
2025 water levels in Screens A, B and C are within historical ranges. Water levels vary
by up to 6 m in the B screen and by up to 3 m in the A screen due to monthly changes in
production volume at K2A. At the C screen water level responses are more subdued
within 1 m variations. 2024 / 2025 water levels in all three screens are consistent with
water levels seen during the past 10 years. Water levels in all screens decline from
February to May 2025 in response to increased pumping. Levels then rise when
pumping is reduced.

K-GB-GB1-97-AB

Monitoring well nest K-GB-GB1-97-AB is located 10 m east of K5A with Screen A
located in AFD1 and Screen B located in AFB2. Water levels are monitored with
monthly manual measurements. The 2024 and 2025 water levels in Screens A and B
are within historical ranges.

At Screen A, water levels fluctuate up to 11 m in response to variations in pumping at
K5A. In 2024, the water levels rose above the top of pipe when pumping at K5A ceased.
Water levels in both screens declined about 6 m from February to May 2025 in response
to increased pumping. Levels then rose about 7 m when pumping was reduced.

Screen B does not respond to pumping. Seasonal variations in water levels are
observed in Screen B with peak water levels occurring in the spring and lowest annual
water levels occurring in late summer / fall.

K-GB-OW1-08-AB

Monitoring well nest K-GB-OW1-08-AB is located adjacent to K1A and monitors
groundwater levels in AFD1. Water level monitoring at the A and B screens was
completed using monthly manual measurements. Water levels in both screens have
similar patterns with levels historically varying by up to 8 m in response to changes in
pumping volumes. 2024 / 2025 water levels in both screens are consistent with water
levels seen during the past 10 years. Water levels in both screens decline from
February to May 2025 in response to increased pumping. Levels then rise for the rest of
the year when pumping is reduced.
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K-GB-OW2-08-AB

Monitoring well nest K-GB-OW2-08-AB is located adjacent to K2A and monitors levels in
AFD1. Water level monitoring at the A and B screens was completed using monthly
manual measurements. The 2024 and 2025 water levels in Screens A and B are within
historical ranges. Water levels in the A and B screens follow a similar pattern to water
levels in K-GB-OW1-08-AB, responding to changes in pumping at K1A, K2A and K4C.
Levels from 2016 to the end of 2025 have varied between 312 masl and 324 masl.
Water levels rise 4.5 m in May 2025 when K2A goes offline.

K-GB-OW1-15-A

Monitoring well K-GB-OW1-15-A, located adjacent to K4C is screened in AFD1 and
water levels are collected with an electronic datalogger. During the monitoring period,
water levels ranged from 308.5 masl to 322.6 masl with short term variations of up to

13 min response to daily pumping at K4C. 2024 / 2025 water levels are within the
historical range. Water levels quickly decline from February to May 2025 in response to
increased pumping. Levels then rise rapidly and are then stable for the rest of the year
when pumping is reduced.

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
interference is caused by the water taking, the Permit Holder shall restore the water
supplies of those permanently affected".
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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 K1A, K2A, K4C, K5A and K8 received
in 2024 and 2025.

Other groundwater takings registered in the MECP PTTW database near the well field
are mapped on Figure 3 and summarized below in Table 5.

Table 5: PTTWs in Vicinity of Greenbrook Well Field

Permit Permit Max Liters Distance Expiry
Number Holder Purpose per Day from Closest Date
Supply Well
5620- Stonerise Dewatering | 1,606,944 | 1.5 km (K4C) | 07/14/2025
D6EKT6 Construction
Inc.
3304- City of Golf Course Pond — 2.0 km (K4C) | 04/30/2034
D2TM69 Kitchener Irrigation 1,300,000
1517- 926 King Dewatering Well 1 - >2 km 10/22/2025
D8ZGUD Development 399,187
Inc Well 2 -
1,056,118

All three of the PTTWs mapped on Figure 3 are at least 1.5 km away from the
Greenbrook production wells. There is no evidence that the water takings associated
with these other PTTWSs have impacted water levels in the supply aquifer and / or the
Greenbrook monitoring well locations.

4.1 Aquifer Response to Pumping and Precipitation

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

Monitoring wells screened in the supply aquifer (AFD1) as well as monitoring wells
screened in formations immediately above (ATC1 / AFC1 / ATC2) and below the supply
aquifer (ATE1, AFF1 / ATG1) show responses to pumping at the well field.

Significant groundwater taking has occurred in the Greenbrook Well Field area for over
80 years. Local homes and businesses were constructed within the area under the
groundwater drawdown conditions that resulted from extended pumping for water
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supply. Various monitoring wells have been monitored since at least 2000, and as a
result, there is historical data that shows a significant rise in water levels in response to
the well field shut down in August 2004. Water levels after May 2025 rapidly rise in
response to the reduction in well field pumping. Overall water level trends do not show
any significant impacts to the municipal aquifer because of municipal pumping at the
Greenbrook Well Field.

Seasonal fluctuations in the AFB2 aquifer are observed at K-GB-GB1-97-B with the
highest and lowest levels observed in spring and late summer / fall, respectively. The
correlation of individual precipitation events with groundwater levels is difficult due to
several reasons including but not limited to hydraulic conductivity, well depth,
precipitation intensity and ground cover conditions.

5.0 Conclusions

Impacts from pumping the municipal wells at the Greenbrook Well Field (K1A, K2A,
K4C, K5A, K8) were evaluated through implementation of the Groundwater Monitoring
Program. Based on the information contained in the report, Burnside offers the following
conclusions:

e The information presented in this report satisfies Condition 4.3 of
PTTW 0071-BUKPUS;

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

o There were no reported well interference complaints arising from water taking at the
Greenbrook Well Field; and

e There are no long-term impacts to the municipal aquifer as a result of pumping at the
Greenbrook Well Field.
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0 nta r i o Ministry of the Environment, Conservation and Parks
Ministére de ’Environnement, de la Protection de la nature et des Parcs

PERMIT TO TAKE WATER
Ground Water
NUMBER 0071-BUKPU5

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
Floor 7 - 150 Frederick St

Kitchener, Ontario

N2G 4J3

For the water Greenbrook Well Field (K1A, K2A, K4B, K4C, K5A, and K8)
taking from:

Located at: Lot 19, Concession GERMAN COMPANY TRACT, Geographic Township of
Waterloo
Kitchener, Regional Municipality of Waterloo

Lot 19, Concession GERMAN COMPANY TRACT, Geographic Township of
Waterloo
Kitchener, Regional Municipality of Waterloo

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

DEFINITIONS

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

(b) “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, Conservation and Parks.
(d) "District Office" means the Guelph District Office.

(e) "Permit" means this Permit to Take Water No. 0071-BUKPUS including its Schedules, if any,
issued in accordance with Section 34.1 of the OWRA.
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® "Permit Holder" means The Regional Municipality of Waterloo.

(2) "OWRA " means the Ontario Water Resources Act, R.S.0. 1990, c. O. 40, as amended.

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

TERMS AND CONDITIONS

1. Compliance with Permit

1.1 Except where modified by this Permit, the water taking shall be in accordance with the
application for this Permit To Take Water, dated July 23, 2020 and signed by Karl Belan, and all
Schedules included in this Permit.

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

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

1.4 This Permit is not transferable to another person.

1.5 This Permit provides the Permit Holder with permission to take water in accordance with the
conditions of this Permit, up to the date of the expiry of this Permit. This Permit does not
constitute 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.

1.6 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.

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

2. General Conditions and Interpretation
2.1 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.
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2.2

23

24

2.5

2.6

3.1

3.2

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

(a) 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
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 September 30, 2030. 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
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amounts of taking specified in Table A. Water takings are authorized only for the purposes

specified in Table A.
Table A

Source Name Source: Taking Taking Max. Max. Num. | Max. Taken |Max. Num. 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 | K1A, K2A K4B Well Municipal Water Supply 25,945 24 37,360,800 365 17

K4C K5A K8 540584

Drilled 4808459
Total 37,360,800
Taking:

3.3 Notwithstanding the Maximum Taken per Day specified in Table A of Condition 3.2, the
combined taking from wells K1A, K2A, K4B, K4C, K5A,and K8 shall not exceed an annual
daily average of 17,625,600 L/day.

4. Monitoring

4.1  Under section 9 of O. Reg. 387/04, and as authorized by subsection 34(6) of the Ontario Water
Resources Act , the Permit Holder shall, on each day water is taken under the authorization of this
Permit, record the date, the volume of water taken on that date and the rate at which it was taken.
The daily volume of water taken shall be measured by 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.

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

- K-GB-BH1-90-A

- K-GB-BH1-90-B

- K-GB-M4-94-A

- K-GB-M4-94-B

- K-GB-GB1-96-A

- K-GB-GB1-96-B

- K-GB-GB1-96-C

- K-GB-GB1-97-A

- K-GB-GB1-97-B

- K-GB-OW1-08-A
- K-GB-OW1-08-B
- K-GB-OW2-08-A
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4.3

5.1

5.2

- K-GB-OW2-08-B
- K-GB-OW1-15-A

The Permit Holder shall prepare and submit a report every two years by June 30 commencing
June 30, 2020, that presents the results of the wellfield water level monitoring for the two
preceding calendar years, assesses changes in water levels in the supply aquifers in relation to
precipitation and the water taking from the aquifers, and provides a summary of 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 Region 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).
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The reasons for the imposition of these terms and conditions are as follows:

1.

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:

a. The name of the appellant;
b. The address of the appellant;
c. The Permit to Take Water number;
d. The date of the Permit to Take Water;
e. The name of the Director;
f. The municipality within which the works are located,
This notice must be served upon:
The Secretary The Director, Section 34.1,
Environmental Review Tribunal AND Ministry of the Environment, Conservation
655 Bay Street, 15th Floor and Parks
Toronto ON Floor 1, 135 St Clair Ave W
M5G 1E5 Toronto, ON

Fax: (416) 326-5370

Email: ERTTribunalsecretary@ontario.ca M4V 1P5

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 7562-AUWPKG, issued on 2018/01/11.

Dated at Toronto this 20th day of October, 2020.

Gip

Gregory Meek
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 0071-BUKPUS, dated October 20, 2020.
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Depth
in_metres
0.0 Base plate (Elev = 327.2) : = Sl )
Floor (Elev = 326.4)777777
L=
=)

Motor
Manufacturer: U.S. Motors
Power: 60hp / S75v / 3ph

Lk | ]' Discharge Head
Manufacturer: Goulds

I——-— Concrete pedestal

TS

356 mm (14”") nominal steel well casing

25 mm (1") Flush joint

150 mm (6") SCH 40 column pipe

30 mm (1 3/16") SS shaft & couplings

9 mm (3/8") Airline

40.6 Top of pump (Elev = 2B6.6) l
40.82  Bottom of flush joint / ] Transducer
Transducer setting (Elev = 286.38) ?
Pump
b g Manufacturer: Goulds
Model: 10DHHC — 5 stage
Serial Number: 683936—1
41.58  Bottom of well casing /
Top of K—Packer /
Bottom of airline (Elev = 285.28) '( j
Lﬂ
42.2 Bottom of pump (Elev = 285.0)
42.37 Top of screen (Elev = 284.49)
: |
] ]
: i
! b 305 mm (12") S.S. Screen
| l
! |
! |
i |
| I
| i
50.2 Bottom of well 1 ~
notes CUBNT
W Reglonal Mynicipalily of Weatetloo
\h}i\
me Well KIA
Pump Insteliation Detalls
PROJECTNo. 004-238 A e LTI Pt it Porp kg
DESIGN
ORAWN| B1 | 201370314 REVISION No.  2013/00/14 SCAE  M.T.S. HG;IJRE
lcHEcke

K1A


squinlan
Text Box
K1A


K1A

Production Well: K1A

Project: K1 and K2 Replacement Drilling method: Truck Mount Mud Rotary
Client: Region of Waterloo Date started/completed: Feb-26-2009 / Apr-3-2009
Location: Greenbrook Well Field Ground surface elevation: 326.13 m AMSL
Number: 1609-00487 Top of casing elevation: 326.86 m AMSL
Field investigator: K.McLagan/L.Veale Easting: 540584
Contractor: Davidson Drilling Ltd. Northing: 4808458
Elevation Hydro
. . - (m AMSL) ; . o Caliper Gamma Resistivity
Depth Lithologic Description Depth Stralcjgr:ie:phlc Description (cm) (cps) (Ohm.m)
(m BGS)
Ground Surface 20 21 42 63 84 60 120 180
f® M 1 1 1 1 1 1 1 1
BN SILT to MEDIUM SAND 326.13 : [ : : :
= stratified deposits 0.00
5—- 660 mm borehole
J— Middle
— Waterloo
i AFB2 Moraine
10 - Stratified Cement grout
1 Sediments
15— 508 mm OD steel surface casing
15 (0 m to 6.1 m BGS)
20 —— Lower
+ 319.27 ATB3 | Maryhill Til Q W
I SILTY CLAY to SILT 6.86
25 1 K
30— § %
d—10 §
35— *Q 483 mm borehole
40— ‘Q
= 312,57
45— SILT TILL 13.56 § §
so— 1° *Q *é
55— ‘Q
. Upper/Main
-1 Catfish
60— ATC1 Creek Q
+ Till
65— 2 \é
70 —:__ \é Cement grout
75— \é
80— \é
T 25
85 —— \é
90 —- \é 356 mm OD steel casing
o - (0 m to 42.1 m BGS)
—+ 297.53 \é
95 —] SILTY SAND 28.60
100 Catfish
. AFC1 Stratified
. Deposits
105 —
3 292.60 \é
10— SAND 3353
] fine to medium grained, some coarse
115_— sand, little silt 201.08
— SILTY SAND 35.05
] fine grained, trace medium to coarse
120 = !| sand, trace fine gravel 289.55
— SAND 36.58
] medium grained, some fine sand, little
- coarse sand, trace fine gravel
125 —
130 —
135 — 284.98 318 OD tight wind
— SAND 41.15
T . . N 41.5m to 42.1 m BGS
. coarse grained, some medium sand, Pre-Catfish Z A installed with K-packer
- little fine sand 283.46 AFD1 Sand and
140 — SAND 42.67 Gravel Top of screen
. coarse grained, some medium sand, (42.1 m BGS)
- little fine gravel
145 — some fine gravel beginning at 44.2 m
. BGS
150 —
155 —: 318 mm OD telescopic screen 30 slot
- little to some medium sand at 47.2 to naturally developed
n 48.8 m BGS
160 littte medium sand, little fine gravel
. beginning at 48.8 m BGS Bottom of screen
165 . (49.7 m BGS)
B : 275.28
i \SILTY CLAY H688 [ ATE1 Canning
170 T End of Borehole Drift
e 50.90
75—
180 —— 55
185 —_
190 ——
195 —-
—-— 60
NOTES: .
Stratigraphy from 0 m to 33.5 m BGS based on - 4 Fa
MAMSL - metres above mean sea level adjacent monitoring well K-GB-OW 1-08. Detailed o o 3000 (&~
. stratigraphy presented on K-GB-OW 1-08 log. | 16
mBGS - metres below ground surface Identified Hydrostratigraphic unit based on [ ohm-m 3000
geophysics above 33.53 m, and lithological Raz
description & geophysics below 33.53 m. 2 ohme 3000
Rt Stantec
— Sheet 1 of 1
0 Ohm-m 3000
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Depth
in_metres

0.0 Base plate (Elev = 328.1) T

Floor (Elev = 327.3)777777

D(

JU

Motor
Manufacturer: U.S. Motors
Power: 60hp / 575v / 3ph

L) 39 Discharge Head
Manufacturer: Goulds
=1

Concrete pedestal

AL,

356 mm (14”) steel well casing

25 mm (1") Flush joint

150 mm (6”) SCH 40 column pipe

30 mm (1 3/16") SS shaft & couplings

40.24  Bottom of flush joint /

T

Transducer setting (Elev = 287.86)
40.6 Top of pump (Elev = 287.5)

41.9 Bottom of airline (Elev = 286.2)

S | I | By ¥

42.2 Bottom of pump (Elev = 285.9)———u

42.27  Bottom of well casing / —————
Top of K—Packer (Elev = 285.50) I

4399 Top of screen (Elev = 283.78)

9 mm (3/8") Airline

Transducer

Pump

Manufacturer: Goulds
Model: 10DHHC - 5 stage
Serial Number: 68936—2

]
I}
|
! b————— 305 mm (12") S.S. Screen
| |
| :
51.9 Bottom of well . J
rores CUENT
Reglonal Muricipalily of Walerloo
wate
AL ]
L gl o Well K24
Pump Insiellation Detels
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DESIGN
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K2A

Production Well: K2A

Project: K1 and K2 Replacement Drilling method: Truck Mount Mud Rotary
Client: Region of Waterloo Date started/completed: Apr-6-2009 / May-6-2009
Location: Greenbrook Well Field Ground surface elevation: 327.07 m AMSL
Number: 1609-00487 Top of casing elevation: 327.77 m AMSL
Field investigator: K.McLagan/L.Veale Easting: 540545
Contractor: Davidson Drilling Ltd. Northing: 4808307
Elevation Hydro
. . -~ (m AMSL) ; . - Caliper Gamma Resistivity
Depth Lithologic Description Depth Stralcjgr:ie:phlc Description (cm) (cps) (Ohm.m)
(m BGS)
Ground Surface 20 30 21 42 63 84 60 120 180
() 1 1 1 1 1 1 1 1 1
-] SANDY SILT to FINE/MEDIUM SAND 327.07 : : [ : : :
. stratified deposits 0.00
5
10— 660 mm borehole
15— Cement grout
E Middle
— Waterloo
20— AFB2 Moraine
] Stratified
. Sediments
25 — 508 mm OD steel surface casing
. (0 mto 9.1 m BGS)
30 = %
3B— 316.10 *{ *{
I SILTY CLAY 10.97 §
40—
4 Lower § §
45— 313.05 ATB3 | Maryhill TiI
— CLAYEY SILT TILL 14.02 § §
so— 1° 483 mm borehole
= 310.61 §
55— SILT TILL 16.46 §
60— §
65— 2 §
70 —:__ § Cement grout
75—
— Upper/Main §
I Catfish
- ATC1 Creek
80 —- Till
T 25
85 —— §
90— 356 mm OD steel casing
o - (0 m to 42.7 m BGS)
95 —— §
T—30
100 = §
3 295.22
105 —— SAND 31.85
—_1 fine to medium grained
€1 293.54
no—7 SAND 33.53 §
e medium grained, some fine grained,
115 — 35 trace coarse grained sand, brown 202.02
-1 SAND 35.05
I medium grained, some coarse grained,
120 =i little fine gravel, trace silt, trace coarse 290.49
1 T\gravel / 36.58
— 1 GRAVELLY SAND
I F\| coarse gravel, medium to coarse
125 —— I grained 28897
- . 38.10
-{ SILTY SAND
| some fine gravel, some coarse grained
| sand 287.44
:| ST sAND 3962
"| fine grained sand, little coarse sand
285.92 §
SAND 41.15 y
- . . Pre-Catfish
medium grained, some coarse grained, AFD1 Sand and { { 318 mm OD i :
. N ght wind
little fine gravel, trace fine grained sand Gravel 7 7 42.1m to 43.6 m BGS
installed with K-packer
Top of screen
(43.6 m BGS)
little coarse grained sand beginning at
44.2 m BGS 281.35
:| GRAVELLY SAND 45.72
©| coarse grained sand, some medium
rained sand, fine gravel
gSA;\lD ne grav 2477?'2842 318 mm OD telescopic screen 30 slot
medium to coarse grained, little fine naturally developed
gravel 278.30
SAND 48.77
.| medium grained, little coarse grained,
| little fine gravel, trace fine sand 276.78
SAND 50.29
medium grained, little coarse grained,
trace fine grained (Bsﬁﬂgrrr;] oBfégr)een
274.99 -
a1 \SILTY CLAY A8 [ ATE1 Canning
1 End of Borehole Drift
175 —_ 52.12
180 = 55
185 —_
190 ——
195 —-
J—60
NOTES: .
Stratigraphy from 0 m to 33.5 m BGS based on - 4 Fa
MAMSL - metres above mean sea level adjacent monitoring well K-GB-OW2-08. Detailed o ohmm 3000 (&~
MBGS - metres below ground surface stratigraphy presented on K-GB-OW2-08 log. ) R16
Identified Hydrostratigraphic unit based on [ ohm-m 3000
geophysics above 33.5 m, and lithological Raz
description & geophysics below 33.5 m. 2 ohme 3000
. Stantec
— Sheet 1 of 1
0 Ohm-m 3000
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K4B

Depth E
in_metres
L
0.0 Base plate T = H =1 )
m
|
0.34 Floor
LS
=g

30.5 Top of pump

29.1 Top of screen extension

29.3 Bottom of outer casing
31.5 Bottom of pump

L _—uU Al 1 Al ~_ |

31.67 Hole in casing
32.1 Top of screen
32.5 Bottom of well casing

38.1 Bottom of well

Motor

Manufacturer: U.S.

Power: 60hp / 575v / 3ph
Serial #: EO300036617—R-01

Discharge Head
Manufacturer: Layne

Concrete pedestal

750 mm (30") steel outer casing

400 mm (16") steel well casing

New 200 mm (8") SCH 40 line shaft pipe

New 25 mm (1”) stainless steel shaft & couplings

New Pump
Manufacturer: National Pump Company
Model: K1OMC — 4 stage

(New) 300 mm (12”) x 400 mm (16") adapter

(New) 300 mm (12") steel screen extension

(New) 300 mm (12) #10 Slot stainless steel scres

400 mm (16”) #50 Slot stainless steel screen

* All existing unless otherwise noted

N\ Lotowater

CLIENT

Regional Municipality of Waterloo

TITLE
TECHNICAL SERVICES INC. Well K4B Pum p &
Screen Installation Drawing
PROJECT No.006—-317 G: \Lotowater Projects\006 Region of Waterloo\317..\K4B Pump Install.dwg
Y FIGURE
DRAWN | EH | 2014/12/10 REVISION No. 2015-04-02 SCALE N.T.S. ']
CHECKEQ} BP
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* Preliminary Test Dalezégjm:@__by%?o

Static Level: » = below M.P
Pumping Rate IGM:
Pumping Duration: hrs \\ min.
- Pumping Level at Test End: > "
Performance Plots: dd-t Dwg
dd-r Dwg ABGIS
:\’cp hd Vo7 ;
ADLID .k
Final Test: Date by -
Rated Well Capacity IGM =
" Pumping Rate IGM Static level i t
Pumping level i " at hrs —min, "
Pump-pressure: psi: Main preuure___pc[

—  Clear Well Depth from B.P.——'___" Air Line—"—"-

WELL MATERIAL

Cemented from__© "0 22 24 -
Inner Casing: \e = dia:31® " Wall Thk. Mal:3reel

Screen: ~M|k o 16 dia, Emn: & Mull g‘@_.ﬁ& sl

Plug: Type Matl
Gravel: Type SizeMn \O Quunmle_b_'_'_

WELL TEST DATA

Shut off: AGH—__psi; wW.L

PUMP & MOTOR DATA ’
Pump Make..ha‘;n&. Rating 1100 IGM &2 __* TH
Head: Type o\® S.N.IDDDZ
Column: 25 _* x _10 = x 13/t = shan Mut:

Bowl: wSuge_z___ e

Suction:— & =~ diu_1O * Long
Special: ch Skeves_ Yoz =10 Taped Oil Line—

Motor Mlke __§__ Frame: MSN 1124207
— GO Hp,_ 3 _ph 6O 1w 1200 rpm
Beurmg No. Upper. -1520 M
Lower_21® V&

Special EQuipment B

e W
) A
S\

.l?;i /4
WELL REVISIONS AND REHABILITATION ° e o
e = =1 International Water Supply Limited
L T BEGION o WATERLOO
we w00 A G B
[ -~ joanren .lvx'T.Hy\; oate 4/ D Jorawn: . Wall

o

]niunn.uo sv! DATE:

oara: Apeil , 1906

o e
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| File Name: 1520338AALOG.dwg

Path: \golder.gds\gal\barrie\CAD! rojects\2015\1520338 (Region of Waterloo, Greenbrook)\-AA-\

Driller Log Well Design
Top of Casing (Stick-up) l Depth
Dﬁ]pth from Grade 0.5 mag| 7 | : mbygl
ONYY 7 | F 0
o ] Refer to Log of TW1-05 for detail '
of upper soils v |
07-Jan 28(\)A1/|6 | o— 520 mm (20") dia. Borehole
5 ! 5
|
|
| ¥ Cement Grout 0 - 23.5 m
10 | 10
|
Silty Clay Trace Gravel |
15 | 15
| L— 305 mm (12") dia Steel
I Schedule 40 Wall Casing
| — High Solids Bentonite Grout
20 | 5 20
|
| 25—
25— 24T—0 L : 25
b o | ; g Bentonite Seal
o
o | — 269 —
°9% |
o %% | Natural Pack with some Sand
30 00 & | 30
o "
B 0p © | 31.1 —(102)
o T
0 Coarse Gravel T
o 8 T
G !
lo . SCREEN
35 2° T Nominal 305 mm (12") dia. Stainless Steel 35
o w0 j Pipe Size 70 Slot HIQ Wire Wound
o 8% t
(o]
e} o
Hlore 38.7 —(127)
° < —~_____~— 390 —End of Borehole
40 ° o 40
% _o .
© So Log from Pilot Hole TW2-05
— 421
Silty Clay Till
45 45
— 46.0 5
° go Gravel
— 473
Organics / Clay / Silt
— 49.0 “Note:
) All depths are metres below ground level unless otherwise stated.
o :} Gravel Well Drilled 09-Sep-2015 by Gerrits Drilling (License 7564)
Bedrock at 54.2 mbgl|
cLent — 20.4 PROJECT

REGION OF WATERLOO

GREENBROOK WELL FIELD
2015 CONSTRUCTION AND TESTING AT SITE K4C

55 55
CONSULTANT YYYY-MM-DD 2016-07-18 TITLE
_ PREPARED JPR WELL K4C
gy CONSTRUCTION AS-BUILT
i E Golder
Associates REVIEW JLH PROJECT No. Phase Rev. Figure
APPROVED GWS 1520338 -

T T
25mm

IF THIS MEASUREMENT DOES NOT MATCH WHAT IS SHOWN, THE SHEET SIZE HAS BEEN MODIFIED FROM: ANSI A
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| File Name: 1520338AALOG.dwg

Path: \golder.gds\gal\barrie\CAD! rojects\2015\1520338 (Region of Waterloo, Greenbrook)\-AA-\

Driller Log Well Design
Top of Casing (Stick-up) l Depth
Dﬁ]pth from Grade 0.5 mag| 7 | : mbygl
DN 7 b 0
o Refer to Log of TW1-05 for detail '
of upper soils v |
07-Jan 28(\)A1/|6_ | o— 520 mm (20") dia. Borehole
5 ! 5
|
|
| ¥ Cement Grout 0 - 23.5 m
10 | 10
|
Silty Clay Trace Gravel |
15 | 15
| L— 305 mm (12") dia Steel
I Schedule 40 Wall Casing
| — High Solids Bentonite Grout
20 | 5 20
|
| 25—
25— 24T—0 L : 25
b o | ; g Bentonite Seal
o
8°°o i — 269 —
o %% | Natural Pack with K&E #4 Sand
30 00 & | 30
Mog o | 311 —(102)
o T
0 Coarse Gravel T
° 8 I
lo . SCREEN
35 2° T Nominal 305 mm (12") dia. Stainless Steel 35
o w0 j Pipe Size 70 Slot HIQ Wire Wound
o 8(.1) T
(o]
e} o
Hlore 38.7 —(127)
40 . ° < —~_____~— 390 —End of Borehole 40
%o
0,
©95  Log from Pilot Hole GB-TW01-15
— 421
Silty Clay Till
45 45
— 46.0 5
° go Gravel
— 473
:! Organics / Clay / Silt
— 490 All depths are metres below ground level unless otherwise stated.
o :} Gravel Well Drilled 09-Sep-2015 by Gerrits Drilling (License 7564)
Bedrock at 54.2 mbgl|
CLIENT PROJECT

REGION OF WATERLOO

GREENBROOK WELL FIELD
2015 CONSTRUCTION AND TESTING AT SITE K4C

55
CONSULTANT YYYY-MM-DD 2016-07-18 TITLE
_ PREPARED JPR WELL K4C
gy CONSTRUCTION AS-BUILT
i F Golder
Associates REVIEW JLH PROJECT No. Phase Rev. Figure
APPROVED GWS 1520338 -

T T
25mm

IF THIS MEASUREMENT DOES NOT MATCH WHAT IS SHOWN, THE SHEET SIZE HAS BEEN MODIFIED FROM: ANSI A
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PROJECT: 1520338
LOCATION: N 4808720.50; E 540775.00

BORING DATE: May 5, 2015

RECORD OF BOREHOLE: K-GB-TWO01-15

SHEET 1 OF 5

DATUM: UTM NAD 83

a DYNAMIC PENETRATION N HYDRAULIC CONDUCTIVITY,

w o SOIL PROFILE SAMPLES RESISTANCE, BLOWS/0.3m N k, cm/s 20

I E = \ xz PIEZOMETER

guw | w S & 20 40 60 80 10°  10° 10" 10° &5 OR

g o o |eev |8y SHEAR STRENGTH natV +I Q-@ WATER CONTENT PERGENT ER STANDPIPE

T < |o|a|o natV. - o

RS 5 DESCRIPTION £ loeem| 2 |2 | 2] cuiea V. ® U- O W = o INSTALLATION

4 [ = ™ |2 s wp ——oW———wi g

@ = o
« 20 40 60 80 10 20 30 40
L, GROUND SURFACE 32186
N ORGANICS 0.00 ]
- (SW) SAND, fine grained 010 ]
- 321.50 E
[ (SP) SAND, some fine gravel, trace 0.36 ]
| organics i
- 321.10 1
[ (ML) CLAYEY SILT, some coarse sand 0.76 ]
I and gravel; light brown to orange; moist, ]
B firm ]
B 320.33 ]
B (ML) ORGANIC CLAYEY SILT; dark red 1.53 1
R to black; moist 320.03 ]
- (PT) PEAT; dark red to black, strong 1.83 E
— 2 odour; moist, non-cohesive ]
C 319.42 ]
- (OH) Clayey ORGANIC SILT, peaty 244 ]
B layers throughout; light grey to brown; ]
[ moist, soft ]
- 1 |DC g
I ]
B £ 31853 ]
- (CH) CLAY, very soft, fossils throughout, 3.33 E
R trace silt; dark grey; moist to wet ]
N 4 2 |bc ]
B 317.28 ]
B 2| (GM) SILTY GRAVEL; soft, wet 4[d] 458 ]
- g (CH) CLAY, trace coarse sand, trace 7/ 4.73 E
B 2| fine gravel; light brown, (TILL); cohesive, ]
— 5 g | moist, firm / ]
B s / i
R <] / ]
= a / -
- ;/f« _
B % 3 |pC E
. ? _
N % 314.23 ]
B (CL) SILTY CLAY, trace medium to 7.63 1
B coarse sand, trace fine gravel; grey to ]
N s brown, (TILL); moist to wet, soft to firm ]
B 4 ]
B 7 ]
B 7\ ]
N ] 4 |pC ]
B ¥ ]
[ ° g ]
L 7| ]
N “1 ]
B ] ]
n 4 u
= ( -
B 49 ]
I T S S 4 L 4+t ‘4 £\ 4 |1 | - - — —
CONTINUED NEXT PAGE
DEPTH SCALE A LOGGED: HJ
(F ? Golder
1:50 L7 Associates CHECKED: GWS




PROJECT: 1520338
LOCATION: N 4808720.50; E 540775.00

BORING DATE: May 5, 2015

RECORD OF BOREHOLE: K-GB-TWO01-15

SHEET 2 OF 5

DATUM: UTM NAD 83

GTA-BHS 001 S:\CLIENTS\REGION_OF WATERLOO\GREENBROOK\02_DATA\GINT\1520338.GPJ GAL-MIS.GDT 12/19/16

a DYNAMIC PENETRATION HYDRAULIC CONDUCTIVITY,
w ] SOIL PROFILE SAMPLES RESISTANCE, BLOWS/0.3m k, cm/s O)
20l E = 2z PIEZOMETER
o | 2 g o P ) AL S S |-+ ok
IF o wlw|g Eu STANDPIPE
Eu CZ_D DESCRIPTION < o % g ?:E'El:l\:’z STRENGTH p:r; \(/ $ WATER CONTENT PERCENT 5 ; INSTALLATION
i x g 2 sl =" : wp ———W—wi <9
o o) © z e P ]
° 2 @ 20 40 60 10 20 30 40
[ --- CONTINUED FROM PREVIOUS PAGE -
n (CL) SILTY CLAY, trace medium to 7 R
- coarse sand, trace fine gravel; grey to 4 e
B brown, (TILL); moist to wet, soft to firm [ DC 1
C / -
B 54 ]
= K -
_ 95 ]
¥ oo i
R 7 |
B %4 ]
R 4 i
— 12 4 =
R oe i
L 3 ]
N % ]
1
o 48 ]
B / oc ]
= ./ .
- H ]
B § (SM) SILTY SAND, well graded; brown; ]
— 15 £ cohesive, wet bC —
B £ [ (SM) SILTY SAND, moist ]
B 21 Interbedded ]
N (CL) SILTY CLAY and (SM) SILTY ]
B SAND ]
" (CL) SILTY CLAY: moist, firm ]
R oc i
- (SM) SILTY SAND, well graded, moist to E
— 7 wet interbeds; brown; cohesive ]
N pC ]
L 8 ]
B (CL) SILTY CLAY, trace coarse sand; 1 . ]
B (TILL); cohesive, moist, firm % ]
R ” i
R 95 |
4
= ?’ / .
R 7 i
£
L 19 Y —
R b i
9 oC
B Oyof ]
B % ]
. 7 ]
R ”‘ i
R »‘-5 i
5 9" ]
L - 4 I Y IS R EDU R —_—— —
CONTINUED NEXT PAGE
DEPTH SCALE A LOGGED: HJ
(F ? Golder
1:50 L7 Associates CHECKED: GWS
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PROJECT: 1520338
LOCATION: N 4808720.50; E 540775.00

BORING DATE: May 5, 2015

RECORD OF BOREHOLE: K-GB-TWO01-15

SHEET 3 OF 5

DATUM: UTM NAD 83

1

: 50

a DYNAMIC PENETRATION N HYDRAULIC CONDUCTIVITY,

w o SOIL PROFILE SAMPLES RESISTANCE, BLOWS/0.3m N k, cm/s 20

I E = \ xz PIEZOMETER

guw | w S & 20 40 60 80 10°  10° 10" 10° &5 OR

E| 2 2 |eey |B|w|o L L VT ole L L ! L (=31 STANDPIPE

Euw DESCRIPTION < ‘|2 |a | & | SHEARSTRENGTH natV. + Q- WATER CONTENT PERCENT a-

& = é E DEPTH % ﬁ % Cu, kPa remV.® U- O W 9( g% INSTALLATION

o o m [Z S Wp ——o—wi S

@ = o
« 20 40 60 80 10 20 30 40
L --- CONTINUED FROM PREVIOUS PAGE ---
B (CL) SILTY CLAY, trace coarse sand; A5 ]
= (TILL); cohesive, moist, firm Zy#d -
- Ve ]
B 2 10 | bC ]
I ]
— 2 (SM) Gravelly SILTY SAND ]
B (CL) SILTY CLAY, layers of (CH) CLAY ]
- throughout; dark brown to purple; E
B cohesive, moist, firm to stiff b
. ]
B 11 [DC ]
— ]
B 297.46 ]
B (SM) SILTY SAND, trace coarse sand 24.40( 12 | DC ]
B =| (GP) GRAVEL, fine to coarse gravel, 24.55 ]
B £ | trace cobbles, no matrix recovery ]
B © ]
— 25 £ —
B ® ]
B B ]
n o ]
= a -
B 205.93 ]
— 26 (GP) GRAVEL and SAND, fine to coarse 25.93 —
- gravel, medium to coarse grained sand 7]
B matrix, trace cobbles, some silt; wet ]
— 27 13 | DC —
— 28 293.78 ]
B (SW) SAND, medium to coarse grained; 2808, | oo ]
R wet 293.55 i
- (GP) GRAVEL to (GP) GRAVEL and 2831 B
B SAND, gravel, fine to coarse grained, ]
| trace cobbles, sand matrix, coarse i
B grained, some silt; wet 1
L ]
B 15 [ DC ]
L 30— L d 4 | —_—— - —
CONTINUED NEXT PAGE
DEPTH SCALE LOGGED: HJ

CHECKED: GWS
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PROJECT: 1520338 RECORD OF BOREHOLE: K-GB-TWO01-15

LOCATION: N 4808720.50; E 540775.00
BORING DATE: May 5, 2015

SHEET 4 OF 5

DATUM: UTM NAD 83

a DYNAMIC PENETRATION \ HYDRAULIC CONDUCTIVITY,

w o SOIL PROFILE SAMPLES RESISTANCE, BLOWS/0.3m N k, cm/s 20

I E = \ xz PIEZOMETER

guw | w S & 20 40 60 80 10°  10° 10" 10° &5 OR

TE| 2 2 |eey |B|w|o L L L . L L . L =3 STANDPIPE

Fw| Q@ DESCRIPTION < ~|@|a|&| SHEARSTRENGTH natV. + Q- @ WATER CONTENT PERCENT ak

& = é E DEPTH % ﬁ % Cu, kPa remV.® U- O W, W wi 9( g% INSTALLATION

o o) © m [Z e pH—"%"—A ]

m m
@n 20 40 60 80 10 20 30 40
I --- CONTINUED FROM PREVIOUS PAGE -
N 15 | DC 1
B 291.36 ]
L (GW) GRAVEL and SAND, gravel, fine 30.50 -
- to coarse grained, sand, coarse grained, E
- trace cobbles; wet B
L 3 ]
B 16 | DC ]
. | ]
N 2 ]
B £ ]
N 15} ]
= 2 .
= E .
B g 17 |DC ]
- [\ .
L 33 ]
- : 288.31 E
B (GP) GRAVEL, fine to coarse grained, 33.55 ]
B trace cobbles, trace sand matrix; wet ]
" ]
B 18 [ DC 1
— 35 286.78 1
B (GP) GRAVEL and SAND, fine to coarse 35.08 ]
= sand, trace to some silt p
B 19 [DC ]
L 3 — ]
B 20 | DC ]
L 57 ]
N 21 |bC ]
. ]
C 22 |pc ]
L 3 ]
- 23 |DC E
[ 24 | DC 1
P S S S —— _ -ttt | —_—_— - - — = —
CONTINUED NEXT PAGE
DEPTH SCALE A LOGGED: HJ
(F ? Golder
1:50 L7 Associates CHECKED: GWS
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PROJECT: 1520338
LOCATION: N 4808720.50; E 540775.00

BORING DATE: May 5, 2015

RECORD OF BOREHOLE: K-GB-TWO01-15

SHEET 5 OF 5

DATUM: UTM NAD 83

a DYNAMIC PENETRATION \ HYDRAULIC CONDUCTIVITY,

w o SOIL PROFILE SAMPLES | RESISTANCE, BLOWS/0.3m Q k, cm/s O)

20| £ = \ iz PIEZOMETER

guw | w S & 20 40 60 80 10°  10° 10" 10° &5 OR

E| 2 & | peyv [B|w|s L L VT ole L L ! L (=31 STANDPIPE

T DESCRIPTION < ‘|9 |a || SHEARSTRENGTH natV. + Q- WATER CONTENT PERCENT st

o= 5 g DEPTH| 2 | & [ 2| Cu.kPa remV.® U- O w og INSTALLATION

a o 4 m |2 9 Wp —F—wi S

@ » @ 20 40 60 80 10 20 30 40
L . - CONTINUED FROM PREVIOUS PAGE -
B (GP) GRAVEL and SAND, fine to coarse R
- sand, trace to some silt E
- 24 | DC E
[~ 4 25 | DC ]
N 26 | DC _
- 27 |[DC 7
B 5 278.85 ]
- (CH) CLAY and SAND 43.01 ]
= 28 | DC u
B 278.55 ]
- END OF BOREHOLE 43.31 ]
L _]
L 45 ]
L 46 _]
L 4 _]
L 45 _]
L 4 ]
L 5 ]
DEPTH SCALE A LOGGED: HJ
(F ? Golder
1:50 L7 Associates CHECKED: GWS




WELL KAS5
SOIL LOG [ BOREHOLE ANNULUS
0 — GROUND SURFACE
SAND FiLL
_— == — — — — 1.2m
t — DENTONTE SEAL o 2.7m, STATIC LEVEL, 8:00,
’ SEPT. 29, 1997
5
7.6m
- — — — — — ~— — B.3m, PRE-PUMPING LEVEL,
15:00, SEPT. 8, 1997
10— 10.4m
— — — — ——— — — —— 13.6m, WELL FIELD PUMPING LEVEL,
7:45am, SEPT. 5, 1997
15 —
18" DIAMETER {408mm 0.D.) STEEL WELL CASING
E
§ 20 —
[
21
= - — — — — —— — — 22.5m, END OF PUMPING LEVEL,
a 23.5m ¥ 15:00, SEPT. 11, 1997
% 25 ] BENTONITE SEAL
<
& — e __ __ __768m
= _—— — 0 — — —27.0m
= —_— — == — — — — — 27.9m, PUMP INTAKE
=
m
= 30 — 0 — — — — — 30.7m
& LEADER PIPE AND PACKER
a 30 S(oT STANLESS STEEL J20
'SAND, GRAVEL: T T s P e T
"AND COBBLE WIRE WOUND WELL SCREEN 53.0m
35 — 385mm
= #50 SLOT STAINLESS STEEL
WIRE WOUND WELL SCREEN
"T'— NATIVE MATERIAL
40 —
—  — —  —  ___41.)3m
41 7m
42.5m _ _SUE —_— e e 428m
NOTES
45 — 1) Soil log bosed on continuous soil cores collected from
GLL bolehole GB1-97a located 9.5m from well K5A
2) Well pumping for 72 hours under o constont rote of 79.5 L/s
or 1050 igpm.
3) 1.1m should be odded to waler levels shown in this diogram
50 — to give water levels below the meosurement point.
NOT TO SCALE
[ Site Name: A Regi 1 M L. . Project No. 97-15¢ |
File Mame: 97159FC1.0WG cglona unl(:lpallty of Waterloo Dote Issued: NOVEMBER 1997?
Gartner K5A SOIL LOG, WELL CONSTRUCTION, Fi re 3
Lee PUMP SETTING AND WATER LEVELS 1gu ‘
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Mark correct box with a checkmark, where applicable,
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&““ o b’f \\/CLL‘C&’\F.O !

Qwnet'’s surname Flrsl name Address ate
K@q M E’S} \'\EL\W(\BO \Bo r(c_c\e,r\o\:. D\ Q&c_\nc\*\r_r Semptmd 27 s";’i;k'

___ LOG OF OVERBURDEN AND BEDROCK MATERIALS (ses Instructians)

General colour Mos! common matenial Other materlnls Qeneral dosciplion Oepth - fael
-t ol __Fr Ta
A ,_F— 7

Black MIogk —— ey 2 7

| Bolocl cl\o-nf Sands 1 1 4%
Qrey O - 4% |/%H

qLL\_j_ALIX.an— . ,‘...Mbms\_o_a\_rayﬂ_ %‘.c\oﬁﬂi___ 5? 5
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I~ _ﬂmfl_g_m_ [ Te VT T - 78 | B2
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Sande Qe o . B2 |22

b ‘.:écma\ P . Q2 |03
Caonavel ., sk 5 03 \A7
~and —at\d L AP VAN 187 —
— 4 1A
waTER RECORD CASING & OPEN HOLE RECORD lssllul:;!;uniﬂﬁo =lo "lel.ﬂ'\{la Length 22
‘Water found Inslae wall Dop - fact 2| 1SlotNo| e\e.
Xird o lal -
o foal rd ol water ::::'.. Materlal mk::,, e pe u (=22 5\& hc?'\u PZ'? oot
1] Feesh H fn‘ﬁ::;; T wont 5 Materlal ond type Depth attop of screen
0 Saity e i 0 Galvnnized 7]
0 Ge: \(9“ B Sohans ) oyt S}. 5‘\11,\ Lg‘c&:‘:?c. 0P feu
i1 Frash D Suiphur (] Openhele ' ﬁ-l' 5 T 1 D 0 5
Osay Qe ';;""“ PLUGGING & SEALING RECORD
taw!
£ [ Sulphur (& Annular space N 0 Absnéenmant
D say 1 M g Concrate” Spwg Depth setat - feat .
D Qar '“_o O Open hols 23,} ;) 16“9 \w o S Muoriulon typs (Coment prout, baatenits, sle.)
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E Recommended Fump hpe ﬂq:m.mn;dnn Recommended -g
S L
) Shellow  (3-Beep Fums ening PuRBI: v
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By G(thﬁ_ baroe
FINAL STATUS OF WELL ‘3 .
B Weler cupply O Avsndonod, insutliclent supply O Unfinlshed ’\7\5\1‘\?\.\"\6& O,
[ Obzervation well i1 Asandoned, poot quality D Replacement weil
0 Tezsthele "= 7 LrAbancensd (Oman - - A 2 o
O Recharge wel! O Dewaterling :
i
WATER USE i
[ Demestic O Cemmorcial 0O Notused % :
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{ Nobes T-ouis 5
Sign. offTechniclargConvactor ugmicsion dale i F
SR P 97 |3

0506 (07/4) Frenl Form 9
1-CON I‘R‘ACTOP S COPrPY

200/700Q 3TT ININYD wee ¥AL¥M-¥IINT  8eT0 TZL S0L T X¥d 6S:80  $6/CT/T0 .
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metres  LOG i WELL .4ATERIAL
. m
gg FlL-L i e Lamypi Outer Casing: 400 mm die.45  _mm Wail Thk. Mat'l9izel
Black MUCK Z ? ' Cemented from 309 m  to 2687 =
213 "= 3050 Ipner Casing: . mm dis._. mm Wall Thk. Mat'l
2;:{“’"5“ Screen: Make:detman 399 mm die. Opening & Mst': 30 € 50 99
Plug: Type: Flate Mat'l (9 Other 2ump = L27m
\_ Gravel: Type: Size: Quentity:
Black sandy GLAY Gement Grout
AQUIFER TEST DATA
Date:_9ept 8/97 By: _W. Nobes
14,43 Static Leysl 445 n below M.P. _LO7 m AQL.
Grey CLAY Pamping Rate Lis : 745
6,76 Pamping Duration: 77 hes. O min.
Grey GLAY, some Pumpizg Level at Test End: 2367 m
gravel and clay Performance Plots: dd-t Dwg, . Py others
streaks e dd-r Dwg. by others
%% 9_5, - Step Test La720
: GRAVEL and grzy T AiF v
24,99 Ll sand EQUIPPED WELL DATA
?2;‘4; G. SAND, agravel, grey ciay 7 zf""u'&Z"‘ Date: By:
zofoe:,m —12743% Rated Well Capacity Lis
Fine to coarse SAND Parek Pader pomping Rate Lis Static Lovel ___ m
3,34 3 ) —30.70m Pamping Level m at hrs. min,
' e kA7 Pump Prossure: iPa Main Pressure kPs
— | 297" shat Off: AGH kPa WL nm
sm— Clear Well Depth from B.P m Air Line ) i
foarae Okt S A PUMP & MOTOR DATA
Pomp Make: Rating: Lhh @ m TH
—4179m Head: Type: S.N.
476 “ZAND Wit Stoek Gosing Columa: m X mm X mm X mm Shaft Mat'i__
i —42.81m o .
_/ Bowl: Stage: Curve:
Ftoel Plats Suctioa: mm dia m Loag
Specisl: Zinc Sleeves Taped Qil Line
~ Other
Motor Mske: Frame: S.N.
_ W phase hz rpm Volts
Bearing No. Uppe:
' Lower
Special Equipment
WELL REVISIONS AND REHABILITATION '
.| International Water Supply Ltd.
MONTREAL — BARRE — SASKATOON
: | GLIENT: REGIONAL MUNIGIPALITY OF WATERLOO
WELL No: KS5-A
' DRILLED BY: W [MLTE DATE! :,‘::_E“?-;T"!'-""ju;mwm T Sroen
: INSTALLED BY: DATE: JoatE Der fid0
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K8

—T T T T
L_—u 1 U Al ~_ |

Depth
in_metres
0.0 Base plate
0.55 Floor
29.9 Top of pump /

Bottom of water level tube
30.8 Bottom of pump
42.2 Bottom of outer casing
43.6 Bottom of well casing
50.4 Bottom of well

S

Motor

Manufacturer: U.S.E.M.

Power: 25hp / 575v / 3ph
Serial #: RO4R0430203F—1 NRR

Discharge Head

Concrete pedestal

TETLALE,

600 mm (24") steel outer casing

300 mm (12") Steel well casing

NEW 150 mm (6") SCH 40 line shaft pipe

NEW 25 mm (1") Stainless steel shaft & couplings

NEW 19 mm (3/4") PVC flush joint water level tube

NEW Pump

Manufacturer: Peerless
Model: 1OMA — 3 stage
Serial Number: 9927108498

NEW Basket strainer

300 mm (12") Stainless steel screen

N\ Lotowater

TECHNICAL SERVICES INC.

CLIENT

Regional Municipality of Waterloo

TITLE

Well K8

Pump Installation Drawing

PROJECT No.006-349

G: \Lotowater Projects\006 Region of Waterloo\349 Well K8\Pump Install.dwg

DESIGN

DRAWN | EH

2016,/05,/09

CHECKED

REVISION No.

2016-05-09

FIGURE

scalte  N.T.S. 3
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—
- _ WELL MATERIAL
WELL DIAGRAM. ' : . g “
. 2088 Outer Casing: 224 " dia..31S " Wall Thk. Muulsheel
- + 3.0 Cemented from = "o 4 - -
o ‘ 70 Inner Casing: 32 " diw..®TS " Wull Thk. Mutl-reel
SAND 2 GRAV I
5 — /a0 ’ GE L —;— ‘.—‘4 - Scrccn; Ma\ééx\ns-on 1_2._." diﬂ.. Opcning & Mul|.1___’203_.__.,.°‘- -
: o
- ' s L - Plug: Typc_.“;l_g_ii_ Muul_st, sk, Other:
- CLA?' £ GRAVEL ﬁ, " - Gruavel: Type silica Size. d. 2 vim Quantity 14 Fout
‘&‘ ‘I
\‘7- s _: C‘J:.NE'Y]{'
— s nOBTT
K [ - WELL TEST DATA
T OSAMD 4 GrANL ‘; ‘S - Prefiminary Test Date: »une 9 hygA-
- ‘ < f - Static Level:_lolo.4] - “ below M.PE4O"
S A ‘
3 » ». T Pumping Rate IGM:_SQ0
h o " - Pumping Duration: Co hrs..—— min.
- : ;f —  Pumping Level at Test End:__97%. 4B "
&
- A F Performance Plots: dd-t Dwg ABTI20
- “ R dd-r Dwg. & BT (2%
- 4 f D b - Step Test 2 &712.7
ooelrr b _ A 21 12&5-ABTIZS
T MRD arey 2 1~ Final Test: Date by
T QLAY , oOD &y 5 Rated Well Capacity IGM
T BOQULDER, EL ,‘,_A,"’Q?,-/‘:. = Pumping Rute IGM..__ Static level
- ‘f.-,/”/ _f, - Pumping leve! ' Y hrs. min,
- a4 e - Pump pressure:—_______ psi: Main pressure_____psi
- : ‘: - Shut off: AGH _—_psi: W 1 ' -
e = ! o —_ Cleur Well Depth from B.P.___ ' " Air Line—__*__ "
o7 “wo - PUMP & MOTOR DATA
- : ____-__’:;;5' Gimveel, Pump Make Rating IGM @ T TH
- : s Ios: - Heud: Type S.N.
CLAY & arave ] 2 ) P
— C h aRA 2|7 ::_‘?-'- - Column: "X "X o Shaft Mk
\O7 f:‘ ‘ Yo ‘J, - Bowh____ ___ Stage.. - Curve:
o B2 et T Suction: o dig : " Long
- "ol RN - Special: Zinc Sleeves___ - Tuped Oit Line
R O RS i —-
SANDY cLAy [@l- "l Other
— g EL2AvEL % K —  Motor Make: Frame: SN:
- A il - - HP ph, hz, rpm. Voits
- Lr ' ” :‘ - Bearing No. Upper
- Al o — Lower
Vo : L
Special Equipment
b oot
- GKAV?A...'I -..:':."':DM_‘_
~ Sevie LAy
— . ;| —
@Y SYZY
WELL REVISIONS AND REHABILITATION - . .
e " - International Water Supply Limited

SASKATOON —~ BARRIE ~ MONTREAL

CLIENT: P)Eél O o WATERLOO
WELL NO: h b .

oaiLLen 8v: & Nloace, oate: G/D7 lorawn: J. Wat

INSTALLED AY: DATE: oaTE: Lune Y &7
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Ministry
of the

Environment ~

m)ntario
- ..

O
1000%39

PRINT ONLY IN SPACES PROVIDED
CHECK CORRECT BOX WHERE APPLICABLE

K%

The Ontaric Water Resources Act

WATER WELL RECORD

|COUNYV OR DISTRICY

\VM ERLeo

TOWNSHIP, BEORQUGH. CITY _TOWN, VILLAGE

WI(TCHE R ER

CON.. BLOCK, TRACT, SURVEY. ETC

LoTr

ADDRESS

DATE COMPLETED

RER EURRARE FiRsT)
eqien sl Wakerlen Marslond Conter Wakerlao (o282 w D 87
54043702  4%08249.37 328.¢
LOG OF OVERBURDEN AND BEDROCK MATERIALS (see insTrRUCTIONS) -
SENERAL COLOUR' COmMOn MATERIAL OTHER MATERIALS GENERAL DESCRIPTION FR::”" : "“To

Sand o Ox

x\/o\

o

-3

"!
.a

C‘/lOu.J q rmVe,‘ = \7
Sadd= Cupud. SRR
Ao, sdd  Bide haxd A | D2

!f@m.,
Fi

&} mv'(J

32

\o7

alrouvcj

o7

L]

a7

Soundy |

SOMNE, 0\0-4

\o7
7

\ol

Savmd
: Vi—es

avsvel
.-

V(e

\70O

—

T‘ FINAL [Q~ WATER SUPPLY [0 ABANDOHED. INSUFFICIENT SURKLY
(0 ©O8SERVATION WELL [0 ABANDONED POOR QUALITY
STATUS DO TEST HOLE O unFINISHED
OF. WELL 3 RECHARGE WELL
[0 pouEesTIC 0O commErciaL
[ srock E-MuNICIPAL
WATER [0 !RRIGATION {1 PusLIC SUPPLY
USE O IHDUSTRIAL 3 COOLING OR AIR CONDITIONING
O oruen 0O wor usen
O <ABLE TOOL O smorinG
METHOD [1 ROTARY (COMVENTIOMAL) O oiamono
OF G ROTARY (REVERSE} DO JerTiNG
DRILLING O ROTARY (AIR) 0O caiving
[ AWA PERCUSS10M

DRILLERS REMARKS

SL¥E1S: OF OFENING DIAMLTER LENGTH
WATER RECORD CASING & OPEN HOLE RECORD 2 | swor wo,y
w
WATER FOUND KIND OF WATER INSEDE WALL DEPYH - FELT w |28 slet N ! 2{ INCHES }26 FEET
AT - FELY Bt MATERIAL s FROM 10 5 WATERIAL AND TYPE \V\(QW\‘D«.‘F{?:%:\H: 1o 107
& FRESH [ SULPHUR 0 )t - jr 1 “E!‘)
137 O SALTY  [J MINERAL D s7eee Dloinless 4 or,\ = Feet
il [3 GALVANIZED ﬁ) g&
— .
[ FRESH {J SULPFHUR 24 [J CONCRETE BN
! C im0 winemac 5 arin woLE V3195 135 PLUGGING & SEALING RECORD
Z &) sTEEL DEPTH SEY AT - FEET 1CEMENT GROWT
[] FRESH 3 SULPHUR " ] GALVANIZED FROM T MATERYAL AND TYPE " wen, ETC )
O SALTY [ MINERAL \ O concrete
[J FRESH  [J SULPHUR Q O oPEM MOLE '31 S ¥ 350 lﬁaa) 155 4 Croncnt e“’bdk
O SALTY {3 MINERAL O steel
O GALVANIZED
0O FRESk [ SULPHUR [ CONCRETE
[ SALTY T MINERAL O oPEN HOLE
FUMPING TEST METHOD FUMPING RATE DURATION OF PUMPING
nem 5 LOCATION OF WELL
D Fumr O eareer SO com (p wouns -
STATIC WATER LEVEL F pumpinG IN DIAGRAM BELOW SHOW DISTANCES OF WELL FROM ROAD AND
LEVEL 'EI":'::“G WATER LEVELS DURING (] mECOVERY LOT LINE. INDICATE NORTH BY ARRCW.
- .
n (Y k¥ +4.‘-O 15 MINUTES 20 MINUTES A5 MINUTES &0 MINUTES f
L 3
= | GoAn_| on.48 = % North
I o ®CD FEEY C’_}’Z, EEY bb’@?{’t bg fFE FEEY '521'
IF FLOWING, . FUMP INTAKE SET AT WATER AT END OF TEST ‘I"’
= | civE mavE
; cru FEET @Ciean O cLouoy
.5 RECOMMENDED FUMF TYFE RECOMMENDER RECOMMENDED
o ruMr . PUMPING o
O suatow [ pEer seowe 3 AR reer [mare DO -

NAME OF WELL CONTRACTOR

L\“‘m_ﬂc}mml \'\)a}'&v \om\-z

LICENCE HUMRBIR

(A 1Y

X

Daanis,

NAME OF DRILLER OR BORER

Tels

LICENCE NUMBER

RE OF COMYRACTOR

m

OFFICE USE ONLY

D;Y .._..9”_. MO _cf__ YR?_‘?

}suamssmn muT 0“7
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- _ WELL MATERIAL
i WELLDIAGRAM. +.588  Outer Casing:_2¢ " dia. 1S " Wil Thk. Mauls<kee]
- —— + 3.0 C:mcnlcdq!:rom e "lo_4 - - k
T s PR 7—0  lnner Casing:! “ diw.2T= " Wull Thk, Mugl.-=teel
S - AMD 2 GRAVEL aa ".—'4 - Screen: Ma‘éﬁ”:;fﬂi_’;_" dia.. Opening & Muil.. RO 5ot tz.
- ' ‘: : - Plug: Typc_.“;l_é_ii_ Mutl_st, st Other:
— CLAY s GRAVEL < "." - Gravel: Type silica Size 0. D vim Quantity 14 bt
7 ’: * Carnignt
- a oeTt - WELL TEST DATA
K
- SAMC 4 Gz""\/?"'c‘. é ‘S : Preliminary Test Date:xuvie 2 by A .
- ? o Statie Level: lolo.4) - " below M.pEL0O"
3@— ;:} . - Pumping Rate IGM: _"300
h ‘;". " - Pumping Duration: Co hrs..——. min.
- : ;f: —  Pumping Level at Test End: Q2. 4D "
- A F Performance Plots: dd-t Dwg A BT120
- a3 wo—- dd-r Dwg. A DT 129
- 1* . ( - Step Test B D725 —
- I A G ' . A TTLH-ABTIZS
ARD Garey 2] 1 Final Test: Date by
— GLAY , oD 2 iyl - Rated Well Capacity IGM
T EOULDER EL ,‘,_A,"’Q?,-/‘:. = Pumping Rute IGM._____ Static level
- ‘f.-,/”/ _f, - Pumping leve! ' Y hrs. min.
- P~ e - Pump pressure:—_______ psi: Main pressure_____psi
- : = Shut off: AGH _—_psi: W 1 y "
— = ! : —  Cleur Well Depth from B.P.—_ . " Air Line—__*___ "
o7 jf - PUMP & MOTOR DATA
B : -:'—-'-':;6' C."l?“" }F;umdp f:l_ake Rating IGM @,,S\J C TH
: . e | s i:'.‘?,o‘: . cad: Type N,
— C-«\)’ 7 ARAIES 4 ".'_'_- f_‘.c"-' < - Column: "X "X " Shaft M
\o7 ‘; ‘ “..:j’ - Bowl  _______ Stage. - Curve:
- o B2 ':0,'.-:.-_4 - Suction: Y diu ) " Long
- "ot A" = Special: Zinc Sleeves - Tuped Oit Line
.7 SANDY cLAY e S 1 Other
— & ERAVEL % gE — Motor Make: Frame: SN:
- 8! : . ; -'_'- - HP ph, hz, rpm. Volts
- Lr ' ” :‘ - Bearing No. Upper
- Al “ — Lower
VoL : L
_ Special Equipment
- GRAVEL S SAiNDI
~ Sevie LAy
16 SNAA

WELL REVISIONS AND REHABILITATION

v p—— -] International Water Supply Limited

SASKATOOMN ~ BARAIE ~ MONTREAL
CLIENT: P)Eél IO of WATERLOO
WELL NO: h b .

oaiLLen 8v: & Nloace, oate: G/D7 lorawn: J. Wat

INSTALLED BY: DATE: oaTE: Lune Y &7




K-GB-BH-90-(A-B)

| oc oys |

== t\‘_)t‘t‘\‘-r‘\'.;
i TROW, DAMES & MOORE
Slient: CITY OF KITCHENER Project No.:_ 19155-001 BOREHOLE NO. ; 1 -
ct: STIRLING AVENUE & HOMER WATSON BLVD Elevation: f vea = B /S AR
ation: STIRLING AVENUE & HOMER WATSON BLVD - Datum: MUNICIPAL WELL K-5 (ass 100.000m
it ATCOST DRILLING COMPANY Date Drilled:  90/04/23 - Ground surface: 100.32 m RS \3 ARG
. il =
lling Supervised By: _ C. NIX, D.MARKS - Measuring Pt.. 100.57 m J@g Y
lling Method: HOLLOW STEM AUGERS
Sample Type Well screen
e ) g (water level elev. m,
Jonitoring Well Data - Pipe: SCHEDULE 80 PVC SS - Split Spoon Sampe year/manth/day)
WA - Wash Sample
- Screen; 1.5m, 10 SLOT AU - Auger Sample s=1 Gas monitor screen
CN - Continuous Sample h-o] ing,
her Monitors: _GAS MONITOR, LOW DENSITY POLYETHYLENE TUBING | ax - Rock Cors ‘;’223;:;:35;’;3,
T Monitoring Sample |
. i ¢ o| Depth Dezails s = El
Soil Description =1 scale : é | 3
(re) () | ] Casing 3| 2 |2z
SAND FILL - Fine to medium grained, wet, brown _:_?Concreie w | san lasl 2
99.32 [SILTY SAND ORGANICS- Black, rootlets,wet LS - . Y p— 5
: i i --iCuttings LR 59
SANDY SILT - Greyish white
- soft, wet 2 571 3| 7590 |ss| 2
- many small rootlets o Bentonite 4 100-115ss| 2
::|Silica sand
- shells throughout ¥ 90/5/29
MScreen
Bentonite 5 |15.0-16.5 | ss 8
5.12 ISAND - Fine to medium grained, wet, greyish black
e 6 [200-215]ss| 17
4.22 [SILTY CLAY - Greyish black, rootlets, wet
- 0. 7 125.0-26.5|ss| 22
92.52 |SAND - Medium to coarse grained
- grey, dry
- occasional small stone § lnpes] ) &2
190.22 [SAND WITH A TRACE OF SILT - greyish brown 9 [35.0-36.5|ss| 28
- sand is very finely grained
- unsaturated
10| 40.0-41.5| ss| 32
11| 45.0-46.5| ss| 28
12 [50.0-51.5] ss| 233
4,42 ISAND - greyish brown )
- contains thin layers of moisture, but is generally dry. A pigme | P[RR
- sand is medium grained and well sorted.
- becomes saturated at 19.5 m.b.g.l. 14 |60.0-61.5( ss| 32
= 1]{ | L— = 3 =
U/J’ T 5 /0/ v/@() - V/p(g/_/(,) i 15 | 65.0-66.5| 55| 25
' Y ' Silica sand
8.9 % 16 |70,0-75.5| ss| 32
-9 ISILT TILL - greyish brown, hard, saturated » - ~Screen
- contains traces of clay and fine sand o o )
- occasional small stone 127 (g® Tles— s o Rl
£ 77.02 HOLE TERMINATED AT 23.3 m (76.51). b
80 —
tepared By: Dave Marks Checked By: C.N. Sheet 1 Of 1]. Date Prepared: 90/05/01
Note: This borenole log was prepared for environmental assessment purposes. This borehale log does not necessarily contain information suitable for a geotechnical
assessment of the subsurface conditions. Borehole data requires interpretation assistance from Trow, Dames & Moore personal before use by others.



squinlan
Text Box
K-GB-BH-90-(A-B)


A woellel

K-GB-GB1-96-A
(, lcx;of'mﬂ)\

BOREHOLE LOG

PROJECT:

BOREHOLE:

GB1A-96 1of7

Greenbrook Capture Zone
Green brook Well Field, Kitchener
FOR: Regional Municipality of Waterloo

DATE:
GEOLOGIST
ELEVATION

23 January 1997

PW
~332

m ASL

DEPTH
(m)

STRATIGRAPHY

STRATIGRAPHIC DESCRIPTION

SAMPLE

& NUMBER

MONITOR
NUMBER

DETAILS

INTERUAL

N VALUE
WATER

4

REC

o

RQD

N VALUE

WATER
CONTENT
(%)

.

1 T 1
15 30 45 60

T T T 1
10 20 30 40

0.5

0.8

1.5

1.8

TOPSOIL

Dark brown sandy siit topscil with tree roots and
rootlets, moist.

Black organic layer between about 0.38 mto 0.51 m,
moist to damp.

SANDY SILT TILL
Mottled brown sandy silt with occasional subrounded
obbles, trace rootlets, patchy limonite staining, dry.

CS

YRR n
N AN -

SAND AND GRAVEL
Brown fine to coarse sand with fine to coarse

ubangular to subrounded gravel, dry.

SAND
Brown silty fine sand with rare subrounded cobble.

Layers of brown clayey silt with some fine gravel
interbedded with the silty fine sand from about 1.5 m
to 1.8 m.

Becoming fine sand below about 1.8 m

QOccasinnal medium sand layers less than 1 ¢m thick
between about 3.1 m o 3.4 m.

Clayey silt layers within the silty sand with
occasional medium sand layers from about 3.4 m to
4.2 m. Medium sand layers were wet to saurated.
Sand layers beyween | to 5 cm thick.

cs

Cs

SAND AND GRAVEL

Fine to coarse sand with some gravel layers, patchy
limonite staining within the coarser layers, limonite
stained sand and grave! layer between about4.22 m
and 4.24 m, dry.

rey fine sand layer between about 4.7 m and 4.8 m.

Cs

SILTY SAND TILIL

rown-grey silty sand ull with subangular gravel.

SANDY SILT TO SILTY SAND

Brown sandy silt, dry.

Fine sand layers, about 5 cm thick between about 5.9
m and 6.4 m.

Becoming thinly laminated fine sand between about
64mand 7.1 m, dry.

Brown silt layer berween about 7.1 m and 7.3 m,
DTPL.

Brown fine silty sand, vaguely laminated, some
medium sand below about 7.3 m.

Brown silt layer between about 8.9 m and 9.0 m.
Grading to sandy silt.

||"ul'.ll'u".l".l"nll'.ll'11"-l".|"|«".|"nII‘-ll'.|"||".ll'.ll'.|l'||||‘n"1l".|l'.l"nl'u"::‘Il'n"u".ll'.:l'.l'

6
S

PQ

T

T

X pg

Printed: 9 MAR 98

87

85

50

85

[¥ Gartner Lee Limited
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BOREHOLE LOG PROJECT:  96-326 BOREHOLE: GBlA-96 2of7
Greenbrook Capture Zone DATE: 23 January 1997
Green brook Well Field, Kitchener GEOLOGIST PW
FOR: Regional Municipality of Waterloo ELEVATION ~ 332 - mASL
I " SAMPLE
P U WATER
14
DEPTH | @ STRATIGRAPHIC DESCRIPTION ; E % @ % E N VALUE ] CONTENT
e ZoZlaful2|El 0|8 (%)
tm) & 1= THe|>|3j¢l® o
. o T 171 7 T 1
i < = 2] % X R 15304560 | 10 20 30 40
~~{ Becoming fine sand with trace silt below about 9.9 m. 81 PQ 88 I A
%
1 2 |
Brown silt with trace fine sand between about 11.5 m g : PQ 972
and 11.8 m, saturated.
12 Becoming reddish-brown silt below about 11.8 m, \ ]
vaguely laminated, dry.
124 Becoming brown silt below about 11.9 m, moist to
wet, 5
+| |Brown fine sand with trace silt, increasing silt with "f
13 '.:_ epth. i
11| SANDYSILT 104 PQ 92
Brown sandy silt, sarrated.
Reddish-brown silt layer between about 13.31 m and R
1] 1334 m, laminated, dry. &
14 {||}} Brown fine sand with silt between about 13.6 m and 4
Ul 14.6 m. 2
14.5 o T 3
14.6 bl Brown silt berween about 14.55 m and 14.63 m, 1R PQ 23
14.9 7eh ithinly laminated, moist.
.|\ Reddish-brown clayey silt berween about 14.63'm ~
wand 14.95 m, thinly faminated, dry.
Brown medium sand with some fine sand and silt
15.9 between about 14.95 m and 15.88 m, satrated.
16 -ﬂﬁ SILT AND CLAY 3 )
" Reddish-brown silt and clay, thinly faminated, hard, 124 PQ 100
7 ; .5
%95 DTPL. )
16.7 ’ Increasing gravel content below about 16.6 m. )
+ | SANDY SILT TILL 3
17 1L T] Grey-brown sandy siit till with subrounded to ) -
L7 subangular gravel, DTPL, some sandier sections, i
- ;
L 13/ PQ 60
18 {1 4 R .
L 2
il )
19 41 |
T 1 14 [y PQ 30
[T 1| Siltier section between about 19.4 m and 23.7 m.

Printed: 9 MAR 98 - (M Gartner Lee Limited



BOREHOLE LOG PROJECT: 96-326 BOREHOLE: GBlA-S6 3of7
Greenbrook Capture Zone DATE: 23 January 1997
Green brook Well Field, Kitchener GEOLOGIST PW
l FOR: Regional Municipality of Waterloo ELEVATION ~332 mASL
I x SAMPLE
2 g o U WATER
DEFTH E STRATIGRAPHIC DESCRIPTION BY5 e wix N VALUE | CONTENT
w |k ZuZlB B uw| 2| R 8 (%)
o EQe § 9-" ol “ ® ! UL T T T T I
b ZHF| Z| XXX 15304560 | 1020 30 40
Iy ;
) B
. S
LT y PQ 70
21 =T 1
i \
22 LT ) .
I : \ PQ 67
3 [ H 3 1
- \
ol )
i 3
= :: Decreasing gravel content becween about 23.7 m and N PQ 55
5, H ] 253m. N 4
N K
Tl \
!
25 44T " B
T+ N PQ 98
g \
26 T y X 7
= 9 Ti \’
TH 19§ PQ 100
27 | A 3 1
T S
ol 3
e T R
28 T 5 1
LT 3
i L 20§ PQ 85
=T \
29 1T N 1
oy T N
< e 5
4= 0

Printed: 9 MAR 98 A Gartner Lee Limited



BOREHOLE LOG PROJECT:  96-326 BOREHOLE: GBl1A-96 4of7
Greenbrook Capture Zone DATE: 23 January 1997
Green brook Well Field, Kitchener GEOLOGIST PW
I FOR: Regional Municipality of Waterloo ELEVATION ~332 - mASL
x o SAMPLE
a &0 WATER
o
DEPTH |G STRATIGRAPHIC DESCRIPTION E25la B Ul N VALUE | CONTENT
~ LBl uwl 2|5]8]| 8 (%)
g Su lzhyls|s Bl .,
. . . T I T 1 T T T 1
s ZHE[ZR] XN 15304560 | 10 20 30 40
Ig: 38 I IR
7 1] Silty sand layer beween about 30,35 m and 30.38 m,
s moist.
1.0 = T] Silt layer between about 30.48 m and 30.56 m, moist.
31'1 31 T Silt layer berween about 30,73 m and 30.81 m. ]
' LT Silt layer berween about 31.04 m and 31.06 m.
+ 1 90
32 [ H :
33 4T 4 881
T o
3% 1+ 1 1
LT 97
35 4L s
T 1 Sandier between about 35.5 m and 36.0 m.
36 1L H 82{ 1
L. 11 Sand and gravel layer between about 36,49 m and
L T 36.22 m, some limonite staining within this layer.
36.8 +
.1 SAND
Brown fine 10 medium sand, saturated. b
78
383
SILT
Grey-brown silt, vaguely laminated, saturated.
39 ing i :
192 Grading into fine sand below about 39 m, 82
SAND
Grey-brown fine sand with trace silt, saturated.

Printed: 9 MAR 98 Eﬂ Gartner Lee Limited



BOREHOLE LOG PROJECT:  96-326 BOREHOLE: GBIA-96 5of7
Greenbrook Capture Zone DATE: 23 January 1997
Green brook Well Fietd, Kitchener GEOLOGIST PW
FOR: Regional Municipality of Waterloo ELEVATION ~332 mASL
I o SAMPLE
P & o U WATER
®
DEPTH | o STRATIGRAPHIC DESCRIPTION RREl Y CAR N VALUE | CONTENT
(m) = zhZldbu| 2| 28| 8 (%)
g 0« g & > 3| ] X
o] =TT 1 1
o ZHE| z{~x|x]|x] 5304560 | 10203040
Becoming fine to medium sand below about 40.5 m, 60
moist. Q
N PQ 75
Becoming wet to saturated below about 43.6 m. PQ 80
PQ 92
. . PQ 93
47.0 4? Becoming coarser with depth. i
SILT AND SAND LAYERS 1
Grey silt, vaguely laminated, moist to wet.
Grey fine to medium sand between about 4%.2 m and
49.5 m, vaguely laminated, some slightly coarser
w J | tayers, wew
4311 Grey silt layer between about 4%.30 m and 49.31 m. ’
PQ 82
Grey laminated silt and fine to medium sand below
about 49.7 m, laminations about 1 cm thick.
49 T 1
49.8 ; _
= #] SAND AND GRAVEL PQ 12 -

Printed: 9 MAR 98

M Gartner Lee Limited



BOREHOLE LOG PROJECT: 96-326 BOREHOLE: GBlA-96 6of7
Greenbrook Capture Zone DATE: 23 January 1997
Green brook Well Field, Kitchener GEOLOGIST PW
FOR: Regional Municipality of Waterloo ELEVATION ~332 mASL
T o SAMPLE
2 & oW WATER
x
DEPTH | o STRATIGRAPHIC DESCRIPTION F25ie B A N VALUE | CONTENT
y |E Zhilopuw| | E|0] 8 (%)
tm & Faa|s o] 5|3 || 11"
. b T 1 T 1 =T
0 HE| Z) N} NG R 15304560 | 1020 30 40
9 Grey sand and gravel with cobbles, saturated. I o
35 PQ 70
16 g PQ 7
%
\. i
54.4 b
SILT 37 § PQ 88
Dark grey silt, thinly laminated with clay layers,
DTPL.
55 -
Grey silty sand till layer between about 55.2 m and
55.4m. ‘
55.8 Grey silty sand ull layer between about 55.5 m and y
1 SAND % 7
Grey silty fine sand with occasional irregular black
56.6 layers, moist.
ORGANIC
57157 Black silty sand with some clay, hard, dry, woody i i
57'3 fiberous pieces between about 56.89 m and 57.0 m %
’ -like b 7. 7. .
Rock-like berween about 57.0 m and 57.1 m 19 Po 62
579 SILT AND CLAY
Grey-brown silt and clay, DTPL.
58 {4 o SAND L 1
% a| |Grey-brown silty fine sand, moist. Becoming sandier
% af |with depth with some silty sections.
SAND AND GRAVEL
Grey fine to medium sand and gravel with some w08 p 47
59 subrounded cobbles, saturated. Increasing cobbles 1 § Q 1
with depth.
'\

Printad: @ MAR 98 ' [ Gartner Lee Limited



BOREHOLE LOG PROJECT: 96-326 BOREHOLE: GBIA-96 7of7
Greenbrook Capture Zone DATE: 23 January 1997
Green brook Well Field, Kitchener GEOLOGIST PW
FOR: Regional Municipality of Waterloo ELEVATION ~332 mASL
I " SAMPLE
% xou WATER
"4
DEPTH | & STRATIGRAPHIC DESCRIPTION Y5l Wl N VALUE | CONTENT
E ARG MEEI TR (%)
m g 28 EHo|>5| 3|l °
vl wl T T
o ZHFE]ZPRRENT (5304560 | 1020 30 40
3 ; AR R
e \
. 411§ PQ 93
60.8 i i: Grey-brown silt layer between about 60.75 m to R
61 4T 60.81 m, sawrated. 3 .
T || SANDY SILT TILL
T || Reddish-brown sandy silt with fine to medium gravel %
T L and occasional subrounded cobble, dry.
= 1] Silt layer berween about 61.02 m and 61.04 m. 3
62 1= silt layer between about 61.09 m and 61.1 m. 42y PQ 160V~
T - X
63 |l H 3 ]
i (3
ol 43 PQ 95
T 1] Dark i=idish-brown silt and clay layer between
64 { Ll about 63.7 m and 63.8 m, rare fine gravel. |
T 1 Sand and gravel layer/lense between about 64.0 m
“ and 64.03 m.
gl A
65 =T || Increasing grey limestone cobble and rock pieces 44§y PQ 97|
65.4 [T || below about 65 m. 2
F— LIMESTONE BEDROCK 3
] Grey fine grained to aphanitic limestone bedrock. &
66 [ Thin bedded. 2
[T Silt and clay seam between about 66.22 m and 66.23 ) i
66.5 — ™ R
Borehole terminated at 66.5 m in limestone bedrock.

Printed: 9 MAR 98 (B Gartner Lee Limited
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BOREHOLE LOG | PROJECT: 96-326 BOREHOLE: GBIB-96 1 of.

Greenbrook Capture Zone DATE: 29 January. 1997
Green brook Well Field, Kitchener GEOLOGIST SS

FOR: Regional Municipality of Waterloo ELEVATION m ASL

L

SAMPLE

WATEI
N VALUE | CONTEN

(%)

1 1 1 T 1
15 30 45 60 10 20 30 «

DEPTH
(m)

STRATIGRAPHIC DESCRIPTION

& NUMBER

MONITOR
DETAILS
NUMBER

INTERUAL

TYPE

N VALUE

% WATER
REC

% RQD

%

= STRATIGRAPHY

TOPSOIL

Dark brown sandy silt topsoil with tree roots and

rootlets, moist."

Black organic layer between about 0.38 m to 0.51 m,

moist to damp.

- SANDY SILT TILL

15 % tdottled brown sandy silt with occasional subrounded
(7717 |cobbles, trace rootlets, patchy limonite staining, dry.

44 (SAND AND GRAVEL

2 4|1}{ |Brown fine to coarse sand with fine to coarse

i ubangular to subrounded gravel, dry.

SAND

Brown silty fine sand with rare subrounded cobble.

Layers of brown clayey silt with some fine gravel
interbedded with the silty fine sand from about 1.5 m
to 1.8 m.

Becoming fine sand below about 1.8 m

Occasional medium sand layers less than 1 cm thick
between about 3.1 m to 3.4 m.

Clayey silt layers within the silty sand with
occasional medium sand layers from about 3.4 m to
4.2 m. Medium sand layers were wet to saturated.
Sand layers beyween 1 to 5 cm thick.

SAND AND GRAVEL

Fine to coarse sand with some gravel layers, patchy

limonite staining within the coarser layers, limonite
stained sand and gravel layer between about 4.22 m
and 4.24 m, dry.
Grey fine sand layer between about 4.7 m and 4.8 m.
SILTY SAND TILL

rown-grey silty sand till with subangular gravel.
SANDY SILT TO SILTY SAND
Brown sandy silt, dry.
Fine sand layers, about 5 cm thick between about 5.9
m and 6.4 m.
Becoming thinly laminated fine sand between about
6.4mand 7.1 m, dry.
Brown silt layer between about 7.1 m and 7.3 m,
DTPL.
Brown fine silty sand, vaguely laminated, some
medium sand below about 7.3 m.

9 47| Brown silt layer between about 8.9 m and 9.0 m.
-] Grading to sandy silt.

MAR 98 M Gartner Lee Limit
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ﬁOREHOLE LOG PROJECT: 96-326 BOREHOLE: GBI1B-96 20f6
Greenbrook Capture Zone DATE: 29 January 1997 .
| Green brook Well Field, Kitchener GEOLOGIST SS
L FOR: Regional Municipality of Waterloo ELEVATION m ASL
= - SAMPLE
o zou WATER
14
DEPTH | © STRATIGRAPHIC DESCRIPTION EHEl s g ule N VALUE | CONTENT
o ZEZlW Ry el o] 2
(m) c Ehllnmuw|c|ac|lule (%)
14 ED-&%E&DB&D: WS S
. o | e T 1
o ZR | z| x| x| x| 15304560 | 10203040
] Becoming fine sand with trace silt below about 9.9 m. N B
1 J
Brown silt with trace fine sand between about 11.5 m
and 11.8 m, saturated.
12 Becoming reddish-brown silt below about 11.8 m, i
vaguely laminated, dry.
12.4 Becoming brown silt below about 11.9 m, moist to
wet.
i Brown fine sand with trace silt, increasing silt with
13 -_.‘__: | depth. 2
¢ SANDY SILT
Brown sandy silt, saturated.
Reddish-brown silt layer between about 13.31 m and
g 13.34 m, laminated, dry.
14 4171| Brown fine sand with silt between about 13.6 m and E
F 14.6 m.
14.5
14.6 [TTL1 Brown silt between boui4ssmand 14.63m,
149 \thinly laminated, moist.
15 B e e dbont 1463 M. .
159 .'. between about 14.95 m and 15.88 m, saturated.
16 V] SILT AND CLAY |
Reddish-brown silt and clay, thinly laminated, hard,
DTPL.
16,7 Increasing gravel content below about 16.6 m.
17 SANDY SILT TILL
i Grey-brown sandy silt till with subrounded to ’
subangular gravel, DTPL, some sandier sections.
18 ]
19 A E
Siltier section between about 19.4 m and 23.7 m.

Printed: o MAR 98 M Gartner Lee Limited



BOREHOLE LOG PROJECT:  96-326 BOREHOLE: GBIB-96 3of6

Greenbrook Capture Zone DATE: 29 January 1997
Green brook Well Field, Kitchener GEOLOGIST  SS

FOR: Regional Municipality of Waterloo ELEVATION ‘ m ASL
I " SAMPLE
% zau WATER
pDEPTH § STRATIGRAPHIC DESCRIPTION RSl B T N VALUE | CONTENT
B ZrFZ|W Jl=|ola
™ g gullzp e 5| 8| ¢ (%)
p SBZ|z|x|x| x| 1530460 | 102 30 40

21 A

22

23

Decreasing gravel content between about 23.7 mand -
25.3 m.

26

25

26 A

27+

28

29 1

Printed: 9 MAR 98 m Gartner Lee Limitec



BOREHOLE LOG PROJECT:  96-326 BOREHOLE: GBIB-96 4o0f6

Greenbrook Capture Zone DATE: 29 January 1997
Green brook Well Field, Kitchener GEOLOGIST SS
FOR: Regional Municipality of Waterloo ELEVATION m ASL
b ' o SAMPLE
% z 0 u WATER
pEPTH ﬁ STRATIGRAPHIC DESCRIPTION EHEl L B m N VALUE | CONTENT
= ZFZ|W @ JdJl=lo] 0
(m) c al s % E g AEARAR i (%)
o 2B Z| z| x| x| x| 5504560 | 10203040

L

T
1

Silty sand layer between about 30.35 m and 30.38 m,
. moist.

= Silt layer between about 30.48 m and 30.56 m, moist.
31 Silt layer between about 30.73 m and 30.81 m.

L Silt layer between about 31.04 m and 31.06 m.

el |

N |

b -
-:— :: Sandier between about 35.5 m and 36.0 m.

36 4| +H

Ll sand and gravel layer between about 36.19 m and
:t 36.22 m, some limonite staining within this layer.

36.8

SAND
Brown fine to medium sand, saturated.

383

SILT
Grey-brown silt, vaguely laminated, saturated.

392 39 1 Grading into fine sand below about 39 m.

an SAND

Grey-brown fine sand with trace silt, saturated.
Printea: s MAR 98 8 Gartner Lee Limite




[ BOREHOLE LOG PROJECT: 96-326 BOREHOLE: GB1B96 5,
Greenbrook Capture Zone DATE: 29 January 1997
Green brook Well Field, Kitchener GEOLOGIST SS
FOR: Regional Municipality of Waterloo ELEVATION m AS]

I N SAMPLE
g 598 A
DEPTH | & STRATIGRAPHIC DESCRIPTION ERE o & N VALUE | CONT)
(m) = 1T i w| 3| el = (%
14 e § 9: 2 i . 5 T T T T [
o ZHE[ZN]X] %] 15304560 | 10 20 3

Becoming fine to medium sand below about 40.5 m,
moist.

Becoming wet to saturated below about 43.6 m.

470 Becoming coarser with depth.

SILT AND SAND LAYERS

Grey silt, vaguely laminated, moist to wet.

Grey fine to medium sand between about 49.2 m and
1’| 49.5 m, vaguely laminated, some slightly coarser

48 4l layers, wet.

Grey silt layer between about 49.30 m and 49.31 m.

Grey laminated silt and fine to medium sand below
about 49.7 m, laminations about 1 ¢cm thick.

49 1

498

: p.\j%% SAND AND GRAVEL a P : . .
"inted: 9 Mar o8 E Gartner Lee Limi




[ BOREHOLE LOG PROJECT:

BOREHOLE: GBI1B-96 ¢ of

Greenbrook Capture Zone
Green brook Well Field, Kitchener

GEOLOGIST SS

DATE: 29 January 1997

FOR: Regional Municipality of Waterloo ELEVATION m ASL
T . SAMPLE
g STRATIGRAPHIC DESCRIPTION i ue N VALUE |CONTE
s ZFZ|W Jle|lola
a O |m wlgc|lgc|u| e (%)
& Ffos|EHOLO| S| 3 ||
E 24 > . o T T 1T 1
() ZHF| Z| x| x| X]| 15304560
== IoETE

=] Grey sand and gravel with cobbles, saturated.

N

[ sILT
Dark grey silt, thinly laminated with clay layers,
DTFL.

1T T
10 20 30

Borehole terminated at 55.0 m in silt.

P
"inted: g9 mar o8
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BOREHOLE LOG PROJECT: 96-326 BOREHOLE: GBIC-96 1 of
Greenbrook Capture Zone DATE: 29 January 1997
Green brook Well Field, Kitchener GEOLOGIST SS
FOR: Regional Municipality of Waterloo . ELEVATION m ASL
b SAMPLE
o x o i WATI
DEPTH § STRATIGRAPHIC DESCRIPTION FHEly E & N VALUE | CONTE
m |5 b NEREHE -
x e R 1 I I ol Bl e et o
ZHFEF| Z|X| XX} 15304560 | 10 20 3(

TOPSOIL

Dark brown sandy silt topsoil with tree roots and
rootlets, moist.

Black organic layer between about 0.38 m to 0.51 m,

moist to damp.

SANDY SILT TILL .

Mottled brown sandy silt with occasional subrounded
obbles, trace rootlets, patchy limonite staining, dry.

4 |SAND AND GRAVEL

1 |Brown fine to coarse sand with fine to coarse
ubangular to subrounded gravel, dry.

SAND

Brown silty fine sand with rare subrounded cobble.

Layers of brown clayey silt with some fine gravel
interbedded with the silty fine sand from about 1.5 m
to 1.8 m.

Becoming fine sand below about 1.8 m
Occasional medium sand layers less than 1 cm thick
between about 3.1 m to 3.4 m.

Clayey silt layers within the silty sand with
\occasional medium sand layers from about 3.4 m to
4.2 m. Medium sand layers were wet to saturated.

Sand layers beyween 1 to 5 cm thick.

SAND AND GRAVEL
Fine to coarse sand with some gravel layers, patchy

limonite staining within the coarser layers, limonite
stained sand and gravel layer between about 4.22 m
\and 4.24 m, dry.

Grey fine sand layer between about 4.7 m and 4.8 m.

SILTY SAND TILL
rown-grey silty sand till with subangular gravel.
SANDY SILT TO SILTY SAND

Brown sandy silt, dry.

Fine sand layers, about 5 cm thick bétween about 5.9
m and 6.4 m.

Becoming thinly laminated fine sand between about
6.4 mand 7.1 m, dry.

Brown silt layer between about 7.1 m and 7.3 m,
DTPL.

Brown fine silty sand, vaguely laminated, some
medium sand below about 7.3 m.

Brown silt layer between about 8.9 m and 9.0 m.
Grading to sandy silt.

&) Gaftnef Lee Lin

Bp; '
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?OREHOLE LOG PROJECT: 96-326 BOREHOLE: GBIC-96 2 of

Greenbrook Capture Zone DATE: 29 January 1997
Green brook Well Field, Kitchener GEOLOGIST SS
FOR: Regional Municipality of Waterloo ELEVATION m ASL
x L SAMPLE
G x 0 Ui WATI
14
DEPTH & STRATIGRAPHIC DESCRIPTION L eslne o fee N VALUE | CONTE
- Zuilomuw|c|c|0|8
™ g QulEME 3|58 ¢ (%)
. o . | L D 1 71
o ZHF|Z| x| x| x| 15304560 | 10 20 3¢
-] Becoming fine sand with trace silt below about 9.9 m. [ AR
11 E
Brown silt with trace fine sand between about 11.5 m
and 11.8 m, saturated.
12 Becoming reddish-brown silt below about 11.8 m, |
vaguely laminated, dry.
12.4 Becoming brown silt below about 11.9 m, moist to
wet.
{[{ \Brown fine sand with trace silt, increasing silt with
13 JIF epth. )
1T{ SANDY SILT
|{{ Brown sandy silt, saturated.
13.7 :. Reddish-brown silt layer between about 13.31 m and

13.34 m, laminated, dry.
Brown fine sand with silt between about 13.6 m and
14.6 m.

Borehole terminated at 13.7 m in sandy silt.

"inted: 9 MaR 98 [ Gartner Lee Lim
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BOREHOLE LOG PROJECT: 96-326

BOREHOLE: KS5A-I lof 5

Greenbrook Capture Zone Delineation Project
Greenbrook Well Field, Kitchener

DATE: 11 March 1997
GEOLOQGIST PW/SS

FOR: Regional Municipality of Waterloo ELEVATION m ASL
).-
T o SAMPLE
/7]
g Sael W |ule
DEPTH | & STRATIGRAPHIC DESCRIPTION |ERE o O 1R A COMMENTS
(m) |¢q Suflouw|ala|ulg
© FOoGgiE H O 2> 3 x| X
[ S > -
0 Z H - Zi N | X N
0.2 FILL
Light brown fine sand.
ORGANICS
Black muck with sand and subrounded gravel, moist.
1 4
No gravel below about 1.2 m.
Il
‘l'”
A
LA
o JHd
3.0 3
Brown sandy silt with rootlets throughout, moist. 1 B Cs 63
3 Becoming grey fine to medium sand with some coarse ]
3 sand, rare cobble, wet. "-:
: 2[d cs 43
4.0 4 s |
;‘é}% Grey fine to medium sand with some coarse sand |
:E'E, interlayered with brown peaty rootlets and black ::
;;"'" muck. =]
;ggr"w E
_mm Sandier with depth. e i
o5 | A
. B k]
£ P 3[H cs | 20
5.4 £aca ~ Light grey-brown marl. =
T T] i rr e acaam AT iR b e m i d w4 =
:‘vye'"%:'j; Dark grey to brown peat and organics, wet. -
A .
6 ;v'v':‘%' E
iat g
L =
oy -1
6.7 Ead =
6.9 Olive green to grey marl interlayered with brown 4% CS 50
72 7 ‘peat, organics and rootlets, moist. E b
Dark brown muck, meist. E
76 WY SILTY CLAY E
"]\ Grey-brown silty clay with trace very fine gravel, e
3 WTPL. E
SAND 5
Grey fine sand with some medium sand, wet. 5 _'-_ cs 50
Thin brown silt layer at about 8.6 m, about 1 cm -_:
bhick. -]
9 E J
63 cs 68

Printed; 19 MAR 97
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BOREHOLE LOG PROJECT: 96-326 BOREHOLE: K5A-1 2of 5
Greenbrook Capture Zone Delineation Project DATE: 11 March 1997
Greenbrook Well Field, Kitchener GEOLOGIST PW/SS
FOR: Regional Municipality of Waterloo ELEVATION m ASL ‘
e SAMPLE
o 14
: gold 1]
[
DEPTH | & STRATIGRAPHIC DESCRIPTION g ‘&* 5 14 % g % COMMENTS
ﬂ ZZIW K Jdl =0l 0 .
(m) g BujoMuw|T|le|uw|le 7
14 TOk|lEHOQL | 2|3 | x|
[ 24 e ose | e .
0 Z HF - N x N '
10.4 i ]
4_"‘ Grey sandy silt to silty sand with some gravel, moist. a m
1M 4% E ]
e | E
b= Bl 58 I
1o = d
12 {LH ST L B ] :
lL 7] Grey sandy silt to silt with some fine gravel, DTPL. B I
. Tl Less gravel with depth. :‘—: s 58 1 '
w b - L
143 4 E
% CLAYEY SILT TO SILT TILL <} cs 45
% Reddizh-brown silt to clayey silt with some _‘: |
% sub-angular to rounded gravel, trace sand, APL. _-:
15 —g I 7 '
% P_;
16 _é Some medium sand nodules below about 15.8 m. :_j' cs a7 | l
. g -
% = cs 08 “
18 -% Grey fine sand layer at about 18 m grading to _?; i
% medium sand at about 18.3 m, saturated, loose. "-:
19 g Till becoming greyer in color below about 18.9 m. E: cs 100 E u
Printed: 18 MAR 87 (¥ Gartner Lee Limited
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GB1-97a

BOREHOLE LOG PROJECT: 96-326

BOREHOLE: KS5A-I 3 of5

Greenbrook Capture Zone Delineation Project
Greenbrook Well Field, Kitchener
FOR: Regional Municipality of Waterloo

DATE: 11 March 1997
GEOLOGIST PW/SS
ELEYATION m ASL

SAMPLE

DEPTH STRATIGRAPHIC DESCRIPTION

MONITOR

DETAILS

& NUMBER
NUMBER
TNTEREV
TYPE

N UARLUE

WATER

%

COMMENTS

REC
RGD

A
A

W STRATIGRAPHY

21 A

sorted, dense to compact.
Coarse sand lenses at about 21.4 m and 21.6 m.

Coarse sand seam at about 21.9. 14

Coarse sand seam at about 22.2 m.

Coarse sand seam at about 22.8 m.

Coarse sand seam at about 23.1 m.

3.5

UTIARANTRNTANTANTANT] ST TN LTI N TRV

SAND 15
Grey fine to medium sand, trace clay, saturated,
loose.

\Becoming coarse sand below about 24 m.
= G L co S
Medium gravel and cobbles with some coarse sand,

angular to rounded limes tone, dolostone, granite and

e gneiss cobbles, saturated. 16

26 1 =

17

T T T T ¥
T TIEATRTIANT YL TU TR TR TLT] UL T IR ES AT AN

18

25.6

| 19

T T T T
TSI LY AN T AT T T

29.9 -29.9 m.

CS8

Cs

Cs

CS

Cs

Cs

100

60

30

Printed: 19 MAR 97

EGartner Lee Limited




. (GB1-97a

BOREHOLE LOG PROJECT: 96-326

BOREHOLE: KS5A-1 dof 5

Greenbrook Capture Zone Delineation Project
Greenbrook Well Field, Kitchener

DATE: 11 March 1997
GEOLOGIST PW/SS

FOR: Regional Municipality of Waterloo ELEVATION m ASL
T SAMPLE
u- m
: godl ]
V4
DEPTH | & STRATIGRAPHIC DESCRIPTION |EHE|, @ (4|& COMMENTS
E Zr-ZHW M 0 ol a
(m) P O w mww| i w: o
o FosE 0| D)3 14 o
o 28 r + . .
0 Z H + Zz| N N ™
30.2 " =% Grey medium to fine sand between about 29.9 m and =
506 T &t \30.2 m, trace fine gravel. <]
= 1 Course sand and gravel, trace silt. E
Medium to coarse sand between about 30.5 m and E
31.4 m, some gravel, trace silt, poorly sorted, loose. _': J
-4 CS 62
“‘Coarse sand, coarse gravel and cobbles, finer 5
materials probably washed, red iron staining on some L
cobble surfaces. -__' ]
Less sand below about 32.6 m, grading to coarse _:_ s 80
gravel and cobbles. -]
Sandy gravel to gravel with some to trace sand below % cs 100
about 34.1 m, coarse sand and medium to coarse 2
éﬁ:§ gravel, poorly sorted. '_:
A 2
35 A= ] N
= E
= B
E':-e- d
& | Some large cobbles below about 35.7 m. 4 os b
= R

36 4= E J

= | 5

g <]
= = L
=, g
t=:-:rs '_:

3? ‘#éﬁ —'_ 7
_"é :': Cs 100
e g
*“;- N
-a-;,, E

38 7= N .
= B
*‘ﬁ'-u: -:
ru-ﬁ... =
=" 255 ¢S 67

39 L% B i
e‘;, _’:

a-*# |

L -
*‘ﬁ-l- Some fine sand and clay below about 39.6 m. K
=a - _:

Printed: 19 MAR 97
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' : ; GB1-97a
I BOREHOLE LOG PROJECT: 96-326 BOREHOLE: K5A-I .5of5
' Greenbrook Capture Zone Delineation Project DATE: 11 March 1997
Greenbrook Well Field, Kitchener GEOLOGIST PW/SS
I FOR: Regional Municipality of Waterloo ELEVATION m ASL
I SAMPLE
T x
: godl ]
DEPTH § STRATIGRAPHIC DESCRIPTION EHE O ul e COMMENTS
[ ZRZIW MW J|lklo]| o
(m) ¢ dullzpe gig|4l g
,_ SH > ol
Ir P TH |z w) n] o
i g -
™ -
ol 264 cs 53
il - =
| 5
-i-* _‘..
4 L& E 1
= -
I :
k- ”:
a1 = ¥
1{1] SILT AND SAND 27[4 ¢8 100
42 {|Tl| Brown-grey silt and sand with trace fine gravel, o 4
l AN coarse sand, no ¢obbles ‘.:
42.5 -
| Borehole terminated at 42.5 m in silt and sand.
l Printed: 19 MAR 97 EﬂGartner Lee Limited
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R
BOREHOLE LOG PROJECT: 96-326 BOREHOLE: KS5A-II 1of 1
Greenbrook Capture Zone Delineation Project DATE: 12 March 1997
Greenbrook Well Field, Kitchener GEOLOGIST SS
FOR: Regional Municipality of Waterloo ELEVATION m ASL
e SAMPLE
o 14
< 69m| W
DEPTH g STRATIGRAPHIC DESCRIPTION ReEly g g1 & COMMENTS
(m) T Zullbbiw|a| 2| G
@ EQI|EH QL o1 3 x 14
k= ZRE| z| x| x| x
o P N |
0.2 FILL
Light brown fine sand.
ORGANICS
Black muck with sand and subrounded gravel, moist.
1 s
No gravel below about 1.2 m.
2 J
3.0 3
.:°] Brown sandy silt with rootlets throughout, moist. |
"1 Becoming grey fine to medium sand with some coarse
1 sand, rare cobble, wet.
4.0 P 52 R U NSO A 1§ |
4.3 & ] Grey fine to medium sand with some coarse sand

interlayered with brown peaty rootlets and black
muck. f

Borehole terminated at 4.3 m in sand.

B s
"inted: 19 MAR 97

¥ Gartner Lee Limited
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CH2M HILL
ENGINEERING LTD.

P A M K-GB-M4-94-(A-B)

MONITORING WELL DRILLING & CONSTRUCTION LOG

PROJECT NUMBER: ONT28803.A0

CLIENT NAME: RMOW

DRILLING METHOD: CONTINUOUS CORE
ELEVATIONS: -SURFACE ELEV.. 347 m.asth

LOCATION: BIRCHCLIFFE AVE. é‘)ﬂ (METERS) _TOP OF ODEEP RISER: NA
OATE ORILLED: 14/0i/84 O\q,Og\)‘ -TOP SHALLOW RISER: NA
LOGGER: PRL -TOTAL DEPTH: 75.2¢
DRILL COMPANY: ALL TERRAIN DRILLING LTOD. Ejégii{'}'gg 5398%5%00
OEPTH SOIL. SAMPLE SOIL DESCRIPTION WELL CONSTRUCTION
o INTER TYPE RE
SURFACE - - £, SOLOUR, j .
(METERS)] VAL ANO COVERY mmh:é:LSIzeog?srsfglaLusr’EﬂobﬁsEmne CASING, SCREEN INTERYAL 5310
[METERS)} NUMBER M CONTENT, PLASTICITY, GENSITY. PR R
CoNTRLILS
0 IEmE:
SANOY SILT {0 -0.91 m) Illlllll f+ 2
Cs1 0.87 —tan/brown sandy sitt, occasional ! E H 1 "
T peobles T ; Well Seal (o
L N
CLAYEY SILT (0.91 — 2.27 m) 1% \ - 225 m
cs2 1.50 —-brown clayey silt, minor sand /‘I’ | /j// 1 § bentomieg
e pecoming sandier with deptn 12 § slurey
_\ —-2.2T7T - 2.44 m wet fine sand \\§ inectac intd
cs3 0.89 PEBBLY CLAYEY SILT {(2.44 - § Risce
1 5.18 m) § \
~brown/tan pebbly clavey silt, § \
minor sand seams 3
€54 L2 —same dl'a{zf‘lt tan silt Zones \ § §
5— 1 3.96 - 5.8 m § % N
CLAY (5.8 - 14.93 m) N §
7 Css 0.87 -soft grey clay stiffeming 4 § %
towards lower contact, minor & §
—t sand %‘
-smatl sand seams 11.28 — 12.80 m T E E
CSB 0.40 —grey sandy siit 14,32 — 14,42 m \ § \
L 1N %
NN N
cs? 0.48 / ) § §
N B
-
10 N &
’ i
css 1.0 ‘§
- 1 |
£Se .92 § § §
NN N
N N
T 3
NN A
csio | 098 § § %
N N N
1 NN
i s 1.5 SILTY SANO (12.93 - 19.81 m) rrmt N N \
’ = AT AR
- —dark grey/brown silty medium to } } “ t \ E \
fine sand, accasional coarse N N \
sand el ] NN N
csi2 1.52 ~saturated, some diatant zones lll :i::[: % § §
1 RN N N N
Ih N N N
RERER 1 1
csi 13 L] N N §
T NN N
—+ e 1
NAR I
2 csi4 127 L | NN \
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CH2M HILL

ENGINEERING LTD.

. WeLL NUMBER: M4
PROJECT NUMBER: ONT29803.A0 Page 2 of 4

MONITORING WELL DRILLING & CONSTRUCTION LOG

CLIENT NAME: RMOW

LOCATION: BIRCHCLIFFE AVE.

DATE DRILLED: 14/01/84

ORILLING METHOD: CONTINUOUS CORE

ELEVATIONS: -SURFACE ELEV. 347 m.asl

(METERS) ~TOP OF DEEP RISER: NA
-TOP SHALLOW RISER: MNA

LOGGER: PRL - -TOTAL DEPTH: 75.29
EASTING: 539250
DRILL COMPANY: ALL TERRAIN CRILLING LTOD. :
NORTHING: 4807900
0EPTH SOIL SAMPLE SOIL DESCRIPTION WELL CONSTRUCTION
BELOW
SURFACE| INTER- | TYPE RE- NAME, COLOUR, SOTL STRUCTURE TERYAL AN
(METERSY VAL ANO COVERY PARTICAL SIZE DISTRIBUTION, MOISTURE CASING, ST Y E‘T'é"L'S 0
(METERS)| NUMBER (M) CONTENT, PLASTICITY, QENSITY, P
CONTINUQUS
cs
20 AR
JE . SAND AND GRAVEL/COBBLESD on
(19.81 — 21.85 m) (- ~Oo'
—coarse sand, gravel sudb to well R
€315 0.43 rounded, cobble raunded, 6-8 ¢m ». 00"
i \SAPLe
SILTY SANO AND GRAVEL (21.95 LAY
csi | 0.30 - 37 m NEn
‘ -grey silty coarse sand and U 1
S gravel ‘ i“ I
- poorly sorted, gravel is medium °|1§ °1|
to coarse grained S| I
csy 9 - gravel coarsens with depth, L|{|“"[|
25~ increase in % of cobbies with L E°.||_ r
depth | i"l | H
£s18 0.20 |°| | |°”u| | |
|o In
Nes
‘c H
o L
Csly 0.10 ll_l 'I‘
i L ]
|= iu
1L
csec 0.15 li'i JI‘*
e el
I &
30 NERIE
C32! 6] |!|.I||I|n
b 1 <1l 1
— [ R
L L
(522 0.80 CLAYEY SILT (31.7 - 34.14 m) A
~dark hcown clayey silt, stitf to ¥
1 hard ‘1 | "f
—gccasionat coarse sand r J//
Ccs23 1.5 | J!/I
S Ly
CLAY (34.14 ~ 35.66 m] 7
. —=dark brown clay, hard, minos
35 s24 9 coarse sand to fine gravel
. SILTY CLAY (35.66 - 36.36 m) L )1/ ]
£525 s —dark brown siity ciay, hard, l] IVEI }
' slight increase in % of sand and (.
|- Ty
SANOY SILT (36.26 - 40.23 m) LU
CS26 1.38 —dark brown fine grained sandy R
silt, saturated, loose t{o compact [! F'. ”i'
I ~change to grey sandy silt at I
37.18 m, pebbles up to 4 ¢m ]| |||i || h
Cs27 057 - sandy zones, dilatant zones I
40 I l |I 1l I 1




CHZM HILL
ENGINEERING LTD.

PROJECT NUMBER: ONT26803.A0

WELL NUMBER:
Page 3 of 4

M4

MONITORING WELL DRILLING & CONSTRUCTION LOG

CRILLING METHOD: CONTINUOUS CORE

T NAME: RMOW
CLIEN . IFFE AVE ELEVATIONS: -SURFACE ELEV.. 347 m.a.sl
OCATION:  BIRCHCL : (METERS) ~ -TOP OF DEEP RISER: NA
OATE DRILLED: 14/01/94 ~TOP SHALLOW RISER: NA
LOGGER: PRL 5392"STOOTAL DEPTH: 75.28
EASTING:
R COMPANY: ALL TERRAIN DRILLING LTD.
ORILL NORTHING: 4807900
WELL CONSTRUCTION
OEPTH SOIL SAMPLE SOIL DESCRIPTICN
BELOY INTER TYPE RE
SURFACE - - NAME, COLOUR, SCIL STRUCTURE
(METERSY VAL AND COVERY PARTICAL SIZE DISTRIBUTION, MOISTURE CAS'NG‘PSESEESE‘ELTTE?S 540
(METERS)| MUMBER (M} CONTENT, PLASTICITY, DENSITY. B
CONTINUOUS
s
40— 1T
SAND (40.23 - 41,75 m)
S8 1.05 -lcleanlmedium to cocarse sand, )
minagr fing sand .
PEBEBLY SILT (41.75 - 50.90 m) "3; f”n:
—gray peddly silt, minor sand, N1
€S28 153 occasional limestone cobbles L| ' |||'|!
1 near upper contact (4175 - | I',“ r
43.28 m) and lower contact °|i| °|H
c530 153 (48.32 — 47.85 m). LH{D”"IE
In | Iu
—_ | 1ol |
45— ill.llléla b
cs3l 0.74 °| :GI ’| :
— |~| | f“‘| !
1: Eu
RN
€532 153 (MR
1 NN
Io |a
ey
1
€533 L9 —stiff tan pebdly silt, increasing |.|| T ] Well Seal
1 elay %. changing to green colour b li’ (“5(1-5 -
near lower contact. L i °“, I 48.80 m)
50— | °I !H 1 bentonite
C3534 1.32 | I ”. [ holeolug
S iy | Fliter Pack
SAND (50.90 - 5317 m) = 42.90 -
- clean green/tan medium sand, - 55.20 m)
€535 0.85 daense, uniform texture, fining to - #1 sica
N very ftine sand at 537 m. - sanda
z Well Screean
Z {50,680 —
L5386 | 183 SILTY SAND (53.17 - 55.5 m) RN = sa o
N —-green becaming tan silty fine to L T -
; ; (IR stamniess
medmm sand, stFTf, fmmg.to very '| I|”|| ) steel #10
fine sand and silt, occasional N . siot
55— Cs37 16 limestone cobbles, Colour oA : &
. changes to tan at 555 m '1 H% I N Well Seal
1] (53.80 —
} % H } §0.20 m)
csas 1.53 | N \ pentonite
0 SAND (58.5 68,54 m) \ holeplug
-medium to coarse sand, clean,
unifarm. Small zones of fine to
CS39 .4 - medium sand.
CS40 1.5 \
f¥al NN
S1ey




CHZ2M HILL
ENGINEERING L TD.

PROJECT NUMBER: ONT29803.40 | HELL NUMBER:

Page 4 of 4

M4

MONITORING WELL DRILLING & CONSTRUCTION LOG

CLIENT NAME: RMOW
JCATION: BIRCHCLIFFE AVE.

OATE DRILLED: t4/01/94

ORILLING METHOD: CONTINUCUS CORE

ELEVATIONS: -SURFACE ELEV.. 347 ma.sh

(METERS) -TOP OF DEEP RISER: NA
-TOP SHALLCW RISER: NA

LOGGER: PRL -TOTAL DEPTH: 75.282
. EASTING: 5389250
DRILL COMPANY: ALL TERRAIN ORILLING LTO. )
NORTHING: 48073800
QEPTH SOIL SAMPLE SOIL DESCRIPTION WELL CONSTRUCTION
BELGOW TYPE AE
SURFACE| INTER- YP - NAME, COLOUR, SOIL STRUCTURE e A
(METERS) VAL AND | COVERY PARTICAL SIZE DISTRIBUTION, MOISTURE CASING, SCREER WiCHiAL Sax8
(METERS)| NUMBER (M) CONTENT, PLASTICITY, CENSITY. T
CONTINUQUS!
s
60 N SO
1 SERL 0.95 - Fitter Pack
. - (80,20 —
- 84.00 m}
cs42 | 080 : pl s
—— —reddish brown fine to medium = Well Sereen
sand, clean - (E0.56 —
CS43 Q.7 1= 84.00 m)
N \%é stamnless
— N stezi # 10
™~ tes
65— N sigt
CS44 1.3 : Well Seal
_ -prown fine sang, clean N (:6'5';00 -
N 75.2% m)
SILT (66.54 - 66.94 m) AR Ny benienie
£S45 1.5 '\‘orown silt, stiff, oxide mottling / /// 1 \ hoigzlug
- CLAY (66.94 - 87.68 m) §\
~reddish grey clay 0] N
£S48 15 SAND (67.856 — 72.8 m} N \
— —-reddish brown fine to medium b
sand
70— Csat 0.8 ;mcreasmg pebbie % below 70.71 i N
548 125 N
- \
e Ny
1T
SAND, SILT AND CLAY (726 - ]
£S49 135 A %| | \
I —-grey silty sandy clay 72.6 - by ll hl
73.76 m ] ! '1: 4
—gray silty fine to medium sand 4 N
Css0 124 and fine gravel 73.76 - 75.3 m by '
75— BB
1 AR AN
(o XY
v Lw)




Monitoring Well: K-GB-OW1-08 K-GB-OW1-08-(A-B)
Project: K1 and K2 Replacement Drilling method: Pro sonic SR127 track mount
Client: Region of Waterloo Date started/completed: Pec-8-2008 / Dec-12-2008
Location: Greenbrook Well Field - adjacent to K1 Ground surface elevation: 326.10 m AMSL
Number: 1609-00487
Field investigator: K McLagan/L. Veale
Contractor: Boart Longyear
720375 A2033%S
K-GB-OW1A-08 K-GB-OW1B-08
Elavation Hydro GS Elev: 326.10 GS Elev. 326.16
. . - (m AMSL} ’ . - TOC Elev:326.91 TOC Elev:326.97
Depth Litholegic Description Depth Stmll.lgnrﬁphic Description Stick-up:0.81 Stick-up0.52
{m BGS) Northing: 4808453 Northing: 4808455
o Ground Surface Easting: 540584 Easting: 540585
m
--| MEGIUM SAND 32610
:\_ [ \%%Tre fire sand, little fine to coarse gravel, brown, dry to moist 3;5":;9
- h little clay, coarse sand and fine gravel, dark brown, moist 325??8
- FINE SAND 0.91
5— litle silt, brawn, homegeneous, meist
_ siity sand with some clay at 1.1 m BGS
T trace medium sand between 2.4 and 3.0 m BGS
323.05 . § .
10— 3/8 Bentonite /8 Bentenit:
i SANDY SILT ! 309 Middle Waterloo heleplug I holep?-.:]gom ¢
L \fine grained, brown, homogeneous, moist IZZTS AFB2 Moraine Stratified
y SILTY SAND _ 3.35 Sediments
- fina grained sand, brown, seft, homogeneous, maist 32198
B MEDIUM SAND 471
15— little fine sand, brown, homogeneous, maist
i litle trace silt at 42.8 t0 43.9 m BGS
]
- little silt between 5.3to 5.6 m BGS 32045
— SANDY SILT 564
20— fine grained sand 3330180
- FINE SAND -
- little silt 31855
. | 6.55
L PR SILY ER)
N aruie clayey, bacoming sandy with depth . ATB3 Loweas Maryhill Till
N SILTY CLAY 318,78
25— \trace fine gravel 742
- SILT
- trace to some fine gravel sand between 7.3 and 9.5 m BGS
30—+
T clayey sit at 7.3 10 9.4 m BGS
4—10
3 ] sandy silt between 10.2 and 11.6 m BGS
:_ tayer of madiurn grained sand at 11.6t0 11.7 m BGS
40 — little fine sand at 11.7 0 12.1 m BGS 52 mm Schedule 52 mm Schedule
£ i 80 PVC casing 80 PVC casing
i clayey silt at 12.1 10 12.85 m BGS
-+ 312.54
45 — SILT TILL 13.56
p - little to trace fine and coarse sand, fine and coarse gravel, brown,
B very hard, dry
T~ 15
50 —
55 —|
7 layer of clayey silt till with \ittle coarse sand at 17.1 0 17.7 m BGS
7 Upper/Main Catfish
ATCH Cresk
60 little clay at 17.7 to 19.8 m BGS i
85 20 some cobble and coarse sand at 15.8t0 20.1 m BGS
some coarse sand and fine gravel at 201 to 24.4 m BGS
70
75
80 Bentonite Grout Bentonite Grout
25 sama fine gravel at 24.7 10 26.5 m BCS
85— __
:_ s0me coarse sand at 26.2 10 26,5 m BGS
- trace to ittle clay at 26.2 to 27.7 m BGS
S0 —
:_ fayer of fine grained sandy silt at 27.7 to 28.3 m BGS
T becoming sandy silt til at 28.3 m BGS 267 .45
SILTY SAND 2655
fine grained, brown, homogeneous, moist
Catfish Stratified
AFC Dapasits 3/8 Bentonite
holeplug
Top of sand
. {32.00 m BGS)
layer of fina grained sand at 32.0 to 326 m BGS
252.88

NOTES:

TCR - Total Cora Recovery

SCR - Solid Core Recovery

RQD - Rack Quality Designation
MAMSL - metres above mean sea level
mBES - metres below ground surface

Sheet 1 of 2
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Monitoring Well: K-GB-OW1-08
Project: K1 and K2 Replacement Dritling method: Pro sonic SR127 track mount
Client: Region of Waterloo Cate started/completed: - Dec-8-2008 / Dec-12-2008
Location: Greenbrook Well Field - adjacent to K1 Ground surface elevation: 326.10 m AMSL
Number: 1609-00487
Field investigator: K MclLagan/L. Veale
Contractor: Boart Longyear
K-GB-OW1A.08 K-GB-OW1B-08
Elevation Hydra GS Elev: 326 10 GS Elev. 326.16
. . . (m AMSL) : - TOC Elev.326.91 TOC Elev.326.57
Depth Litholegic Description Degth Strahugr:*ﬁphlc Description Stick-up:0,81 Stick-upi0.82
{m BGS) Narthing: 4808453 Nerthing 4808455
ft)  (m) Easting: 540584 Easting: 540585
{ m
FINE SAND 3327
10— 0.3 t60.9 m thick layers of trace to some silt or little medium sand
3/8 Bentonite
holeplug
Top of sand
(35.66 m BGS)
No.2 Silica Sand
289, "
MEDIUM SAND 28 | %2 No.Z Silica Sand Top of screen
some fine sand, little coarse sand and fine gravel (36.58 m BGS)
No. 10 Slot
PVC screen
50 mm diameter
Bottom of screen
(3810 m BGS)
layer of fine sand with some silt at 38.7 t0 3.0 m BGS
some silt at 32.0to 405 m BGS
285.56
MEDIUM TO COARSE SAND 40.54
littte to some coarse sand, trace (o little fine gravel
layer of coarse sand at 40.8 t0 41.1 m BGS
layer of fine grave! at 41.5t0 41.6 m BGS AFD1 Pre-Catfish Sand and
Gravel
283.27
GRAVELLY SAND 4287
medium to coarse grained sand, litle to some sill, some fine and
coarse gravel
Top of screen
(44.20 m BGS}
281.60
SAND AND GRAVEL 44 5G
medium grained sand, trace fine sand, little to some coarse sand,
tittle to some gravel
No.10 Slot
. . PVC screan
gravel content increasing with depth 50 mm diameter
278.86
GRAVELLY SAND 47.24 Battom of screen
coarse grained sand and fine grained gravel, trace clay, ittle silt {47.25 m BGS)
R 275.81
- SILTY CLAY 028
. V. grey/brown, homogeneous, very hard, moist
-+ 5; ;;; layer of clayey silt at 50.6 to 51.2 m BGS
. A
— 1]
170 ~ b
] TE Ganning O Q
- 1 ATE1 anning Orift B
T <
- 11 27291
175 — | ORGANICS 55,19 QT 00T pawrer cane
" dark brown, recdish black, hard, dry /2726 a2 °< and 3/8 inch
i CLAYEY SILT 53.49 D DQO oY Bentanite
a1 _| greyibrown, very stiff : 271.84 0 D Holepiug
| J\trace cobble and coarse gravel at 53.910 54.3 m BGS Il 525 SISy
7] | SAND AND GRAVEL ° 20 °d
180 55 some to littie silt, little coarse and fine gravel DQ o
- trace cobble beginning at 54.3 m BGS OO OQ
1 o™ (3 e (]
4 Pre-Canning Sand and O Zai \®
L 4 no recovery between 55810 56.7 m BGS AFF1 P B Q q
4 o b~ b
185 Q0 .9Q
__ some clay beginning at 56.7 m BGS BOQQQ B°<
Eia YNk
SILTTILL g
some ciay, little coarse sand and fine gravel, coarse grave!, P {\p °° f\g
180 purplefbrawn @ -0
coarse gravel content increasing with depth
ATGH Pre-Capning Till
195
BEDROCK r - ABEDROCK,
- 60 End of Borencie 58.74
200 —
205 =
210 ——
1 65
215 =

NOTES:

TCR - Total Core Recovery

SCR - Sofid Core Recovery

RQD - Rock Quality Dasignation
MAMSL - metres above maan sea leval
mMBGS - metres below ground surface

Stantec

Sheot 2 ot 2
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Monitoring Well: K-GB-OW2-08 K-GB-OW2-08-(A-B-C)
Project: K1 and K2 Replacement Drilling method: Pro sonic SR127 track mount
Client: Region of Waterloo Date started/completed: Dec-4-2008 / Dec-17-2008
Location: Greenbrook Well Field - adjacent to K2 Ground surface elevation; 327.43 m AMSL
MNumber: 1609-00487
Field investigator: K.McLagan/L Veale
Contractor: Boart Longyear q
o356 4203SY2 1205130
-GB-OW2A-08 K-GB-OW2B-08 K-GB-OW2C-08
Elevation Hydro S Elev: 327.13 GS Elev: 327.20 GS Elev. 327.19
. : . (m AMSL)| - ' - C Elev:327.90 TGC Elev:328.04 TOC Elev:328.07
Depth Litholegic Description Depth Stratingrn‘-i::phlc Description Stick-up:0.78 Stick-up:0.83 Stickp.0.67
{m BGS} lorthing 4808313 Northing:4808310 Northing 4808312
f  m) Ground Surface Easting: 540546 Easting: 540544 Easting: 540545
SILTY SAND 32713
-1 fine grained sand, some fine gravel, brown, dry to moist 0.00
T 1 FINE SAND 326.21
- some silt and medium grained sand, brown, dry 0.9
5— ﬁlBI Bentonite 3/8 Bentonite 3/8 Bentonite
o clepiu holep!
— FINE SAND 32530 epiug oleplug holeplug
7 some silt, brown, dry 1.83
i ___ increasing silt content at 3.1 m BGS
-+ Bentonite Grout
15 :_ some medium sand at 4.3 m BGS
T 5 PR SILTY CLAY AND SAND 32225 ]
7 [y iayered deposits 5 to 10 em thick of silty clay, medium and coarse 4.88 Middle Waterloo ¢
T sard, silt AFB2 Maraine Stratified £2 mm Scheduie
- Sediments 80 PVC casing
20— 52 mm Schaduia 52 mm Schedule
FINE SAND 321.03 - i
T trace medium sand, light greyish brown §.10 B0 PVC casing 80 PVC casing
T layer of clayey silt at 7.0 te 7.1 m BGS 3/8 Bentonite
25 —I" some medium sand at 7.1 fo 7.3 m BGS hoteplug
i . . Top of sand
T becoming cearser with depth (7,62 m BGS)
T increasing to fine and medium grained at 8.2 m BGS No.Z Silica Sand
B increasing to medium sand, fittle fine gravel, irace fine sand at 8.5m Top of screen
T BGS (8.53 m BGS)
50 SANDY SILT 7.0
T coarse grained, little fine gravel A 914 | No.10 Slot
n MEDIUM 70 CGARSE SAND | 31753 PVC screen
| MEDIUM SAND 960 50 mm diameter
- litthe fine sand, trace fine gravel TR Batiom of serean
‘ g s {10.0% m BGS)
35— 9 91
e TTECT \cobble at 11.0m BGS 1 31616
T i) SILTY CLAY 10,97
= ;//5 gray brown, stiff, moist
T was24
40 — ;é’ Bentonite Grout Bentorite Grout
T %
sl 11
- 11 | '
45— 2e727 - ATB3 Lewar Maryhill T
1 /4 trace coarse sand beginning al 14.0 m BGS cwer Maryhi
=21 CLAYEY SILTTILL 3131
“ — =] some coarse sand and fine gravel, very stiff 14.02
15 [
50— p——
_ [~ = CLAYEY SILT 370.87
T \ stiff M 16.15 [
55 — SILT 31067
- \trace fine sand M 16.46 A
-1 SLTTILL 310.06
. coarse gravel {rounded particles), very stiff 17.07
60 =~
7 SILT 308.54
T ) grey brown, stiff 18.59
65 =1
4 SILT TILL 307.13
4 fine te coarse gravel, very hard 18,99
70 ~—
75 —
7] becoming very stiff at 23.2 m 8GS
-1 ATCA Upper/Main 1E:atﬁsh Ceek
80— ill
- 25
85— N 30122
stift 25.91
T SILT TILL 300.31
1 little clay, little gravel, stiff 26.82
o0 —
SAND TILL 298.78
fine grained sand, some silt, little coarse sand and fine gravel, 28.35
yellowist brown
silty sand till with litte coarse sand and gravel at 29.3 to 29.9 m BGS
increasing graval and cobble content with depth
FINE TO MEDIUM SAND 2895.28 Bentonite Grout Berntenite Grout
FINE TO MEDIUM SAND 31.85
| some silt, little gravei 29497 AFC1 Catfish Stratified
32,16 Deposils

NOTES:

TCR - Total Core Recovery

SCR - Solid Core Recovery

RQD - Rock Quality Designation
MAMSL - metres above mean sea level
mBGS - metres bejow ground surface

Qr
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Monitoring Well: K-GB-OW2-08

Project: K1 and K2 Replacement Drilling method: Pro sonic SR127 track mount
Client: Region of Watertoo Date started/completed: Dec-4-2008 / Dec-17-2008
Location: Greenbrook Well Field - adjacent fo K2 Ground surface elevation: 327.13 m AMSL
Numbser: 1609-00487 '
Field investigator: K.McLagan/L Veale
Contractor: Boart Longyear
K-GB-OW2B-08 K-GB-OW2C-08
Elevation Hydro GS Elev, 327.20 GS Elev: 327.18
. . e (m AMSL) ) . . TOC Elev:328.04 TOC Elev:328.07
Depth Lithologic Description ( Deapég) Stratingr:gphlc Description Stick-up-0.83 Stiek-up-0 87
m Northing:4808310 Northing; 4808312
Easting: 540544 Easting: 540545
{fy (m)
SITTILL 293.75
T I | soma fine gravel, little coarse gravel 33.38 ATCZ [ Lower Gatfish Creek Till
] SANDY SILT 292.59
T fine grained sand, littie coarse gravel 3414
15— 35
T FINE SAND 29177
T {race medium sand, brown, moist 35,36
1 SANDY SILT 550,65 /8 Bentaniite
120 =  fine grainad sand A 3827 Top of shind
T .| MEDIUM SAND 290.40 (36.88 m BGS)
1 little fine sand, brown, moist 3673 Top of screen
T T SANDY SILT 28964 {37.48 m BGS)
- fine grained sand, brown, wet [’\ 37.49 No.2 Silica Sand
125 MEDIUM SAND 28945
4+ brown, moist M _37.64 A Ne.10 Slet
- FINE SAND 288.72 PVG screen
-+ some silt 38.40 50 mm diameter
130 — Bottom of screen
SILTY SAND 287.51
T— 40 fine grained sand, brown, moist 39.62 (32.01 m BGS)
T ST 66,59
"r_ raddish brown, homogensous, wet 4 40.54 |
135 — FINE SAND Z66.13
+ nJittle silt, trace medium sand Mm.41.00
- SILTY SAND 285.68
=4 \some coarse sand and fing gravel, wet /M 41.45
4 SAND AND GRAVEL 285.22
coarse grained sand, trace fine sand, fine and coarse gravel, trace 41.91 AFDH Pre-Catfish Sand and
cobble Grave!
MEDIUM SAND 284.15
little 10 some fine sand, brown, hemogeneous 42.98
A trace silt, litle coarse gravel at 43.7 ta 44.5 m BGS
GRAVELLY SAND 28263
medium and coarse grained sand, little to some fing and coarse 44.50
graval, trace to little cobble
Top of sand
. : , (47.24 m BGS)
becoming coarser with depth
- | COARSE SAND 279.58
| some medium sand and fine gravel, little coarse gravel, trace cobble 47.55 Eg 10 Gf scrggg)
. m
| MEDIUM SAND 278.67 -
littie coarse sand, some fine gravel and Iitle coarse gravel 48.45 No.2 Silica Sand
No 30 Slat
PVC screen
MEDIUM SAND 276.84
trace fine and coarse sand, little fine gravel 50.29 Samem diameter
:_ I SILTY CLAY 275.92 Bottom of screen
70 grey, very hard, homogeneous 51.24 (51.21 m BGS)
:l_ X ° Ll
= SILT TILL 7470 ATE1 Canning Drift h GDQ D
T litt!e clay, brown/black, very hard 52.43 OO o DO
I o o
175 — o\ 2o [
7 EEIC MEDIM SAND 273,48 b Dgo
T B little fine sand, some coarse gravel and litle cobible [T\ 53.64 1 LQ Oe O
T of (b7 | SILTY SAND AND GRAVEL 273.18 o o
T b | coarse grained, wet 53.95 °6 Qj’ O
180 T 85 : c} | becoming finer with deptn AFF Pra-CatIi;g gf'”d and OOODO 0%) ::éuar?al E:;\ac;e
4 o IhT : oN\e e, G ggrto:'\ite
i b eplug
b 3 !9 )o DQD
1 RS 930
— [ b
W ST TILL 37074 e 0
littte coarse gravel, trace fine gravet and cobble, very hard, dry 56,39 N Q
T o b0
¥ S Terie
190 a3\ 6, O
u )oQD DQ
loose deposits between 58.2 and 58.5 m BGS ATG Pre-Canning Til i 69 qc; G
(= DQD
195 becoming coarser with depth O O o @)
=]
200 —-
) 1t Lt gEDROCK 266.02
N\ r - ~_Bedrock
=1 End of Borehole 51.11
4. 265.86
20s 61.26
210 ——
-
_!—
T 85
215 —1
NOTES:
TCR - Total Core Recovery
SCR - Solid Core Recovery
R - Rock Quality Designation
MAMSL - metres above mean sea levet
mBGS - metres below ground surface
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STANTEC BOREHOLE AND WELL V2 160900798_20150309_CD.GPJ STANTEC - DATA TEMPLATE.GDT 1/26/16 NSPINA

K-

GB-OW1-15-A

Monitoring Well: K-GB-OW1-15

Project: RMOW Well Replacement Drilling method: Air Rotary
Client: Regional Municipality of Waterloo Date started/completed:  04-Mar-2015
Location: Cambridge, ON Ground surface elevation: 321.86 m AMSL
Number: 160900798 Top of casing elevation:  322.81 m AMSL
Field investigator: C.Davis Easting: 540776
Contractor: Gerrits Well Drilling Inc. Northing: 4808689
SUBSURFACE PROFILE HYDROGEOLOGY [SAMPLE DETAILY INSTALLATION DETAILS
.‘é‘
=) c
) Elevation| £ S D5 2. g
Depth (Graphiq Lithologic Description (m AMSL) g g g gt ge| 5 Description
Log Depth T = 2 © S © I~ ©
(mBGs)| — 2 2 wz (& a
[
7]
)  (m) Ground Surface 321.86
SAND AND GRAVEL 0.00
| dark grey, coarse sand, fine gravel, trace silt, moist, subangular - angular
Above ground stick up
0.95m
48.5 mm ID
Schedule 80
PVC casing
1mAGS - 32.6 mBGS
Possible 254 mm Borehole
. Middle 0-6.1 mBGS
Possiblg Morai
AFB2 oraine
Stratified
Sediments 155.5mm ID
steel casing
1 mAGS to 20 m BGS
1 GB
. @ 315.76
90 SANDY CLAY 6.10
a ; light grey brown, fine to coarse sand, some silt, trace fine gravel
T8
T sand content increasing at 8.5 m BGS Possibld Pl_ojf‘;é)le
- ATB3 | Maryhill till
L or or Upper/
] ATC1 |Main Catfish
30 Creek Til 2 GB
10 Jé

32.61 - 35.66 m BGS
31.39 - 38.10 m BGS
0.00-31.39 mBGS

Screen Interval:
Sand Pack Interval:
Well Seal Interval:

(é Stantec

Notes:

m AMSL - metres above mean sea level
m BGS - metres below ground surface
GB - grab sample

n/a - not available

Drawn By/Checked By: CD/LV

WRAS No. 9207187

Sheet 1 of 4
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Monitoring Well: K-GB-OW1-15
Project: RMOW Well Replacement Drilling method: Air Rotary
Client: Regional Municipality of Waterloo Date started/completed:  04-Mar-2015
Location: Cambridge, ON Ground surface elevation: 321.86 m AMSL
Number: 160900798 Top of casing elevation:  322.81 m AMSL
Field investigator: C.Davis Easting: 540776
Contractor: Gerrits Well Drilling Inc. Northing: 4808689
SUBSURFACE PROFILE HYDROGEOLOGY [SAMPLE DETAILY INSTALLATION DETAILS
=
=) c
) Elevation| £ S D5 2. g
Depth (Graphiq Lithologic Description (m AMSL) g g g gt ge| 5 Description
Log Depth [ £8 2 G 5 G = «©
(m BGS) 2 2 nz n a
[
M () ?
SANDY CLAY
a light grey brown, fine to coarse sand, some silt, trace fine gravel
35 —
s /é 310.28
CLAYEY SILT 11.58
i grey brown, little fine to coarse sand, trace gravel, moist
— 12
40 — Bentonite grout
0-24.38m
7] gravel content increasing at 12.8 m - 13.7 m BGS
45 —
| 14
50 — 3 GB
- .
F4 — 16
& _
z
©
e -+
5| 55—
o
w -
Iq—: =
T
= =
H L
<
=3 .
a
o
i -+—18
Z
5| 60— ) 4 GB 160.8 mm Borehole
2 L Possible 6.1-38.1 mBGS
9} - Possiblg Upper/Main
a ATC1| Catfish
P _ Creek Till
2
g -
]
g .
g\
2 .
8
2
| 65—
s — 20
3
uiJ Screen Interval: 32.61-35.66 m BGS Notes: WRAS No. 9207187
=} Sand Pack Interval:  31.39 - 38.10 m BGS m AMSL - metres above mean sea level
= Well Seal Interval: ~ 0.00 - 31.39 m BGS m BGS - metres below ground surface
a GB - grab sample
I n/a - not available
['4
o}
= ) Stantec
o
'cz_( Drawn By/Checked By: CD/LV Sheet 2 of 4
2]



STANTEC BOREHOLE AND WELL V2 160900798_20150309_CD.GPJ STANTEC - DATA TEMPLATE.GDT 1/26/16 NSPINA

Monitoring Well: K-GB-OW1-15

Project: RMOW Well Replacement Drilling method: Air Rotary
Client: Regional Municipality of Waterloo Date started/completed:  04-Mar-2015
Location: Cambridge, ON Ground surface elevation: 321.86 m AMSL
Number: 160900798 Top of casing elevation:  322.81 m AMSL
Field investigator: C.Davis Easting: 540776
Contractor: Gerrits Well Drilling Inc. Northing: 4808689
SUBSURFACE PROFILE HYDROGEOLOGY [SAMPLE DETAILY INSTALLATION DETAILS
T
=) c
. Elevation| £ S D5 2. g
Depth (Graphiq Lithologic Description (m AMSL) g g g gt ge| 5 Description
Log Depth 2 2 T S @ = o
(mBGs)| — 2 2 wz (& a
s
M () ?
CLAYEY SILT
a grey brown, little fine to coarse sand, trace gravel, moist
70 —
T—22
75— 5 GB
24
80 —
T 296.25
SAND AND GRAVEL 25.60
85— fine to coarse sand, fine to coarse gravel, little cobbles, trace silt, wet
— 26
90— 6 GB
[®— Bentonite Holeplug
428 24.38 - 31.4 m BGS
95—
- K

Screen Interval:

Sand Pack Interval:  31.39 - 38.10 m BGS
Well Seal Interval:

(é Stantec

32.61-35.66 m BGS Notes:

m AMSL - metres above mean sea level
m BGS - metres below ground surface
GB - grab sample

n/a - not available

0.00-31.39 mBGS

Drawn By/Checked By: CD/LV

WRAS No. 9207187
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STANTEC BOREHOLE AND WELL V2 160900798_20150309_CD.GPJ STANTEC - DATA TEMPLATE.GDT 1/26/16 NSPINA

Monitoring Well: K-GB-OW1-15

Project: RMOW Well Replacement Drilling method: Air Rotary
Client: Regional Municipality of Waterloo Date started/completed:  04-Mar-2015
Location: Cambridge, ON Ground surface elevation: 321.86 m AMSL
Number: 160900798 Top of casing elevation:  322.81 m AMSL
Field investigator: C.Davis Easting: 540776
Contractor: Gerrits Well Drilling Inc. Northing: 4808689
SUBSURFACE PROFILE HYDROGEOLOGY [SAMPLE DETAILY INSTALLATION DETAILS
.’é‘
=) c
. Elevation| £ S D5 2. g
Depth (Graphiq Lithologic Description (m AMSL) g g g gt ge| 5 Description
Log Depth T = 2 © S © I~ ©
(mBGs)| — 2 2 wz (& a
[
M () ?
SAND AND GRAVEL
100 — fine to coarse sand, fine to coarse gravel, little cobbles, trace silt, wet Possible
Possibl¢ Pre-Catfish
. AFD1 | Sand and
Gravel
. NN
105 —— 32 _ 7 | o8 || |#=—No.2siica sand
sand content increasing at 32.0 m BGS - 314 - 38.1 m BGS
10—
— 34
1 No. 10 slot
PVC Screen
-1 60 mm OD Diameter
32.6 - 35.66 m BGS
115 —
286.20
/) GRAVELLY CLAY TILL 35.66
| poor recovery
8 GB
. Possible
Pﬁ_sgt;le Canning
Drift Till
283.76
End of Borehole 38.10
130 —|
T—40
Screen Interval: 32.61-35.66 m BGS Notes: WRAS No. 9207187
Sand Pack Interval:  31.39 - 38.10 m BGS m AMSL - metres above mean sea level

Well Seal Interval:

(é Stantec

0.00 - 31.39 m BGS m BGS - metres below ground surface
GB - grab sample
n/a - not available

Drawn By/Checked By: CD/LV
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Appendix C

Monitoring Data
(Pumped Volumes and Hydrographs)
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TABLE C-1

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

&) BURNSIDE

Region of Waterloo
Major Permit to Take Water Details 2021 Production Summary 2022 Production Summary 2023 Production Summary 2024 Production Summary 2025 Production Summary
Well Field or Production 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 3 /year)* (L/s)* (total m3/year) | (m3/day) | (L/s) (total m3/year) | (m3/day) | (L/s) (total m3/year) |(m®/day)| (L/s) (total m3/year) | (m3/day) | (L/s) (total m3/year) | (m®/day)| (L/s)
Greenbrook Major K1A 0071-BUKPUS 682,025 1,869 21.6 774,638 2,122 24.6 802,632 2,199 255 803,810 2,202 25.5 770,153 2,110 24.4
K2A 0071-BUKPUS 1,070,079 2,932 33.9 844,409 2,313 26.8 22,977 63 0.7 586,043 1,606 18.6 246,030 674 7.8
K4B 0071-BUKPUS 0071-BUKPUS 35,496 97 11 0 0 0.0 0 0 0.0 0 0 0 0 0 0
K4C 0071-BUKPUS 737,013 2,019 23.4 448,347 1,228 14.2 417,418 1,144 13.2 721,334 1,976 229 288,755 791 9.2
K5A 0071-BUKPUS 2,744 8 0.1 366,485 1,004 11.6 390 1 0.0 316,394 867 10.0 162,861 446 5.2
K8 0071-BUKPUS 13,364 37 0.4 173,228 475 5.5 0 0 0.0 223,772 613 7.1 148,044 406 4.7
Well Field Total 13,636,692 432.4 2,540,721 6,961 80.6 2,607,107 7,143 82.7 1,243,417 3,407 39.4 2,651,353 7,264 84.1 1,615,843 4,427 51.2
* Maximum taken per day from all wells shall not exceed
annual daily average of 37,360,800 L/day

Notes:
- =no applicable data
n/a = data not available
* =rates calculated based on the average annual taking limitation

BURNSIDE
Prepared by: SQ/LH
Date: 5/13/2026
File: 0464020_2025 GREENBROOK 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 -
GREENBROOK

Precipitation (mm/year)

Actual versus Mean Monthly Precipitation
Weather Station - University of Waterloo Weather Station

Jan-19 Jan-20

Jan-22

" Mean Monthly Normals 1981-2010 ®Monthly Precipitation

Pumping Volumes (m3)

300,000

Monthly Total Pumped Volumes
GREENBROOK WELL FIELD

250,000

200,000

150,000

100,000

50,000

0
Jan-16

~ Decommissioned in 2021

Jan-17

Jan-18 Jan-19 Jan-20 Jan-21

Date

Jan-22 Jan-23

Jan-24

Jan-25

EK1A HK2A HK4B~ mK4C HK5A

nK8

Water Level Elevation (mASL)

urrent Measure Method

2
(E) - Electronic Datalogger
M) - Manual

328

GREENBROOK WELL FIELD
—&— K-GB-BH1-90-A (M) —&— K-GB-BH1-90-B (M)

326

324

322 ’\.—N‘A
320

N VNI

ﬂ,\"’ P A /"'7.-\‘ MWj

~ W

316
314

NYN/ v V\xl

312

310

308

Jan-16

Dec-16

Jan-18 Jan-19 Jan-20 Jan-21 Jan-22 Jan-23
Date

Jan-24

Jan-25 Jan-26

File: 0464020_2025 GREENBROOK APPC GRAPHS .xisx

Printed On: 4/10/2026

Region of Waterloo
2025 Groundwater Monitoring Report
HA046402



REGION OF WATERLOO
2025 GROUNDWATER MONITORING REPORT -
GREENBROOK

Precipitation (mm/year)

Actual versus Mean Monthly Precipitation
Weather Station - University of Waterloo Weather Station

Jan-19 Jan-20

Jan-22

= Mean Monthly Normals 1981-2010 ®Monthly Precipitation

300,000

250,000

200,000

150,000

100,000

Pumping Volumes (m3)

50,000

0

Monthly Total Pumped Volumes
GREENBROOK WELL FIELD

Jan-16

~ Decommissioned in 2021

Jan-17

Jan-20 Jan-21

Date

Jan-18 Jan-19 Jan-22 Jan-23

Jan-24

mK1A mK2A mK4B~ mK4C wK5A

nK8

Jan-25

Current Measure Method

328
326

322
320
318
316

™
g
E
<
S
=
]
>
2
w
°
>
o
]
.
&
1]
=

314
312
310
308

GREENBROOK WELL FIELD
—&— K-GB-M4-94-A (M) ———K-GB-M4-94-B (E)

]

324 +

00 7%/ o 1 pg

ﬁww

Jan-16

Dec-16

Jan-20 Jan-21

Date

Jan-18 Jan-19 Jan-22 Jan-23

Jan-24

Jan-25

Jan-26

File: 0464020_2025 GREENBROOK APPC GRAPHS .xisx

Printed On: 4/10/2026

Region of Waterloo
2025 Groundwater Monitoring Report
HA046402



REGION OF WATERLOO
2025 GROUNDWATER MONITORING REPORT -
GREENBROOK

Precipitation (mm/year)

Actual versus Mean Monthly Precipitation
Weather Station - University of Waterloo Weather Station

Jan-19 Jan-20 Jan-21

Jan-22

= Mean Monthly Normals 1981-2010 ®Monthly Precipitation

Pumping Volumes (m3)

Monthly Total Pumped Volumes
GREENBROOK WELL FIELD

300,000

250,000

200,000

150,000

100,000

50,000

0

Jan-16

~ Decommissioned in 2021

Jan-17

Jan-20 Jan-21 Jan-23

Date

Jan-18 Jan-19 Jan-22

Jan-24 Jan-2

mK1A mK2A mK4B~ mK4C " K5A

nK8

5

Water Level Elevation (mASL)

Current Measure Method

GREENBROOK WELL FIELD

—8— K-GB-GB1-96-A (M) —&— K-GB-GB1-96-B (M) & K-GB-GB1-96-C (M)

328
326
324 A o 'y
- N0 U S SRS R - N AN Y | & \asi
320 Py / W W A l‘ o VA / \ \*0-../"""""“i
318 "(&A Mo W\.[ \"\.AVA AV v \'r“\.. [As N P
a6 N v N .e / A Vats
>~

314
312
310
308

Jan-16 Dec-16 Jan-18 Jan-19 Jan-20 Jan-21 Jan-22 Jan-23 Jan-24 Jan-25

Date

File: 0464020_2025 GREENBROOK APPC GRAPHS .xisx

Printed On: 4/10/2026

Region of Waterloo
2025 Groundwater Monitoring Report
HA046402



REGION OF WATERLOO
2025 GROUNDWATER MONITORING REPORT -

GREENBROOK
Actual versus Mean Monthly Precipitation
Weather Station - University of Waterloo Weather Station
225
= 200
©
kS 175
E 150
S 125
]
i.'_ 100
g s
1l Al Mhl | Il HER I 1 1 |
AL aG i ainuinii N HIIRUIRILTELLTT T
o A e
Jan-16 Jan-17 Jan-18 Jan-19 Jan-20 Jan-21 Jan-22 Jan-23 Jan-24 Jan-25
‘ " Mean Monthly Normals 1981-2010 ®Monthly Precipitation
Monthly Total Pumped Volumes
GREENBROOK WELL FIELD
300,000
~ Decommissioned in 2021
— 250,000 = B
E T _ | il
g 200,000
g 150,000
2
g 100,000 i
: |
50,000 ‘
0Jan-16 Jan-17 Jan-18 Jan-19 Jan-20 I.:J,ar:;21 Jan-22 Jan-23 Jan-24 Jan-25
a
mK1A uK2A mK4B~ mK4C uK5A nK8
GREENBROOK WELL FIELD
—&—K-GB-GB1-97-A (M) —&— K-GB-GB1-97-8 (M)
326
g 324
E 322 ]
E 0 [ aeg st Pty aepotete  aetePeerte o ooehoRee e coeotiotooqee el toon B s N o . -
§ 318 [T %e-eg A P ) A 2 A I\ 4 {
e SINL / [T SNt A A A /
E " \\ ,I \\ | \I[ \V/ .. Seeetrobeed
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E 310 \ va‘! =~ u \—r
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Date

File: 0464020_2025 GREENBROOK APPC GRAPHS .xisx
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Region of Waterloo
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REGION OF WATERLOO
2025 GROUNDWATER MONITORING REPORT -
GREENBROOK

Actual versus Mean Monthly Precipitation
Weather Station - University of Waterloo Weather Station

Precipitation (mm/year)

Jan-19

Jan-20 Jan-22

“Mean Monthly Normals 1981-2010

®Monthly Precipitation

300,000

Monthly Total Pumped Volumes
GREENBROOK WELL FIELD

~ Decommissioned in 2021
250,000 1

200,000 i
150,000

100,000 |

Pumping Volumes (m3)

50,000 |

Jan-16 Jan-17 Jan-18

Jan-19

Jan-20 Jan-21

Date

Jan-22 Jan-23

Jan-24

Jan-25

mK1A

mK2A

mK4B~ mK4C " K5A

328

GREENBROOK WELL FIELD
—8— K-GB-OW1-08-A (M) —&— K-GB-OW1-08-B (M)

326

324

322 [

AL

320

318
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V L)

Ke

AA

316

314 v

RAV A

{

312

Water Level Elevation (mASL)

310

308
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Jan-19

Jan-20 Jan-21

Date

Jan-22 Jan-23

Jan-24

Jan-25

Jan-26

File: 0464020_2025 GREENBROOK APPC GRAPHS .xisx
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REGION OF WATERLOO
2025 GROUNDWATER MONITORING REPORT -
GREENBROOK

Actual versus Mean Monthly Precipitation
Weather Station - University of Waterloo Weather Station

Precipitation (mm/year)

Jan-19

|
|
Jan-20 Jan-22 Jan-2!

“Mean Monthly Normals 1981-2010

®Monthly Precipitation

Monthly Total Pumped Volumes
GREENBROOK WELL FIELD
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100,000 |
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Jan-1

~ Decommissioned in 2021

6 Jan-17

Jan-18

Jan-19

Jan-20 Jan-21 Jan-23

Date

Jan-22

Jan-24

Jan-25

mK1A

mK2A mK4B~ mK4C " K5A

Current Measure Method

328

GREENBROOK WELL FIELD
—&— K-GB-OW2-08-A (M) —@— K-GB-OW2-08-8 (M)

326

324
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312
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Jan-18
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Jan-20 Jan-22 Jan-23
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Jan-26
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REGION OF WATERLOO
2025 GROUNDWATER MONITORING REPORT -
GREENBROOK

Actual versus Mean Monthly Precipitation
Weather Station - University of Waterloo Weather Station

Precipitation (mm/year)

Jan-16 Jan-17 Jan-18 Jan-19 Jan-20 Jan-21 Jan-22 Jan-2
‘ " Mean Monthly Normals 1981-2010 ®Monthly Precipitation

Monthly Total Pumped Volumes
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EK1A HK2A mK4B~ mK4C HK5A nK8
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Region of Waterloo
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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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Figure D.1
University of Waterloo Weather Station
Monthly Precipitation
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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.
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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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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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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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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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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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