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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 Mannheim Well Fields Consolidated Permit to Take Water (PTTW)
P-300-3130244509 was issued on October 8, 2021, and includes the Mannheim West
Well Field, Mannheim East Well Field, Peaking Well Field and Mannheim ASR Well
Field. The Peaking Well Field has been renamed to be the Mannheim North Well Field
and is referred to as for this entire report. The PTTW for the Mannheim Well Fields
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 condition of the PTTW for 2024 and 2025. A copy
of the PTTW is included in Appendix A.

The location of the Mannheim Well Fields are shown in Figure 1 and the production
wells in Kitchener and Wilmot are shown in Figure 2. The monitoring network for the
Mannheim Well Fields are shown in Figures 3 and 4. 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 and are also located in known aquifer recharge areas. The data
from these wells and regular measurements of pumping volume obtained from the
production wells are used to evaluate the impact of Region pumping on aquifers and
potential impacts to private wells, other water takers and the natural environment.

The Region has developed a monitoring program for the Mannheim Well Field in
accordance with Consolidated PTTW P-300-3130244509 which consists of the following
activities:

e Measuring the daily volume pumped from the production wells K21, K21A, K91, K92,
K93, K94, K25, K29, ASR1, ASR2, ASR3, ASR4, ASR5, RCW2, RCW3, RCW4,
K23, K24, and K26 (Condition 4.1 of the PTTW)

e Measuring the water levels in monitoring wells as listed in the permit (Appendix A)
and Table 2 below (Condition 4.2 of the PTTW)

e Comparison of groundwater levels to trigger levels as listed in the Stantec letter
report dated July 28, 2016 (Appendix A) (Condition 4.3 of the PTTW)

R.J. Burnside & Associates Limited HA0464020.2024
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e Review of precipitation data from the nearest GRCA / Environment Canada weather
station

¢ Completion of a biennial report (every two years) that presents data in compliance
with Condition 4.4 of the PTTW

There are several domestic wells in the vicinity of the Mannheim wells. Although the
potential for interference from the Mannheim pumping wells is considered low, the
Region has proactively developed trigger levels for several of the monitoring wells in the
well field. Water levels below the trigger levels are not considered an indication of well
interference but will result in additional investigations. The Region has developed an
on-line EQuIS dashboard that allows them to compare water levels to trigger levels as
soon as water level data is received.

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 Location

The Mannheim Well Fields are located in the western portion of Kitchener and the
eastern portion of Wilmot Township (Figure 2). The Mannheim East Well Field is located
east of Trussler Road between Bleams Road and the Conestoga Parkway. The
Mannheim West Well Field is located south of Highway 7/8 along Mannheim Road
between Bleams Road and Huron Road. The Mannheim North Well Field is located
south of Highway 7/8 bordered by Trussler Road to the west and Ottawa Street to the
south. The ASR Well Field is located on the Region’s Mannheim Water Treatment Plant
property between the Mannheim East Well Field and Mannheim West Well Field, and
south of the Mannheim North Well Field. The closest municipal well fields to the
Mannheim Well Fields are the Greenbrook Well Field located to the east, the New
Dundee Well Field to the south, and the Wilmot Centre Well Field to the west (Figure 2).

There are no significant surface water features located near the municipal wells in the
Mannheim North Well Field and Mannheim ASR Well Field. In the Mannheim East Well
Field K21 and K21A are located just west of a large pond / wetland area (Figure 3). In
Mannheim West, K22A, K23, K24, and K26 are near Alder Creek and its tributaries
(Figure 4).

21 Pumping Wells

The Mannheim Well Fields Consolidated PTTW includes production wells in the
Mannheim West Well Field (K23, K24, and K26), the Mannheim ASR Well Field
(ASR1, ASR2, ASR3, ASR4, RCW1 / ASR5, RCW2, RCW3 and RCW4), the

R.J. Burnside & Associates Limited HA0464020.2024
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Mannheim East Well Field (K21, K21A, K25 and K29) and the Mannheim North Well
Field (K91, K92, K93 and K94). Well records for the production wells are found in
Appendix B. Details on the construction of the production wells in each well field are
provided in Section 3.0.

The water taking volumes for the Mannheim Well Fields are regulated by Condition
3.2 of the PTTW and are summarized in Table 1 below along with a summary of
pumping volumes at each well field for 2024 and 2025.

Table 1: Annual Water Taking 2024 / 2025

PTTW 2024 2025
Permitted | Avg. Max Avg. Max
. . .g Total _g Total
Mannheim | Max. Daily | Daily | Taken Daily | Taken
. Volume Volume
Well Field Water Water | per Water per
. . Pumped . Pumped
Taking | Taking | Day 3 Taking | Day 3
3 3 3 (m°) 3 3 (m°)
(m®) (m’) | (m°) (m?) | (m’)
Mannheim
West (K23, 19,354 10,019 | 14,063 | 3,656,967 9,925 13,575 | 3,622,704
K24 & K26)
Mannheim
ASR (ASR1,
ASR2, ASR3,
ASR4, RCW1 23,700 1,123 13,679 410,031 2,141 14,718 781,299
/ ASRS5,
RCW2, RCW3
and RCW4)
Mannheim
East (K21,
K21A, K25 & 17,021 11,654 | 12,352 | 4,253,663 11,371 | 11,918 | 4,150,268
K29)
Mannheim
North (K91,
K92, K93 & 16,416 9,123 13,580 | 3,329,853 9,799 13,374 | 3,576,775
K94)
Total
. 76,491 31,919 | 52,800 | 11,650,514 | 33,236 | 52,130 | 12,131,047
Combined
Total
Combined 52,791 | 30,796 | 39,136 | 11,240,483 | 31,095 | 38,108 | 11,349,747
(West, East
and North)

Condition 3.3 of the PTTW specifies that the taking from the Mannheim East wells,
Mannheim West wells and Mannheim North wells (in any combination of the 11 listed
wells) shall not exceed an annual daily average of 40,715.136 m3/day. As shown in
Table 1, this requirement was met in both 2024 and 2025.

R.J. Burnside & Associates Limited HA0464020.2024
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The Region of Waterloo'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 fields ranged from 866,478 m*month to 1,708,184 m3/month in
2024, and from 815,974 m3/month to 1,221,679 m3/month in 2025. In total,

11,650,514 m® was produced at the Mannheim Well Fields in 2024 and 12,131,047 m?3
was produced in 2025. The volumes in 2024 and 2025 were below the permitted
volume of 14,861,025 m? per year (Table C-1).

2.2 Monitoring Wells

Groundwater level monitoring is required by the PTTW at 22 monitoring wells. The wells
listed below have names on the PTTW that are slightly different than the names used by
the Region. The Region names will be used throughout this report. The locations of the
monitoring wells are shown in Figure 3 and Figure 4. Well records for the monitoring
wells are provided in Appendix B.

Table 2: Monitoring Well Nomenclature

Monitoring well names as they appear on the PTTW Region nomenclature
K-ASR-OW2-96-B K-MA-ASR-OW2-96-B
K-ASR-OW2-16-A K-MA-ASR-OW2-16-A
WT-MW-OW6-04-A WT-MW-OW6-04-B
2.3 Regional Geology and Hydrostratigraphy

The following sections provide a brief overview of the regional geology and
hydrogeology of the Mannheim Well Fields. The surficial geology based on regional
OGS mapping is provided in Figure 5. The Mannheim Well Fields are in the core of the
Waterloo Moraine (Figure 6). The wells obtain water from Aquifer 1(AFB1 / AFB2) with
water levels in the aquifer shown on Figure 7. Representative cross-sections showing
the stratigraphy in the vicinity of the Mannheim Well Fields are included as Figure 8 to
Figure 16. The cross-section locations are provided in Figure 3 and Figure 4.

The cross-sections are provided as a visual aid and do not necessarily contain all wells
in the monitoring program for the Mannheim Well Fields.

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

R.J. Burnside & Associates Limited HA0464020.2024
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The general updates to the model layers based on the updated geological picks are are
described in the Tier 3 Assessment Update project (Aqua Insight Inc. et al,2023) as
follows:

o The ground surface in the Mannheim Well Field was updated using the high-
resolution Digital Elevation Model (DEM) to better capture the topographic relief in
this area.

e Arecent hydrogeologic and groundwater flow modelling study was undertaken
(Matrix, 2022) that included reinterpretation of the hydrostratigraphic units present
within the Mannheim Well Field. As part of that study, the ATB2 surface was
interpreted to be present at an elevation of approximately 330 to 340 m asl in the
vicinity of Mannheim North. As part of the current study, the upper surface of ATB2,
was re-interpreted. The elevation of ATB2 is now interpreted to be at a higher
elevation of approximately 350 to 360 m asl. This upper aquitard is discontinuous
and lies in the unsaturated zone, the unit supports shallow water levels in AFB1 in
the area. This reinterpretation resulted in an overall increase in the thickness of
AFB2 by approximately 20 m, and commensurate decrease in thickness of AFB1.

e The thickness of ATB2 was also revised in an area south of Huron Road and east of
Ira Needles. Lower quality domestic well logs were causing an interpreted thickening
of ATB2 in this area that differed from higher quality lithologic logs in the area, and
the water level elevations in the area. The thickness of ATB2 was reduced in this
area relative to previous hydrostratigraphic layer interpretations.

¢ No changes were made to the upper surface of ATB3 or underlying units.

2.31 Surficial Geology and Conceptual Hydrostratigraphy

The surficial geology of the Study Area has been mapped and described by the Ontario
Geological Survey (2003) and updated in Bajc and Shirota (2007). The surficial geology
of the Mannheim Well Field Consolidated is characterized primarily by ice contact sand
and gravel and silty to clayey till and silty to sandy till sediments (Figure 5). Modern
alluvial and organic deposits are present along Alder Creek.

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

Aquitard ATB1 — Port Stanley / Tavistock Till

The ATB1 unit is considered an aquitard and, where present, acts to restrict recharge to
the lower aquifers. Both the Port Stanley Till and Tavistock Till are mapped in the area
of the Mannheim Well Fields. The Port Stanley Till is a sandy silt to silty sand till, with
occasional stony texture, that is predominantly found along the eastern flanks of the
Waterloo Moraine. The Tavistock Till is a dark brown clayey silt till, mainly restricted to
the western flanks of the Waterloo Moraine. ATB1 is interpreted to be thin or absent to

R.J. Burnside & Associates Limited HA0464020.2024
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the east of Fischer Hallman Road (Stantec, 2009) and correlates well with the surficial
regional geology mapping (Figure 5).

Aquifer AFB1/ ATB2 / 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, including the Mannheim Well Fields production wells. These units
are generally comprised of layered silt and fine sand to coarse sand and gravel.
Throughout the core areas of the Moraine (Figure 6), the unit typically exceeds 45 m in
thickness. In some areas, the Upper Waterloo Moraine 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.

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, and along the eastern flank tends to be thin, discontinuous, or
re-worked 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 gravel 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. 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 Drift 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

R.J. Burnside & Associates Limited HA0464020.2024
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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.

2.3.2 Bedrock Geology

The Paleozoic bedrock beneath the Waterloo Moraine consists of the Salina and Guelph
Formations with the top of the bedrock generally encountered at about 280 metres
above sea level (masl). The Salina Formation consists of interbedded brown dolostone
and grey to green shale with lenses of gypsum and anhydrite. The Guelph Formation is
a cream colored crystalline dolostone. In the Mannheim area, the contact between the
Salina and Guelph Formations is generally encountered at approximately 240 masl.

24 Local Geology

Figure 3 and Figure 4 display the Mannheim Well Fields well plans and cross-section
locations. Representative cross-sections are included as Figure 8 to Figure 16 to
visualize the stratigraphy described in this section.

Port Stanley / Tavistock Till (ATB1) — This unit represents a relatively thin (i.e., less
than 10 m in thickness) and patchy network of glacial till cover within the Mannheim
area. Occurrences of ATB1 at water well locations reasonably correlate with Quaternary
geology mapping (Figure 5).

Upper Waterloo Moraine (AFB1 / ATB2 / AFB2) — The Mannheim production wells are
all completed in this aquifer. Aquifer AFB1 represents shallow granular soils within the
Mannheim area, with thicknesses ranging from 5 m to 15 m. The AFB1 aquifer is
typically unsaturated and comprised of silty fine sands to coarse sands and gravels.
Based on a review of borehole logs within the area, the ATB2 aquitard is interpreted to
reflect discontinuous, fine-grained soils, generally encountered between 365 and

335 masl. The thickness and composition of the ATB2 soils varies both vertically and
spatially which makes it difficult to correlate ATB2 as a single hydrostratigraphic layer.
The AFB2 aquifer consists of fine to coarse sand and gravel ranging in thickness from

5 to 40 m and appears to be laterally extensive throughout most of the area.

Lower Maryhill Till (ATB3) — This unit and is typically characterized as a clayey silt to
silty clay till and is interpreted to be continuous across the area. The unit was identified
at K-MA-ASR-OW?2-16-A as silty clay to silt till from 69.5 m to 79.2 mbgs

R.J. Burnside & Associates Limited HA0464020.2024
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Catfish Creek Till (ATC1 / ATC2) — This unit is interpreted to be continuous in the
Manheim area. The only borehole that extended to the unit was K-ME-OW1-03-A which
described it as clay with silt, gravel and cobbles from 44.2 m to 61.9 mbgs

Bedrock — The bedrock in the Mannheim area consists of the Salina and Guelph
formations, with the top of the bedrock generally encountered at about 280 meters
above sea level (masl). At K-MA-ASR-OW1-96-A (near ASR1) bedrock was
encountered at 110.3 mbgs. At WT-MW-OW3-92-A, bedrock was encountered at
65.5 mbgs.

3.0 2024 / 2025 Results

In accordance with Conditions 4.2 and 4.4a of the PTTW, water levels were measured
and recorded once a month in all listed monitoring wells. Monitoring wells are inspected
regularly (see Appendix E) and well conditions were considered in the interpretation of
the monitoring results.

The following sections summarize groundwater levels at monitoring wells by well field in
relation to precipitation, water taking from the aquifer (in accordance with Condition 4.4a
of the PTTW), and assess groundwater elevation measurements relative to the trigger
levels (PTTW Conditions 4.3 and 4.4d).

3.1 Precipitation

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

Since variations in precipitation totals can occur throughout the Region due to localized
events, monthly precipitation data from the GRCA and Environment Canada station
located closest to the production wells are used. The closest GRCA weather station
relative to the Mannheim well fields is the University of Waterloo weather station located
7.2 km north from the Mannheim North well field. The closest Environment Canada
station is Roseville located about 5.8 km southeast from the Mannheim West well field.
The locations of the meteorological stations are shown on Figure 1. Annual precipitation
data from the past ten years for all stations are compared with long term averages in
Table D.1, Appendix D. Monthly precipitation data for the past ten years at the
University of Waterloo station and Roseville station are shown on Figures D.1 and

D.2, Appendix D. At the University of Waterloo (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 closest weather station and closest
Environment Canada meteorological station to the Mannheim well fields are presented in

R.J. Burnside & Associates Limited HA0464020.2024
0464020_2025_Mannheim_PTTW_Report_ SUBMITTED_FINAL



The Region of Waterloo 9

2025 Biennial Groundwater Monitoring Report - Mannheim Well Field Consolidated
June 2026

Table 3 below. In 2024 Roseville was missing five days of data and 20 days in 2025.
As a result, the precipitation totals may be under reported at this location.

Table 3: Summary of Precipitation Data

2024 2024 Long-Term 2025 2025
Station Precipitation | Deviation Average Precipitation | Deviation
(mm) (mm) (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 ©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 a drier-than-average year at the well field. A
similar above long-term average trend is noted at the Roseville station. The

March 1, 2024 GRCA snow survey indicated a snowpack across the Region that was
low compared to normal. In 2025, the total precipitation at the U of W station was

943 mm, which is 73 mm above the long-term average. Alternately, the total
precipitation at the Roseville station was 133 mm below the long-term average,
indicating 2025 was a drier-than-average year. However, Roseville was missing 25 days
of data in 2024 / 2025 and as a result, precipitation totals may be under reported. The
snow survey conducted by the GRCA on March 15, 2025, showed that the stations in
the Region had a high to very high measured snow water equivalent.

3.2 Mannheim West Well Field
Production Wells

The Mannheim West Well Field consists of production wells K23, K24 and K26 which
obtain water from AFB2. Well records for the production wells are found in Appendix B.
A summary of the production well construction are provided in Table 4 below.
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Table 4: Mannheim West Well Field Production Well Details

Year Casing/Screen Screened Aquifer
Well Name Built Diameter (mm) | Interval (mbgs) 9
K23 1950 350 /450 21.6 -26.2 AFB2
K24 1951 457 30.0-33.5 AFB2
K26 1969 450 284 -37.5 AFB2

Pumping Volumes

The pumping volumes are presented in Appendix C as total monthly volumes. In total,
3,656,967 m® was produced at this well field in 2024 and 3,622,704 m?® was produced in
2025. In 2024 / 2025, K26 produced 52% of the volume while K23 and K24 provided the
rest. Pumping volumes from the well field ranged from 267,601 m3*/month to

357,590 m3/month in 2024, and from 248,235 m3/month to 365,939 m3/month in 2025.

Monitoring Wells

Observation wells within the vicinity of the Mannheim West Well Field are shown in
Figure 3. Construction and monitoring details of the monitoring wells are described in
Table 5 below. Well records for the monitoring wells are provided in Appendix B.

Table 5: Mannheim West Monitoring Wells

Year Screened Screened Distance to Trigger
Monitoring Well ID . Depth . Closest Well Level
Built Formation
(mbgs) (m) (masl)
WT-MW-AC1-01-A 2001 18.3-21.3 ATB2 924 m to K24 -
WT-MW-AC1-01-B 2001 5.97 - 9.02 AFB1 -
WT-MW-WMZ20-93-A 1993 32.3-354 AFB2 1,240 m to K23 -
WT-MW-WM20-93-B 1993 52-8.2 AFB1 -
WT-MW-OW1-21-A 2021 36.0 - 39.0 AFB2 20 m to K26 -
(Replacement for
WT-MW-0OWO01-09-A)
WT-MW-OW02-10-A 2010 27.4 - 30.5 AFB2 25 m to K24 325.1
R.J. Burnside & Associates Limited HA0464020.2024
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Screened Distance to Trigger
Monitoring Well ID | 162" Depth Screened | o cestWell | Level
Built Formation
(mbgs) (m) (masl)
WT-MW-OW2-11-A 2011 10.66 —12.2 AFB2 360 m to K23 -
WT-MW-OW3-04-A 2004 6.3-6.8 AFB2 730 m to K26 326.8
WT-MW-OW6-04-B 2004 43.0 -48.0 ATB3 1,100 m to K26 328.5
WT-MW-OW03-09-B 2009 19.5-22.6 AFB2 360 m to K23 -
WT-MW-OWO04-09-A 2009 23.0-26.1 AFB2 6 m to K23 -
WT-ME-OW03-09-A 2009 35.1 -38.1 AFB2 762 m to K23 331.0

The hydrographs showing the results of water level monitoring (Appendix C) only show
data collected during the past ten years. The method used to collect the water levels
(manual or electronic) is indicated on the graphs in Appendix C.

WT-MW-AC1-01-AB

Water levels at WT-MW-AC1-01-AB are collected manually monthly. Screen A is
located across fine grained silt (ATB2) and Screen B is located across clay and fine
sand (AFB1). The well is located in an area that AFB2 pinches out (Figure 8, Cross
Section A-A’) and therefore the screens show no response to pumping. The
groundwater levels have seasonal variations within a 1 m range typical of shallow wells
influenced by precipitation events. 2024 / 2025 late summer water levels in both
screens are the lowest seen in the last ten years of monitoring.

WT-MW-OW01-09-A

Water levels at WT-MW-OWO01-09-A were collected with an electronic water level meter
(data logger). The well located 18 m south of well K26 is screened in AFB2 and
responds to changes in pumping at K26. Monitoring well WT-MW-OWO01-09-A was
decommissioned in October 2021 and was replaced with WT-OW1-21-A.

WT-MW-OW1-21-A

Water levels in WT-OW1-21-A are measured with a data logger. The well was added to
the monitoring program as a replacement for WT-MW-OWO01-09 in October 2021. The
well is located near K26 and is screened in AFB2. Similar to WT-MW-OWO01-09-A, the
well responds to K26 as an increase in water levels occurs in September and October
2023 when pumping at K26 is reduced. Water levels declined about 2 m below the
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highest historical levels from May 2020 to the end of 2023 in correlation with increased
pumping. Water levels in 2024 and 2025 are stable as a result of decreased pumping of
K26, but remain about 1 m below highest historical levels observed at WT-MW-OWO01-
09.

WT-MW-OW02-10-A

Water levels at monitoring well WT-MW-OWO02-10-A have been measured with a data
logger since December 2013. The well is located 25 m from K24 and is screened in
Aquifer AFB2. Groundwater level fluctuations of up to 3.5 m indicate that the well
responds to pumping of K24. There is a decreasing trend in water levels beginning in
April 2020 to October 2023 due to increased pumping of K24 and K26. In July 2025
water levels reached a historical low (since monitoring began in 2013) of 325.66 masl,
about 0.56 m above the trigger level of 325.1 masl. Water levels have since stabilized
due to reduced pumping of K26. 2024 / 2025 water levels are about 1 m below historical
water levels observed before 2020 and are 1.3 m above the trigger level at the end of
2025.

WT-MW-0OW04-09-A

Water levels at monitoring well WT-MW-OWO04-09-A is measured with a data logger.
The well is located adjacent to K23 and responds to pumping of K23 with variations of
up to 1.5 m. The water levels also show some of the seasonal trends observed in the
local aquifer when pumping is consistent at K23. Similar to other monitoring wells in the
well field, water levels generally decline about 2.5 m from May 2020 to the end of 2025
(with some variations in response to changes in K23 pumping). 2024 / 2025 water levels
are about 1 m below historical water levels observed before 2023.

WT-MW-OW2-11-A

Monitoring well WT-MW-OW2-11-A is located 360 m from K23 and adjacent to

Alder Creek and monitors groundwater levels in AFB2. Manual groundwater levels have
been measured monthly since January 2013. The well does not appear to be directly
influenced by changes in pumping. This well also shows a declining trend declining from
333.8 masl in March 2020 to 331.3 masl at the end of 2025. The decline is interpreted
to be a regional scale response in the aquifer to climatic conditions. The 2024 / 2025
water levels are about 2 m below the highest historical water levels observed between
2013 and 2020.

WT-MW-OW3-04-A

Groundwater level monitoring at WT-MW-OW3-04-A, screened in AFB2, began in
September 2016. This well which is located about 730 m from K26 was assigned a
trigger level designed to be protective of nearby domestic wells. The water levels show
seasonal variations of less than 1 m and appear to respond to pumping at K26.
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2024 / 2025 water levels are about 1.5 m lower than the highest historical water levels.
A decreasing trend beginning in 2020 is similar to other monitoring wells in the well field.
Water levels at the end of 2025 are 0.5 m above the trigger level of 326.8 masl.

WT-MW-OW6-04-B

Water levels at monitoring well WT-MW-OW6-04 (located 1,100 m from K26) are
measured with a data logger. The well is screened in ATB3 and a trigger level was
assigned that is designed to be protective of nearby domestic wells. Groundwater levels
do not respond to changes in pumping at the well field and show seasonal trends. Daily
fluctuations of about 0.1 m are likely related to domestic well use. 2024 / 2025 water
levels are about 1.6 m lower than the highest historical water levels. Water levels follow
a similar trend to WT-MW-OW3-04-A with a decreasing trend from 2020 to 2025. At the
end of 2025 water levels were about 0.3 m above the trigger level of 328.5 masl.

WT-MW-WM20-93-AB

Water levels at WT-MW-WM20-93-AB located about 1,240 m from K23, are collected
manually on a monthly basis. The A screen is located across AFB2 and the B screen is
located across AFB1. As indicated on Cross-section B-B’ (Figure 9), there is about 12 m
of clay till (ATB2) between the A and B screens. Neither of the screens respond to
pumping of production wells. A seasonal variation of about 1 m and 2 m is observed in
the A and B screens respectively. Water levels in the A screen decline about 1 m from
May 2020 to the end of 2025. The B screen water levels are more variable, but there is
a 1 m decline between May 2020 and the end of 2025. Water levels at the end of 2025
are the lowest seen in the past 10 years.

WT-MW-OW03-09-B

Water levels at monitoring well WT-MW-OW3-09-B are measured with a data logger.
The well is located on the K22A site and monitors groundwater levels in AFB2.
Historically, the well has shown a response to pumping of K22A; however, K22A was
last used in November 2011. Water levels in the well reflect climatic trends in the
AFB2 aquifer and there is the same decreasing trend from 2020 to 2025 as observed in
other monitoring wells within AFB2. Water levels at the end of 2025 are about 0.8 m
lower than the highest levels seen in 2019/2020.

WT-ME-OW03-09-A

WT-ME-OWO03-09-A is located approximately 1 km southwest from the Mannheim North
Well Field, 1 km west of the Mannheim ASR Well Field and 1 km northeast of the
Mannheim West Well Field and is screened in AFB2. Water level monitoring at the well
has been completed with a data logger since November 2009. Since the well is an equal
distance from several pumping wells, it is difficult to discern whether changes in
groundwater levels can be attributed to changes in pumping or climate. WT-ME-OWO03-
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09A has a trigger level assigned that is designed to be protective of nearby domestic
well users. Water levels declined by about 3.5 m from the highest historical levels seen
in November 2020 to the end of 2025. At the end of 2025, groundwater levels are
approximately 0.6 m above the well’s trigger level of 331 masl.

3.3 Mannheim ASR Well Field
3.3.1 Production Wells

The Mannheim ASR Well Field consists of wells ASR1, ASR2, ASR3, ASR4,
RCW1 / ASR5, RCW2, RCW3 and RCW4. The ASR / RCW wells are screened within
the lower sand and gravel deposits of AFB2.

The ASR system involves the injection and storage of treated, unchlorinated drinking
water from the Grand River during periods of excess water, followed by pumping as
required to meet system demands. The ASR system began operating in 2005 and
consists of five dual purpose injection / pumping wells, ASR1, ASR2, ASR3, ASR4,
RCW1 / ASRS5, and three pumping only wells (recovery wells), RCW2, RCW3 and
RCW4.

Well records for the production wells are found in Appendix B. A summary of the
production well construction details is provided in Table 6 below.

Table 6: Mannheim ASR Well Field Production Well Details

. Casing / Screen Screened .
Well Name Year Built Diamgter (mm) | Interval (mbgs) Aquifer
ASR1 1996 406 53.7 — 66.1 AFB2
ASR2 2002 406 52.4 - 59.8 AFB2
ASR3 2003 442 | 406 51.8-57.0 AFB2
ASR4 2002 442 | 406 56.4 — 65.8 AFB2
RCW1/ ASR5 2002 442 | 406 68.9-77.1 AFB2
RCW2 2002 442 | 406 69.2-73.2 AFB2
RCW3 2019 304 64.5 - 68.5 AFB2
RCw4 2020 304 /290 61.6 —67.1 AFB2

The pumping volumes are based on the total daily volumes as recorded by the Region’s
SCADA system and are presented in Appendix C as total monthly volumes. A summary
of the pumping volumes and injection volumes for 2024 and 2025 is provided in Table
7below.
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Table 7: Mannheim ASR Well Field Pumping / Injection Volumes
2024 Total 2024 2024 2025 2025
Total Total Total 2025 Total
Well Volume Total Net .
Volume . Volume | Volume | Net Taking
Name Pumped . Taking . 3
(md) Injected (md) Pumped | Injected (m?)
(md) (md) (md)
ASR1 4,258 131,038 -126,780 20,401 0 20,401
ASR2 20,786 150,377 -129,591 45,868 82 45,786
ASR3 31 110,705 -110,674 9,499 204 9,295
ASR4 0 14 14 0 0 0
RCW1/ | 129,281 882 128,399 189,151 0 189,151
ASR5
RCW2 | 100,124 0 100,124 180,266 0 180,266
RCW3 | 50,342 0 50,342 140,682 0 140,682
RCW4 | 105,209 0 105,209 195,433 0 195,433
2024 Total Net Taking 17,015 | 2025 Total Net 779,177
Taking

Pumping volumes from the well field ranged from 1,509 m3/month to 61,930 m®month in
2024, and from 1,761 m3/month to 154,823 m3/month in 2025. In total, 410,031 m3 was
produced at this well field in 2024 and 781,299 m® was produced in 2025. The volumes
produced from the well field in 2024 / 2025 are lower than volumes in the past five years.

Injection of water occurs in ASR1, ASR2, ASR3, ASR4 and RCW1 / ASR5. Injection
volumes from the well field ranged from 0 m3/month to 155,419 m3/month in 2024, and
from 0 m3/month to 204 m3/month in 2025. In 2024, 393,016 m* was injected at the well
field and 288 m?® was injected in 2025.

3.3.2 Monitoring Wells

Observation wells within the vicinity of the Mannheim ASR Well Field are shown on
Figure 4. Construction and monitoring details of the monitoring wells are described in
the Table 8 below. Well records for the monitoring wells are provided in Appendix B.

Table 8: Mannheim ASR Well Field Monitoring Well Details

Monitoring Well Year Sc;.)r:e:: d Screened Distance to T:fvi?r
ID Built P Formation | Closest Well
(mbgs) (masl)
K-MA-ASR-OW2- | 1996 | 56.4 —65.5 AFB2 6 m to RCW1 -
96-B
K-ASR-TW13-85- | 1985 Not AFB2 140 m to -
A available ASR4
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Monitoring Well | Year Scl'.)r:e:: d Screened Distance to Tifvg:r
ID Built P Formation | Closest Well
(mbgs) (masl)
K-MA-ASR-OW2- | 2016 60.96 — AFB2 330 mto 326.3
16-A 64.01 ASR4

Hydrographs showing the results of water level monitoring over the past ten 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-MA-ASR-OW2-96-B

K-MA-ASR-OW2-96-B is located adjacent to RCW1 and water levels are measured with
a data logger. The data logger was removed in July 2025 and monthly manual water
levels were collected for the remainder of 2025. Groundwater levels at this location
respond to pumping and injections at the ASR wells with water level variations typically
between 2 and 3 m. Water levels at the end of 2025 are about 3.3 m lower than the
highest levels in the past ten years.

K-ASR-TW13-85-A

K-ASR-TW13-85-A is located about 140 m southeast of ASR4 and water levels are
measured with a data logger. There is no borehole log available for this well, but the
well is estimated to be 78 m deep. A geophysical log for Mannheim TW13B-85 indicates
that the Lower Maryhill Till begins at a depth of 70 m (317.61 masl); however, the
groundwater levels are what would be expected for a well located in AFB2. Levels at
K-ASR-TW13-85-A vary within a 1 m range in response to volumes of takings and
injections. Groundwater level trends were very similar to those observed at
K-OW-ASR-OW2-96-B and show water levels at the end of 2025 about 2.9 m below
levels at the end of 2022.

K-MA-ASR-OW2-16-A

K-MA-ASR-OW2-16-A is located about 330 m southeast of ASR4 and water levels are
measured with a data logger. This well was assigned a trigger level designed to be
protective of nearby private wells. The levels appear to have a similar trend to
K-ASR-OW2-96-B although more subdued indicating a minor response to pumping and
injections with water levels varying within 2 m. Water levels have declined about 3.9 m
since late 2020 and at the end of 2025 are about 3.3 m above the trigger level of

326.3 masl.
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Mannheim East Well Field
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The Mannheim East Well Field consists of production wells K21, K21A, K25 and
K29 which obtain water from AFB2. Well records for the production wells are found in
Appendix B. A summary of the production well construction details is provided in Table

9 below.

Table 9: Mannheim East Well Field Production Well Details

. Casing / Screen Screened .
Well Name Year Built Diameter (mm) | Interval (mbgs) Aquifer
K21 1960 460 29.6 - 35.7 AFB2
K21A 2015 324 |/ 286 32.0 - 381 AFB2
K25 1962 400 40.2-49.4 AFB2
K29 1988 300 424 -51.5 AFB2
3.4.2 Pumping Volumes

The pumping volumes are presented in Appendix C as total monthly volumes. Pumping
volumes from the Mannheim East well field ranged from 331,617 m®/month to

369,635 m3/month in 2024, and from 326,987 m®/month to 362,114 m3/month in 2025.
In total, 4,253,663 m*® was produced at this well field in 2024 and 4,150,268 m® was
produced in 2025. These volumes are below the permitted volumes.

In 2024 and 2025, about 37% of the total volume pumped was provided by K25, 32% of
the volume was from K29, 17% from K21 and 14% was from K21A.
343 Monitoring Wells

Observation wells within the vicinity of the Mannheim East Well Field are shown on
Figure 4. Construction and monitoring details of the monitoring wells are described in
the Table 10 below. Well records for the monitoring wells are provided in Appendix B.

Table 10: Mannheim East Well Field Monitoring Well Details

Monitoring Well | Year Screened Screened Distance | Distance
ID Buitt| P°PY | Eormation | 10 K21 | toK25/
(mbgs) (m) K29 (m)
K-ME-OW1-03-A 2003 | 55.8 - 58.8 | ATC1/AFC1 | 1,333 m 1,630 m
/ATC2
K-ME-OW1-03-B 2003 | 32.0-351 AFB2
K-ME-OW2-17-A 2017 | 52.7 - 55.8 AFB2 1,335m | 520 m
K-ME-OW1-17-A | 2017 | 46.9-50 AFB2 570 m 950 m
R.J. Burnside & Associates Limited HA0464020.2024
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Monitoring Well | Year Screened Screened Distance | Distance
ID Buit| PP | Formation | K21 | toK25/
(mbgs) (m) K29 (m)

K-ME-OW1-21-A | 2021 | 68.0—-71.0 | ATC1/AFC1 | 20 m 800 m

[ATC2
K-ME-OW1-21-B 2021 | 32.0-35.0 AFB2 20 m 800 m
K-ME-OW02-09-A | 2009 | 45.7 —48.8 AFB2 845 m 7m

18

Hydrographs showing the results of water level monitoring over the past ten 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. When pumping at an adjacent well
field has been identified as potentially impacting monitoring wells, an additional
hydrograph has been provided that compares the pumping data for the adjacent well
field.

K-ME-OW1-03-AB

K-ME-OW1-03-AB is located about 1,200 m east of K21, midway between the
Mannheim East and Greenbrook Well Fields. The A screen is completed within stoney
clay till (AFC1) just above aquifer AFD1 (Figure 12), the same aquifer utilized by the
Greenbrook wells. The A screen is separated from the Mannheim East aquifer AFB2 by
about 14 m of aquitard material comprised of ATB3 and ATC1 units. Groundwater levels
in the A screen collected with a data logger show a response to pumping from the
Greenbrook Well Field and are not influenced by pumping of the Mannheim East wells
indicating the aquitards ATB3 and ATC1 provide strong hydraulic isolation of the two
aquifers. Increased pumping at Greenbrook in 2024 resulted in a decline in water levels
of about 3 m. Water levels rise 1.5 m after May 2025 when pumping at Greenbrook is
reduced. Water levels from July 2024 to May 2025 are amongst the lowest seen in the
past 10 years but after May levels recover and are similar to historical values.

The B screen is completed within AFB2 and water levels are collected manually on a
monthly basis. Groundwater levels in the B screen show no impacts from pumping and
vary seasonally by less than 1 m. Groundwater levels declined throughout 2024 / 2025
and at the end of 2025 were at an elevation of 332.1 masl, which is the lowest since
January 2005.

K-ME-OW01-10-A

K-ME-OW1-10-A is located close to K21 and water levels are measured with a data
logger. The well monitors groundwater levels in AFB2 at the same interval as the
screened portion of K21 (Figure 12). It is also screened at the same interval as K29 and
Mannheim North wells K91 and K92, which are located approximately 800 m from the
monitoring well. Graphs comparing water levels at this well to both Mannheim East and
North well fields are included in Appendix C. Groundwater levels collected at this well
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indicate a response to pumping at the production wells. Due to the well's location and
screened interval, it is difficult to discern whether groundwater level decreases are a
result of increased pumping at the Mannheim North Well Field or the Mannheim East
Well Field. The Mannheim East wells likely have the greatest impact since the volumes
pumped are much larger than at the Mannheim North wells. K-ME-OW1-10-A was
decommissioned in October 2021 and was replaced with K-ME-OW1-21-B.

K-ME-OW1-21-AB

K-ME-OW1-21-AB is located close to K21, about 500 m away from K29 and about
800 m away from the Mannheim North wells.

The A screen is completed in the ATC1/ AFC1 / ATC2 and water levels are collected
with a data logger. There is no observed response to Manheim East Pumping Wells.
Variations in water levels are similar to K-ME-OW1-03-A which is impacted by pumping
at the Greenbrook well field.

The B screen is completed within AFB2 and is a replacement of K-ME-OW1-10-A. The
B screen is also screened at the same interval as K29 and wells K91 and K92.
Groundwater levels in the B screen collected with a data logger show a response to
pumping at the production wells. Groundwater levels rose about 1.4 m in response to
the K21 shutdown from February 2022 to September 2022 and decrease 2.7 m when
K21 and K21A go online in October 2022. From 2021 at OW01-10-A to the end of 2025
a decreasing trend in water levels is observed. 2024/2025 water levels are about 4.8 m
lower than historical water levels observed before 2021.

K-ME-OW02-09-A

K-ME-OW2-09-A is located on the K25 / K29 well site and monitors the aquifer in AFB2.
Water level monitoring at K-ME-OW2-09-A has been completed with a data logger since
December 2010. Changes in groundwater levels (a variation of 2 m) can be correlated
to changes in pumping at the production wells. Water levels increased 1 m between
September and November 2020 when K29 was shut down. An overall decreasing trend
of about 1.3 m in 2024 and 2025 is consistent with trends in other monitoring wells in the
AFB2 aquifer. Levels at the end of 2025 are the lowest seen in the last ten years.

K-ME-OW1-17-A

K-ME-OW1-17-A is located 570 m southwest of K21 and 375 m northeast of

K91 / K92 and is screened in the aquifer AFB2. Water level monitoring at K-ME-OW1-
17-A has been completed with a data logger since February 2018. Graphs comparing
water levels at this well to both Mannheim East and Mannheim North well fields are
included in Appendix C. Changes in groundwater levels (a variation of 2.2 m) can be
correlated to changes in pumping at the production wells. It is difficult to discern whether
groundwater level decreases are a result of increased pumping at the Mannheim North
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Well Field or the Mannheim East Well Field. Increases in water levels observed in 2020
and 2021 correlate with decreases in pumping at the Mannheim North Wells and also
with changes in pumping at K25 and K29. 2024 / 2025 water levels are about 4 m lower
than the highest water levels seen in May 2020. A decreasing trend in water levels after
2021 is consistent with trends observed in other monitoring wells in the AFB2 aquifer.

K-ME-OW2-17-A

K-ME-OW2-17-A is located 500 m from the K25/K29 well site and monitors the

AFB2 aquifer. Water level monitoring at K-ME-OW2-09-A has been completed with a
data logger since February 2018. The water levels generally show seasonal variations
within 1 m. Increases in water levels are observed when K25 is shut down in

April 2020 and K29 is shut down from September to November 2020. 2024 / 2025 water
levels are about 3.5 m to 4 m lower than the highest historical water levels which
occurred in 2020. A decreasing trend in water levels from June 2022 to the end of 2025
is consistent with trends observed in other monitoring wells in the AFB2 aquifer.

3.5 Mannheim North Well Field
3.5.1 Pumping Wells

The Mannheim North Well Field (previously known as the Peaking Wells) consists of
Wells K91, K92, K93 and K94, which obtain water from AFB2. Well records for the
production wells are found in Appendix B. A summary of the production well
construction details is provided in Table 11 below.

Table 11: Mannheim North Well Field Production Well Details

. Casing / Screen Screened .
Well Name Year Built Diameter (mm) Interval (mbgs) Aquifer
K91 1989 300 55.8-64.0 AFB2
K92 1990 300 54.3-62.5 AFB2
K93 1989 300 67.1-75.3 AFB2
K94 1989 300 60.1 —68.3 AFB2

3.5.2 Pumping Volumes

The pumping volumes are based are presented in Appendix C as total monthly volumes.
Pumping volumes from the well field ranged from 206,884 m3/month to

372,339 m3/month in 2024, and from 194,558 m®/month to 376,045 m3/month in 2025.
In total, 3,329,853 m® was produced at this well field in 2024 and 3,576,775 m® was
produced in 2025. These volumes are higher than the previous five years as production
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at the Mannheim North Well Field has been increasing since 2015 but remains below the

permitted rates.

3.5.3

Monitoring Wells

Observation wells within the vicinity of the Mannheim North Well Field are shown on
Figure 4. Construction and monitoring details of the monitoring wells are described in
Table 12 below. Well records for the monitoring wells are provided in Appendix B.

Table 12: Mannheim North Well Field Monitoring Well Details

o Screened Distance to | Distance to | Trigger

Monitoring Well | Year | —p ih | Screened | giko2 | Ko3Kea | Level
ID Built Formation
(mbgs) (m) (m) (masl)

K-ASR-TW5-08-A | 2008 58.4 —59.9 | AFB2 285 m 260 m -
K-MP-OW9-89-A | 1989 64.0-70.1 | AFB2 485 m 64 m -
K-MP-OW1-16-B | 2016 46.9 - 50.0 | AFB2 970 m 800 m 333.3
K-MP-OW1-17-A | 2017 56.4 —59.4 | AFB2 40 m 515 m -

Hydrographs showing the results of water level monitoring over the past ten 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-ASR-TW5-08-A

K-ASR-TW5-08-A is located 260 m southeast of K93 and K94 and 285 m northwest of
K92 and K91 and water levels are measured with a data logger. Groundwater levels at
this location respond to pumping at the Mannheim North wells with water level variations
within 1.5 m. A decreasing trend in water levels in 2023 and in 2025 when pumping is
increased is consistent with other monitoring wells in the AFB2 aquifer. 2024 / 2025
water levels are about 3 m lower than historical water levels observed before 2021.

K-MP-OW9-89-A

K-MP-OW9-89-A is located about 64 m from wells K93 and K94 and is screened in sand
and gravel (AFB2) (Figure 16). Electronic water level monitoring data starting in

2016 indicates clear responses to pumping at the production wells. Water levels at this
well have a similar trend to K-ASR-TW05-08 but with a more subdued response to
pumping at the Mannheim North Wells. A declining trend in water levels beginning in
2021 is observed with water levels at the end of 2025 4 m lower than historical water
levels observed before 2021.

K-MP-OW1-16-B

R.J. Burnside & Associates Limited HA0464020.2024

0464020_2025_Mannheim_PTTW_Report SUBMITTED_FINAL




The Region of Waterloo 22

2025 Biennial Groundwater Monitoring Report - Mannheim Well Field Consolidated
June 2026

K-MP-OW1-16-B is screened in AFB2 and monitored with an electronic water level
logger. K-MP-OW1-16-B is located 970 m from K91 / K92 and 800 m from K93 / K94.
Groundwater level monitoring started in August 2016 and a trigger level was assigned to
be protective of domestic wells. Responses to pumping of the Mannheim North well field
are much more subdued than observed at K-MP-OW9-89-A. A declining trend in water
levels beginning in 2021 is observed with water levels at the end of 2025 about 2.0 m
lower than historical water levels observed before 2021. Groundwater levels remain 2 m
above the trigger level of 333.3 masl

K-MP-OW17-A

K-MP-OW17-A is located 40 m from wells K91 and K92 and is screened in aquifer AFB2
(Figure 15). Electronic water level monitoring data starting in 2018 indicates a clear
response to pumping at the Mannheim North wells. Water levels at this well vary daily in
response to pumping cycles at the production wells with a similar trend to K-ASR-TW5-
08-A. Water levels decline from 333.9 masl in June 2022 to 331 masl at the end of
2023. 2024 water levels are higher than 2023 levels due to reduced pumping. Water
levels in 2025 have a decreasing trend until August and then rise to 331 masl at the end
of 2025. An overall declining trend in water levels from 2021 to 2025 is observed with
water levels at the end of 2025 are about 4 m lower than historical water levels before
2021.

4.0 Impact Assessment

4.1 Potential for Interference with Domestic Wells

PTTW Condition 4.3 states "The Permit Holder shall adhere to the monitoring and
contingency plan, including trigger levels, as detailed in the Stantec letter report dated
July 28, 2016, or as updated and approved by the Director. In addition, the Permit
Holder shall initiate an investigation by a Qualified Person if any of the trigger levels is
reached to assess potential impacts to private water supply wells from municipal well
pumping permitted in this Permit. The Permit Holder shall notify both the Manager,
Guelph District Office and the Water Compliance Supervisor, Safe Drinking Water
Branch, Guelph District Office within five business days of receipt of the water level data
in the event the trigger level is reached".

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".
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There are properties without municipal servicing within a 500 m radius of the Mannheim
Well Fields that use individual wells for water supply. Trigger levels have been
established in six monitoring wells that will initiate a contingency plan for investigation
into potential impacts to private wells. The contingency plan is outlined in the Monitoring
and Contingency Plan (Stantec, 2016b) included in Appendix A. 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 at the Mannheim Well Fields received in
2024 and 2025.

Groundwater levels in K-MP-OW9-89-A, KP-MP-OW1-16-B, WT-ME-OW03-09-A,
K-MA-ASR-OW2-16-A, WT-MW-OW3-04-A, WT-MW-OW02-10-A and WT-MW-OW6-04
show a declining trend over the past three to five years. Water levels remained above
trigger levels in 2024 and 2025.

4.2 Other Water Takers

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".

Groundwater and surface water takings registered in the MECP’s PTTW database were
reviewed and there were no PTTWs mapped within 2 km of the well fields.

4.3 Aquifer Response to Precipitation and Pumping
PTTW Condition 4.4 Conditions b and c state:

a. The Permit Holder shall prepare and submit a report every two years
by June 30th, commencing on June 30, 2022, that presents:

b. Assesses changes in water levels in the supply aquifer in relation to
precipitation and water taking from the aquifer,
c. Provides groundwater level contour figures for Aquifer 1

R.J. Burnside & Associates Limited HA0464020.2024
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(Conditions 4.4a, 4.4d, and 4.4e have been addressed in Sections 3.0 and 4.2. of this
report.)

Several shallow monitoring wells in the Mannheim West Well Field screened in

AFB1 / ATB1 responded to seasonal precipitation trends with highest levels typically
observed in the spring and the lowest levels typically observed in the fall. The

2024 / 2025 precipitation data from the closest weather station at Roseville was
reviewed and did not correlate with any specific water level response. The shallow wells
in AFB1 / ATB1 did not respond to pumping since they are separated from the pumping
wells installed in AFB2 by finer grained materials.

At Mannheim West, monitoring wells in the AFB2 aquifer show a decreasing trend
beginning in 2020 with levels 1 m to 2 m below historical levels at the end of 2025. The
trend and magnitude of water level decline is similar in wells that respond to pumping
and wells that do not which suggests that the decline is a regional scale response in the
aquifer to climatic conditions. Wells outside the influence of pumping show seasonal
trends but no immediate response to precipitation events.

At Mannheim North, monitoring wells screened in the AFB2 aquifer show an overall
declining trend from 2021 to 2025, with water levels 2 to 4 m below historical levels by
the end of 2025. The magnitude of decline is up to 2 m greater than that observed at
Mannheim West, indicating that the aquifer in this area is also influenced by increased
pumping at the well field. However, the decline also reflects the broader regional
downward trend in AFB2 water levels observed in Mannheim West monitoring wells that
are not impacted by pumping.

At Mannheim East, the monitoring wells installed in ATC1 / AFC1 / ATC2 do not show a
response to pumping at the Mannheim supply wells, but show a response to pumping of
the Greenbrook supply wells. All monitoring wells in the AFB2 aquifer show a declining
trend from 2021 to 2025. The magnitude of the decline is due to a combination of
climatic effects and pumping.

At Mannheim ASR, monitoring wells screened in the AFB2 are impacted by pumping.
The decreasing trend beginning in 2021 is the result of pumping and climatic conditions
and has resulted in historically low water levels at the end of 2025.

The groundwater levels in the Mannheim East, North and ASR monitoring wells did not
display a correlation with precipitation events. The monitoring wells are all screened in
AFB2 or ATC1/ AFC1 / ATC2 at depths greater than 30 m below ground surface;
therefore, no immediate response to short-term precipitation events was observed in the
hydrographs.
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Details on short-term responses at monitoring wells that respond to changes in pumping
can be found in the Stantec report, which documents 2013 aquifer testing (Stantec,
2016) and also an assessment of K23 and K34 (Golder, 2018).

Condition 4.4c of the PTTW requires submission of groundwater level contours for
Aquifer 1. The groundwater levels for November 2025 are shown on Figure 7.
Groundwater flow in November 2025 was generally in a southeasterly direction, with
some localized influences caused by the pumping wells. This is consistent with
historical groundwater flow directions.

5.0 Conclusions

Impacts from pumping the municipal wells at the Mannheim West Well Field (K23, K24
and K26), the Mannheim ASR Well Field (ASR1, ASR2, ASR3, ASR4, RCW1 / ASR5,
RCW2, RCW3 and RCW4), the Mannheim East Well Field (K21, K21A, K25 and K29)
and the Mannheim North Well Field (K91, K92, K93 and K94) were evaluated through
implementation of the Groundwater Monitoring Program. Based on the information
contained in the report, Burnside offers the following conclusions:

e This report satisfies Condition 4.4 of PTTW P-300-3130244509

o 2024 and 2025 pumping volumes were within the permitted range

o There have been no well interference complaints arising from water taking at the
Mannheim well field

o Water levels in wells screened in AFB2 show a declining trend from 2021 to 2025
that is observed across the Mannheim area as a result of climatic effects.

e Additional declines of up to 2 m are seen when the wells are also influenced by
pumping with many wells having historically low water levels at the end of 2025.

e Groundwater levels remained above the trigger levels established.

e Groundwater levels in the shallow aquifer AFB1 did not respond to pumping and
show seasonal trends.
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£ Stantec Consulting Lid.
) Sta ntec 100-300 Hagey Boulevard, Waterloo ON N2L 0A4

July 28, 2016
File: 1609-00748/10

Attention: Mr. Richard Wootton
Regional Municipality of Waterloo
Water Services

150 Frederick Street, 7th Floor
Kitchener, ON N2G 4J3

Dear Mr. Wootton,

Reference: Monitoring and Contingency Plan
Draft PTTW MOECC Ref. No. 4354-A9DKV9
Mannheim East, Mannheim West and Peaking Wells Fields
Regional Municipality of Waterloo, Ontario

The Ministry of the Environment and Climate Change (MOECC) is currently reviewing the
consolidated Permit to Take Water (PTTW) application submitted by the Regional Municipality of
Waterloo (Region) for the Mannheim East, Mannheim West, Peaking and ASR Well Fields (Figure 1,
Attachment A).

The following letter presents the monitoring and contingency plan to be completed by the Region
in support of the consolidated PTTW. The monitoring program may be updated and amended as
approved by the MOECC Director.

MONITORING TRIGGER LOCATIONS

Groundwater level monitoring will be completed at the following six (6) monitoring locations with
associated trigger levels:

o  WT-MW-OW3-04 — The recommended frigger level af this location is 326.8 m AMSL to be
protective of RW10.

¢  WT-MW-OWO02-10 - The recommended frigger level at this location is 325.1 m AMSL to be
protective of RW22.

o  WI-MW-OW6-04 — The recommended trigger level af this location is 328.5 m AMSL to be
protective of RW13.

e K-MP-OWI1B-16 — The recommended trigger level at this location is 333.3 m AMSL to be
profective of RW29, RW28 and RW15.

o K-ASR-OW2-16 — The recommended frigger level is 326.3 m AMSL to be protective of RW12 and
RW4,
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Reference: Monitoring and Contingency Plan
Draft PTTW MOECC Ref. No. 4354-A9DKV9
Mannheim East, Mannheim West and Peaking Wells Fields
Regional Municipality of Waterloo, Ontario

o  WT-ME-OWO03-09 - The recommended trigger level at this location is 331.0 m AMSL 1o be
protective of RW5 and RW16.

MONITORING METHOD

At these six (6) wells, groundwater level monitoring will be completed using dataloggers set to
record at 1 hour intervals. The dataloggers will be installed within these six (6) wells within 60 days
of the MOECC issuing the consolidated PTTW.

Manual water level measurements will be completed on a monthly basis at all six (6) wells, as a
backup to the dataloggers. The dataloggers will be downloaded on a bi-monthly basis,
consistent with current groundwater monitoring program procedures.

It is acknowledged that in spite of best efforts and maintenance, dataloggers will eventually fail,
requiring replacement. In the event of failure, the Region will have the datalogger replaced
within 14 business days of nofification of the failure.

CONTINGENCY PLAN

In the event that a trigger level is reached within any of the six (6) monitoring wells, the following
contingency plan would be initiated. Again, reaching a frigger level would not be considered an
indication of potential private well interference, but that additional investigation is warranted. For
some locations, the trigger levels are set in new monitoring wells and levels are meant to be
conservative and updates are expected.

For the contingency plan, the Region proposes to complete the following:

e Retain alicensed well contractor to complete a well survey of the applicable private wells to
document well construction details, pump setting details and static and pumping water levels
within accessible wells with the owner’s permission. An elevation survey of the private wells
would be completed at each location.

e Retain a Qualified Person to review water levels and remaining available drawdown within
each residential well, groundwater levels within nearby monitoring wells, precipitation data,
and municipal pumping records, to evaluate influencing factors on observed water levels.

The Qualified Person would assess the potential for impacts from municipal pumping,
residential pumping, and seasonal variability in precipitation, on aquifer groundwater levels, as
feasible. Based on the review, the Qualified Person may provide recommendations that may
include, but noft limited to:
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Reference: Monitoring and Contingency Plan
Draft PTTW MOECC Ref. No. 4354-A9DKV9
Mannheim East, Mannheim West and Peaking Wells Fields
Regional Municipality of Waterloo, Ontario

— Update trigger level as required based on observations
— Recommend additional private well inspections

— Recommend upgrades to individual private wells, such as changing pumping rate, pump
size or depth

— Recommend private well replacement
- Recommend additional monitoring wells at key locations

The results of the review wiill be provided to the MOECC upon completion of the assessment. The
trigger levels were conservatively determined, allowing adequate time for review and comment
by both the Region and the MOECC. In the event of a private well interference complaint, the
Region will follow the requirements of Condition 5.2 of the PTTW.

CONCLUSION

We trust that this information is suitable for processing of the PTTW application. Please do not
hesitate to contact the undersigned should you have any questions or concerns.

Regards,

STANTEC CONSULTING LTD.

y /4 57

Lesley Veale, M.Sc., P.Geo. Roger Freymond, P.Eng.
Senior Hydrogeologist Senior Hydrogeologist
Phone: (519) 585-7377 Phone: (519) 585-7381

Fax: (519) 579-4239 Fax: (519) 579-4239
lesley.veale@stantec.com roger.freymond@stantec.com
Attachment: A Figure 1 — Groundwater Contours and Well Locations

c. Eric Hodgins - Region
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4. Stage 1 pumping at a combined rate of 450 L/s with Mannheim
West at 157 L/s, Mannheim East at 135 L/s and Peaking at
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5. Ground surface elevation estimated based on topographic
mapping at MW20-93, WM22-93 and MW-OW3-92.
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o t - Ministry of the Environment, Conservation and Parks
I1 a I’IO Ministeredel’ Environnement, de la Protection de la nature et des Parcs

PERMIT TO TAKE WATER
Ground Water

NUMBER P-300-3130244509
Version: 1.0

Effective Date: October 8, 2021
Expiry Date: May 31, 2031

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

REGIONAL MUNICIPALITY OF
WATERLOO

150 Frederick Street
6th Floor
KITCHENER
ONTARIO

Canada

N2G 43

For the water taking from
K21
K21A
K91
K94
K93
K92
K25
K29
ASR3
ASR4
RCW3
ASR1
RCW4
RCW1/ASR5
ASR2

PTTW [P-300-3130244509] Page 1 of 9



RCW2
K24
K26
K23
Located at:

1768 OTTAWA Street South, KITCHENER, KITCHENER,
ONTARIO, CANADA, N2E 0C6

2056 OTTAWA Street South, KITCHENER, KITCHENER,
ONTARIO, CANADA, N2E 0C4

453 ACTIVA Avenue (AVE) , KITCHENER, KITCHENER,
ONTARIO, CANADA, N2E 4B9

2069 OTTAWA Street South, KITCHENER, KITCHENER,
ONTARIO, CANADA, N2E 3K3

1024 WITMER Road , PETERSBURG, WILMOT, ONTARIO,
CANADA, NOB 2HO

1139 MANNHEIM Road , PETERSBURG, WILMOT, ONTARIO,
CANADA, NOB 2HO

1510 MANNHEIM Road , PETERSBURG, WILMOT, ONTARIO,
CANADA, NOB 2HO

This Permit cancels and replaces Permit Number 2671-ACOPFQ, issued on July 28, 2016.

DEFINITIONS

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

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 of the OWRA.

b. "Provincial Officer" means any person designated in writing by the Minister as a provincial officer
pursuant to section 5 of the OWRA.

c. "Ministry" means the ministry of the government of Ontario responsible for the administration of the
OWRA, currently named the Ministry of the Environment, Conservation and Parks.

d. "Disgtrict Office" means the Guelph District Office

Guelph District Office
Guelph District Office
Guelph District Office
Guelph District Office
Guelph District Office
Guelph District Office
of the Ministry.

PTTW [P-300-3130244509] Page 2 of 9



e. "Permit" or "PTTW" means this Permit to Take Water No. P-300-3130244509 including its Schedules,
if any, issued in accordance with Section 34.1 of the OWRA, as may amended.

f. "Permit Holder" means REGIONAL MUNICIPALITY OF WATERLOO.
g. "OWRA" means the Ontario Water Resources Act, R.S.0. 1990, c. O. 40.

TERMSAND CONDITIONS

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

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, attested to by Karl Belan, on June 3, 2021, 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 alegal right, vested or otherwise, to awater 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 al times at or near the site of the taking,
and shall produce this Permit immediately for inspection by a Provincia 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 isissued within thirty days of any such change. A change in ownership in the
property shall cause this Permit to be cancelled.

2. General Conditionsand Interpretation

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

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

2.3. Information
The receipt of any information by the Ministry, the failure of the Ministry to take any action or
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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 compl eteness or accuracy.

2.4. 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.

2.5. 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.

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

3. Water Takings Authorized by This Permit
3.1. Expiry
This Permit expires on May 31, 2031. No water shall be taken under authority of this Permit
after the expiry date.

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

8

9

Source Name/
Description

ASR1 (ASR1)
ASR2 (ASR2)
ASR3 (ASR3)

ASR4 (ASR4)

RCW1/ASR5
(RCWL/ASRS)

RCW?2 (RCW2)
RCW3 (RCW3)
RCW4 (RCW4)

K21 (K21)

10 K21A (K21A)

Source Purpose

Type
Well

Well
Well
Well
Well
Well
Well
Well
Well

Well

Specific

Category Purpose
Public Municipal
administration Supply
Public Municipal
administration Supply
Public Municipal
administration Supply
Public Municipa
administration Supply
Public Municipal
administration Supply
Public Municipal
administration Supply
Public Municipa
administration Supply
Public Municipa
administration Supply
Public Municipal
administration Supply
Public Municipal
administration Supply
Public Municipal

Activity
Water
Supply
Water
Supply
Water
Supply
Water
Supply
Water
Supply
Water
Supply
Water
Supply
Water
Supply
Water
Supply
Water
Supply
Water

Max. Taken Max. No. of Hrs volume per
per minute Taken per day

20220

20220

20220

20220

20220

20220

20220

20220

11820

11820

24

24

24

24

24

24

24

24

24

24

Max.

Day
23700000

23700000
23700000
23700000
23700000
23700000
23700000
23700000
17021000

17021000

Max.
daysina
year

365
365
365
365
365
365
365
365
365

365

Zone/
Easting /
Northing
17/537950/
4805538

17/537818/
4805710

17 /537764 /
4805513

17/537904/
4805280

17/538112/
4805517

17/538204 /
4805721

17 /537909 /
4805100

177538042 /
4805844

17 /538505 /
4806484

17 /538498 /
4806499

17 /536768 /
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11 K23 (K23) Well  administration Supply ~ Supply 13440 24 19353600 365 4804779

12 K24 (K24)  wel PUPMC '\S"u‘ggl‘ipal \Q’uﬁgy 13440 24 19353600 365 Pl
13 K25 (K25) wel  Puble '\S"u‘ggspa' VsYJ%tSfy 11820 24 17021000 365 A oss14]
14 K29 (K29) well ggﬂiﬁ sration gj‘g;l‘;ipa' VS\L/J?JISIry 11820 24 17021000 365 gé;e%i%”
15K26(K26)  Well Lo o Gy 1340 2 10353600 365 01> 40
16 KoL(KOD)  wel UPMC gj‘:)’gspa' VSYJ";‘}Sy 11400 24 16416000 365 171537689/
7KK Well S S Sy 11400 24 16416000 365 171esrsl
18 K93 (K93) wel  PUble '\S"u‘ggspa' Vszgtgy 11400 24 16416000 365 e
19 K94 (K94) well ;‘ﬂiﬁ sration gjggspa' Vs\(;?)tgy 11400 24 16416000 365 1246274691/
Total Taking 76490600

3.3. Notwithstanding the Maximum Taken per Day specified in Table A of Condition 3.2, the taking
from the Mannheim East wells (K21, K21A, K25 & K29), Mannheim West wells (K23, K24 &
K26), and Peaking wells (K91, K92, K93 & K94) (in any combination of the 11 listed wells)
shall not exceed an annual daily average of 40,715,136 L/day.

4. Monitoring

4.1. The Permit Holder shall maintain arecord of all water takings. Thisrecord shall include the
dates and times of water takings, the rates of pumping, and an estimated cal culation of the total
amounts of water pumped per day for each day that water is taken under the authorization of this
Permit. A separate record shall be maintained for each source. The Permit Holder shall keep all
required records up to date and available at or near the site of the taking and shall produce the
records immediately for inspection by a Provincial Officer upon hisor her request.

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

K-ME-OW2-17-A
K-ME-OW1-17-A
K-ME-OW1-03-A
K-ME-OW1-03-B
K-ME-OW1-10-A
K-ME-OW2-09-A
K-ASR-OW2-96-B
K-ASR-TW13-85-A
K-ASR-TW5-08-A
K-ASR-OW2-16-A
K-MP-OW1-17-A
K-MP-OW9-89-A
K-MP-OW1-16-B
WT-MW-AC1-01-A
WT-MW-AC1-01-B
WT-MW-OW1-09-A
WT-MW-OW2-11-A
WT-MW-OWO03-09-B
WT-MW-0OW4-09-A
WT-MW-WM20-93-A
WT-MW-WM20-93-B
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WT-MW-OW3-04-A
WT-MW-0OW2-10-A
WT-MW-OW6-04-A
WT-ME-OW3-09-A

4.3. The Permit Holder shall adhere to the monitoring and contingency plan, including trigger
levels, as detailed in the Stantec letter report dated July 28, 2016, or as updated and approved by
the Director. In addition, the Permit Holder shall initiate an investigation by a Qualified Person
if any of thetrigger levelsis reached to assess potential impacts to private water supply wells
from municipal well pumping permitted in this Permit. The Permit Holder shall notify both the
Manager, Guelph District Office and the Water Compliance Supervisor, Safe Drinking Water
Branch, Guelph District Office within 5 business days of receipt of the water level datain the
event the trigger level is reached.

4.4. The Permit Holder shall prepare and submit a report every two years by June 30th,
commencing on June 30, 2022, that presents:

a) the results of the well field water level monitoring for the two preceding calendar years,

b) assesses changes in water levels in the supply aquifer in relation to precipitation and water
taking from the aquifer,

C) provides groundwater level contour figures for Aquifer 1,

d) assesses groundwater elevation measurements relative to the trigger levels established in
Condition 4.3, and

e) provides asummary for all interference complaints received by the Permit Holder related to
this Permit and reported in the District Office in accordance with Condition 5.1 and the manner
in which the Permit Holder has dealt with the complaint.

5. Impacts of the Water Taking

5.1. Notification
The Permit Holder shall immediately notify the local District Office of any complaint arising
from the taking of water authorized under this Permit and shall report any action which has been
taken or is proposed with regard to such complaint. The Permit Holder shall immediately notify
the local District 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.

5.2. Impacts for Water Situation Type
For Surface-Water Takings
The taking of water (including the taking of water into storage and the subsequent or
simultaneous withdrawal from storage) shall be carried out in such a manner that streamflow is
not stopped and is not reduced to arate that will cause interference with downstream uses of
water or with the natural functions of the stream.
For Groundwater Takings
If the taking of water is observed to cause any negative impact to other water supplies obtained
from any adequate sources that were in use prior to initial issuance of a Permit for this water
taking, the Permit Holder shall take such action necessary to make available to those affected, a
supply of water equivalent in quantity and quality to their normal takings, or shall compensate
such persons for their reasonable costs of so doing, or shall reduce the rate and amount of taking
to prevent or aleviate the observed negative impact. Pending permanent restoration of the
affected supplies, the Permit Holder shall provide, to those affected, temporary water supplies
adequate to meet their normal requirements, or shall compensate such persons for their
reasonabl e costs of doing so.
If permanent interference is caused by the water taking, the Permit Holder shall restore the water
supplies of those permanently affected.

PTTW [P-300-3130244509] Page 6 of 9



6. Director May Amend Permit

6.1. 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).

REASONS
The reasons for the imposition of these terms and conditions are as follows:

1. Condition 1 isincluded to ensure that the conditions in this Permit are complied with and can be
enforced.
2. Condition 2 isincluded to clarify the legal interpretation of aspects of this Permit.

3. Conditions 3 through 6 are included to protect the quality of the natural environment so asto safeguard
the ecosystem and human health and foster efficient use and conservation of waters. These conditions
alow 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.

APPEAL PROVISIONS

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 Ontario Land Tribunal within 15 days after receipt of this notice, require a hearing
by the Tribunal. Section 101 of the Ontario Water Resources Act, R.SO. 1990, as amended, provides that the
notice requiring the hearing ("the Notice") shall state:

1. The portions of the Permit or each term or condition in the Permit in respect of which the hearing is
required, and;
2. The grounds on which you intend to rely at the hearing in relation to each portion appeal ed.

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

The name of the appellant;

The address of the appellant;

The permit to take water number;
The date of the permit to take water;

The name of the Director;

N CEEES S

The municipality within which the works are located,;
This Notice must be served upon:

The Director, Section 34.1,

Registrar* Ministry of the Environment, Conservation and Parks

Ontario Land Tribuna

PTTW [P-300-3130244509] Page 7 of 9



655 Bay Street, Suite 1500 and 5775 Yonge Street, 81 Floor

Toronto ON Toronto, ON
M5G 1E5 M2M 4J1
OLT.Registrar@ontario.ca Fax: (416) 325-6347

* Further information on the Ontario Land Tribunal'srequirementsfor an appeal can be obtained
directly from the Tribunal at: Tel: (416) 212-6349 or 1 (866) 448-2248, or www.olt.gov.on.ca

Dated at Hamilton this 16th day of November, 2021
Nell Taylor
Director, Section 34.1

Ontario Water Resources Act , RS.O. 1990
c: Karl Belan, REGIONAL MUNICIPALITY OF WATERLOO

PTTW [P-300-3130244509] Page 8 of 9



SCHEDULE 1

This Schedule "A" forms part of Permit To Take Water P-300-3130244509 Version Number 1.0, dated
October 7, 2021.
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Appendix B-1

Mannheim West Well Logs
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Motor

Manufacturer: USEM

Power: 60hp / 575v / 3ph
E Serial #: H1220007000—-100R

Depth T
in_metres i
Lk | Discharge Head
Manufacturer: Layne
0.0 Base plate . _ . Model: TF1025
Concrete pedestal
0.25 Floor 777777'
< -
T
750 mm (30”) steel outer casing
450 mm (18") steel inner casing
150 mm (6”) SCH 40 column pipe
25 mm (17) SS shaft & couplings
32 mm (1.25") PVC water level tube
6 mm (0.25") airline water level tube
18.3 Top of pump
[ Pump
L 1 Manufacturer: Layne
/ \ Model: 10RKEH—6 stage
19.8 Bottom of outer casing ( \
20.3 Bottom of pump
150 mm (6”) suction pipe
22,7 Top of Screen
23.4  Bottom of 250 mm | |
suction pipe | |
24.3  Bottom of 32 mm } [~ 450 mm (18”) Bronze #6 slot screen
water level tube | |
25.9 Bottom of airline : :
| |
| |
| |
| |
27.1 Bottom of well l |

NN\ Lotowater |-

CLIENT

Regional Municipality of Waterloo

TECHNICAL SERVICES INC. Well K23
Pump Installation Drawing
PROJECT No. 006-191 G:\Lotowater Projects\006 Region of Waterloo\191 K23 Rehabilitation\Lineshaft Pump Installation
DESIGN
DRAWN | EH 2011/01/05 REVISION No. 2011-05-31 SCALE N.T.S.
CHECKED|

FIGURE
3

K23
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Well Material K24

Outer Casing &7’ oF 3o’ rollex steel welse

Inner Casing 96-5 o4 /8" pottent stoel! welie.
Screen 1Sl 18" s 5 g
Plug 78x6 sweage &~

Baker whirlershgse 3 ga
Gravel /& s < ‘

JZ“I'(‘:
PumE
No. 24576 Setting BP-MB &0’
No. Stages 6 Length Bowl 7 -

Bowl /5" DRHC  Sizeét Lgth. Suction /& ,%/0
Head 7F /95 Size Column 7@’

Materials or setting detaxl? other than standard :
w
/ Z/ﬂfe/ 6o’

Make /.S Phase <2

Shaft CEU (tree) Cycles 6%
H.p. /co Volts 350
R.P.M, /Roo Amps. 969
Type CF U Base

Frame J87-3 Serial 927247

Special Equipment

Well
B. P. referred to original Ground Level EEIH
Started Clear Depth /72 9/
Preliminary Test 7¢4 /9 /957 Length Air Line 70’
Final Test Static Level /577
G ggr%{t&e (poeo za ‘:/Z“?Q‘om Pumping Level 83
Pressure Capacity 996 /&7
Driller: £. otrve, 719/57

Installer 2 GO"‘AOV\ \(e_ie:, ’/‘? 7/56

14

INTERNATIONAL WATER SUPPLY LTD.

LONDON., CANADA
WATER SUPPLY CONTRACTORS

HITCHENER, ONT.

DRAWN BY A APPROVED BY /i~

WELL No. £ AMarnn tbeirrr (Devitl) T=sriors * 4o
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 Bouwsers - T

n o

i
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s

QRAVEW, BOUuLDERS

Somg LAY

ML T AR

\

1

i

1
\Owvav * 9oy,

: 3‘

. . ]

0

—-J-é- WASHEID 3AND

K|RAVEL.

Outer Casing o' - 35" pua

g K26
Well mMaterial

K2

’é“

Inner Casing o+-9" - 18" Dia 34

Screen 187 zo0'- No @ ~10'-No3  Lavne

Plug Y» se pPusere.

Gravel coT Yx4" .
Pumop

No. &3> Setting BP-MB ®e¢'-o

No. Stages = Length Bowl "7-7

Bowl 14"TLe.  Size R Lgth. Suction ™

—da'e

No 6

- N.'S

Head TF ic 18

'. Make

/. H.p. 220

- 'R.P. M
" Type H.s.3.

. Frame 444 -ST PR

' Bearing Nos. S

Size Column 12" x 17/ >y
Materials or setting details other than¥stanc

Impellers: Trim

WEsTING HousE Phase I

Cycles &

Volts S7%
“Amps. 177
Serial 1-195 804

1800

- Sopecial Egquipment .
) ZINE ScesIveEs ”

Well No. _Ze

 B.P. referred to original ground level = 2'ae?

. e

123

124 5

Preliminary Test______

izs'-a"
Final Test_Naov 27/
Static Level _45’-2,
Pumping Level _sc’
Guarantee 1G P M Capacity_ 400 1C
Contract Pressure = Pressure Pump___
Length Air Line__ 2o’ Main -

Clear depth below B.P.
Started

Final Test

INTERNATIONAL WATER SUPPLY L

r

DRILLED BY 3. AuGusTINE
INSTALLED BY HAQTmaw

MONTREAL LONDCON, CANADA SASK
CAKVILLE WATER SUPPLY CONTRACTORS YANC
] )2

—

Kirengntt Waregn, Commssian 174

DRAWN BY Boen.
APPROVED BY
T

L —
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25 1/30

50 1400 71/30 MU

45
85

40

41

48

45

48

48

43

35

63

72

190

15

10

30

15

10

15

15

15

15

t2

5/00
4/00

3/00

5/00

15/00

5/00

4/00

4/00
5/00

18/00

5/00

4/00

10/00

ST
Do
PS

PS

Do
ST

ST

ST

ST
ST

Do

ST

Do

ST

Do

0o

Do

Do

DO

Do

IR

Do

0o

001 Vi
MSND GRVL
MSND CLAY
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MSND 0001 GR

) GRVL 0117 GRVL BLDR CLAY

viL 0083
vt oo87

VL 0045 MSND CLAY 0046 MSND

0051 (S 0046 05 )

SCHNE 1 DER G
MUCK 0002 BR

wN CLAY 0030 CLAY GRVL 0058

CLAY SILT 0082 CLAY GRVL 0102 CLAY GRVL

SILT 0146 GR

vL CLAY 0185 GRVL CLAY ROCK

0197 GREY ROCK 0206

SCHNE1DER G
PRDG 0024 CS
HYPPKE KLUS
TPSL 0001 GR

ND 0050 CSND 0062

EY CLAY 0030 GRVL MSND 0035

BLUE CLAY 0050 HPAN 0081 MSND GRVL 0087

(S 0083 04
WEBER S
CLAY 0012 MS

)
ND 0013 CLAY 0076 SILT MSND

0086 CLAY 0098 SILT CLAY 0167 HPAN 0178
MSND CLAY 0208 HPAN 0222 SHLE 0260

WEBER A

CLAY 0024 GR
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CLAY 0043 HP
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BRWN CLAY MSND 0005 BRWN MSND 0009 GREY
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BARNES W
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62 GREY SILT SAND STNS 0069
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vL 0131 SAND GRVL CLAY 0143

ND GRVL 0068 GRVL MSND 0081
)

90 GRVL 0091 CLAY 0190 CLAY
60 MSND 0270 GRVL 027S

WN GRVL 0042 BRWN CLAY SAND

0112 BRWN SAND GRVL 0120 (S 0112 04 )

BRVWN CLAY 0!
DE1 FENBACHER
TPSL 0002 MS
0084 MSKND 00
GRVL 0225

21
N
ND 00t1 MSND GRVL 0036 HPAN
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K26

Motor
Manufacturer: Westinghouse
Power: 200hp /575v/ 3ph

Depth
in_metres |
L] Discharge Head
Manufacturer: Layne
0.0 Base plate T = ! Model: TF 1018
—— Concrete pedestal
0.34 Floor
4=
= S
750 mm (30") steel outer casing
450 mm (18") nominal steel well casing
18.3 Bottom of outer casing
250 mm (10”) SCH 40 column pipe
43 mm (1 11/16") SS shaft & couplings
27.43 Top of pump > 4
29.4 Bottom of well casing ( \
( \| Pump
L 1 Manufacturer: Floway
( \ Model: 14JKML — 3 stage
29.03 Bottom of pump / \
250 mm (10") suction pipe
32.08 Bottom of 250 mm
suction pipe
450 mm (18”) S.S. #6 slot screen
35.5 Screen Slot Size Change
450 mm (18") S.S. #3 slot screen
38.1 Bottom of well
NOTES CLIENT

m

@

All measurements below top of base plate
which is 0.34 m above pump house floor.

Static water level = 14.03 m below base plate
measured 2010/05/06

NN\ Lotowater

TECHNICAL SERVICES INC.

REGIONAL MUNICIPALITY OF WATERLOO

TITLE

Well K26

Pump Installation Drawing

PROJECTNo. 006-164 G:\Lotowater Projects\006 Region of Waterloo\ 164 K26 Service\Pump Installation Drawing
DESIGN
FIGURE
DRAWN | EH | 2010/05/06 REVISION No. 1 SCALE N.T.S. 1

[CHECKED]
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Location: Alder Craek Watershed, Gri
Northing: 4505600 &1 melars.

Easling: 536156 72 meters.

Ground Elevation: s=57 32 m, b=337.33 m
Well Head Stick-Up: =0 85 rmags. b=0.90 mags.

WT-MW-AC1-01-(A-B)

Well Casing! asZ, bl 26° . BOH 40 PVC

Beeoen Type: 652, ba1. 257 - SCH 40 PVG St

Screen Interval: pe21.33.18 78 mbgs, b=0 02.5 U7 nibge
Dtilling Contractor: A Terrmin Driling lne

Figure A-1
AC1-01

Completed Well Construction; 120401
Total Depth of Welt: a=21, Kabgs. b=0 02 mbges

Started Well Construction:  12.04.01

Dl Method ; PO Core, M Rotary

120301

12001

Project:  Akler Creek Study
Project No.: 120868

Staried Dling:

Completed Deiling:

Total Depth of Boro Hole: 32 61 rmigs
"Waler Lovel Cobocted: 12.04-01

ot
”.Tm
il & T
: ek LI
¢ i
: --r18d :
z | 2 =
T8 4
. 18 B
m 9z m
i | gz :
i b i
: .wmmm >
3 ] i uwm H
_ : | ) NEg |
mm % ” “ L L £ 2 ® £ = & q q kS kS 3 i3 | i
i | |
e | 3
g = e kS m
3 : _ E
3 “ | m &
3 g 2o
_ 4
| wm
_ i
11 _
(1] m | i

. Grey, moist, very siff. but cecasional 10 6m ke 13 om layars of soft st

SILT vt Grovel and soe clay, Grey, wel vary s6if, ayar of soft wk (32m lo 32 &),

rounded graves to Bom

£
g i
" & HE
| H I -
* f m 1L

CLAY - Dark Grey. morst. very sbff. madium plasticity
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MIS-HYD 009 08-1112-0150.GPJ GAL-MISS.GDT 2/7/11 RJ

WT-MW-OWO02-10-A

PROJECT: 08-1112-0150

LOCATION: N 4803850.0 ;E 537068.0

BOREHOLE LOG OF: WT-MW-0OW02-10

DRILLING DATE: January 20, 2010
DRILL RIG: Formost DR12

DRILLING CONTRACTOR: Gerrits Well Drilling

SHEET 1 OF 2

DATUM: NAD83

O]
é ® S w GEOPHYSICAL RECORD PIEZOMETER
Py O [Eev. | 8 OR
o DESCRIPTION a oepTH| © STANDPIPE
EE g m) 3 GAMMA (cps) CONDUCTIVITY (mS/m) INSTALLATION
> o)
e ” 25 50 75 100 10 20 30 40
1 1 1 1 1 1 1 1
GROUND SURFACE 339,59
n TOPSOIL 0.00
B 338.98
B Brown, medium SAND, some gravel, trace 0.61
- boulders
— 2
— 4
— 6
- - ___ 332.58
n Brown, CLAYEY SILT and SAND 7.01
— 8
: = v
— 10 - /\$ennite Grout
B m
- w
| <
[ 12| SA-1(11.9-12.8 m)
— 14
[ 6
[ s
[ 320.69
[ Brown, medium SAND 18.90
[ I I SR I N Z 07
CONTINUED NEXT PAGE
DEPTH SCALE A LOGGED: BH
€. E Golder
1:100 oclates CHECKED: CM
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MIS-HYD 009 08-1112-0150.GPJ GAL-MISS.GDT 2/7/11 RJ

PROJECT: 08-1112-0150

LOCATION: N 4803850.0 ;E 537068.0

BOREHOLE LOG OF: WT-MW-OW02-10

DRILLING DATE: January 20, 2010
DRILL RIG: Formost DR12
DRILLING CONTRACTOR: Gerrits Well Drilling

SHEET 2 OF 2

DATUM: NAD83

Q

Q ” ] w GEOPHYSICAL RECORD PIEZOMETER

oy o |Eev. | 8 OR

T E DESCRIPTION 6‘ DEPTH s} STANDPIPE

Es [ @ GAMMA (cps) CONDUCTIVITY (mS/m) INSTALLATION

u | m |3

e o 25 50 75 100 10 20 30 40

1 1 1 1 1 1 1 1
S CONTINUED FROM PREVIOUS PAGE ---
B Brown, medium SAND
-— 22
B Bentonite Grout
2
[ o
[TH
i <
— 26
| Holeplug
i ] sand
[ g
= 311.47
i SA-2 (29.0 m)
B T+ screen
L 5 ]
: H 308.34
— 32
— 34
: 305.22
R Grey, CLAY, trace sand, trace silt 34.37
- 303.66
[ 36| END OF BOREHOLE 3593
-— 38
-— 40
DEPTH SCALE A LOGGED: BH
(F E Golder
1:100 L7 Associates CHECKED: CM




WT-MW-OWO04-09-A

PROJECT: 08-1112-0150

LOCATION: N 4804781.0 ;E 536760.0

BOREHOLE LOG OF: WT-MW-OW04-09

DRILLING DATE: November 17-20, 2009
DRILL RIG: PQ Coring
DRILLING CONTRACTOR: Noll Drilling

SHEET 1 OF 2

DATUM: NAD83

MIS-HYD 009 08-1112-0150.GPJ GAL-MISS.GDT 2/7/11 RJ

O]

é ® S w GEOPHYSICAL RECORD PIEZOMETER

oy O [Eev. | 8 OR

T E DESCRIPTION 6‘ DEPTH s} STANDPIPE

E§ g ™ 8 GAMMA (cps) CONDUCTIVITY (mS/m) INSTALLATION

> o)
e « 25 50 75 100 10 20 30 40
1 1 1 1 1 1 1 1
GROUND SURFACE 33704
[ Dark brown, TOPSOIL with organics, trace X3 Cement
- stone i
B Loose, dry, dark brown, sand, trace silt, loam
B (FILL)
- - _ 335.72
i Dense, dry, dark brown/black, medium sand 1.52
[, \with peat, loam (FILL) 1189
- Loose, dry, brown, medium to fine SAND, trace 216
[ fgevel ___ _ _ __ '
[ Loose, dry, reddish brown/grey, medium to fine
- [SANDtracegravel stone _ __ _ _ _ _ 33419
- Loose, dry, reddish grey, medium to fine 3.05
B gravelly SAND
— 4
[ Becomes wet
N 332.01
- Dense, moist, grey, medium to fine SAND 5.23
— 6
B 330,84
N 329.62
- Dense, moist, grey, medium to fine SAND, 7.62
— 8| trace gravel
B 10 g Bentonite Grout
- - _ 326.32
i Compact, moist, brown/grey, medium to fine 10.92
[ SAND
N 325.66
B Compact, moist, brown/grey, medium to fine 11.58
L~ 12 | SAND and GRAVEL
R 325.00
- Compact, moist, black grey, medium to coarse 12.24
B SAND, trace gravel 324.54
B Compact, moist, brown grey, GRAVEL, some 12.83
B medium to fine sand
- Compact, moist, black grey, medium to coarse
B SAND and GRAVEL
— 14
i 322.86
B Compact, moist, grey, GRAVEL, trace fine 14.38
L sand 14.71
N Dense, moist, light grey, medium to fine SAND, 32200
[ some gravel 15.04
- Compact, moist, brown, medium to coarse 321.54
B gravelly SAND o 1570
[~ 5| Compact, moist, grey, GRAVEL and Q
B COBBLES, some medium to coarse sand 8
[ o
B Q
B 320.02
- Core lost 17.22
- 18
= 318.95
B Compact, moist, grey, GRAVEL and 5( 18.29
B COBBLES, some medium to coarse sand 8
[ o)
R 8
- :
I I o | |\ _%____ 1\ ____\______________ e _|
CONTINUED NEXT PAGE
DEPTH SCALE A LOGGED: BH
(5 E Golder
1:100 A_ssoc]ates CHECKED: CM
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PROJECT: 08-1112-0150 BOREHOLE LOG OF: WT'MW'OW04'09 SHEET 2 OF 2

LOCATION: N 4804781.0 ;E 536760.0 DRILLING DATE: November 17-20, 2009 DATUM: NAD83
DRILL RIG: PQ Coring
DRILLING CONTRACTOR: Noll Drilling

MIS-HYD 009 08-1112-0150.GPJ GAL-MISS.GDT 2/7/11 RJ

O]
é * 9 w GEOPHYSICAL RECORD PIEZOMETER
oy o |Eev. | 8 OR
T E DESCRIPTION 6‘ DEPTH s} STANDPIPE
EE g ™ 8 GAMMA (cps) CONDUCTIVITY (mS/m) INSTALLATION
> o)
e ” 25 50 75 100 10 20 30 40
1 1 1 1 1 1 1 1
201 CONTINUED FROM PREVIOUS PAGE ---
[— 4
- ){jg 316.87
[ Core lost 20.37
: Bentonite Grout
[
i 314.58 ' sand
- Compact, moist, grey, GRAVEL and RRX] 2266
- COBBLES, some medium to coarse sand 2286 o 31423
B Core lost o
<
- 31347
| ,, | Compact, moist, grey, GRAVEL and S 77
B COBBLES, some medium to coarse sand DO
- 5 8( %] screen
- 30 0
i SA1 (25.0 m) X H
i 0 ]
5 &) |
- PO u
- ® 9 s11.08 Tl sris
L Dense, moist, grey, CLAYEY SILT, some fine 26.21
- sand 26.52
B END OF BOREHOLE
[ 5
[ 5
— 32
— 34
— 36
[ 5
I
DEPTH SCALE A LOGGED: BH
(F E Golder
1:100 A_ssoc]ates CHECKED: CM




WT-MW-OW2-11-A
WT-MW-OW3-09-B

Monitoring Well: WT-MW-OW3B-09 and WT-MW-OW2-11

KS (Golder) and EH (Stantec)
Boart Longyear / Gerrits Well Drilling

Project: 2011 Municipal Well Construction and Testing
Client: Region of Waterloo
Location:Mannhiem West Well Field

Field investigator:
Contractor:

STANTEC BOREHOLE AND WELL - CLUST 11X17 160900651_BOREHOLES_110909.GPJ STANTEC - DATA TEMPLATE.GDT 11/7/12 MJFRASER

Number: 160900651

Drilling method:

Sonic / Truck mount, DR 12, air rotary

Date started/completed:01-Dec-2009 / 08-Jun-2011

SUBSURFACE PROFILE HYDROGEOLOGY [SAMPLE DETAILS WELL DETAILS
§ c Name: WT-MW-OW3B-09 Name: WT-MW-OW2-11
Elevation| | © <] 0% 2, Location: 9205529 Location: 9205817
. . . - (mAMSL)| §& 2 o9 2 ® [GSElev: 33649mAMSL  GSElev: 336.62m AMSL
Depth | Graphic Log Lithologic Description Depth | =8 g EE | E> |TOCElev: 337.40mAMSL  TOC Elev: 337.57 m AMSL
(m BGS) 2 8 nz € Easting: 536524 Easting: 536526
g Northing: 4805046 Northing: 4805047
) (m) 337.40 * Stick-up:  0.91m Stick-up:  0.95m
:' ~<— Above ground ~<— Above ground
Ground Surface 336.49 casing casing
TOPSOIL 0.00
\dark brown to black /T\336.19 /|
SAND 0.30 > 51 mm Diameter
medium sand 1 GB Schedule 80
PVC riser
™ 51 mm Diameter
wet at 1.52 m BGS 334.56 Schedule 40 >
SILTY SAND 1.93 PVC riser
SAND | 334.36 [ 2 GB
medium to coarse sand 213
333.44 >' >'
SAND and GRAVEL 3.05
fine to medium sand, varies in colour, wet, subangular to subrounded gravel 332.83 <¢— 155 mm borehole
SAND 3.66 3 GB > >
fine to medium sand
> ><— Bentonite holeplug|
4 GB
s | e [N N
6 GB
327.65
SILTY SAND 8.84 > Bentonite chi >
LT SANDY SILT \ 327.34 /] [®— Bentonite chips
SILTY SAND .\ 9.14
SAND 327.19 7 cB > >
medium, some fine sand, becoming coarser with depth, wet 9.30 Top of sand
326.74 - (10.05 m BGS)
9.75 R \
> “I "\ 'No.2 silica sand
Top of screen
8 GB (10.66 m BGS)
>' No.10 Slot
Schedule 80
PVC screen
> 51 mm diameter
Bottom of screen
(12.19 m BGS)
Bottom of sand
Upper and >‘ (12.19 m BGS)
Lower
Moraine
B stratified
Sediments >'
and
Equivalents
5 319.12 >
GRAVEL 17.37
\medium to coarse gravel /"\ 318.96
SAND 1753 N
fine to coarse sand, becoming finer with depth 1= Top of sand
A (18.31 m BGS)
-
" No. 3 silica sand
- .1&—Top of screen
(19.51 m BGS)
No.10 Slot
Schedule 40
PVC screen
51 mm diameter
C1 l&— Bottom of screen
(22.56 m BGS)
Bottom of sand
313.02 (22.56 m BGS)
SAND and GRAVEL 23.47
potentially till material
r&— Bentonite chips
306.92
SANDY SILT (TILL) 29.57
Upper/Main
ATC1 Catfish
Creek Till
] 303.88
i End of Borehole 32.61
10—
4
15—

Notes: Stratigraphic description from Golder Associates (2009) re

m AMSL - metres above mean sea level for drilling of WT-MW-OW3B-09. M

m BGS - metres below ground surface Edits by Stantec based on review of cored material and

m BTOC - metres below top of casing drilling at WT-MW-OW2-11.

GB - grab sample Sample details pertain to WT-MW-OW2-11.

n/a - not available

Stantec

Drawn By/Checked By: EH/LV Sheet 1 of 1
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. WU IV Y D | o e e
f? Ontario  Ministry of U A112904 i Eeew Well Record
the Environment 1 2 2 24 Regulation 903 Ontario Water Resources Act

Measurements recorded in: [XMetric [ imperial DS D004/ Page s of /

First Name Last Name / Orgénizaﬁon E-mail Address 7 Well Constru

_/F" 2 rm S i s N by Well Owner
Mailing Address (Street Numbef7Name) Municipality Province Paostal Code Telephone No. (inc. area code)

HLI

Ad:i?ess of Well Location (Street Number/Name) Township Lot Concession
SN A
LS s pee o O A)//\#‘ oL (/C‘ olle SiE?
CountlelstrictIMﬁicipa!“Ey ~ City/Town/Village 7 Province Postal Code
Lo ity prge # s SV) D) £A o peme Ontario Ll ]
UTM Coordinal ne , Easting Northing Municipal Plan and Sublot Number Other
NAD | 8|3

?
ling Record | [see hioiioneon

General Colour Most Common Material Cther Materials General Description Fmg‘e"m W?L
Gk Ko fde | T o B VA )
7y Loedes 1D /- 53 /2. /F

Depth Set at (mAd) Type of Sealant'Used Volume Placed After test of well yield, water was: Draw Down - Recovery
From To ial and Type) [(diiv] [ Clear and sand free Time | Water Level | Time| Water Level
P [ Other, specify (min)| (o |(min)| (VB
] L QS J‘/:g’(" CATE LA B 2L f pumping discontinued, give reason: f:}:;
pe | 29 160l TRP gty Smai o o
- s FE w7 A 1 1
Pump intake set at (m/ft) 2 2
Pumping rate (Umin/ GPM) 3 3
[J cable Tool ] Diamond [ Public O Commerclal [] Not used Boaten S . 4 4
gRotary (Conventional) [ Jetting Ob i [ Municipal b i uration of pumping . 5 5
Rotary (Reverse) [ Driving [ Livestock [] Test Hole [ Monitoring hrs+__ min
[ Boring [ pigging [ irrigation [[] Cooting & Air Conditioning Final water level end of pumping (m/) 10 10
O air percussion [ Industrial
[ Other, specity L] Other, specity iFflowing give rate (Umin/ GFM) 15 15
T BN SR == 20 20
Inside Open Hole OR Material Wall Depth (mA) [ water Supply Recommended pump depth (m/f)
Diameter | (Galvanized, Fibreglass, | Thickness [J Replacement Well 25 25
(emfin) | Concrete, Plastic, Steel) |  (omn) From To [ Test Hale
Recommended pump rate
S 7 [J Recharge Wel : 30 30
Y S5 BT b ios 04L | Doamemwer |1 M
[ Observation andior | Finjell production (min 7 GPM) 40 4
Monitoring Hole
[ Atteration - 50 50
(Construction) pxslnfected?
[J Abandoned, fdves [Ono 60 60

insufficient Supply
[[] Abandoned, Poar

‘Construction Record=Screen.

Suteice i Depth Water Qualt

i Materiat pth (mAY) ity
D(mr (Prastic, Galvanized, Steel)|  StNo- From To ] ::::i;!yonetﬁ, other,

S Sl T /24 L LL Y2 1D | e ooy

B e

Water found at Depth | Kind of Water: [:]Fresh/EaUntested Depth (m/) Dl;nzter X— Xx— X X
2 (mA) [(OGas| [JOther, specify From Te formfy) X { \ v~
Water found at Depth [Kind of Water: [ [Fresh (JUntested| AT 78 /5 < l X X i
() [ Gas | [(JOther, specify I i iy

Water found at Depth | Kind of Water: |_] Fresh []Untested v __ x — X &
(mAY) (] Gas [:}Other specify K= % — x~Xx - n

Business Name of Well Contractor ~Twel Contractor's Licence Na. —
l\Zassier Q0.

WT-MW-owa-||

QA DeiNing & Enginasy f—‘-‘ﬁ“ﬁ |

unicipa miments:
215154 10th Line, R.R. # ng ing Ltd. e
Provi ntacio L@Ns'paeE-mail Address

l I ] ! I Well owner's |Date Package Delivered
Bus.Telephone No. (inc. area code) |Name of Well Technician (Last Name, First Name) package
oot Y

L Derrens Bger drlelvluiulolo
Wel Technician's Licence No. | Signatufe of Technician andior Confractor]Date Submitted (ves
2l o |2 | fhore ks Ly byl lplo || O%  Lobs|yirlwin|pkol

OS08E (2007/12)  © Queen's Printer for Onftifio, 2007 Well Owner’s Copy



WT-MW-OW3-04-A

Project No: B2452-5

Project: Nitrate Pilot Study

Log of Borehole: WT-MWW.OW3-04

ent: 0y ¥ GRodbez
Client: RMOW J7 4i039es
Site Coordinates: Huron Rd. and Mannheim Rd. , Field Personnel: K.Greer
SUBSURFACE PROFILE WELL INSTALLATION
S - Well Completion
L 0 B
= = Description Details Comments
[0) >
Qa wn
ftim
0—+0 = Silt Ground Surface % 2ggve ground casing -stickup 0.74 m
§ w25 brown, moist
10 ::: :: Silty Clay casing locked with RMOW O lock
—T_7 ZJ\ brown moist
1 |=— - crayTin
20~ —— —| brown, wet

-1 Sand
-*1 brown, dry

bentonite grout

schedule 40 PVC pipe

Course Sand and Gravel

e ) Silt Till
.| dense, dry.

—2-+1 sand lenses less that 10 cm

4

water level (17.72 m)

.1 Sand Till
27| less dense

fluid loss at approx 63ft

7

|
'///

T

#3 drilling sand
5ft, 10 slot screen

- "1 fenses of denser silt till, less that 10 |F - “uma : Zeit| backfil
_ cm -

80“- End of Borehole
90
loo{~ 30

Drill Method: Fluid Rotary Datum: Relative WESA

182 Victoria St. South
Drill Date: Nov 2, 2004 Checked by: T. Svensson Kitchelge?'f%ntari: !

Canada N2G 2B9
Sheet: 1 of 1
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WT-MW-OW6-04-B

Project No: B2452-5
Log of Borehole: WT-MWAOW6-04B

Project: Nitrate Pilot Study o ’
obyF 9203 bOTF

Client: RMOW

Site Coordinates: Field Personnel: K.Greer
SUBSURFACE PROFILE WELL INSTALLATION
© _ Well Completion
e Qa
4% = Description Details Comments
>
()] n
fti m
010 |rr=rrg ground Surface === above ground casing - stickup 1.11 m
L Sandy Silt S ags

dry, brown
casing locked with RMOW O lock

~— —| Silty Caly Till
o]\ some gravel

!

| Gravel and Stones

Silty Sand Till

L.l trace clay bentonite grout

schedule 40 PVC pipe

90-
-‘“"t—_“"h-_%""‘*-,
| — -_%
100 —
Drill Method: Fluid Rotary Datum: Relative WESA
182 Victoria St.
Drill Date: Oct 20, 2004 Checked by: T. Svensson Kitchorar o

Canada N2G 2B9
Sheet: 1 of 2



squinlan
Text Box
WT-MW-OW6-04-B


P

Project No: B2452-5

Project: Nitrate Pilot Study
Client: RMOW

Site Coordinates:

Log of Borehole: WT-MWW-OW6-04B

Field Personnel: K.Greer

RS

SUBSURFACE PROFILE

WELL INSTALLATION

Description Well gggi;l)sletion Comments
|
|
— =
% % ter level (35.61 m)
--s.‘___\‘_‘M -»-.g\_h\ waier leve . m
— =
‘-’h-"‘"*\___
% %
““‘-..H\-‘-‘ -ﬁ.‘gﬁq‘“ﬁ
% %
% %
% %
—
= %
h“\-\:::--\ ""%
“‘% tb“"%‘*—__
% %
% %
) B
—— =
R i £ £ i| #3diling sand
é_é_: g z 5 ft, 10 slot screen
Silty Sand Till o == | pak
soft, saturated SR RN
trace gravel
170
End of Borehole
80
190
60
200

M ——

Drill Method: Fluid Rotary
Drill Date: Oct 20, 2004

Datum: Relative

Checked by: T. Svensson

Sheet: 2 of 2

WESA

182 Victoria St. South
Kitchener, Ontario
Canada N2G 2B9




WT-MW-WM20-93-(A-B) 9075—0 5/

Terraqua Investigations Ltd.

PROJECT - CLIENT :
PROJECT NO. :
CONTRACTOR :

BOREHOLE NQ. : WM-93-20

1of3

Waterloo Moraine Study - Region of Waterloo
TAY2378
All Terrain Drilling Litd.

DATE :
SUPERVISORS :

December 2 to December 7 1993
W, Best

METHOD :

Christensen PQ (5.25" 0.D.) Core Barrel Wireline System and 4.25" 1.D. (8" O.D.) Hollow Stem Augers

GEOLOGIC
DESCRIPTION

DEPTH | ELEV.

ft [ m [(mAMSL

SAMPLES

type| rec

0 0 360

fl ft

WM-93-20-1

interval{ 360.83

GROUND WATER MONITOR
WM-93-20-8

360.83 TOC elev (mamsl)

0 to 6" - Topsoail

Clay Till:
little silt. minor very small 1o smalt
stones, orangey-brown, Fairly denTe e% 3

g |./33823

Stlty Sand Till:
little clay, trace very small stones. light

brown with orange tinge, sl. moist

| .357.26

10

Sandy Clay Till/Clayey Sand Till:

minor very small to small stones. 4
brown except 10'3” to 11'7" which is
grey. moist 15

—354.67

L%
Medium Sand:
minor fine sand. structureless. brown, 20
wel

—353.14

Fine/Medium Sand:
laminated (some areas faint, others 23
mare prominent 8
22'6" to 23'6" - Fine Sand

293" to 30'10" « Fine Sand

30

grey at 3(°10"
structureless from 30'10" to 319"

10 | 350,09

Fine Sand:

structureless. grey, wet
Fine/Medium Sand:

oce. stone, pseudo clay laminae

W8 [

| 34933

—348.57

Sandy Clav Till:
i d
Very Fine to Fine Sand:
oce. blebs/laminae of clay at top
structureless, grey
1372

12

2 a0

_-347.87

43 —346.50
14

Clay Tilk:

trace very small stones, little tine sand
occurring as "cracks", grey

476" 10 483" - faint silt blebs .2

50 —344.97

Fine Sand:
little siit, [t brown, structurelesss, wet 16

—-344.00

Medium Sand:
structureless, grey, wet 33

&)

.340.49

Fine Sand: 65 20
structureless. grey. wet

65'1" to 65'7" - laminated

70

| AU

2.3 5

AU | 4 4

2.8 3.5

PQ

rQ

PQ Y 23 5

PQ | 4.75 5

PQ I 3 3

PQ | 48 s

PQ | 34 5

10

P | 34| s

11

PQ | 22 5

PQ | 0.8 5

PQ| 3 5

PQ | 35 5

PQ | 4 5

I Y WWZ
I T T Y

bentonite

riser pipe

cement
bentonite
holeplug

358.40
(mamsi)

benseal

grout

2" pve
+ graded sand
5 | 2'PVCwell

i— screen
i no. 10 slot
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Terraqua Investigations Ltd.

BOREHOLE NQO. : WM-93-20

2of3

PROJECT - CLIENT :  Waterloo Moraine Study - Region of Waterloo DATE : December 2 to December 7 1993
PROJECT NO. ; TA92378 SUPERVISOR : W. Best
CONTRACTOR : All Terrain Drilling Ltd.
METHOD : Christensen PQ (5.25" O.D.) Core Barrel Wireline System and 4.25" L.D. (8" Q.D.) Hollow Stem Augers
GEOLOGIC DEPTH ; ELEV. SAMPLES GROUND WATER MONITOR
DESCRIPTION
ft | m {mAMSLY # ]type} rec jinterval
70 ft ft
7R
Fine Sand: 22 % %
as described above ? % 1378
v .
75 16 | PQ | 44 5 % %j (mamsl)
faminated from 76'1" to 778" Z %
24 /
— R0 33580 ] 17| PQ | 43 5 % /é _
Fine/Medium Sand: ,///, / bentonite
grey, structureless % Z grout
55 26 wgleolaz| s |27
|
/
90 19| po|37s] s .
28 a8 28 %
' —331.81 %
Clay (Till?) then Silt:
194 |53 | 33114 20| PQ | 42| 5 %
Fine/Medium Sand:
alternating between laminated and not 30
laminated, grey-brown to grey
100 211 PQ | 45 5
94'8" to 95'9" - Fine Sand
bentonite holeplug
03] 32 22| PQ | 45 5 i .
—graded san
110 23| PQ| 45 5 — 2" PVC well
34 32629 screen
Medium Sand: no. 10 slot
structureless, grey
243% |3 32495 | 24| pQ | 41| s
Coarse Sand: structureless, grey
|—324.49
Silty Clay Till: 36
trace very small stones, grey, dense
mottled with siit as "cracks” and 120 231 PQ 5 5
pseudo blebs from 117'6" to 124's"
Grain Size Analysis at 119"
Matrix: Silty Clay, trace fine sand
: 2819 1351 38 | 32008 |26 | PQ| 5 | s
Silt and Clay:
lamintaed with clay, from 127'6" to
132'6" proportions of silt and clay are
almost identical, moderately dense.
grey 130 27 | PQ 5 5
40
129'9" to 130 5" - Silt
132%6" 1o 133'9" - 8ilt N ga.\
' | -319.23
Clay (Till?): 133 28 | PQ 5 5 Grain 8ize Analysis at 134"
mottled with tiny silt blebs or pseude Matrix: Silt and Clay, irace fine sand
kaminae, no stones except for last foot 42
n —318.09
Layered Clay: grey & red—brn 31779 | 20 | o [ 41 4
L0




Terraqua Investigations Ltd.

BOREHOLE NO. : WM-93-20

Jof3

PROJECT - CLIENT :  Waterloo Moraine Study - Region of Waterloo DATE: December 2 to December 7 1993
PROJECT NO. : TAS92378 SUPERVISOR : W. Best
CONTRACTOR : All Terrain Drilling Ltd.
METHOD : Christensen PQ (5.25" 0.D.) Core Barrel Wireline System and 4.25" LD (8" O.D.) Hollow Stem Augers
GEOLOGIC DEPTH { ELEV. SAMPLES GROUND WATER MONITOR
DESCRIPTION
it m {mAMSLY # ]type| rec finterval
140 ft ft
Clayey Siit:
occassional to trace very small stone, -bentonite hoteplug
grey. dense ) 44
144'9" to 145'6" - Silt: prey 143 ol PQ| 58 6
—315.65
Clay Till:
31504
End of Borchole - 147'6"
150
46
‘ 135
48
160
5)
163
0| s
175
54
180
- 56
183
1950 1 sg
195
60 INSTALLATION SUMMARY
Monitor Sandpack Screen Static WL
top [botlom| top {bottom{ <7 date
200
WM-93-20-§ | 355.5( 351.8 | 354.8] 351.8 |358.40 05/94
62 WM-93-20-1 | 328.4] 324.0| 327.7 | 324.6 |337.38 05/94
205
- All values are elevations {marns|)
- Water levels given are post development statics
64
- 210




MIS-HYD 009 08-1112-0150.GPJ GAL-MISS.GDT 2/7/11 RJ

WT-MW-OW3-09-(A-B)

PROJECT: 08-1112-0150

LOCATION: N 4804996.0 ;E 536554.0

BOREHOLE LOG OF: WT-MW-OWO03AB-09

DRILLING DATE: December 2, 2009
DRILL RIG: Sonic

DRILLING CONTRACTOR: Boart Longyear

SHEET 1 OF 2

DATUM: NAD83

medium SAND, trace gravel

CONTINUED NEXT PAGE

w O]
N S w GEOPHYSICAL RECORD PIEZOMETER
oy O [Eev. | 8 OR
T E DESCRIPTION 6‘ DEPTH s} STANDPIPE
ks 2 ™ 8 GAMMA (cps) CONDUCTIVITY (mS/m) INSTALLATION
w S o]
e L 25 50 75 100 10 20 30 40
1 1 1 1 1 1 1 1
GROUND SURFACE 336.68 B A
[ Very loose, moist, black, organics, peat, some 0.00 7] Cament
- rootlets, sand 236.07
L Compact, moist, brown, sandy SILT, some 0.61
B beddings
- 335.16
i Loose to compact, moist, brown, medium to 1.52
[, | fine SAND, some silty sand layers throughout,
B trace gravel
- ___ 333.33
B Some gravel 335
— Y
- 332.57
— 6
— 8
B Bentonite Chips
— 10 - Bentonite Chips
B m
= w
B <
I 325.40
B Some coarse sand, trace gravel 11.28
— 12
— 14
— 16
- - _ 319.31
B Loose to compact, moist to wet, brown, 17.37

DEPTH SCALE
1:100

é Golder

Associates

LOGGED: KS
CHECKED: DN
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MIS-HYD 009 08-1112-0150.GPJ GAL-MISS.GDT 2/7/11 RJ

PROJECT: 08-1112-0150

LOCATION: N 4804996.0 ;E 536554.0

BOREHOLE LOG OF: WT-MW-OWO03AB-09 SHEET 2 OF 2

DRILLING DATE: December 2, 2009 DATUM: NAD83
DRILL RIG: Sonic
DRILLING CONTRACTOR: Boart Longyear

O]
é * 9 w GEOPHYSICAL RECORD PIEZOMETER
oy o |Eev. | 8 OR
T E DESCRIPTION 6‘ DEPTH s} STANDPIPE
ks 2 ™ 8 GAMMA (cps) CONDUCTIVITY (mS/m) INSTALLATION
w S o]
e ” 25 50 75 100 10 20 30 40
1 1 1 1 1 1 1 1
|, |- CONTINUED FROM PREVIOUS PAGE — B A
B Loose to compact, moist to wet, brown,
- medium SAND, trace gravel
K 315.34 Screen
B Compact, wet, brown, medium to coarse 21.34
B SAND and GRAVEL, some silt Bentonite Chips
— 22
: 314.12
i 313.21 1 B
- Compact, saturated, brown, medium to coarse ;;: gg 1R
[ 2 GRAVEL, trace sandy silt . 31260 “ sand
B Compact, saturated, brown, medium SAND 24.08
- and GRAVEL, trace silt, trace cobbles 312.30
B Compact, wet, brown to greyish brown, m 1
B medium SAND, some gravel E; H
— 26| SA-1(25.9-26.8m) HC
: 309.25
- Bentonite Chips
— 28
B 307.11
B Compact, moist, brown to greyish brown, ] 29.57
L 30| sandy SILT, trace to some gravel, trace clay SHNH
- (TILL) 44
| 44 Bentonite Chips
< .'A N
N PYEY
- 4 —
- Y| g
i 'tq N e
| Yl
R 4 o
4]
L 32 gy
B g | Y
= N
B N 304.07
R END OF BOREHOLE 3261
— 34
— 36
— 38
— 40

DEPTH SCALE

1:100

Associates CHECKED: DN

é Golder LOGGED: KS




STANTEC BOREHOLE AND WELL - MASTER 17X11 165640303_K21-K26_SB.GPJ DATA TEMPLATE_ENVS_CA 140725.GDT 6/12/23 AHEALEY

Monitoring Well: WT-MW-OW1-21-A

WT-MW-OW1-21-A

Project: K21/K26 Well Replacement Field Investigator: S. Baer Ground surface elevation: 343.55 m AMSL
Client: Regional Municipality of Waterloo Contractor: Aardvark Drilling Inc. Top of casing elevation:  344.23 m AMSL
Location: Kitchener ON Drilling method: CME 75 truck mount - Hollow Stem Auger/PQ Mud Rotary Easting: 537722.36
Number: 165640303 Date started/completed: 27-Sep-2021 / 29-Sep-2021 Northing: 4803202.56
SUBSURFACE PROFILE WELL DETAILS
Elevation
) ) ! - (m AMSL)
Depth Graphic Log Lithologic Description Depth
(m BGS)
® __m 344.23
0 = 0 Ground Surface 343.55 ~<&—— Above Ground
1 FICC 0.00 Casing
b CLAYEY SILT 342.95 0.68 m stick-up
51
1—2
10 _:_ 154 mm Borehole
-1 SILTY SAND Diameter
P 0t039.01 m
4 GRAVEL
20 ——6 Coarse gravel with some cobbles and fine gravel
25—~
T8
0=t
410
36—
40912
45 _:__ 14 Bentonite Grout
4 0t027.43m
50—
J— 16 Water Level
a1 15.77 m BGS
55— 7-Oct-2021
60 _:_— 18
65— 2
70—
T 22
75—
J—24
80 —
85 —:_— 26
90—
+—28
95—
130
100 —-
E— [®— Bentonite Pellets
105 —— 32 27.43 10 35.36 m
110 =+
T—34
115 —- (
T 3 “#— No.2 Silica Sand
120 = 306.95 N 35.36 to 39.01 m
e SAND 36.60 :
I ¥— No. 10 Slot
125 —— 38 . Schedule 80
=N 304.53 PVC Screen
130 = End of Borehole 39.01 35.97 t0 39.01 m
T— 40
135 —

Screen Interval: ~ 35.97 - 39.01 m BGS
Sand Pack Interval:35.36 - 39.01 m BGS
Well Seal Interval: 0.00 - 35.36 m BGS

@ Stantec

Notes:

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

Lithologic description between 0 and 16.8 m BGS
was logged in the field. Lithologic description below
16.8 m BGS was provided by the drilling contractor
on the MECP Water Well Records.
KWT-MW-OW1-21-A is a replacement well for
WT-MW-OWO01-09-A. More detailed lithologic
descriptions can be found on those borehole logs.

Drawn By/Checked By: SB/ KM

Sheet 1 of 1
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8y BURNSIDE

[THE DIFFERENCE IS OUR PEOPLE]

Appendix B-2

Mannheim ASR Well Logs

Z-9 xipuaddy



ASR1

| WELL NUMBER:  ASR-1
‘Page 1 of 4

Gore & Storrie Ltd. MONITORING WELL DRILLING & CONSTRUCTION LOG

DRILLING METHOD: MR/CC/RC
ELEVATIONS: -SURFACE ELEV.:

CH2M PROJECT NUMBER: 211IK44073A.B4

CLIENT NAME: RMOW

-\

LOCATION: Mannheim WTP- Warren Pit (METERS)
DATE DRILLED: Nov.-Dec.1996
LOGGER: Peter Lamont ’ -TOTAL DEPTH: 72.24
DRILL COMPANY: All Terrain Drilling Ltd./ INS Ltd. EASTING:
~ 9 NORTHING:
DEPTH SOIL SAMPLE SOIL DESCRIPTION 'WELL CONSTRUCTION
. INTER TYPE RE
SURFACE - - NAME, COLOUR, SOR. STRUCTURE
(METERS] VAL AND COVERY PARTICAL SIZE DISTRIBUTION, MOISTURE : CASING, %&, Ngvnn.m
{METERS)] NUMBER {cm) CONTENT, PLASTICITY, DENSITY.
CONTINUOUS
cs
0 AR
(00 » v
00 N N,
Coarse Sand/Gravel 5262 ] ) Surface
! (0-3.05 m) A K c"‘na
coarse sand & gravel-well > -0 -] | p ’ {0-8)
rounded 506° 8 q 660 mm dia.
‘ 06 e 4 steel casing
; N K cemented
Sand : |1 . into place
(3.05-6.10 m) 4 {
i fine to medium, trace gravel A )
i N\ N
. 5"‘ A |1
b ) diameter:
A ” :
§ S sy
g Sand 4 L4 . 3
(6.10-8.22 m) S NN 813 mm:
. tine to very fine, trace to some \/ : ] 61-45.7m
1 siit M
| 3 1A i1 11
e s oo, e, s, Ao NN N N
Sand -1 14 4 11
i (8.22-10.67 m) NN NN
very coarse with tine gravel, -1 4 H ]
’ some oxidation NN N N
10 1 A4 4 11
NN N N
. 1 14 4 11
Siit NN N N
{(10.67-14.63 m) 1 14 1 14
moderate yellow brown (IOYR N N N N
. §/4) sandy siit with some clay 1 4 1 1
NN N N
~1 1A 4 11
7 NN SEN
. ! L1 1A 1 |
N1 N NN
L~ A A4 14
N N N
15 Ssnd 31114 4 1.1
: (14.63-19.20 m) N MR :°"°"°‘°
medium to fine sand, trace silt, A Ny ell Seal
trace gravei SN s (0-38.6)
A L] "ny 2%
SN SN bentonite:cement
-1 1A 4 |1 mix
NN SEN
~] | A A |
P NN NN
. A1 1A 4 A
] . . 0 5 R AN N K
] g . -1 |4 14 |
. - %// N \
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Gore & Stbrrie Ltd.

PROJECT NUMBER: 21IK44073A B

| WELL NUMBER: ASR-t
Page 2 of 4

MONITORING WELL DRILLING & CONSTRUCTION LOG

CLIENT NAME: RMOW

LOCATION: Mannheim WTP- Warren Pit

DATE DRILLED: Nov.-Dec.1996
LOGGER: Peter Lamont

o : e . . EASTING:
DRILL COMPANY:  All Terrain Drilling Ltd./ WS Ltd RORTHINS:

DRILLING METHOD: MR/CC/RC

ELEVATIONS:
(METERS)

~SURFACE ELEV.:

—TOTAL DEPTH: 72.24

DEPTH SOIL SAMPLE SOIL DESCRIPTION WELL CONSTRUCTION
oy INTER TYPE RE
SURFACE - - RE- NNE, SUL STAUCTURE .
(METERSY VAL AND | COVERY PARTICAL SIZE DISTRIBUTION, MOISTURE msmmnﬂ?vcmm
(METERS)| NUMBER {cm) CONTENT, PLASTICITY, DENSTTY.
CONTINUOUS)
m B
20 Siay % —Gravar —
(19.20-22.56 m) 11 1 |”] Supply
moderate yellow brown (10YR EENEN N ] Tubes
5/4) clay, trace to some sand, 1 H il (0-a4)
trace siit, increasing sand X with NN NN S0 mm agia.
depth to lower contact ~ % \/ : { \/ steel pipe
A N
. .1 A 4 1
Sand N
(22.56-30.48 m) M N
medium to coarse sand, fining L N
with depth to some fine sand at {1140 ] A
tower contact LK
N N
25 .1 14 1 11
1LIN K] weli casing
A 1A 14 1.1 (0~53.85)
° 1NN SEN 442 mm
v A |4 i1 0.0.
NN A K] Certa-LokT
4 i1 4 4 11 PVC pipe
NN N N
L~} 1A 14 |1
TNN NN
L~ §4 11 |1
NN N
L1 11 11 11
NN SN
30 A 11 1 1.1
NN NN
.~ 1A B%
Clay
(30.48~32.00) 10N N
clay with tine sand, some silt, L §
some medium to coarse sand 10U [
Sand NN N N
(32.00-4115 m) 1M HH
32.0-36.58 m: silty medium to NN NN
coarse sand, trace gravel 1 11 1 1
1NN SEN
-1 1A 1 |1
NN NN
35 4 171 4 1 |7
NN N N
L1 11 1 11
TN NN
1 1A 2R%
ST TR s s e i, ot 7] 2
36.58-41.15 m: fine to coarse ) Z g 2 Z
sand, trace siit, some fine gravel 7% {] Well Seal
e zh’ 1 (38.6-40)
at lawer 1.5'm Zy; H :
1Y ? Y] bentonite
g 2 2 g chips
7% 27
194 HG
78 1 A
1Y U
n ¥ %




- , TWELL NUMBER: ASA_T
CH2M PROJECT NUMBER: 21144073484 fELL UM

Gore & Storrie Litd. MONITORING WELL DRILLING & CONSTRUCTION LOG

DRILLING METHOD: MR/CC/RC

LOCATION: Mannheim WTP- Warren Pit (METERS)
DATE DRILLED: Nov.-Dec.1996 |
LOGGER: Peter Lamont -TOTAL DEPTH: 72.24
RILL COMPANY: All Terrain Drilling Ltd./ IWS Ltd. EASTING:
DRI g NORTHING:
DEPTH SOIL SAMPLE SOIL DESCRIPTION HELL CONSTRUCTION
BELOW RE
SURFACE| INTER- | TYPE - NAME, COLOUR, SOR. STRUCTURE
(METERS] VAL AND | COVERY PARTICAL SIZE QISTRIBUTION, MOISTURE m%m%u.m
{METERS)] NUMBER {cm) . CONTENT, LASTICITY, OENSTTY.
cs
40 N ]
s R
(41.15-45.72 m) 6:?;6:? g
fine gravel! with medium sand, OO
some fine and coarse sand _‘?_‘69:6
o 0! Fliter Pack
5.0 60 g 1 e0.0-72.2)
PP Ui #we.
o0l ‘] sllica sand
. .-'.o..",o :
RN d
45 -0 .0 :
0.0 - ;
. . . . . s -‘.o.-’.o =
Sand “o%ht 1 ki
T (45.72-49.98) AR s
very coarse with gravel/cobbles, % o 95‘
R1 00 trace to some silt : :.7':. B - Borehole
Bt RS " diameter
— ':. :.f‘:‘ ] 71t mm:
sl 45.7-56.4 m
R2 1o e, 52 |
1 wanl | |
0_ — — s ——— e e ~.-’.. :‘.:.
S R3 150 Sand i e
(49.98-52.42 m) R
171 medium to very coarse, poorly A
sorted, trace to some gravel, kK
R4 150 faint H>S odour
N Gravel/Cobbles -
gravel/cobbles, round to (53.65-55.47)
sub-rounded with siit and sand o 406 mm dia.
#304 S.S.,
o #35 slot
55+ R6 0 wire wound
Blank
o (55.47-57.00)
Sand o X
R7 150 (55.84-57.18 m) 55 Sl
moderate yellow brown (10YR e o) Steel
M\ 5/4) tine sand, trace clay/siit /1
R8 105 Sand RN EE B I :
(57.16-58.52 m) S == Borenhole
N —\ medium to coarse, well sorted, =T N ; diameter
trace silt/gravel / RN “ I , K : 810 mm:
R9 75 Stnd— T l ’ 56.4~72.2 m
06 158.52-60.05 m) l I

fine sand, well sorted, with siit



CH2M

PROJECT NUMBER: 21IK44073A.84 WELL NUMBER: ASR-1

Page 4 of 4

Gore & Storrie Ltd.

MONITORING WELL DRILLING & CONSTRUCTION LOG

CLIENT NAME: RMOW

LOCATION: Mannheim WTP- Warren Pit

DATE DRILLED: Nov.-Dec.1996
LOGGER: Peter Lamont

 DRILLING METHOD: MR/CC/RC .

‘ELEVATIONS:
(METERS)

—-SURFACE ELEV.:

-TOTAL DEPTH: T72.24

DRILL COMPANY: All Terrain Orilling Ltd./ IWS Ltd. EASTING:

75+

End of Driling

NORTHING:
DEPTH SOIL SAMPLE SOIL DESCRIPTION WELL CONSTRUCTION.
BELOW
SURFACE] INTER- TYPE RE~ COLOUR, S0B. STRUCTURE
METERS| VAL | ano | covery PARTICA ST (TS IO WOISTIRE Ot SR TERAL SHO
(METERS)] NUMBER {cm) CONTENT, PLASTICTTY, DENSTTY.
CONTINUOUS]
cs
80
Sand
RIO 80 (60.05-63.49 m)
moderate brown (SYR 4/4 - 3/4)
—_ medium to coarse sand, trace siit,
occasional cobbles, gravel, H>S
: odour at lower contact Weil Screen
Rt 130 (57.0-88.14)
4068 mm dia.
—_— #304 S.8.,
] S - T #35 siot
Sand
R12 50 (63.49-66.68 m) wire wound
—_ moderate yellow brown (1OYR
65~ R13 144 5/4) medium sand, some fine and
. coarse sand, well sorted, trace
. silit/gravel, faint H>S odour
[EN S «
R4 80 st |l|l||||
(86.68-690.07 m)
— light brown (5YR 5/6) siit, ll'lllm :
1 compact, layers of tine to very Well Sump
RIS 150 fine sand, strong HyS odour at III]!'I” (65.84-72.2)
fower contact #3044
K
(89.07-72.24 m)
70+ Ri8 150 pale brown (S5YR 5/2) to brown
. grey (5YR 4/1) siit, trace to
some clay, trace gravel, strong
H2S odour, sitt becoming medium
RIT" 150 dark grey (N4) at lower contact




ASR2

gezoi2ald

-]
2 T T T T R T B B ,M
T rTiT T -
LI O TN R L R 4= - n
£
1 o
g ] ) o f ;g
% llllllllll T L e Fafl e il it et A A A S R TR SO TN -] I | SRS LI S e o S i R i A e I I B O =] a i
= . :
F 83 : 1280l & 8
|& £ o mk IIIII °% : :
E E ] .
g E B = g5 1"
= - % ] G 38
f m 88 2 & 2 -
6 g % g ¢ % :
£ = .m
£ £ 3 ¢ ’
=
2 8 w2 b
g B 4 O 3 a
: o
i EE5Z ¥ N
8 : 88628 a 3 :
S Z2 w M s
g = g 33
: 2 8% e
5 9 g2 = |s
~ W b 1 K
e £ 8 8¢ sk
'] @ T £ e
] = = G 3
[ 5 L g
e . 3 22 ;
3 3 35 g e R 5
5 =S5 g4 E .
: 3 23 - ! : [ | ]
$ 0 5 ! ' [ -
% L Nmm e 8 _ VL Gl m
g [2] . A
§ 3 252 mm _ a8 . :
o 0 gghk = | N :
RRHES v R f
E £ E L = _ ; i
: 3 1ot
2 3 ~ .. 2 H |
3 8 S8 & g 3 Y ;
¥ 3 : : y-To R
;33| e _ﬂ e
m = M £ Ll . A_“f )
7] .. .. a2 b L
o g s B m Ay
v e 5 s £ 8 & n |
= = ]
3 ..m-. m. m s H m M 4 [ m
a4 8 5 &5 5 £ @ vt . Vo a
m e @ 0 w O Z ) . "” _ i
e
[ ____A.__ Il_l_ll—.\ .
W. __ "”"""_ EEERERE n.n.lun._.|_|\_|_|" [ 1 T,
) _ S EAREARE R A EEEEEREREEEEERREEN
2 ! |"|m|"||"\"..|"|_ A T __""""”""H____ o i
m 87 __“____V__A_____ _\__|4|_|L_|.|4;_.J..1|_|4|_|4 a-ra-F 8
g d ______.._ x T 1o
a8 % < [ R N T B B | ________
§ .M M. " ______u_.__v_ | ______g__ Lo
m M $2E e |.1 |"|..w1417|_|_.J\ﬂ|.|4t_|._\_ "____,_"___._f__. P
& i g 2 F i _.___,"_,__“"____,___,_ BREE SRS 5 um.u
5 s 383 AR N T T
} g £ 3 3 .________._——
] £ W g 2 I N | i — pe
g T ] s 5 Q o w o o] =3
£ 2 9 g 3 3
T 2 @ m 2 it
i3 ey [ '
EIS S N -
£ 22 5 28 § £
4 = £
$2 2 geell Bt
£ M e £ & © M.m
@ o
T s 2 zE ¥ £ :
t £ o = ] = & :
8 & o i E,
[ T a © o . :
) ! 1 : P
g g3 s I8 3 By
3 f HE g | : s |5 |, i
] 2 13 =g e 4 3 H i je ] = 50
] ¥ 4 5|8 3 H i £ 15 |8 358
: i k: i - N R - 3 " 835
@ £ ¢ 2 i H 5 € 4 OpZzzD
g il 3 : Ek : £ 2 £ £ £ 5 =582
: : 15 g oy i < hm a Hmm&
3 § : HH § e | ¢ g % A2i%
@ © w Mr L4 3 2 ¥ Bi
€ 3 3
oot G| (o n m
(7] £ [ m H g g e 2 - r
o g4 o n ¥z g :
O : 2 w g i 4
s g5 £ Pl| < it £ 2
5 S ¥ E o g|E E 3
@ a "~ E . o
o & & m = E mm M m
2 MO T 1 E: :
< = I © o ®
£ g o 8 = .
g 8,8 8 3 : E] 3 e _ :
E - 2% 3 % o n ] . a e I .
2 ;535 §8 4 . |- oo . : 5 s @
= 2351 3 g 2 pi | B4 3 e w %1% % 3 3 M - 3
T3 23 3 & §3 5% b 3|8 b 4 b 4 38 |5 g —
§ 1383 35 g 372" b b b 31 E b 2 3 I3 Isls g |a
s & s y 3
$ &t s glle F] g 3 |3 Bk A E A
£ & B & & ¢ & &

(
|
[
\
(



squinlan
Text Box
ASR2


ASR2 d

24/FEB/2003
i
ELEV. TOP OF STEEL
CASING=379.50 masl| \
CEMENT/SAND GROUT
1.20m ABOVE GRADE m) / _
D%%EB%LO)W R ' NN NN
m % g5 ARE
NS R
7m BELOW GRADE ) RE 965mm (38") DIA l
BORE HOLE
10
762mm (30™) DIA
STEEL SURFACE CASING I
f CEMENT\BENTONITE GROUT
20 ;
51mm (23 DIA STEEL (] l
GRAVEL ‘SUPPLY TUBE {33
28m (92") N GRAVEL TUBES TO
30 Sten (1025 32.6m (1077) I
FINE SAND
442mm (17.4") 0O.D.
CERTA-LOK '
40 PVC WELL CASING
S f~—— 660mm (26") DIA
- ] BOREHO
50 46.6m (153" \vAR &
52.4m (1717) < | _— 406mm (167) DIA TYPE_304 CONT WIRE
SCREEN JOINT AT— 1] 85 WRAP SST SCREEN 70 SLOT (HIGH FLOW)
56.4m (185") 5
, "}e—— SAND FILTER PACK
60 59.8m (196") 14.0 METRIC TONNES (RF#60) l
*1 T 406mm (16™) DIA SCHEDULE 10
66.5m (218) X TYPE 304€ sgr SUMP WITH )
20 TD BOREHOLE ' WELDED- BOTTOM TO 65.5m (215°) '
STEEL CENTRALIZERS 1.0m ABOVE
AND BELOW SCREEN AND EVERY
6.1m ALONG PVC CASING l
80
NOTE:
NOT TO SCALE _
MANNHEIM ASR SYSTEM l
FIGURE A-6
_ OATE : 2-18-03 o . ASR2Z '
PROJECT No. 121099 AS BUILT WELL CONSTRUCTION ]
12109910118 .
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28/MARCH /2003 - : o ASR3
—

|
§
|

ELEV. TOP OF STEEL
CASING=377.82 masl

CEMENT/SAND GROUT

0.88m ABOVE GRADE 1

DEPTH BELOW
GRADE (m)

965mm (38") DIA
BORE HOLE

10

~762mm (30") DIA
SURFACE(CAQENG

A LT i LA B P
A

CEMENT\BENTONITE GROUT

S1mm (231'-" DIA STEEL

55 GRAVEL SUPPLY TUBE<}#: .
' : g 660mm (26™) DIA
4 F BOREHOL
IH 30 30.5m (100) -29:0m (957) ] L il .
; T e GRAVEL TUBES |
- TO 32.0m (105") -
IM ” S 442mm (17.4") O.D.
: 40 v CERTA-LOK PVC WELL CASING
45.7m (150') “| 7 [——SAND FILTER PACK -
12.20 METRIC TONNES (RF#60)
50
51.8m (170" ] .
& 406mm R.S:' 6") DIA TYPE 304 C%l’:er
. . WIRE WRAP SST SCREEN 70 SLi -
57.0m (187’) - (HIGH FLOW) .
60 3 »
63.4m (208" -
TD BOREHOL 406mm 51 6 szr DIA SCHEDULE 10
e TYPE 304 SST SUMP WITH WELDED
BOTTOM TO 63.1m (207")
70
_ S STEEL CENTRALIZERS 1.0m ABOVE '
AND BELOW SCREEN AND EVERY
6.1m ALONG PVC CASING
NOTE:
NOT TO SCALE .
MANNHEIM ASR SYSTEM '
FIGURE A-7 l
DATE : 2-18-03 ASR 3
PROJECT No. 121099 AS BUILT WELL CONSTRUCTION
[ |
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ASR3

93/19/2003 18:37 5193571799 DAVIDSON DRILLING PAGE 82
| ' The Onterfo Water Reeources Act
® Ontario Tar WATER WELL RECORD
Pvice onfy in apagies proviciad.
Wik aneract be i & checienads, where appicabie.
i " Coualy o Oloaiet Oon dlock vwol eurey, e | Lot
Region of Waterloo Ctt»'z of Kitchener Con. G&‘l" 131
Owner's amune £ex Nome i 130 derick . 4th F1
[ Regional Mun. of Hut.gx;aa B s e OOK | ovmpius Jag..0
'ﬂa'_'ﬁ__.___—_— ARD WEDROOK MATSRALD (s0e ingtructions)
i Garvarsd oY ] Ottt rn it 0—-*—0"" —'.Fn
" Gray Cosrse sand Gravel 0 | 10
Brown ) 'n.‘."g.'.l. L 2 10 1 40
Browvn |Clay Silc 40 | 60
Brova Fine Sand t, some sand 60 80
Browa |Clay Siic 80 | 85
Brovn |Fina Sand Silc and somg gg.;‘g gravel 8s_| 95
! Brown Fine Sand 8ile 95 |155
Dk.Grey|Med., Sand Gravel 155 170
Brown Gravel Silc 170 1191
! Gray Clsy Silt 191 1200 |

[

r—

A
E

E""’E Ko of s = Il -l i 16 --] 17 =
"-—E'w— SR.4. - —Ter o o
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Q2o0129¢ ASRa
ASRPW-HA-OZ_

AsK4

39.6.44.2 Pagrly Gragded fine Sand, light brown, moist, iocee

Project: Mannheim ASR Project, Stage 1 Figure A-5! A/ Locatlon: Mannheim, Ontaric
Project No.: 12109¢ Nortthing: 4805431 m
Started Drillling:  10-26-2002 Started Well Construction:  11-02-2002 Casing Type: 390mm 1D Carta-Lok PVC {SOR 17) Easting: 538.083 m
ICompleted Drilling:  10-31-2002 Completed Well Construction: 11-06-2002 Sump Type: 3894mm 1D 304 55 sump Ground Elevation: 378.75 mas|
Bore Hole Diameter: 660mm from 0-41.76 mbgs Tota! Depth of Well: 72.50 mbgs Screen Type: 406mm 0D 304 S8 Johnson high flow Well Head Elovation: 379,45 mas|
610 mm from 41.76 - 72.64 mbgs wire wrap screen 0.07" slot
Total Depth of Bore Hole:  72.84 mbgs Drill Method; Conventional Mud Rotary Screen Intervat: 56.90 - 66.40 mbys Survey Datum: NAD 83 (zore 17}
Grout: Type il porjand cement with §% bentonite Gravel Quantity & Type: 13.5 Metrdc Tonnes Red Flint Michigan #60
Gealogle Log by: Boyd Pendieton, CH2M Hill Drilling Contractor: Davidson Driliing Ltd. Notes: Pilot bore hole cored by Rato-Sonic methods on 10-01-02 to 10-02-02
Crapth Abbreviated Gealogle Gansralized Wall Gammalog Callosr Log Allgnment Sufrey _Dvnamic Flow Log
of Description Construction 10/G212002 11/02/2002 11/03/2002 12002
Interval Figure A-5a Flgurs A-5b Flgure A-Sc Figura A-5d
m}
0-2.9 Pegtiv Graded mediym Sang, brown, maist, locse ! ! ' ! !
SR . U UG P E
I | | | 1
2.17.6 VealL Graded Sand with Qravsl. light brown, maist-dry, l6ase CoTTT r r--r--r [
r--L- R U —
I | 1 i
Sl e e Sl el - -
I S I ) P -
! | i I
i F--ctoroor- --
| R R e A
78107 Pooriv Ciraded fine Sand, brown, moiat, iouse R . R
-k = A VU O S
| 1 I |
-7 e e R
10.7:11.9 Poorly Graded Hine $and, brown P et R T T W B
I 1 ' |
9177 | ElRatlc SIL trown, wal, medium denss Loogo bompemp o b (.
e N | WU N N -
3 i ! ! | |
| — il R e A
Fema o S T U
1 1 H I I
r-——-7T= | i e A -
SRR S I N H
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24/FEB/2003 .

ELEV. TOP OF STEEL
CASING=379.45 masl
CEMENT/SAND GROUT
.70m ABOVE GRA
DEE%EB%LOW 07'021 R /\//!35 g RS
4 £ |- L
™) M HERRRRRR
7m BELOW GRADE [“FL: K~ 965mm E’)B") DIA
' £} BORE HOLE
98 762mm_(30") DIA
§i {t STEEL SURFACE CASING
s Pl CEMENT\BENTONITE GROUT
20 53
51mm (23 DIA STEEL [
GRAVEL 'SUPPLY TUBE i~ sc0mm (26" o
: L BOREHOLE TO 42m (137.8")
30 1 '
' 1 F—— 442mm (17.4" ow.
, SIMEGAS) Lk 1t SeAmT Sk
40 40m (131°) | PVC WELL CASING
I | Y ] PN SAND
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A 56.9m (187") - ] —— 406mm (16") DIA TYPE 304 CONT WIRE
50 N = 4 WRAP SST SCREEN 70 SLOT (HIGH FLOW)
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~ e D) g [le——SAND FILTER PACK
. 66.4m (218") - 13.6 METRIC TONNES (RF#60)
, 70 W
NG | N | Ry Ty
. s Clls e \ WELDED BOTTOM TO 72.5m (238")
\ 80 |
STEEL CENTRALIZERS 1.0m ABOVE
AND BELOW SCREEN AND EVERY
6.1m ALONG PVC CASING
NOTE:
NOT TO SCALE
A MANNHEIM ASR SYSTEM
FIGURE A-10
owtE - 2-18-03 ASR 6 (previous 10)
PROJECT No. 121099 AS BUILT WELL CONSTRUCTION
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renamed RCW |

24/FEB/2003
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m K L BEee N
7 w craDE  [FE IE~—965mm (38") DIA
M BELO H 1&4 < BORE HOLE )
10 H A 4
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) STEEL SURFACE CASING
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) - [~ GRAVEL TUBES '
50 TO 47.2m (155')
53.9m (177’) K-,
60 X
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FIGURE A-9
DATE : 2-18-03 ASR 5 (pf&u’fous 10)
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Depth
in_metres

0.0

0.586

68.3

69.2
69.7

70.6

78.4

83.3

Top of casing

Pumphouse floor

¢

RCW1/ASR5

Discharge head

Top of pump
Bottom of water

level tube

H

Pump intake

Top of screen

Bottom of motor

Bottom of screen / Top of sump —

H

E [ dnnd 3owis z |

\\

YO1ON dH 0ol

Bottom of well

400 mm (16”) PVC well casing

#2 SOW power cable

200 mm (8") SCH40 epoxy coated column pipe

32 mm (1.25") poly water level tube

Pump
Manufacturer: Goulds
Model: 10RJLC — 2 stage

400 mm (16") stainless steel screen

New

Motor

Manufacturer: Franklin

Power: 100 hp/ 575 v/ 3 ph
S/N: 12G19-26—-080598

400 mm (16”) stainless steel casing

Note: All original equipment unless noted otherwise

ECHNICAL

SERVICES IO

N\ Lotowater

CLIENT

Regional Municipality of Weateroo

Well REWT

Pumpp Insiclletion Drawing

PROJECT No. ©04-236 G:\Lotowater Projects\004 Region of Waterloo\236 RCW1 Emergency Service\Pump Install.dwg
FIGURE
DESIGN
DRAWN | B4 | 2012/08/16 REVISION No.  2012/08/16 SCALE NLT.S. 3
CHECKED
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renamed RCW A

24/FEB/2003
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CASING=386.89 masl \
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MENT/SAND GROUT
0.78m ABOVE GRADE CF /

-

B S N RAGG K 1 B ENN NS
SIS | HE RO
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0 £ £ - BORE HOLE
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- Ft——— CEMENT\BENTONITE GROUT
20 L] (;;:
e R el |
- AN 2 L ~—— 660mm (267) DIA
: @\l BOREHOL ’
30 %
I
g T 442mm 817.4") 0.D.
¥ i CERTA—LOK
40 : PVC WELL CASING
45.7m (150" 44.2m (145" ;12 {,—FINE SAND
./m =
kR - F[*——— GRAVEL TUBES |
50 ' TO 47.2m (155")
53.9m (177" S v
bl T e SAND FILTER PACK
o I 71.25 METRIC TONNES (RF#60)
60
X 406mm (16”) DIA TYPE 304 CONT WIRE
68.7m" (226 K > WRAP SST SCREEN 70 SLOT (HIGH FLOW)
70 ] if‘/
72.7m (239°) . R |
eem aa) BL =P g 000 o g 1o
80 10_BOREHOLE lr\ WELDED BOTTOM TO 78.8m (259°)
STEEL CENTRALIZERS 1.0m_ABOVE
AND BELOW SCREEN AND EVERY
6.1m ALONG PVC CASING
NOTE:
NOT TO SCALE
MANNHEiM ASR SYSTEM
FIGURE A-8
owe . 2-18-03 . ASR4 (previous 10)
PROJECT No. 121099. AS BUILT WELL CONSTRUCTION
l 121099f011C
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Depth
in_metres

0.0

0.58

71.3

721
72.2

73.6

76.1

82.0

Top of casing

Pumphouse floor

¢

RCW2

Discharge head

Top of pump

Bottom of water level tube

Top of screen

H

Pump intake

Bottom of Motor

Bottom of screen / Top of sump —

>

E [ dnnd 3owis z |

\\

YO1ON dH 0ol

Bottom of well

400 mm (16”) PVC well casing

#2 SOW power cable

200 mm (8") SCH40 epoxy coated column pipe

32 mm (1.25") poly water level tube

Pump

Manufacturer: Goulds
Model: 9RCLC — 2 stage
S/N: 588542-2

400 mm (16”) stainless steel screen

Motor

Manufacturer: Franklin

Power: 100 hp/ 575 v/ 3 ph
S/N: 04D19-30—-0009

400 mm (16") stainless steel casing

N\ Lotowater

CLIENT

Regional Municipality of Weateroo

ICHECKED

TIMLE
TECHNICAL SERVICES INC. Well RCW2
Pumip Installetfion Drewling
PROJECT No. 006-238 G:\Lotowater Projects\004 Region of Waterloo\238 RCW2 Emergency Service\Pump Install.dwg
ESN FIGURE
DRAWN | B4 | 2812/08/16 REVISION No.  2012/08/16 SCALE  [N.T.S. 2
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STANTEC BOREHOLE AND WELL - MASTER 17X11 20190515_RCW3_RCW4_AH.GPJ DATA TEMPLATE_ENVS_CA_140725.GDT 21/12/20 AHEALEY

Production Well: RCW3

Project:
Client:

ASR Stage 1B
Regional Municipality of Waterloo

Location: Kitchener, Ontario
Number: 165640252

Field Investigator: D. Smith / A. Healey
Aardvark Drilling, Inc
Drilling method: Foremost DR 24 Air Rotary

Date started/completed: 30-May-2019 / 05-Sep-2019

Contractor:

RCW3

SUBSURFACE PROFILE HYDROGEOLOGY SAMPLE DETAILS GEOPHYSIC WELL DETAILS
s - Name:  RCW3
Elevation 08 S 0% o GS Elev: 384.23 m AMSL
. . . - (mAMSL)| 5§ =3 a9 [ Gamma TOC Elev: 385.03 m AMSL
Depth Graphic Log Lithologic Description Depth % e 5 % g % = Lab Analyses (cps) Easting: 537909
(mBGS) 2 8 nz n Northing: 4805100
g 20 40 60 80 100 |Stick-up: 0.80 m
(ft) (m) 385.03 I I
0 =i Ground Surface 384.23 : ~&— Capped Steel
— SAND 0.00 Casing
I Fine grained, some medium to coarse grained sand, some fine subrounded gravel, trace clumps of silty clay, brown (10 YR 5/3), moist —_ .
— Bentonite Pellets
5 1 GB 0t06.0m
10 _: Trace coarse gravel, colour change to yellowish brown (10 YR 5/4) starting at 3.0 m
157 379.66 2 GB
— GRAVEL 4.57
I Fine and coarse, subrounded to subangular, some medium to coarse grained sand, greyish brown (10 YR 5/2), moist 37813 3 GB
203 sas\DANDGRAVEL ~~_~~~~~—~~—~~—~ -~~~ ~-~"=""®>"&"™"™"™""~"~"~"&>">"*"~">"®"&"®"> """ "®"&"™"™—"—"———"~—"—~——"———/—"——+—/——+—+# =+ "—"""\"""®""""""7""7""™""™~ 6.10
I Medium to coarse grained sand, fine and coarse gravel, trace fine grained sand and silt
25 — 4 GB
E 375.09
307 SAND 9.14
I Fine grained, trace medium grained sand, trace silt, brown (10 YR 5/3), moist Upper
35 Waterloo
— Moraine 5 GB
. AFB1 | stratified
o 372.04 sediments
— SILTY SAND 12.19 _and
. Fine grained, trace fine and coarse subrounded gravel, brown (10 YR 5/3) equivalents
45 — 6 GB
50 — <— 508 mm
B Diameter Borehole
: 0to76.2m
55 — 7 GB
60 _: Trace clumps of silty clay and coarse grained sand at 18.3 m
65 — 8 GB
70—
E 361.67
75— CLAYEY SILT 22.56 Middle 9 GB
7 Some fine grained sand, trace coarse grained sand and fine gravel, pale brown (10 YR 6/3) 36015 ATB2 | Maryhill Till
- : and
80 — SAND 24.08 \gguiva|ent§,
- Fine to medium grained sand, trace silt, greyish brown (10 YR 5/2)
85 — 10 GB
% = 356.80
— SILTY SAND 27.43
7 Fine grained, brown (10 YR 5/3) l®«—— Coment-Bentonite
95 — Grout
. " cB 6.0to 54.7 m
100 — ' .
- Some medium grained sand from 30.5 mto 33.5 m
105 — 12 GB
110 _: Trace clumps of clayey silt from 33.5 m to 36.6 m
115 — 13 GB
120 = 347.65
— SAND 36.58
I Fine grained, trace silt and clay, trace medium grained sand, brown (10 YR 5/3)
125 — 14 GB
Notes: Two gravel re-supply tubes are installed from
m AMSL - metres above mean sea level 0.59 m AGS to 62.5 m BGS an
m BGS - metres below ground surface 0.57 m AGS to 62.5 m BGS
m BTOC - metres below top of casing Screen depth confirmed with well video from
GB - grab sample January 16, 2020
@ Sta ntec n/a - not available/applicable WRAS No.: 9207703
Drawn By/Checked By: AH/LV Sheet 1 of 2
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STANTEC BOREHOLE AND WELL - MASTER 17X11 20190515_RCW3_RCW4_AH.GPJ DATA TEMPLATE_ENVS_CA_140725.GDT 21/12/20 AHEALEY

Production Well: RCW3

Project: ASR Stage 1B
Client:  Regional Municipality of Waterloo

Field Investigator: D. Smith / A. Healey
Aardvark Drilling, Inc
Drilling method: Foremost DR 24 Air Rotary

Date started/completed: 30-May-2019 / 05-Sep-2019

Contractor:
Location: Kitchener, Ontario
Number: 165640252

SUBSURFACE PROFILE HYDROGEOLOGY SAMPLE DETAILS GEOPHYSIC WELL DETAILS
5 - Name:  RCW3
Elevation 08 S 0% o GS Elev: 384.23 m AMSL
. . . - AMSL)| 5§ = a9 a G TOC Elev: 385.03 m AMSL
Depth Graphic Log Lithologic Description (mDepth ) % @ g % g % S Lab Analyses (a;\;rgga Easting: 537909
(mBGS) 2 8 nz n Northing: 4805100
g 20 40 60 80 100 |Stick-up: 0.80 m
344.61
SILTY SAND 39.62
Fine grained, trace medium grained sand, brown (10 YR 5/3)
15 GB
~€— Type 316
Stainless Steel
Casing
16 GB 304 mm ID
. 0.8 m AGS to
Middle 64.5m BGS
§ Waterloo
Trace clumps of clayey silt from 45.7 m to 48.8 m Moraine
AFB2 | stratified
sediments
an d 17 GB
335.46 equivalents
SAND 48.77
Fine to medium grained, trace coarse grained sand, trace fine to coarse subrounded gravel, trace silt, greyish brown (10 YR 5/2)
18 GB
332.41
SILTY SAND 51.82 vl
Fine to medium grained, trace coarse grained sand and fine subrounded gravel, brown (7.5 YR 4/3) 19 GB Vggt:;; Le\éeTloc
K m
Trace medium to coarse grained sand from 53.3 m to 54.9 m 10-Oct-2019
20 GB
21 GB
Some silt starting at 56.4 m [®—— Bentonite Pellets
22 GB 54.7t058.2m
Some coarse grained sand and fine gravel starting at 57.9 m
Some coarse gravel from 57.9 mto 59.4 m 23 GB
24 GB :
«— K&E No. 3
2 B GSA 2 Gravel Pack
] 321.44 26 GB GSA 58.2t069.8m
GRAVELLY SAND 62.79 27 GB GSA
Fine gravel, medium grained sand, trace coarse subangular gravel, some coarse grained sand and silt, trace fine grained sand, brown (7.5 YR 5/2)
Seam of sand and gravel from 63.7 m to 64.6 m
28 GB GSA
Fine grained sand, some medium grained sand starting at 64.6 m 29 GB GSA o4 o
" . . . mm
Seam of fine and medium grained sand, trace coarse grained sand and subangular gravel, some silt from 65.5 m to 66.4 m 30 GB GSA No. 60 Slot
Trace clumps of silty clay at 66.4 m Type 304
ump: ity clay 31 GB GSA Stainless Steel
Fine to coarse gravel, fine to coarse grained sand, some silt, trace clumps of silty clay starting at 67.4 m Screen
32 GB GSA 64.5t0 68.5 m
Trace fine grained sand, colour change to greyish brown (10 YR 5/2) starting at 68.3 m 315.35 33 GB GSA
SILTY CLAY 68.88
Trace fine to medium grained sand, greyish brown (10 YR 5/2) 34 GB
ATB3 | . Lower 324 mm OD
Maryhill Till 35 GB Tss’/tpg I316 Steel
i i ; i ainless Steel
Sandy silty clay with trace fine gravel starting at 71.0 m 312.30 36 GB Sump
68.5t0 75.5m
;& Concrete
69.8t0 71.0 m
bentonite
71.0t071.8 m
silt cave
: 71.8t076.2m
= End of Borehole 76.20 -
255 —:_ 78
Notes: Two gravel re-supply tubes are installed from
m AMSL - metres above mean sea level 0.59 m AGS to 62.5 m BGS an
m BGS - metres below ground surface 0.57 m AGS to 62.5 m BGS
m BTOC - metres below top of casing Screen depth confirmed with well video from
GB - grab sample January 16, 2020
@ Sta ntec n/a - not available/applicable WRAS No.: 9207703
Drawn By/Checked By: AH/LV Sheet 2 of 2




'STANTEC BOREHOLE AND WELL - MASTER 17X11 20190515_RCW3_RCW4_AH.GPJ DATA TEMPLATE_ENVS_CA_140725.GDT 21/7/20 AHEALEY

RCW4

Production Well: RCW4

Project: ASR Stage 1B Field Investigator: D. Smith

Client: Regional Municipality of Waterloo Contractor: Aardvark Drilling, Inc
Location: Kitchener, Ontario Drilling method: Foremost DR 24 Air Rotary
Number: 165640252 Date started/completed: 15-Nov-2019 / 03-Jan-2020

SUBSURFACE PROFILE HYDROGEOLOGY SAMPLE DETAILS WELL DETAILS
5 - Name:  RCW4
Elevation| o s o5 | o GS Elev: 386.76 m AMSL
. (mAmsL)| £5 =3 28 |28 TOC Elev: 387.73 m AMSL
Depth | Graphic Log Lithologic Description Depin | 2 5 EE | ES| LabAnalyses |oqino™ 3a042
(mBGS) 2 8 nz > Northing: 4805843
£ Stick-up: 0.97 m
387.73
== Capped Steel
Ground Surface 386.76 Casing
FIO 0.00
Gravelly sand, fine to medium grained sand, fine and coarse subrounded gravel, brown (7.5 YR 4/4), dry 2852
5.24
SAND 152 1 GB
Fine and medium grained sand, trace sil, light brownish grey (10 YR 6/2)
2 GB
3 GB
4 GB
5 GB
Upper [«— 457 mm Diameter
Some silt, trace medium grained sand starting at 15.2 m Waterloo Borehole
Moraine 0t0335m
AFB1 | stratified 6 B
sediments
and
7 GB
365.42
SILTY SAND to SILT AND SAND 2134
Fine grained sand, brown (10 YR 5/3)
8 GB [«— Cement-Bentonite
rout
010335m
9 GB
10 GB
1 GB
Some clay, trace medium sand starting at 30.5 m
12 GB
353.54 13 GB
SAND AND GRAVEL 322
Fine to coarse grained sand, fine gravel, trace coarse gravel, trace to some silt, well graded, greyish brown (10 YR 5/2) M s
15 GB
16 GB
Notes: WRAS No.: 9207702
m AMSL - metres above mean sea level
m BGS - metres below ground surface
m BTOC - metres below top of casing
GB - grab sample
@ S ta n tec n/a - not available/applicable
Drawn By/Checked By: DS/LV/ Sheet 1 of 2
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'STANTEC BOREHOLE AND WELL - MASTER 17X11 20190515_RCW3_RCW4_AH.GPJ DATA TEMPLATE_ENVS_CA_140725.GDT 21/7/20 AHEALEY

Production Well: RCW4

Project: ASR Stage 1B
Client: Regional Municipality of Waterloo
Location: Kitchener, Ontario

Number: 165640252

Field Investigator: D. Smith

Contractor: Aardvark Drilling, Inc
Drilling method: Foremost DR 24 Air Rotary
Date started/completed: 15-Nov-2019 / 03-Jan-2020

SUBSURFACE PROFILE

HYDROGEOLOGY

SAMPLE DETAILS

WELL DETAILS

5 - Name:  RCW4
Elevation| o s oy | o GS Elev: 386.76 m AMSL
] g 2 29
Depth | Graphic Log Lithologic Description (mD‘;mﬁL) s 3 EE | ES| Labanalyses ;S;EE" M AMSL
(mBGS) ot} § &2 | " Northing: 4805843
£ Stick-up: 097 m
n
o~ SAND AND GRAVEL 17 | &8
A Fine to coarse grained sand, fine gravel, trace coarse gravel, trace to some silt, well graded, greyish brown (10 YR 5/2)
18 GB ~€——324 mm Borehole
R Diameter
: 335t074.1m
(@) 19 GB
'Oj Coarse gravel from 42.7 to 45.7 m
3 20 | e
O 21 GB
RN Some silt starting at 45.7 m
o 2 | o8
g Trace coarse gravel from 47.2 m to 51.8 m ~—Type 316
L) 23 GB Stainless Steel
O Casing
2 304 mm ID
24 | eB 0.97 mAGS to
N Oﬁ 61.6m
=5 25 | eB
Qi Some coarse gravel at 51.8 m
: Middle 2 GB
e Waterloo
Moraine
AR AFB2 | statifed | o7 | o
5 sediments Fe——water Level
0 Trace fine grained sand starting at 54.9 m and 54.62 m BTOC
5 equivalents | g GB 5-Feb-2020
o
2 | eB GsA
‘o
RS 0 | cB GsA
8 Trace coarse gravel starting at 59.4 m
31 GB GSA
o .
; and tight win
Qi) 2 | cB GsA | o
YL 7(—\60.2t06|.6m
x
5 G 3 | B GsA 1 290 mm OD
H Type 304 No. 60
@ 1 Slot Stainless
e 34 | oB GSA H Steel Telescopic
H Screen
N tH 61.6t067.1m
° G 35 GB GSA
b 1 Natural Cave
" Gravelly sand, fine to coarse grained sand starting at 67.1 m 3 61.6t075m
) % | B GsA \
s 317.88 273 mm OD
B SAND 6888 Stainless Steel
Fine to medium grained sand, trace coarse grained sand, trace fine to coarse gravel, some sit, greyish brown (10 YR 5/2) 37 GB GSA Sump e
67.11074.1m
8 | B GsA
39 | cB
312.08 o 8 [
SILTY CLAY 7468 \ATB3/\ Lower 41 ,\ GB
\Dark grey (5 YR 4/1) \a11.78 Maryhill Til
End of Borehole 74.98

Notes:
m AMSL - metres above mean sea level
m BGS - metres below ground surface
m BTOC - metres below top of casing
GB - grab sample

n/a - not available/applicable

WRAS No.: 9207702

Drawn By/Checked By: DS/LV.
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| DOQRBSR K-MA-ASR-OW2-96-B

CH2M | |

WELL NUMBER: 0OwW2-96B

PROJECT NUMBER: 211K44073.A2 Page 1 of 2

Gore & Storrie Ltd.

MONITORING WELL DRILLING & CONSTRUCTION LOG

CLIENT NAME: RMOW
LOCATION: Mannheim WTP-Warre

DATE DRILLED: May 27,1996
LOGGER: M.Dugan

ORILL COMPANY:

All-Terrain Drilling Ltd.

BRILLING METHOD: Mud Rotary/Continuous Core

n Pit ELEVATIONS: -SURFACE ELEV.. 386.89
(METERS} —TOP OF DEEP RISER: 387.786
—~TOP SHALLOW RISER: NA
~TOTAL DEPTH: 78
EASTING: $37950.33

NORTHING: 4805695.85

DEPTH SOIL SAMPLE SOIL DESCRIPTION WELL CONSTRUCTION
CRFa INTER TYPE RE
SURFACE| INTER- Y - NAME, COLOUR, SOIL STRUCTURE
(METERS) VAL AND | COVERY PARTICAL SIZE DISTRIBUTION, HOISTURE mmmg\émm
(METERS)| NUMBER {cm) CONTENT, PLASTICITY, DENSITY,
CONTINUOUS]
m ™
0 Nr.; Sample Recovered 24 ‘4
4 2 Grout
(0-51.82)
bentonite
arout
5—.
Sand £ Gravael
. (6.7-9.14 m)
i coarse sand and gravel, brown
10~ Coarse Sand
| {9.14-18.90 m)
very coarse sand, trace gravel,
strong Iroen oxide staining
16 14.94-16.90 m: cobbley
] sand e
20+ (18.90-23.47 m) 25
1 fine to medium sand, dark i
N\ Yellowish brown (1OYR 4/2) HRIRIP
" tine sand, trace to some sliit, pale III"'I g
] yellowish brown {10YR 6/2), well T
sorted, dense / ||| :I 1
254 No Sample Recovered AHHE N
1L | = 0o | ‘ HEHIK
1 Sand TRt S
| 1= R2 41 (26.67-28.04 m)
] fine to coarse sand, poorly
sorted, dark yeliowish brown
30 (10YR 4/2)
No Sample Recovered
S
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CH2M
Gore & Storrie Ltd.

1

WELL NUMBER: OW2-96B8
Page 2 of 2 i

MONITORING WELL DRILLING & CONSTRUCTION LOG

PROJECT NUMBER: 21IK44073.A2

CLIENT NAME: RMOW

LOCATION: Mannheim WTP-Warren Pit

DATE DRILLED: May 27,1996
LOGGER: M.Dugan '

DRILL COMPANY:

All-Terrain Drilling Ltd.

DRILLING METHOD: Mud Rotary/Continuous Cord

ELEVATIONS: —-SURFACE ELEV.. 386.89.
(METERS) -TOP OF DEEP RISER: 387.786
' -TOP SHALLOW RISER: NA

-TOTAL DEPTH: 78
EASTING: 537950.33
NORTHING: 48056985.85

DEPTH SOIL SAMPLE SOIL DESCRIPTION HELL CONSTRUCTION
BELOW
SURFACE| INTER- TYPE RE- NAME, COLOUR, SOE, STRUCTURE
(METERS)| NUMBER {cm) CONTENT, PLASTICITY, DENSTTY.
CONTINUOUS:

40 . I
I R3 31 Sand o "
—_t R4 43 {40.23-45.42 m} o
—_— RS 56 fine to medium sand, dark :

-t fe 46 yeltowish brown (1OYR 4/2), -1 A
poorly sorted, medium to coarse ]

454 _ R7 81 gravel near/at lower contact SRS R

| e 42.98-43.28 m: very fine sand, ;.'.'-;;'
—t— R8 a poorly serted .'.".F;-j-‘!
RO 66 - 43.28-43.58 m: very fine sand, . 52 d ]
) fine biack silt laminae, well sorted SRR B
S
{1 _] | Ra 15 Grave! & Cobbles 8%
50— {45.52—-65.84 m) A
|| RwOb 62 gravel and cobbles, cobbles up 8%
to 12 cm, sub-rounded . G 05 ] 1
RH o7 some sand, dark yeitowish brown s I well Seal
—_—t RN, S
{10YR 4/2). poorly sorted - ::n T (52.82-53.34)
— Ri2 5 Iron staining present % i bentonite
55 R13 0 major mud loss (10 000 I} over Loy Filter Pack I
— Interval A (53.34-67.06)
i #1slica
- 7 d S
Rt4 76 AR
S . b X2 | sand
—t | RIS o AR Well Screen .
% 8% ¢ (56.39-65.53)
_ Ri6 A #20 slot
s | 107 5% Sch80 PVC
- SEFNL _
— RI7 0 o ]
ARG
5, &4
RS 61 _ e B
& o
65— grey silty clay seam i/yi! -
-1 Sand T
Rig 137 (65.84-69.20 m) N
-1 fine to medium sand, dark R ‘:g!; ggflea 58)
R20 cl yeilowish brown (10YR 4/2), o N bentonlte
A grading to fine sand with silt at AR
70+ R21 10 lower contact, moderatly dense, ST SIRY B Backtill
- iron staining below 66 m depth s ]l {68.56-78.03)
) - . sand
—_— Gravei, Cobbles & Sand AR B
{68.2-75.50 m) 4
as above
- R22 69 .
T L. :
—1— | Re3 46 Siit Clay Til
—— | R4 76 (75.59-78.03 m) 1
I R25 122 slity clay il with trace sand and
- gravet, dark yellowish brown
{10YR 4/2) grading to brownish .
A5 ‘gray {(5x¥8 Aiﬂl stlff to. vary FeItal

£nd of Hole



Missing Mannheim K-ASR-TW13-85-A and K-MP-OW9-89-A
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K-MA-ASR-OW2-16-A

RECORD OF BOREHOLE No. K-ASR-OWZ2-16

TT163301

\

A

Project Number: Drilling Method: PQ (85mm) Continuous Sampler/Soil Coring

Project Client: Regional Municipality of Waterloo Drilling Machine: ~ Track Mounted Drill CME 75 drill with Christiansen wireline drill

damec

Project Name: Mannheim Monitoring Well Construction Date Started: 05/18/2016 Date Completed: 05/25/2016
Project Location:  Kitchener, Ontario Logged by: KG Compiled by: KR fOSte r
Drilling Location:  Mannheim WTP; As shown on the Borehole Location Plan Reviewed by: KG Revision No.: 0, 08/02/2016 Wh ee le r

Coordinates: NAD 1983 17T 538217.4 E ; 4805168.3 N

LITHOLOGY PROFILE ISOIL SAMPLING INTERPRETED GEOPHYSICS
Measuring Point: Ground Surface
STRATIGRAPHY Measuring Point Elevation: N/A %
Logged by: J. Dion (Lotowater Tech. Services) =
Logging Date: May 26, 2016 s z UNIT INTERPRETATION
5 DESCRIPTION g5 | & = Gamma 1 (¢ps) | g2 COMMENTS
> = £ > = o 100 =5
> o) 5 ] T 23
g =1 Z 2 = Gamma 2 (cps) | E f_:
£ |Stick-up of 0.91 m £ S 3 i o 100 22
T _|Local Ground Surface Elevation: 385.69 (%] o o [ Z=Z
S Brown -
SANDY FILL R R
Gravel and Boulders; Rootlets and Organics =
£ — 1
3 -
8 = -
Q =
g 2 =
2< 0 N/A o .
52 F 2 Fill
S i
o X [
£ S -
o = -
@~ 3 | |
3 o
! ! ! E 1 |
281,60 g N I
Brown 4.0 3
SILTY SAND and GRAVEL PQ 1 50 F ] e e
or Soft STONY TlLL E ;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;
Cohesive PQ 2 83 F = ]
e |||
e Mixed sand and
PQ 3 33 e . grave' Wlth fines_
= 7 ;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;
O A EEREEREREEEREE RES Possible ice contact
3 deposits
F g |
P N R RELEET (ARTTETRRTRRRRRN RO ]
Q|4 9 = Aquifer 1
o 2
P 5 40 - -
Q — 10 | )
374.99 g ]
Brown 10.7 =
SAND E T L R N
SOITE GRAVEL PQ 6 20 E ;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;
373.49 12 [
Brown 12.2 Sand: |
FINE to MEDIUM SAND 99% | A
Trace SILT PO ; 0 S”t? - Upper Waterloo Moraine,
Stratified w 8 1|
Wet to saturated S I A T
371.99| -
Brown 13.7 =
SANDY SILT/ FINE SAND/ SILTY FINE SAND S IR IR
Stratiﬁed PQ 8 78 A N N
Multiple fining upwards and downwards sequences e
Occasional layers of SILTY CLAY starting = -0 DUEEEREREEREE SERRERPRERRERER RERE
below 21.0mincreasing in thickness with depth A I R
sand: | S . .
PQ| 9 | 9 |12 [ | | Quiet water facies
Sllgtc:/u - Moraine deposits
Sand: ; 17 ;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;; Aqu|fe|’ 1
aeok Y
PQ | 10 77 |Silt F
52.1%
- 18
PQ | 11 | 60 -
Amec Foster Wheeler ¥ Freestanding groundwater on 5/25/2016 measured 16.3 metres below ground surface.
Environment & Infrastructure ¥ Freestanding groundwater on 6/1/2016 measured 53.43 metres below ground surface.
1505 Woodward Avenue ¥ Freestanding groundwater on 6/15/2016 measured 53.51 metres below ground surface.
Har_mlton’ Ontario L8H 6N6 Borehole details as presented, do not constitute a thorough understanding of all potential conditions present and require interpretative assistance from a
Tel: (905) 312-0700 qualified Geoscientist. Also, borehole information should be read in conjunction withthe hydrogeological report for which it was comissioned Scale: 1: 106
Fax: (905) 312-0771 and the accompanying 'Explanation of Borehole Log'.
www.amecfw.com Page: 1 of 5

Continued on Next Page
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RECORD OF BOREHOLE No. K-ASR-OWZ2-16 '

Project Number: TT163301 Drilling Method: PO (85mm) Continuous Sampler/Soil Coring
Project Client: Regional Municipality of Waterloo Drilling Machine:  Track Mounted Drill CME 75 with Christiansen wireline coring ‘
Project Name: Mannheim Monitoring Well Construction Date Started: 05/18/2016 05/25/2016 al I |ec
Project Location:  Kitchener, Ontario Logged by: KG Compiled by: KR ‘FO Ste r
Drilling Location: ~ Mannheim WTP; As shown on Borehole Location Plan Reviewed by: KG Revision No.: 0, 6/27/16 Whee ler
Coordinates: NAD 1983 17T 538217.4 E ; 4805168.3 N
LITHOLOGY PROFILE ISOIL SAMPLING INTERPRETED GEOPHYSICS
M Point: Gi d Surf:
STRATIGRAPHY Veasung o eloion va | &
Logged by: J. Dion (Lotowater Tech. Services) =
Logging Date: May 26, 2016 s z UNIT INTERPRETATION
s DESCRIPTION g | s | & = Camma 1 () | g2 COMMENTS
> = £ > = o 100 =5
> [ 5 I T 23
2 =1 Z 2 = Gamma 2 (cps) | <
S £ c o a '(73 '(7J
= © S Q w
3 %) x o [a) <
NN Brown - =
SANDY SILT/ FINE SAND/SILTY FINE SAND - 1 |
] Stratified -
| Multiple fining upwards and downwards sequences| -0 |
Occasional layers of SILTY CLAY starting -
below 21.0m increasing in thickness with depth PQ 12 85 N e
s64.50 E ]
Brown 210 = 21 |
SANDY SILT E ] e
with SILTY CLAY layers -
PO 13 77 ? 2 | b
- 23 B .
PQ 14 98 E ;;;;;;;;;;;;;;;;;;;;;;;;;;;;;
S
g ;;;;;;;;;;;;;;;;;;;;;;;;;;; = Quiet water facies
PQ | 15 85 o I a Moraine deposits
360.29 = .
Grey to Brown 25.4 E ) Aquifer 1
SANDY SILT to MEDIUM SAND - Upper Waterloo Moraine|
Stratified — 26
Coarsening to trace GRAVEL e
Then fining to FINE to MEDIUM SAND PQ 16 92 O I
Damp to wet O
— 27
PQ | 17 | o 28
— 29
sss.89| PQ 18 77 E
Brown sl | | | E.. ! 4 [
SILTY FINE SAND/ b
SANDY SILT 355.19 - )
Interbedded 305 =
Brown - 31
FINE to MEDIUM SAND Po | 10 50 s 0
Trace to some COARSE SAND and GRAVEL ]
Trace to some SILT =
Wet : 32 |
PQ | 20 80 S e (R
F o | ol
352.39 - - .. vy
Brown 333 L e N
SILT and SILTY CLAY =
Interbedded; oxidation staining 5159 SRV I .
Coarsens to interbeds of stratified  "347171 po | 21 | 103 -
SILT with oxidation staining and FINE SAND to =
MEDIUM SAND, Disturbed bedding - .
Brown and Grey E o5 Aquitard 2
SILTY CLAY TILL -
Trace to some SAND; Trace GRAVEL =
Massive, dense PQ 22 85 =
36
349.19 =
Brown 36.5 -
FINE to MEDIUM SAND o
Wet to saturated, fining downwards to SILTY FINE PQ 23 95 =
SAND; Stratified and some cross-stratification - Quiet water facies
Sharp upper contact 347.99, = . .
37.7 E o5 - Moraine deposits
37.6 to 37.7m: interbedded with FINE SANDY 3 Unit AFB2:
SILT layers with oxidation staining PQ 2u 03 g Waterloo Moraine Aquifer 2
P L 1 & L L .

Borehole details as presented, do not constitute a thorough understanding of all potential conditions present and require interpretative assistance from a
qualified Geoscientist. Also, borehole information should be read in conjunction withthe hydrogeological report for which it was comissioned Scale: 1: 106
and the accompanying 'Explanation of Borehole Log'.

Page: 2 of 5

Continued on Next Page



RECORD OF BOREHOLE No. K-ASR-OWZ2-16

Project Number:  TT163301 Drilling Method:
Project Client: Regional Municipality of Waterloo Drilling Machine:
Project Name: Mannheim Monitoring Well Construction Date Started:
Project Location:  Kitchener, Ontario Logged by:

Drilling Location: ~ Mannheim WTP; As shown on Borehole Location Plan Reviewed by:

PQ (85mm) Continuous Sampler/Soil Coring l »
Track Mounted Drill CME 75 with Christiansen wireline coring A
05/18/2016 05/25/2016 a m e C

KG Compiled by: KR foste r

KG Revision No.: 0, 6/27/16

22— wheeler

and the accompanying 'Explanation of Borehole Log'.

Coordinates: NAD 1983 17T 538217.4 E ; 4805168.3 N
LITHOLOGY PROFILE ISOIL SAMPLING INTERPRETED GEOPHYSICS
STRATIGRAPHY | ‘mmimiene | 3
Logged by: J. Dion (Lotowater Tech. Senvices) =
Logging Date: May 26, 2016 s z UNIT INTERPRETATION
S DESCRIPTION § 3 S5 = } Gamma1 (cps) GE COMMENTS
> = £ > = o 100 3 3
g ° E 2 T T2
3 g. =z 3 E Gamma 2 (cps) g
£ 5 F] 3 w 00
3 %) x 14 a 0 00| =2
S Brown - =
FINE to MEDIUM SAND o
Trace to some SILT 345.69 =
Stratified 40.0 -~ )
Wet to saturated /- = o]
Brown PQ | 25 | 80 S T A R S
FINE SANDY SILT to SILTY FINE SAND =
Trace MEDIUM SAND; SILT interbeds, 41
SILTY CLAY seams common from -l
40.2m to 43.6m and 49.4m to 50.5m N S REEEEEREEEE
PQ % 87 42 |
a3 |
PQ | 27 | 85 : R R
— 44
PQ | 28 | 88 - 45
—46 | )
PO 29 77 g ;;;;;;;;;;;;;;;;;;;;;;;;;;;
-7 | 1
E || unitAFB2: || 7 Quiet water facies
= Moraine deposits
PQ 30 90 =
S N Aquifer 2
—40 | ]
PQ 31 93 g ;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;
Fs0 | o]
ssas0] PQ 32 75 F s | R
Brown 511 S IR REEERREEREEERN RRES
FINE SAND e e
Trace to some SILT e R T 2 S
Stratified —52
Sharp upper contact =
PQ 33 88 O R EEEEEEEEEEEEEN B
- 53
331.99 5§¥ AV
Brown 53.7 S
FINE to MEDIUM SAND PQ 34 7 - 54 <
Stratified A R EEE EXETERERRERERER B
Wet to saturated - | &
Coarsening downwards to MEDIUM to R |
COARSE SAND — 55
‘|Increasing GRAVEL and COBBLE content with depth) o
PO 35 2 E
—s6 [ ],
PO 36 60 = 57 |
H— 58
PQ | 37 | 20 -
[ 59
Borehole details as presented, do not constitute a thorough understanding of all potential conditions present and require interpretative assistance from a
qualified Geoscientist. Also, borehole information should be read in conjunction withthe hydrogeological report for which it was comissioned Scale: 1: 106

Page: 3 of 5

Continued on Next Page




RECORD OF BOREHOLE No. K-ASR-OWZ2-16

TT163301

Project Number: Drilling Method:

Project Client: Regional Municipality of Waterloo

Project Name: Mannheim Monitoring Well Construction Date Started:
Project Location:  Kitchener, Ontario Logged by:
Drilling Location: ~ Mannheim WTP; As shown on Borehole Location Plan Reviewed by:

Coordinates:

Drilling Machine:

PQ (85mm) Continuous Sampler/Soil Coring

Track Mounted Drill CME75 drill with Christiansen wireline coring

05/18/2016 05/25/2016
KG Compiled by: KR
KG Revision No.: 0, 08/05/2016

NAD 1983 17T 538217.4 E ; 4805168.3 N

\/

A

amec
foster
wheeler

and the accompanying 'Explanation of Borehole Log'.

qualified Geoscientist. Also, borehole information should be read in conjunction withthe hydrogeological report for which it was comissioned

LITHOLOGY PROFILE ISOIL SAMPLING INTERPRETED GEOPHYSICS
Measuring Point: Ground Surface
STRATIGRAPHY Measuring Point Elevation: N/A %
Logged by: J. Dion (Lotowater Tech. Services) =
Logging Date: May 26, 2016 s z UNIT INTERPRETATION
) DESCRIPTION g 5 S - Gamma 1 (cps) | g& COMMENTS
a > o e £ | <
> = £ > = o 100 23
> o) 5 ] T 23
2 = z 3 [ Gamma 2 (cps) [
2 £ c 3 o iy
£ < = D w 0 100 ‘£ %
i %] X '4 [a) ZZ
Brown =
FINE to MEDIUM SAND =
Some SILT =
Stratified PQ | 38 | 93 - 60
Wet to saturated o
Coarsening downwards to MEDIUM to =
COARSE SAND 3
Increasing GRAVEL and COBBLE - 61
content with depth -
PQ | 39 | 60 g
- 62
- 63
PQ | 40 70 B . .
E Quiet water facies
- deposits
— 64 grading to nearshore/
S glaciofluvial/ice contact
P 41 | 4g |Sand:p its wi
Q 0a 1% o5 deposits with depth
silt: F
53% F Aquifer 2
PQ | 42 82 |sand
95.4% [
silt:
4.0% | g7
Gravel:f
29.9% [
PQ 43 98 [Sand: |
65.9% |- 68
Silt: |
4.2% F
b 44 Sand: ;* 69
ai710| PR 8 4_2|-:?'% g
Grey 69.5 S F
SILTY CLAY and FINE SANDY SILT or SILT TILL R 70
Layered o
Fines slightlyto SILTY CLAY and CLAYEY -
SILT interbeds o
Bedding highly disturbed PQ | 45 | 107 .
- 72
PQ | 46 | 88 g
313.70 =
Grey 72.9 - 73
FINE SANDY SILT or SILT TILL a
Occasional SILTY CLAY seams; occasional o
ripples [} 47 92 = :
Bedding highly disturbed Q = 74 Aquitard 2
Soft =
— 75
PQ | 48 | 83 -
— 76
PQ | 49 | 90 g
- 78
SILTY CLAY to SILT TILL =
Trace to some SAND, occasional GRAVEL PQ | 50 | 107 g
Some disturbed bedding 308,204 E
Dense - 79
Borehole details as presented, do not constitute a thorough understanding of all potential conditions present and require interpretative assistance from a Scale: 1 : 106

Page: 4 of 5




RECORD OF BOREHOLE No. K-ASR-OWZ2-16

Project Number:  TT163301

Drilling Method:

PQ (85mm) Continuous Sampler/Soil Coring

\

Regional Municipality of Waterloo

Drilling Machine:

Track Mounted Drill CME 75 drill with Christiansen wireline coring

Project Client:

Project Name:

Project Location:

Drilling Location:

Mannheim Monitoring Well Construction Date Started: 05/18/2016
Kitchener, Ontario Logged by: KG
Mannheim WTP; As shown on Borehole Location Plan Reviewed by: KG

Coordinates:

05/25/2016
Compiled by: KR
Revision No.: 0, 08/05/2016

NAD 1983 17T 538217.4 E ; 4805168.3 N

S o e

A
amec

foster
wheeler

LITHOLOGY PROFILE ISOIL SAMPLING INTERPRETED GEOPHYSICS
STRATIGRAPHY | ‘mmiomceserse | 2
B " mose s | £z | UNIT INTERPRETATION
3 DESCRIPTION g s |8 - Gama 1 (cpe) | 22 COMMENTS
- < B | =<
> € > 0 100| S
3 o S @ T P
% E- E § E Gamma 2 (cps) E 'i:
5 gle|¢& 8 0 10| 22
End of BOREHOLE at 79.2m. *"*
WELL CONSTRUCTION DETAILS
Stick-up of 0.87m
Bentonite Holeplug: 0 m - 3.0 m
Bentonite Grout: 3.0 m - 57.6 m
Bentonite Holeplug: 57.6 m - 59.4 m
Sand: 59.4m-67.1m
Screen: 61.0m-64.0 m
Bentonite Holeplug: 67.1 m - 73.2 m
Sand: 73.2m-79.2m
Borehole details as presented, do not constitute a thorough understanding of all potential conditions present and require interpretative assistance from a Scale: 1 : 106

qualified Geoscientist. Also, borehole information should be read in conjunction withthe hydrogeological report for which it was comissioned

and the accompanying 'Explanation of Borehole Log'.

Page: 5 of 5
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[THE DIFFERENCE IS OUR PEOPLE]

Appendix B-3

Mannheim East Well Logs
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K21

T KTz
7 Woell

: Moaterial

Outer Casing 390", 887 rolled weildow

[nner Casing /87 +28' 6" rolios wasz.

Screen /825" Lagre
p!uQ- AN Sweadpe ~o )/éakef‘.e wAirdo,
Gravel /5 rais = 4

Pump

No.?%.avs\ Sctung BP-MB (90)_=-:
No. Stages & \LQch Bowl ~7-37

I T _ 02'
B — s
L 73 ;‘ . -
| _ o = — @ Bowl /s"BAx < Sirme€ Lsth. Suction /o
‘ % / T -
’ / - hd - WSy
: ; 20 Head% Size Column /0 ". 75" 4
L LAy . L Materials or setting details other than  stanca
; '/’ 5 ‘Zeco ITG.a o a Zszl spo s
|
/ /
J ; Motar
? . —— -
1 —— g / . -
/1 / Make ¢ s Phase 3 _~
/ v Y =7
o 9 Shaft vA AN Cycles %o
; / \\ ) (/‘/
o Y V H.oP. 25~ ™S Voits s5v
! 7 ; R.PM 7o (:C':>‘\\.—~.n\ps 2,
AND ! / // .
, D Type c~v Base
FRAv & o
[ z P // // Frame B 75 Scrial FR 72 Ao
, / e SRS
, 7Y Seecial Equivment
/<
7/
/ // %‘ N.B.- S22 WTTASRKET SHIRGE 1 aiITer apans -
/ . .
Prives £ M VI DETH. L
7 P . ///ﬁ‘ el -
/=
4 /
| ;'/?AVEZ . ; Well
. /A . ,
Y j B.P. referred to original Cround Level “*
i SR’ -
- 7z 5 Started Clear Depth ¢zo/-2
- zay : / Preliminary Test 7/2/5 Length Air Line /o
Bovi0ERS / ’ reliminary Test 779/5/ lengt ir Linc L
‘ o’ - 4 Final Test ¢ecc¢ 7 957 —Static Level (22
. \
i ’ " Guarantee Zocc , o Pumping Level 67
/) s 36) NOY LSS dherey F Al 5 4 owes .
‘SA.vo Pressure 92 s R Capacity /B0
' \~O Driller: £. CLIVER, Juvmr 26, /957
FINE e 9 Installer: & 5 sgs0r7 $2/55 Goraun Wa.
rRAVEYL | |
. ,
| ' INTERNATIONAL WATER SUPPLY LTD.
. LONOCN., CaNACTA
2s | | w v - -
ATER SUPRLY CSHNTRAZSTORS
! !
‘ ‘ ———
-/177 7 == —— 7’ K/; C/7EN£R ON/.
| LAY )
oL, b d
1- (dised l"!a G 2,90 - G ‘!‘\/ét_/c.’s o:unmu ar . ARPBLVED BY
WELL NO. [ AT ANA K EINy, (Farcm ) raesrmoes =ds
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K21

< Motor
P—Em Manufacturer: US Motors
in_metres

Power: 50hp 575V 3ph
E Serial # 907028

Discharge Head
.-lql-.
g

Manufacturer: Layne TF815

0.0 Base plate I = )
Concrete pedestal
0.61 Floor ARWV 77NN
I I
760 mm (30") OD steel well casing
-
=

460 mm (18”) Inner casing

200 mm (8") SCH XX column pipe

27.43 Top of pump

25 mm (1”) SS shaft & couplings

26.82  Bottom of well casing

—1————— Pump

Manufacturer: Goulds
Model: 11WACC 6 stage
L Serial Number: XX

~ T T T T T T —
Ll _—l _—1l _—1 ¥yl /1

29.13 Bottom of pump

200 mm (B") suction pipe

32.03 Bottom of suction pipe

30.05 Bottom of inner casing
Top of screen

460 mm Layne S.S. #6 Screen

36.27 Bottom of screen

37.37  Bottom of well (2003) 6" Baker Whirler Shoe plug (18x6 swedge)
NOTES CLIENT
Al o bt bosenlate Regional Municipality of Waterloo
2o e | NN\ Lotowater |-
Drawing not to scale. TECHNICAL SERVICES INC. . dKls\’ tWe:l et
ump and Motor Installation

PROJECTNo.  00&MStowater frojects\006 Region of Wateroo\ 115 RMOW 2008 Well Maintenance Program\Lineshaft Pump Installation Drawing (Kﬁ&gu RE

DESIGN REVISION No.  DRAFT | SCALE N.T.S.
DRAWN | MO 08/10/28
SCALE (m) ™ ™ ' ) @ 2

[CHECKED] 0 X X
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K21A

Pilot Hole Well Design
. Well Gravel Tubes (50 mm Dia
Top of Pipe 349.69 masl e _ (Two Installations) ( ) Depth
Depth from Grade 0.91 mag| Stick-up LF mbg|
m Grade 348.78 mas| | 0
R | /
1 7|~ Silty Sand to Gravelly Sand |
A :. [
5 /i | 5
2 '. 4 |
I/' ty
4 |
-5;/ | Silty Clay to Silty Sand Till | /\ Cement Grout
10 1 I 10
A |
<% |
I y i o— 512 mm (20") Bore
e} Static WL 1554 m ¥ |
74 | 54— 324 mm (12.75") O.
b o | Stainless Steel Well Casing
20 ot I 20
o Sand and Gravel |
o ° |
. 0..
by Pumping WL 26.2m 7 | %
. 24 Hrs @ 22.5 L/s | %— Bentonite Pellets Seal
25 L Z . 25
o il 1P
L : .: 7 4 | %
L <0 | - 80—
- Sand | '
30 | K&E #1 Well Gravel 301
L : — 320 — (105)
- : SCREEN ¢
E T 286 mm (11.3") dia. Johnsons SS i
g 35 —352 ] } Telescoping 30 Slot HiQ Screen 35 2
°© 5
- - Sand and Gravel - >
. o ' — 381 —(125)
' Clay z
§ 40 —- 40 ;
All depths are metres below ground level unless otherwise stated. 2
CLIENT PROJECT %
REGION OF WATERLOO 2015 NEW WELL CONSTRUCTION AND TESTING AT K21 E
8 MANNHEIM EAST WELL FIELD [ ¢
8| consuLTanT YYYY-MM-DD 2016-02-22 TITLE 3
é o PREPARED JPR/GWS K21A WELL CONSTRUCTION -
g iG 1d DESIGN JAE DETAILS [
5 = GGolder
3 ~ Associates REVIEW JAE PROJECT No Phase Rev Figue F
g APPROVED Gws 1520338 - A fO
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AFR 1Z 'S4 1@:48 FROM REG WAT ENG S73 44532 FPaGE.poz K25

-

Well Material
Outer Casing B80! of 26"

Inner Casing 732" of 16", 60'3" of 1¢
116" Screen -30'of 16" 8§, No. 6 opening

T il 1! :
0o Soi T P2  Plug Stainless steel plate
e "; Gravel 64 T 1/4 x 1/8, 18 T #5
¢ *ten
o5 o Py
1 K . "
Brown Clay 1715 i No. 47522 Setting BP-MB 1377
Clay, Sand, Gravel Q'E'g.f:, ' ’4’ No. Stages 4 ° Length Bowl 5'1"
& o = Bowl 12" RKRH  Size R Lgth. Suction -
o > Head TF Size Column 8" x 1-11
Fine Sand 341 .- Z';f". Materials or setting detalls other thanYsta
' pg. T Impellers: Trim ' .
v 3
o) e T e
0 o Make  U.S.EM.
" e H. P. 100 o
0.:: 16N 60 RPM 1 800 A
sl € » |6 . N AT TN
o o 5, Tyee W AmpsiSe,s
Siltv Sand Lo a2 0. 65 Frame 244 UPY Seria! 1184044
; 71tgr  Bearing Nos. Upper = 7222.8 Lower = |
Sand, Gravei, Clay 75° necial Bacismant Lo
Sand. Grave] = 73ie"
B & T TP JAPT TR . oY Ll e
Well No._ 25 = Kennhein
B.P. referred to original ground level _4'
Clear depth below B.P.__163'g"
Started Mov. 13/62 Final TestNov. %/
Preliminary TestDec. 3 Static Level, .. 570
Final Test ... . ___. . . .. Pumping Level.._ .
_____ -4 13 . Guarantee............ |G P M Capacity._-.._____I(
: ! ~ Contract Pressure.......# Pressure Pump
| : Length Air Line__ 145' Main
! !
| !
I ! INTERNATIONAL WATER SUPPLY L'
’ o
. MONTREAL LONDON, CANADA SASK
Cosrse Gravel, . : ' OAKVILLE WATER SUPPFLY CONTRACTORS VANC
Sand, Bou_lders 162 ‘ ETSRETY - - ,
K1 TCHENER WATER COMMISSION, KITCHENER
Hard Browmn Glay (Mannheim) ,
bRu.t.i—:n ay K. McCutchen DRAWN BY M3
INSTALLED BY (G, Keyes  APPROVED BY?
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K25

Depth in Metres

Motor

Make: U.S. Motors

Power: 100HP/575V/3ph
Serial #: N10-07690600-100-M

200 mm Blank Discharge Head

0.0 Top of Base Plate

0.2 Ground Level

23.1 Stainless Steel to Steel
Casing Joint
24.4 Bottom Outer Steel Casing ——

36.5 Top of Pump

Concrete Pedestal

Z

650 mm Steel Outer Casing

400 mm Steel Inner Casing

43 mm Stainless Steel Shaft and Couplings

200 mm Steel Column Pipe

400 mm Stainless Steel Casing

25 mm PVC Water Level Tube

Bottom Water Level Tube
Water Level Probe

38.0 Pump Intake

39.5 Pump Intake

41.5 Top of Screen

50.5 Bottom of Well (Apr 16, 2020)

Water Level Probe
Make:

Range:

Serial #:

Pump

Make: Goulds

Model: 12CMC - 4 stage
Serial #:

400 mm #6 Louvered SS Screen

NN\ Lotowater

TECHNICAL SERVICES INC.

CLIENT

REGIONAL MUNICIPALITY OF WATERLOO

TITLE

WELL K25
PUMP INSTALLATION DRAWING

PROJECT # = 006-473 G:\Lotowater Projects\006 Region of Waterloo\473 Well K25 Service\lnstall Drawing.dwg
DESIGN REVISION No. SCALE FIGURE
DRAWN |EH| 2020/04/28

2020-06-03 N.T.S 3

CHECKED|BP| 2020/04/28
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K29

WELL MATERIAL

WELL DIAGAAM. £ S2' Outer Cusing: 24~ dia..~ 520~ Wail Thk. Maul.: Srest
- Cemented from_<4C T2 -
ey O Inner Casmz'_LL. dia.. B> " Wall Thk. Matl. f.I’éI_
o) "a._"' Screen: Makc___‘Z._ dia.. Opening & Muadl. ol B A
e "’dT Plug: Type =~~~ Matl_Siona. =r. Other:
-— Gravel: Type =vico Size /2% \Q Quanlit_v_."i;_“:n.
| g s
Py > 22! WELL TEST DATA
- > = dil Prefiminary Test Dute:une 2% /&2 by -/
5 5 oat > T Static Lever: 110.00 ~ beiow M.P.+ (2B
g - .1.-" = :;' - Pumping Rate IGM:__tCQC
nd :; : = . Pumping Duration:—_2% ﬁrs min.
I — - T >t ~——" Pumping Level at Test End: 126.% -
~ acnie Grzve V2 - Performance Plots: dd-t Dwg A&ED'Z( !
- cade e — 1 | - dd-r Dug ABB2S
l - Sortonite S Step Test £ 2T2CL 957, 2027581
3 nronite Seais
Y == Final Test: Date by
T Bl Sorces £ Rated Weil Capacity 1GM
l’a‘f —ora,;g; o, S0 - Pumping Ruate IGM Static level .
o A LR - Pumping level Toat hrs min.
4 - °Tma i “—; =, ~Pumpopressure:______ osic Muin pressure_____ osi
I - Grove bAeC g - Z/——ve Shut off: AGH____psi: W.L ’ -
— Aso\lers i e Clear Well Depth from B.P.___" " Air Line "
o - -
ey o _ . ' PUMP & MOTOR DATA .
, C ump Make Rating___IGM @ TH
el Boovlaers Gn  Head: Type S.N
e.(cch o«c. - Column: T X "X = Shaft Mtl:
: - Bowi: Stage : Curve:
1o— 5C\nc1 _ . o
o Suction: * dia Long
(G Boo \c‘.:.:s’ - Speciai: Zinc Sleeves : Taped Qil Line—____
] - Other
rza- Vet o Gra {&\‘ —  Motor Make: Frame: SN:
o= Grové < voolaas - HP ph, hz. rpm. Voits
~Grovel & =and = Bearing No. Upper.
- —oad boulaer - Lower.
o A PR R GT: -1z : Speciai Equipment
- Grovd 3an -
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~ Qrowé | 2ana -
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Depth
in_metres

0.0 Basa plate

0.74 Floor

12.68  Bottom of

41.00 Top of pump

Bottorn of

30.96 Bottem of

43.37 Bottom of
44,19 Bottom of

Motor

Manufacturer: US Motors
Power: 10Chp 573V 3ph
Sarial #: S06S0330086R-2

Discharge Head
Manufacturer: Layne TF

——Concrete pedestal

77N

Cemented in place

610 mm (24") outer steel well casing

300 mm (12"} Inner casing

200 mm (8"} column pips

9 mm (3/87) airline

30 mm (1 3/167) shaft

Pump

Manufacturer: Layne

Model: 10THC — 7 stoge {De—staged from 9 stage)
Serial Number: 110818-L

_A;hﬂ“
(L)
(INIEY
s
R
(D
(D)
well casing E ﬂ( |
4k
(h
(LY
RN

Pump

inner casing

Top of screen

4494  Suction intake

51.80 Bottom of

weall & screen

200 mm {8") suction pipe

300 mm Johnson 50 Slot 5SS screen

N\ Lotowater

CLIENT

Regional Municipality of Waterloo

i g _ TITLE
TTCHNICAL SERVICES TINC, K29
Pump Installation Drawing
PROJECT No. 004-153 \\Poweredge\...\Lotowater Projecis\004 Region of Waterloo\ 153 K29 Pump Maintenance\7. Techrical
FIGURE

DESIGN

DRAWN{ EH | 2008/10/06 REVISION No.  2013-02-27 SCALE N.T.S. 4
K_HECKED{ BP 2013/03/01
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Motor

Manufacturer: US Motors
Power: 100hp 575V 3ph
Serial #: XX

Discharge Head
Manufacturer: Layne TF

Concrete pedestal

Cemented in place

610 mm (247) outer steel well casing

Depth
in_metres
.é;h.
0.0 Base plate I — —
XX Floor W\ 777 \\
) | g
12.68 Bottom of cement N =
=

300 mm (12") Inner casing

200 mm (8") column pipe

T T T T T T T —
Ll _—11 11 11 —11 1 11 1 yr— o —

XX Top of pump

30.96  Bottom of well casing

XX Top of Pump

42.85 Bottom of inner casing
Top of screen

XX.XX  Suction intake

52.00 Bottom of well & screen

30 mm (1 3/16") shaft

Pump
Manufacturer: Layne
Model: 10THC 9 stage

Serial Number: XX

XX mm (X”) suction pipe

300 mm Johnson 50 Slot SS screen

Steel bottom plate

NOTES

All measurements below pump
base plate in metres.
Drawing not to scale.

CLIENT
Regional Municipality of Waterloo

NN\ Lotowater

TECHNICAL SERVICES INC.

TITLE

K29 Well
Pump and Motor Installation

"FICSURE

PROJECTNo.  00&MStowater frojects\006 Region of Waterloo\115 RMOW 2008 Well Maintenance Program\Lineshaft Pump Installation Drawing|
DESIGN REVISION No. 1 | SCALE N.T.S.
DRAWN | EH 08/10/06
SCALE (m) ™ ™ ' |
CHECKED] 0 X X

2




WT-ME-OW03-09-A

PROJECT: 08-1112-0150

LOCATION: N 4805494.0 ;E 537033.0

DRILL RIG:

DRILLING CONTRACTOR: Gerrits Well Drilling

BOREHOLE LOG OF: WT-ME-OW03-09

DRILLING DATE: November 17, 2009

Air Rotary

SHEET 1 OF 3

DATUM: NAD83

MIS-HYD 009 08-1112-0150.GPJ GAL-MISS.GDT 2/7/11 RJ

]
é ® S w GEOPHYSICAL RECORD PIEZOMETER
Py © [Eev. | 8 OR
Th DESCRIPTION 6 oertH| © STANDPIPE
EE g ™ ? GAMMA (cps) CONDUCTIVITY (mS/m) INSTALLATION
> o
e « 25 50 75 100 10 20 30 40
1 1 1 1 1 1 1 1
GROUND SURFACE 369.76
[ Brown TOPSOIL, trace sand, trace gravel E== 0.00
R E==] 36550
B Brown SAND, some silt, trace gravel 4.26
: P77 —
— 6
— 8
L 10 i Bentonite Grout
- <
— 12
— 14
— 16
[ =
B 350.56
| Brown, medium to coarse SAND, some gravel 19.20
[ [ R e L — a4 ]
CONTINUED NEXT PAGE
DEPTH SCALE éé TEGOlder LOGGED: BH
1:100 L7 Associates CHECKED: CM
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PROJECT: 08-1112-0150 BOREHOLE LOG OF: WT'ME'OW03'09 SHEET 2 OF 3

LOCATION: N 4805494.0 ;E 537033.0 DRILLING DATE: November 17, 2009 DATUM: NAD83
DRILL RIG: Air Rotary
DRILLING CONTRACTOR: Gerrits Well Drilling

DEPTH SCALE

V]
® 9 w GEOPHYSICAL RECORD PIEZOMETER
w o [ELEv. | 8 OR
T DESCRIPTION 3 5zl © STANDPIPE
= 2 m |8 GAMMA (cps) CONDUCTIVITY (mS/m) INSTALLATION
s o
® 25 50 75 100 10 20 30 40

--- CONTINUED FROM PREVIOUS PAGE -

20 Brown, medium to coarse SAND, some gravel K /

22

345.76

24 24.00

Brown, coarse SAND with GRAVEL

26

V4

1343.52

Bentonite Grout

28

AFB1

30

32

34
Holeplug

71 sand
334.71

36

Screen

38

331.66

331.06
Dense, brown CLAY, some silt 38.70

Wb ] 7/

CONTINUED NEXT PAGE

MIS-HYD 009 08-1112-0150.GPJ GAL-MISS.GDT 2/7/11 RJ

Associates CHECKED: CM

DEPTH SCALE éé TEGOld.er LOGGED: BH

1:100 J.




MIS-HYD 009 08-1112-0150.GPJ GAL-MISS.GDT 2/7/11 RJ

PROJECT: 08-1112-0150

LOCATION: N 4805494.0 ;E 537033.0

BOREHOLE LOG OF: WT-ME-OW03-09

DRILLING DATE: November 17, 2009

DRILL RIG: Air Rotary

DRILLING CONTRACTOR: Gerrits Well Drilling

SHEET 3 OF 3

DATUM: NAD83

)
é ® 9 w GEOPHYSICAL RECORD PIEZOMETER
U o |ELEv. [ 8 OR
IE DESCRIPTION 6 DEPTH s} STANDPIPE
EE g ™ ! GAMMA (cps) CONDUCTIVITY (mS/m) INSTALLATION

> o)
e ” 25 50 75 100 10 20 30 40

1 1 1 1 1 1 1 1
S CONTINUED FROM PREVIOUS PAGE ---
B Dense, brown CLAY, some silt
I
: 3
| Stone
- Z
[ 46
B 321.91
— 48 | END OF BOREHOLE 47.85
I
— 52
— 54
— 56
-
[ o0
DEPTH SCALE A LOGGED: BH
?GoIQer
1:100 A_ssoc]ates CHECKED: CM




K-ME-OWO02-09-A

PROJECT: 08-1112-0150 BOREHOLE LOG OF: K'ME'OW02'09 SHEET 1 OF 3

LOCATION: N 4805684.0 ;E 538813.0 DRILLING DATE: December 3, 2009 DATUM: NAD83
DRILL RIG: Air Rotary
DRILLING CONTRACTOR: Gerrits Well Drilling

MIS-HYD 009 08-1112-0150.GPJ GAL-MISS.GDT 2/7/11 RJ

O]

Q ® S w GEOPHYSICAL RECORD PIEZOMETER

Py O [Eev. | 8 OR

T E DESCRIPTION 6 DEPTH s} STANDPIPE

EE g ™ 8 GAMMA (cps) CONDUCTIVITY (mS/m) INSTALLATION

> o
e « 25 50 75 100 10 20 30 40
1 1 1 1 1 1 1 1
L, GROUND SURFACE 364.21
B TOPSOIL WL 000
[ Brown, CLAY 0.30
— 2
: .
- <
— 4
I 358.93
- Brown, CLAY, some medium sand, trace 5.28
R gravel
— 6
B 357.81
B Brown, fine SAND : 6.40
— 8
-— 10 /| Bentonite Grout
- ___ 353.85
B Brown, medium SAND, some silt 10.36
— 12
i o
B w
- <
— 14
- 16
- 18
[ L 7 7
CONTINUED NEXT PAGE
DEPTH SCALE A LOGGED: BH
€. E Golder
1:100 A_ssoc]ates CHECKED: CM
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MIS-HYD 009 08-1112-0150.GPJ GAL-MISS.GDT 2/7/11 RJ

PROJECT: 08-1112-0150

LOCATION: N 4805684.0 ;E 538813.0

BOREHOLE LOG OF: K-ME-OW02-09

DRILLING DATE: December 3, 2009

DRILL RIG: Air Rotary

DRILLING CONTRACTOR: Gerrits Well Drilling

SHEET 2 OF 3

DATUM: NAD83

32

34

36

38

P——————————————

CONTINUED NEXT PAGE

Nar-elas-elatssacsar-elas-elat-sacsareas-elatoacsarelas-elaloat st elas-elal-o'ace'ar elas - elasse'mexen =

O]
é ® S w GEOPHYSICAL RECORD PIEZOMETER
Fu © |ELEV. [ § OR
T E DESCRIPTION 6 DEPTH s} STANDPIPE
Es [ @ GAMMA (cps) CONDUCTIVITY (mS/m) INSTALLATION
i Sl m|g
e ” 25 50 75 100 10 20 30 40
1 1 1 1 1 1 1 1
20| CONTINUED FROM PREVIOUS PAGE ---
| Brown, medium SAND, some gravel, trace clay 69|
22
_______________ 341.04
Moist, brown, medium SAND, some gravel 23.17
24
339.83
Wet, brown, GRAVEL, some medium sand, 24.38
trace boulders
26
28
30 i /| Bentonte Grout
<

31.99

DEPTH SCALE
1:100

LOGGED: BH
CHECKED: CM




MIS-HYD 009 08-1112-0150.GPJ GAL-MISS.GDT 2/7/11 RJ

PROJECT: 08-1112-0150

LOCATION: N 4805684.0 ;E 538813.0

BOREHOLE LOG OF: K-ME-OW02-09

DRILLING DATE: December 3, 2009
DRILL RIG: Air Rotary
DRILLING CONTRACTOR: Gerrits Well Drilling

SHEET 3 OF 3

DATUM: NAD83

O]
é ® 9 w GEOPHYSICAL RECORD PIEZOMETER
U o |ELEv. [ 8 OR
T E DESCRIPTION 6‘ DEPTH s} STANDPIPE
Es [ @ GAMMA (cps) CONDUCTIVITY (mS/m) INSTALLATION
i S|l m g
e ” 25 50 75 100 10 20 30 40

1 1 1 1 1 1 1 1

S CONTINUED FROM PREVIOUS PAGE ---

= Wet, brown, GRAVEL, some medium sand,

- trace boulders

B E Bentonite Grout

. é

o Hole Plug

"

- o

= w

R é <

[ 46 E

i (SA-146.9 m) é

C :

B 314.81

R Dense, Grey, CLAY 49.40

_— 50 Hole Plug

: 313.31

- END OF BOREHOLE 50.90

— 52

— 54

— 56

[ s

[ o0

DEPTH SCALE A LOGGED: BH
(5 E Golder
1:100 A_ssoc]ates CHECKED: CM
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K-ME-OW1-03-(A-B)

Project: OW1-92 Replacement wel
Project No: 609-00133

Borehole No.: OW1BC-03

Location: Intersection of Fisher Hallman Road and Ottawa St.

Centractor: Davidson Well Driliing Lid.
Drilling Methed: mud rotary

Date: 12-May-03

Fietd Investigator. James Pickering(Davidson Well Drilling Ltd.)
Ground Surface: 356.39 m AMSL

Top of Casing: 356.45 m AMSL{A); 356.405 i AMSL(B)

SUBSURFACE PROFILE SAMPLE DETAILS WELL DETAILS
38 .
@a . . . Lab Analyses
© Lithologic Description e = = ¥ Well
5 g £2 2 ER
g 2 2l Elal2) 8
o 5 wEf & = | =z o«
ft| m
37
L Ground Surface 355.34
] ~— TOPSOIL 15479 & - G\ Cement
-+ 4 CLAY
] 4 some silt, brown
I / F‘
12—:_ / )
1 [jl:; ps0.84 U1, S| !
~ : SILT
177 some sand, brown
22— S I 3%
o L 714~ 8. 4%
. 1 CLAY [346.55 q c‘é\l
H / F\zome sand and gravel, brown _, ' Bentonite
] 4 grey, little sand or gravel
27 ., /4
s %:
I /_,.:: ____________________ hazed 17 [
a2 // 1 some gravel, cobbles and
7 / - boulders, brown
47 Z
T 15 g 7.9
52 / 1 339 54 154%
I [®88 ] GRAVEL
] ‘.:.‘ some fine to coarse sand, grey
T T e
7] |a%2
T [%ele]
- :; L
27 o]
— - 8
R
57': o :
4 ‘-.
] : ®
721 A
] 0‘ .
1 : -
7 leege
Screen interval: 32 to 35.1 m BGS; 55.8 to 58.8 m BGS Notes:

Sand pack interval: 31.4 to 35.4 m; 54.9t0 58.8 m

Drawn By/Checked By: OR/RF

BGS

. mAMSL- metres above mean sea level
Well seal interval: 0.3 to 31.4 m;35.4 1o 54.9 m; 58.8 t0 65.5 m MmBGS - metres below ground surface

Slantec Consulting Lid.
49 Frederick Street
Kitchenar, Ontario

N2H 6M7

Stantec Page 10of 3
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2oV (R

Borehole No.: OW1BC-03

Project: OW1-92 Replacement well Date: 12-May-03

Project No: 609-00133 Field Investigator: James Pickering(Davidson Well Drilling Ltd.}
t.ocation: Intersection of Fisher Hallman Road and Ottawa St. Ground Suiface: 355.39 m AMSE

Contractor: Davidson Well Driliing Lid. Top of Casing: 356.45 m AMSL{A), 356.405 m AMSL(B)

Drilling Method: mud rotary

SUBSURFACE PROFILE SAMPLE DETAILS WELL DETAILS
E o
E a
> E
@ Lithologic Description | 2 L. |LabAnalyses Well
=) S| o o B
£ % E-‘ § o a % 3
g |5 HEAEIEAR
1 [S%2 B31.31 54 off
- SILT )
81 1 some medium sand, brown
86—
91— 28
o6
101
ot Top of sand
7 {31.4 m BGS)
05— Top of screen
-1 32.0
. {32.0 m BGS}
m No.1 Silica sand
111"_“_
1 16: Top of Bentonite
1 IR/ 35.4 m BGS)
N [318.81 %' (
121 ] cLay
] / 1 some silt, grey
138 /:
126 /
1314 %
136 Z
141~ 43 ? -
1 1 STRE I L
146 [&] cLay
1 -l somesill, grave!, cobbles and
] 21 boulders, grey
u 64
151 i =g
1 £
- 4
156 —1 L~
.

Screen interval: 32 to 35.1 m BGS; 55.8 to 58.8 m BGS Notes: Stantec Consulting Ltd.

. mAMSL- metres above mean sea level 49 Frederick Street
Well seal interval: 0.3 10 31.4 m;35.4 t0 54.9 m; 58.8t0 655 m mBGS - metres below ground surface Kitchener, Ontario
N2H 6M7

Sand pack interval: 31.4 t0 35.4 m; 54.9 to 58.8 m BGS

Drawn By/Checked By. OR/RF Stantec Page 20f 3




T zo\vaLC3
Borehole No.: OW1BC-03

Project: OW1-92 Replacement wel Date: 12-May-03

Pioject No: 609-00133 Field Investigator: James Pickering(Davidson Well Drilling Ltd.)
Location: Intersection of Fisher Hallman Road and Ottawa St. Ground Surface: 355.39 m AMSL

Contractor: Davidson Well Dritiing Ltd. Top of Casing: 356.45 m AMSL(A); 356.405 m AMSL(B})

Drilling Method: mud rotary

SUBSURFACE PROFILE SAMPLE DETAILS WELL DETAILS
3 o
il
u‘g? Lithologic D i E Lab Analyses Well
2 ithologic Description < g 2 R > o
1] o
s | 2 83| Bl |2l 3
o ] w=] u = z 14
161
166
171—{" 52
1767 Top of sand
] (54.9 m BGS)
181 Top of screen
1 {65.8 m BGS)
186—— MNo.10 Slot
I 57 PVC screen
] 50 mm diameter
191~
- Bottomn of screen
n (58.8 m BGS)
196
bo1— TR L
B 293,54 &' ¥
g 62 CLAY
206 arey
211
1 - 42
. bag.od "
216 - End of Borehole
167
(221~
226
231
236—— 72
Screen interval: 32 to 35.1 m BGS; 55.8 10 58.8 m BGS Notes: Stantec Consulting Ltd.

mAMSL- metres above mean sea level
Well seal interval: 0.3 to 31.4 m;35.4 to 54.9 m; 58.5 to 85.5 m mBGS - metres below ground surface

49 Frederick Street
Kitchener, Ontario
N2H 6M7

Sand pack inferval: 31.4 to 35.4 m; 54.9 to 58.8 m BGS

Drawn By/Checked By: OR/RF Stantec Page 3 of 3




Monitoring Well: K-ME-OW1-17 K-ME-OW1-17-A

STANTEC BOREHOLE AND WELL - MASTER 17X11 20170831_RMOW_MONITORING WELLS.GPJ DATA TEMPLATE_ENVS_CA_140725.GDT 30/11/17 AHEALEY

Project: Monitoring Well Construction Field Investigator: AV Ground surface elevation:371.00 m AMSL
Client:  Regional Municipality of Waterloo Contractor: Choice Sonic Top of casing elevation: 371.91 m AMSL
Location: Kitchener, Waterloo, ON Drilling method: Rotosonic Easting: 538004.323
Number: 160900870 Date started/completed:10-Aug-2017 / 14-Aug-2017 Northing: 4806209.648
SUBSURFACE PROFILE HYDROGEOLOGY SAMPLE DETAILS GEOPHYSIC WELL DETAILS
=
o c
Elevation| £ S o5 o
Depth Graphic Log Lithologic Description (mAMSL) '§, g = 8‘@ E’ < Lab Analyses Gamma
Depth | £2 @ G5 [y (cps)
(mBGS) | ~ £ 2 wz [®
% 20 40 60 80
(ft) (m) 371.81 [
T oo LS
2 —
J—-05 Donon
= oo ~&— Above ground
A oL Casing
01— 00 Ground Surface 371.00 A 0.820 m stick-up
4 = = HYDROVAC 0.00
1 _:: /P /P >¢ r®— Cement Surface
+—o05]|" r? ° ~< ~< Seal
2— ‘/P I ‘/P § 0to0.6m
_:: . . [®— Bentonite chips
S| P 06t01.1m
= P
5—F—15 /? ? /?
6— : :
3 368.71
g ] SAND 2.29
- loose, yellowish brown (10 YR 5/4), medium sand, little fine and coarse sand, moist
o=
10 —E_— 30
T 1 cc
i _:__ 35 sand fines downward, trace fine gravel rounded
12—
13 —:__ 4.0
14—
15— 45
16—
1—50 2 cC
17—
18——55
19 _:— trace fine to coarse gravel beginning at 5.8 m
-— 6.0
20 — 168 mm diameter
T Borehole
21—
IT— 65
22—
o 3 cc
23——70
24—
25 _:__ 5 Upper
1 silt seam 0.08 m thick at 7.6 m Waterloo
4 Moraine
26 g0 fine sand from 7.9 to 10.1 m AFB1 | stratified
a4 sediments
27T — and
. equivalents
28— 85
29—
I—90 4 cc
30—
31— g5
2 .
Screen Interval:  46.94 - 49.99 m BGS Notes: Geophysics performed by Lotowater Technical
Sand Pack Interval:46.33 - 50.90 m BGS m AMSL - metres above mean sea level Services Ltd. August 14, 2017, completed through
Well Seal Interval: 0.61 - 46.33 m BGS m BGS - metres below ground surface temporary steel casing
m BTOC - metres below top of casing Monitoring well installed as a replacement for
. CC - continuous core sample K-ME-OW3-85
\ n/a - not available/applicable WRAS No.: 9207338A
Sta n te C GSA - Grain Size Analysis
Drawn By/Checked By: CD/LV Sheet 1 of 6



squinlan
Text Box
K-ME-OW1-17-A


Monitoring Well: K-ME-OW1-17

STANTEC BOREHOLE AND WELL - MASTER 17X11 20170831_RMOW_MONITORING WELLS.GPJ DATA TEMPLATE_ENVS_CA_140725.GDT 30/11/17 AHEALEY

Project: Monitoring Well Construction Field Investigator: AV Ground surface elevation:371.00 m AMSL
Client:  Regional Municipality of Waterloo Contractor: Choice Sonic Top of casing elevation: 371.91 m AMSL
Location: Kitchener, Waterloo, ON Drilling method: Rotosonic Easting: 538004.323
Number: 160900870 Date started/completed:10-Aug-2017 / 14-Aug-2017 Northing: 4806209.648
SUBSURFACE PROFILE HYDROGEOLOGY SAMPLE DETAILS GEOPHYSIC WELL DETAILS
=
= c
Elevation| £ S o5 o
Depth Graphic Log Lithologic Description (mAMSL) '§, g = E‘E E’ < Lab Analyses Gamma
Depth | £2 @ G5 [y (cps)
(mBGS) 2 2 wz | @
©
= 20 40 60 80
) (m @ L
T 100 SAND C
33— : loose, yellowish brown (10 YR 5/4), medium sand, little fine and coarse sand, moist
34—
e 10.5]
35—
36 —— 11 5 cc
37—
8 1.5
% _:__ 12.0 sand becomes stratified fine sand, trace silt, and fine/medium sand, trace coarse sand
40T brown to yellowish brown (10 YR 5/3 - 10 YR 5/4)
41——125
42—
43—
44 — Sample at 14 m
E 6 ce for GSA
45—
46 —
47
o 145
48 ——
¥ 450
50 —-
51 _E_— 15.5
T 355.15
52 —:_ SAND 15.85
- brown to greyish brown (10 YR 5/3 to 2.5 Y 5/2), some fine to coarse gravel, trace silt, subrounded to rounded, well graded, trace oxidation staining, moist
54 — 7 cc
55—
56 —_
57 —
58—
59— 353.01
I 180 GRAVELLY SAND 17.98
60— greyish brown (2.5 Y 5/2), medium/coarse sand, rounded gravel, well graded, moist
J— 185
61—
62—~
T—19.0
63—
=B 8 cc
64 —— 19.5
65—
—20.0
66 ——
67 —
Screen Interval:  46.94 - 49.99 m BGS Notes: Geophysics performed by Lotowater Technical
Sand Pack Interval:46.33 - 50.90 m BGS m AMSL - metres above mean sea level Services Ltd. August 14, 2017, completed through
Well Seal Interval: 0.61 - 46.33 m BGS m BGS - metres below ground surface temporary steel casing
m BTOC - metres below top of casing Monitoring well installed as a replacement for
CC - continuous core sample K-ME-OW3-85
\ n/a - not available/applicable WRAS No.: 9207338A
| Sta n te C GSA - Grain Size Analysis
Drawn By/Checked By: CD/LV Sheet 2 of 6




STANTEC BOREHOLE AND WELL - MASTER 17X11 20170831_RMOW_MONITORING WELLS.GPJ DATA TEMPLATE_ENVS_CA_140725.GDT 30/11/17 AHEALEY

Monitoring Well: K-ME-OW1-17

Project: Monitoring Well Construction
Client:  Regional Municipality of Waterloo
Location: Kitchener, Waterloo, ON
Number: 160900870

Field Investigator: AV

Contractor: Choice Sonic

Drilling method: Rotosonic

Date started/completed:10-Aug-2017 / 14-Aug-2017

Ground surface elevation:371.00 m AMSL

Top of casing elevation:

Easting:
Northing:

538004.323

4806209.648

371.91 m AMSL

SUBSURFACE PROFILE

HYDROGEOLOGY

SAMPLE DETAILS

GEOPHYSIC
DETAILS

WELL DETAILS

Depth Graphic Log

Lithologic Description

Elevation
(m AMSL)
Depth
(mBGS)

Hydro
Stratigraphic Unit
Description

Sample
Number

Lab Analyses

Sample
Type

Gamma
(cps)

20 40 60 80

GRAVELLY SAND
greyish brown (2.5 Y 5/2), medium/coarse sand, rounded gravel, well graded, moist

(o2}
©

~
o

~

gravel content decreasing with depth

~
N

~
w

348.75

SAND AND GRAVEL

~
N

~
o

~
(o2}

~
A

~
@

light greyish brown (10 YR 5/2 to 10 YR 6/2), medium to coarse sand, some fine sand, fine to coarse gravel, rounded, moist

22.25

346.92

~
©

SAND

©
o

*

o]
N

o]
w

Q©
=

o)
o

@
(o)

o)
J

@
©

greyish brown to light greyish brown (10 YR 6/2 to 2.5 Y 5/2), little to some fine gravel, well graded, moist

24.08

343.87

0
©

SAND AND GRAVEL

o © © © © © © © © © ©
o © =] ~ (o2} a S w N - o

<

light browninsh grey (10 YR 6/2), trace silt, medium sand, fine to coarse gravel, rounded, trace to some cobbles, rounded, moist

27.13

cc

10

cc

11

cc

12

cc

13

cc

Bentonite Grout
1.1t044.5m

Screen Interval: ~ 46.94 - 49.99 m BGS
Sand Pack Interval:46.33 - 50.90 m BGS
Well Seal Interval: 0.61-46.33 m BGS

) Stantec

Notes:

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

n/a - not available/applicable

Geophysics performed by Lotowater Technical
Services Ltd. August 14, 2017, completed through
temporary steel casing

Monitoring well installed as a replacement for
K-ME-OW3-85

WRAS No.: 9207338A

GSA - Grain Size Analysis

Drawn By/Checked By: CD/LV

Sheet 3 of 6




STANTEC BOREHOLE AND WELL - MASTER 17X11 20170831_RMOW_MONITORING WELLS.GPJ DATA TEMPLATE_ENVS_CA_140725.GDT 30/11/17 AHEALEY

Monitoring Well: K-ME-OW1-17

Project: Monitoring Well Construction Field Investigator: AV Ground surface elevation:371.00 m AMSL
Client:  Regional Municipality of Waterloo Contractor: Choice Sonic Top of casing elevation: 371.91 m AMSL
Location: Kitchener, Waterloo, ON Drilling method: Rotosonic Easting: 538004.323
Number: 160900870 Date started/completed:10-Aug-2017 / 14-Aug-2017 Northing: 4806209.648
SUBSURFACE PROFILE HYDROGEOLOGY SAMPLE DETAILS GEOPHYSIC WELL DETAILS
.‘é‘
= c
Elevation| £ S o5 o
Depth Graphic Log Lithologic Description (mAMSL) '§, g g E‘é E’ < Lab Analyses Gamma
Depth | £2 @ G5 [y (cps)
(mBGS) | ~ £ 2 wz [®
g 20 40 60 80
@»
L1
SAND AND GRAVEL o
light browninsh grey (10 YR 6/2), trace silt, medium sand, fine to coarse gravel, rounded, trace to some cobbles, rounded, moist
14 cc
15 cc
Middle
Waterloo
Moraine
AFB2 | stratified
sediments
fine sand and fine gravel seam at 37.2 m, 0.3 m thick equﬁ/r;(ljents
16 cc
stratified sediments, sand, some silt to gravel, 0.3 to 0.9 m thick at 39 to 42 m
17 cc
Screen Interval:  46.94 - 49.99 m BGS Notes: Geophysics performed by Lotowater Technical
Sand Pack Interval:46.33 - 50.90 m BGS m AMSL - metres above mean sea level Services Ltd. August 14, 2017, completed through
Well Seal Interval: 0.61 - 46.33 m BGS m BGS - metres below ground surface temporary steel casing
m BTOC - metres below top of casing Monitoring well installed as a replacement for
, CC - continuous core sample K-ME-OW3-85
\ n/a - not available/applicable WRAS No.: 9207338A
| Sta n te C GSA - Grain Size Analysis
Drawn By/Checked By: CD/LV Sheet 4 of 6




STANTEC BOREHOLE AND WELL - MASTER 17X11 20170831_RMOW_MONITORING WELLS.GPJ DATA TEMPLATE_ENVS_CA_140725.GDT 30/11/17 AHEALEY

Monitoring Well: K-ME-OW1-17

Project: Monitoring Well Construction Field Investigator: AV Ground surface elevation:371.00 m AMSL
Client:  Regional Municipality of Waterloo Contractor: Choice Sonic Top of casing elevation: 371.91 m AMSL
Location: Kitchener, Waterloo, ON Drilling method: Rotosonic Easting: 538004.323
Number: 160900870 Date started/completed:10-Aug-2017 / 14-Aug-2017 Northing: 4806209.648
SUBSURFACE PROFILE HYDROGEOLOGY SAMPLE DETAILS GEOPHYSIC WELL DETAILS
.‘é‘
= c
Elevation| | o S o5 o
= a el el
Depth Graphic Log Lithologic Description (mAMSL) 8 g 8‘@ E’ < Lab Analyses Gamma
Depth | £& @ G5 [y (cps)
(mBGS) | ~ 2 8 wz [®
©
= 20 40 60 80
@»
[
SAND AND GRAVEL Do
light browninsh grey (10 YR 6/2), trace silt, medium sand, fine to coarse gravel, rounded, trace to some cobbles, rounded, moist
oxidation staining at 43.3 m
327.11
SAND 43.89 18 cc
medium grained, trace silt, trace fine to coarse gravel, well graded, wet
coarsens downward
®— Bentonite pellets
44.5t046.3 m
sand becomes fine to medium grained
1 | co | Sempeatm ,
; No. 1 Silica Sand
46.3to 51 m
silt clasts within the sand 0.01 to 0.05 m thick beginning at 47.9 m
£ No. 10 slot
Schedule 80
. " . . o ’ " " ) . . " - PVC Screen
stratified sediments, 0.3 to 0.6 m thick starting at 48.8 m consisting of light olive brown (10 YR 5/3) fine, little medium, trace silt to brown (2.5 Y 5/3) medium, little coarse, trace gravel 51 mm OD
46.9t0 50 m
20 cc

. —No. 1 Silica Sand

46.3to 51 m
Screen Interval:  46.94 - 49.99 m BGS Notes: Geophysics performed by Lotowater Technical
Sand Pack Interval:46.33 - 50.90 m BGS m AMSL - metres above mean sea level Services Ltd. August 14, 2017, completed through
Well Seal Interval: 0.61 - 46.33 m BGS m BGS - metres below ground surface temporary steel casing
m BTOC - metres below top of casing Monitoring well installed as a replacement for
. CC - continuous core sample K-ME-OW3-85
\ n/a - not available/applicable WRAS No.: 9207338A
Sta n te C GSA - Grain Size Analysis
Drawn By/Checked By: CD/LV Sheet 5 of 6




STANTEC BOREHOLE AND WELL - MASTER 17X11 20170831_RMOW_MONITORING WELLS.GPJ DATA TEMPLATE_ENVS_CA_140725.GDT 30/11/17 AHEALEY

Monitoring Well: K-ME-OW1-17

Project: Monitoring Well Construction Field Investigator: AV Ground surface elevation:371.00 m AMSL
Client:  Regional Municipality of Waterloo Contractor: Choice Sonic Top of casing elevation: 371.91 m AMSL
Location: Kitchener, Waterloo, ON Drilling method: Rotosonic Easting: 538004.323
Number: 160900870 Date started/completed:10-Aug-2017 / 14-Aug-2017 Northing: 4806209.648
SUBSURFACE PROFILE HYDROGEOLOGY SAMPLE DETAILS GEOPHYSIC WELL DETAILS
.‘é‘
= c
Elevation| £ S o5 o
Depth Graphic Log Lithologic Description (mAMSL) '§, g g E‘é E’ < Lab Analyses Gamma
Depth | £2 @ G5 [y (cps)
(mBGS) | ~ £ 2 wz [®
©
= 20 40 60 80
@»
1
SAND :
medium grained, trace silt, trace fine to coarse gravel, well graded, wet
coarsens downward
21 cc
Bentonite chips
5110 60.7 m
22 cc
313.09
CLAYEY SILT TILL 57.91
hard, dark grey to dark greyish brown (10 YR 4/1 to 10 YR 4/2), silt, trace medium to coarse sand, blocky
193 —
4590 Sample at 59 m
194 ——
T ATB3 Lower 2 ce for GSA
195 —~ Maryhill Till
-— 595
196 —
197 _:_— 60.0)
198 —-
199 _:—_ 6035 310.34 R
-+ End of Borehole 60.66
200 61,0
201 —
202 _:_— 61.5
203 —
J—62.0
204 —_
205 625
206 —
J—63.0
207 —-
Screen Interval:  46.94 - 49.99 m BGS Notes: Geophysics performed by Lotowater Technical
Sand Pack Interval:46.33 - 50.90 m BGS m AMSL - metres above mean sea level Services Ltd. August 14, 2017, completed through
Well Seal Interval: 0.61 - 46.33 m BGS m BGS - metres below ground surface temporary steel casing
m BTOC - metres below top of casing Monitoring well installed as a replacement for
, CC - continuous core sample K-ME-OW3-85
\ n/a - not available/applicable WRAS No.: 9207338A
| Sta n te C GSA - Grain Size Analysis
Drawn By/Checked By: CD/LV Sheet 6 of 6




Monitoring Well: K-ME-OW2-17 K-ME-OW2-17-A

STANTEC BOREHOLE AND WELL - MASTER 17X11 20170831_RMOW_MONITORING WELLS.GPJ DATA TEMPLATE_ENVS_CA_140725.GDT 30/11/17 AHEALEY

Project: Monitoring Well Construction Field Investigator: AV Ground surface elevation:362.83 m AMSL
Client:  Regional Municipality of Waterloo Contractor: Choice Sonic Top of casing elevation: 363.77 m AMSL
Location: Kitchener, Waterloo, ON Drilling method: Rotosonic Easting: 539220.335
Number: 160900870 Date started/completed:18-Aug-2017 / 23-Aug-2017 Northing: 4805357.486
SUBSURFACE PROFILE HYDROGEOLOGY SAMPLE DETAILS GEOPHYSIC WELL DETAILS
=
o c
Elevation| £ S o5 o
Depth Graphic Log Lithologic Description (mAMSL) '§, g = 8‘@ E’ < Lab Analyses Gamma
Depth | £2 @ G5 [y (cps)
(mBGS) | ~ £ 2 wz [®
©
?/b) 20 40 60 80
()  (m) 363.64 L1
2T Dol
J—-05 Donon
= oo ~&— Above ground
A oL Casing
0 =B Ground Surface 362.83 oo 0.94 m stick-up
B HYDROVAC 0.00
1 _: >¢ Cement Surface
7 ~< Seal
2 0t00.6m
3
4
5
6
L= 360.54
g ] CLAYEY SILT 2.29
- soft, brown (7.5 YR 4/3), some fine grained sand, trace coarse sand, trace fine gravel, moist
9
10
11 _: 1 cc
12—
13 3 358.87
. SILTY SAND 3.96
143 brown (7.5 YR 4/3), fine sand, trace medium to coarse sand, trace fine gravel, moist to wet, trace oxidation staining
15—
16 — Sample at 4.9 m
E 2 ce for GSA
17— till material, 0.25 m thick at 5.1 m
18 _: trace cobbles
19—
2% = 356.73 R
E SAND 6.10 > ameter Borehol
] brown (10 YR 5/3), stratified deposits of fine sand, little to some silt and fine and medium sand, trace to some gravel 3 cc = o lameter Borehole
21— layers 0.02 to 0.08 m thick
] yers 0.02 to 0.08 m thicl
22
23—
24 — ) ) )
= till material, 0.10 m thick at 7.3 m
25 —
26 —
B 4 cc
27
28 —
29 —
30 1
31—
23 .
Screen Interval:  52.73 - 55.78 m BGS Notes: Geophysics performed by Lotowater Technical
Sand Pack Interval:50.90 - 57.91 m BGS m AMSL - metres above mean sea level Services Ltd. August 23, 2017, completed through
Well Seal Interval: 0.61 - 50.90 m BGS m BGS - metres below ground surface temporary steel casing
m BTOC - metres below top of casing WRAS No.: 9207339A
. CC - continuous core sample GSA - Grain Size Analysis
@ Sta ntec n/a - not available/applicable
Drawn By/Checked By: CD/LV Sheet 1 of 6



squinlan
Text Box
K-ME-OW2-17-A


Monitoring Well: K-ME-OW2-17

Project: Monitoring Well Construction Field Investigator: AV Ground surface elevation:362.83 m AMSL
Client:  Regional Municipality of Waterloo Contractor: Choice Sonic Top of casing elevation: 363.77 m AMSL
Location: Kitchener, Waterloo, ON Drilling method: Rotosonic Easting: 539220.335
Number: 160900870 Date started/completed:18-Aug-2017 / 23-Aug-2017 Northing: 4805357.486

GEOPHYSIC

SUBSURFACE PROFILE HYDROGEOLOGY SAMPLE DETAILS DETAILS

WELL DETAILS

Elevation
(m AMSL)
Depth
(mBGS)

Gamma

Depth Graphic Log Lithologic Description (cps)

Lab Analyses

Sample
Type

20 40 60 80

Hydro
Stratigraphic Unit
Description
Sample
Number

L1 11
SAND =0
brown (10 YR 5/3), stratified deposits of fine sand, little to some silt and fine and medium sand, trace to some gravel
layers 0.02 to 0.08 m thick

some gravel and silt clasts from 10.7 to 11.3 m

[ [ [ [
® ~ [} a
||||I|III|

[
©

N
o

2

fine to coarse gravel seam at 12.5 m, 0.05 m thick

'y
N

N
w

IS
N

'S
o

N
(o2}

N
J

5
©

'y
©

a
o

a

Bentonite Grout
0.6t030.5m

0
N

b

o
w
I|III|III|III|III|III|III|III|III|III|III|III|III|III|III|III|III|III|III|III|III|III|IIIIIII|III|III|III|III|III|III

Sample at 15.2 m
7 ce for GSA

o
a

a
(&}

o
N

o
co

o
©

D
o

silt clasts in sand layers starting at 18.3 m

2

(o2}
N

343.63

SAND 19.20
light olive brown (2.5 Y 5/3), fine grained, trace to some silt, moist to wet

(=2}
w

(=2
h e

(=2}
o

(=2}
(&}

(=2}
J

STANTEC BOREHOLE AND WELL - MASTER 17X11 20170831_RMOW_MONITORING WELLS.GPJ DATA TEMPLATE_ENVS_CA_140725.GDT 30/11/17 AHEALEY

Screen Interval:  52.73 - 55.78 m BGS Notes: Geophysics performed by Lotowater Technical
Sand Pack Interval:50.90 - 57.91 m BGS m AMSL - metres above mean sea level Services Ltd. August 23, 2017, completed through
Well Seal Interval: 0.61 - 50.90 m BGS m BGS - metres below ground surface temporary steel casing

m BTOC - metres below top of casing WRAS No.: 9207339A

. CC - continuous core sample GSA - Grain Size Analysis
@ Sta ntec n/a - not available/applicable

Drawn By/Checked By: CD/LV Sheet 2 of 6




STANTEC BOREHOLE AND WELL - MASTER 17X11 20170831_RMOW_MONITORING WELLS.GPJ DATA TEMPLATE_ENVS_CA_140725.GDT 30/11/17 AHEALEY

Monitoring Well: K-ME-OW2-17

Project: Monitoring Well Construction
Client:  Regional Municipality of Waterloo
Location: Kitchener, Waterloo, ON
Number: 160900870

Field Investigator: AV

Contractor: Choice Sonic

Drilling method: Rotosonic

Date started/completed:18-Aug-2017 / 23-Aug-2017

Ground surface elevation:362.83 m AMSL

Top of casing elevation:

Easting:
Northing:

539220.335

4805357.486

363.77 m AMSL

SUBSURFACE PROFILE

HYDROGEOLOGY

SAMPLE DETAILS

GEOPHYSIC
DETAILS

WELL DETAILS

Depth Graphic Log

Lithologic Description

Elevation
(m AMSL)
Depth
(mBGS)

Hydro
Stratigraphic Unit

Description

Sample
Number

Lab Analyses

Sample
Type

Gamma
(cps)

20 40 60 80

SAND
light olive brown (2.5 Y 5/3), fine grained, trace to some silt, moist to wet

69 —

\clayey silt at 21.2t0 21.5 m

341.65

/| 21.18

3
|

SAND

~

~
N

~
w

~
N

~
o

~
(o2}

~
A

~
@

~
©

©
o

trace brown (10 YR 5/3) silt at 24.4 m

*

o]
N

o]
w

Q©
=

@
(o)

o)
J

@
©

0
©

©
o

©

trace dark gray (GLEY 1 4/4) clay, 0.15 m thick, wet at 27.7 m

©
N

©
w

silty fine sand, wet, 0.15 to 0.2 m thick at 28.3 m

©
=

©
a

©
(o2}

©
N

©
=]

©
©

stratified deposits of fine sand, some medium and well graded sand, trace fine and coarse gravel layers 0.15 to 0.91 m thick

332.65

| SAND AND GRAVEL
medium to coarse sand, trace fine sand, rounded gravel and sand, well graded, wet

o
o

o)
o
III|III|III|III|III|III|III|III|III|III|III|III|III|III|III|III|III|III|III|III|IIIIIII|III|III|III|III|III|III|III|III|III 111

<

30.18

Upper
Waterloo
Moraine
stratified

10

Sample at 21.3 m
ce for GSA

1"

cc

12

cc

Screen Interval:  52.73 - 55.78 m BGS
Sand Pack Interval:50.90 - 57.91 m BGS
Well Seal Interval: 0.61-50.90 m BGS

@ Stantec

Notes:

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

n/a - not available/applicable

Geophysics performed by Lotowater Technical
Services Ltd. August 23, 2017, completed through
temporary steel casing

WRAS No.: 9207339A

GSA - Grain Size Analysis

Drawn By/Checked By: CD/LV

Sheet 3 of 6




STANTEC BOREHOLE AND WELL - MASTER 17X11 20170831_RMOW_MONITORING WELLS.GPJ DATA TEMPLATE_ENVS_CA_140725.GDT 30/11/17 AHEALEY

Monitoring Well: K-ME-OW2-17

Project: Monitoring Well Construction Field Investigator: AV Ground surface elevation:362.83 m AMSL
Client:  Regional Municipality of Waterloo Contractor: Choice Sonic Top of casing elevation: 363.77 m AMSL
Location: Kitchener, Waterloo, ON Drilling method: Rotosonic Easting: 539220.335
Number: 160900870 Date started/completed:18-Aug-2017 / 23-Aug-2017 Northing: 4805357.486
SUBSURFACE PROFILE HYDROGEOLOGY SAMPLE DETAILS GEOPHYSIC WELL DETAILS
E
= c
Elevation| £ S o5 o
Depth Graphic Log Lithologic Description (mAMSL) '§, g = 8‘@ E’ < Lab Analyses Gamma
Depth | £2 @ G5 [y (cps)
(mBGS) 2 2 wz | @
g 20 40 60 80
@»
L1
SAND AND GRAVEL sediments T
medium to coarse sand, trace fine sand, rounded gravel and sand, well graded, wet AFB1/AFB2 and .
equivalents/Middlle >
Waterloo
Moraine 13 cc
stratified
sediments
and >‘
equivalents
trace silt at 32.9 m
329.61 >
GRAVEL 33.22
little medium to coarse sand, little cobble, well graded, stratified, wet
14 cc >
326.56
SAND AND GRAVEL 36.27
stratified deposits of gravel, little sand, little cobble and sand, some gravel, medium to coarse layers 0.05 to 0.08 m thick >
15 cc >
[<— Bentonite chips
s | cc > 30.51050.9 m
Screen Interval:  52.73 - 55.78 m BGS Notes: Geophysics performed by Lotowater Technical
Sand Pack Interval:50.90 - 57.91 m BGS m AMSL - metres above mean sea level Services Ltd. August 23, 2017, completed through
Well Seal Interval: 0.61-50.90 m BGS m BGS - metres below ground surface temporary steel casing
m BTOC - metres below top of casing WRAS No.: 9207339A
. CC - continuous core sample GSA - Grain Size Analysis
@ Sta ntec n/a - not available/applicable
Drawn By/Checked By: CD/LV Sheet 4 of 6




STANTEC BOREHOLE AND WELL - MASTER 17X11 20170831_RMOW_MONITORING WELLS.GPJ DATA TEMPLATE_ENVS_CA_140725.GDT 30/11/17 AHEALEY

Monitoring Well: K-ME-OW2-17

Project: Monitoring Well Construction Field Investigator: AV Ground surface elevation:362.83 m AMSL
Client:  Regional Municipality of Waterloo Contractor: Choice Sonic Top of casing elevation: 363.77 m AMSL
Location: Kitchener, Waterloo, ON Drilling method: Rotosonic Easting: 539220.335
Number: 160900870 Date started/completed:18-Aug-2017 / 23-Aug-2017 Northing: 4805357.486
SUBSURFACE PROFILE HYDROGEOLOGY SAMPLE DETAILS GEOPHYSIC WELL DETAILS
:‘é‘
= c
Elevation| £ 2 o3 2
Depth Graphic Log Lithologic Description (mAMSL) '§, g g 8@ E’ < Lab Analyses Gamma
Depth | £2 @ G5 [y (cps)
(mBGS) | ~ £ 2 wz [®
g 20 40 60 80
@»
L1
SAND AND GRAVEL o
stratified deposits of gravel, little sand, little cobble and sand, some gravel, medium to coarse layers 0.05 to 0.08 m thick
sand layers becoming finer grained at 42.1 m >
17 CcC >
317.41
SAND 4542 >
stratified deposits of fine sand, trace to little silt, medium to coarse sand, some gravel, well graded, layers 0.15 to 0.9 m thick
18 cc >
Sample at 50.3 m >
o] ce for GSA
lln
coarser material at 51.5 to 52.7 m
172
Screen Interval:  52.73 - 55.78 m BGS Notes: Geophysics performed by Lotowater Technical
Sand Pack Interval:50.90 - 57.91 m BGS m AMSL - metres above mean sea level Services Ltd. August 23, 2017, completed through
Well Seal Interval: 0.61 - 50.90 m BGS m BGS - metres below ground surface temporary steel casing
m BTOC - metres below top of casing WRAS No.: 9207339A
CC - continuous core sample GSA - Grain Size Analysis
@ Sta ntec n/a - not available/applicable
Drawn By/Checked By: CD/LV Sheet 5 of 6




Monitoring Well: K-ME-OW2-17

STANTEC BOREHOLE AND WELL - MASTER 17X11 20170831_RMOW_MONITORING WELLS.GPJ DATA TEMPLATE_ENVS_CA_140725.GDT 30/11/17 AHEALEY

Project: Monitoring Well Construction Field Investigator: AV Ground surface elevation:362.83 m AMSL
Client:  Regional Municipality of Waterloo Contractor: Choice Sonic Top of casing elevation: 363.77 m AMSL
Location: Kitchener, Waterloo, ON Drilling method: Rotosonic Easting: 539220.335
Number: 160900870 Date started/completed:18-Aug-2017 / 23-Aug-2017 Northing: 4805357.486
SUBSURFACE PROFILE HYDROGEOLOGY SAMPLE DETAILS GEOPHYSIC WELL DETAILS
=
= c
Elevation| £ S o5 o
Depth Graphic Log Lithologic Description (mAMSL) '§, g = 8‘@ E’ < Lab Analyses Gamma
Depth | £2 @ G5 [y (cps)
(mBGS) 2 2 wz | @
g 20 40 60 80
@»
L1
SAND :
stratified deposits of fine sand, trace to little silt, medium to coarse sand, some gravel, well graded, layers 0.15 to 0.9 m thick
20 cc
:.~<—No. 1 Silica Sand
50.9t0 57.9 m
& No. 10 slot
Schedule 80
PVC Screen
51 mm OD
52.71t055.8 m
sandy silt till clasts 0.1 m thick as inclusions in the matrix from 55.8 to 56.4 m
21 cc
305.07
SANDY SILT 57.76
soft to very stiff, pale brown to very dark greyish brown (10 YR 6/2 to 10 YR 4/2), mottled with clay, wet
303.55 22 cc
SILT TO SILTY SAND 59.28
dense, grey (10 YR 5/1), wet
302.33 Bentonite chips
SILTY CLAY TILL 60.50 57.9t062.8 m
hard, very dark greyish brown (10 YR 3/2), trace medium to coarse sand, blocky
Lower
ATB3 L Sample at 61.0
Maryhill Till 23 CcC for GSA
300.04 IR
= End of Borehole 62.79
—+—63.0
207 —-
Screen Interval:  52.73 - 55.78 m BGS Notes: Geophysics performed by Lotowater Technical
Sand Pack Interval:50.90 - 57.91 m BGS m AMSL - metres above mean sea level Services Ltd. August 23, 2017, completed through
Well Seal Interval: 0.61 - 50.90 m BGS m BGS - metres below ground surface temporary steel casing
m BTOC - metres below top of casing WRAS No.: 9207339A
. CC - continuous core sample GSA - Grain Size Analysis
@ Sta ntec n/a - not available/applicable
Drawn By/Checked By: CD/LV Sheet 6 of 6




STANTEC BOREHOLE AND WELL - MASTER 17X11 165640303_K21-K26_SB.GPJ DATA TEMPLATE_ENVS_CA 140725.GDT 6/12/23 AHEALEY

Monitoring Well: K-ME-OW1-21

Project: K21/K26 Well Replacement
Client:  Regional Municipality of Waterloo

Location: Kitchener ON
Number: 165640303

Field Investigator: S. Baer
Contractor: Aardvark Drilling Inc.
Drilling method: CME 75 truck mount - Hollow Stem Auger/PQ Mud Rotary

Date started/completed: 06-Oct-2021 / 15-Oct-2021

K-ME-OW1-21-A
K-ME-OW1-21-B

SUBSURFACE PROFILE WELL DETAILS
Name: K-ME-OW1-21-A  Name: K-ME-OW1-21-B
Elevation|GS Elev: 349.22mAMSL  GS Elev: 348.96 m AMSL
. . . . (m AMSL)[TOC Elev: 350.04 mAMSL ~ TOC Elev: 349.98 m AMSL
Depth | Graphic Log Lithologic Description Depth |Easting: 538488.37 Easting:  538489.95
(m BGS) |Northing: 4806497.71 Northing: 4806498.35
Stick-up:  0.82m Stick-up:  1.02m
350.04
Ground Surface 349,22
] 0.00 Casing Casing
Concrete Concrete
0t00.30 m 0t00.30 m
154 mm Borehole 154 mm Borehole
Diameter Diameter
0t071.02m 0t035.065m
Bentonite Grout
0.30t028.35m
332.42
SAND WITH GRAVEL 16.80
Water Level
17.98 m BGS
27-Jan-2022
Water Level
22.99 m BGS
27-Jan-2022
Bentonite Pellets
28.35t031.39 m
Bentonite Grout "
No.2 Silica Sand
0.301064.31 m 31.39 to 35.05 m
No. 10 Slot
312.02 Schedule 80
CLAY WITH SILT 37.20 PVC Screen
32.00 to 35.05 m
28042 Bentonite Pellet
entonite Pellets
SAND WITH GRAVEL 65.80 64.31 10 67.36 m
No.2 Silica Sand
278.22 67.36t0 71.02 m
End of Borehole 71.02 No. 10 Slot
Schedule 80
PVC Screen

67.97 to 71.02 m

Screen Interval:  67.97 - 71.02; 32.00 - 35.05 m BGS
Sand Pack Interval:67.36 - 71.02 m BGS
Well Seal Interval: 0.30 - 67.36 m BGS

@ Stantec

Notes:

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

Lithologic description was provided by the drilling
contractor on the MECP Water Well Records.
K-ME-OW1-21-A is a replacement well for
K-ME-OW1-15 and K-MW-OW1-21-B is a
replacement well for -K-MW-OW01-10-A. More
detailed lithologic descriptions can be found on
those borehole logs.

Drawn By/Checked By: SB/ KM

Sheet 1 of 1
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[THE DIFFERENCE IS OUR PEOPLE]

Appendix B-4

Mannheim North Well Logs
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K91

PEAKING WELL K-91

177 777777

Type 10 Portland Cement Grout

371 mm Diameter Enlarged 3!
Pilot Hole

1.0

A i 7 A T A

6.1

<

Static Water Level

305 mm ID Steel Casing ———>

Neoprene Figure X Packer

Well Screen (0 mm slot opening)

43.54 (90.2.12)

54.58

55.17
——— 55.563

Well Screen (3.0 mm slot opening)

Weld Ring

Native Sand and Gravel Formation

Well Screen (3.0 mm slot opening)

Well Screen (0 mm slot opening)
Stainless Steel Base Plate ——

61.85

62.79

Depths are reportaed in metres
above/below ground surface.

Notes: 1.

2. Hole backfilled (or allowed
to collapse) with native
granular materials.

3. Stainless steel well screen
manufactured by Johnson Screens,
Ajax, Ontario.

Ground Surface

TROW, DAMES & MOORE

PEAKING WELL K-91
*AS~-CONSTRUCTED® DRAWING

v, No. 16857026

Seva  NTS

Agor. By

Aevised

ces  90.03.13 e

st
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Elevation in Mstres

375

37C

363

360

353

324

345

340

338

330

325

320

318

310

308

300

wetliname
Filename
Location
Elevation

Mannheim
MANKS 1A

Produ

n Well No. K-31

Mannheim Reservoir Site, Ottawa Street, Mannheim, Cntario

376.5

Caler (nches)

5

o

-

o]

-

Referencs

Ground Surfoce
Weil drilled by Wayne Renwick, Olympic Orilling Company Ltd., 83/11/24

Notwroi Gamma (CPM)  0.25& Bog (obra—it)

g

-

g &

& 8§

o

25¢t fog (atwn—fi)
- 888§

K91
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K91

Well cap

Depths

in_metres

0.0 Top of casing L
0.61 Ground surface 7 77
3.3 Pitless adapter ]

150 mm (67) steel stinger pipe

350 mm (147) pitless barrel

MAASS 12—MB HD Pitless Adatper

25 mm. (17) PVC flush joint sounding tube

300 mm (12") steel well casing

150 mm (6") Steel column pipe

54.3 Top of pump
Pump
Manufacturer: Grundfos
Model: 625S600—3A
54.9 Top of screen S/N: B17BG00A3-P10350US092
55.1 Pump intake
8
3
5 Motor
g Manufacturer: Franklin
S
wer:
56.0 Bottom of motor S?N: "04“9_17-003@
300 mm (127) SS screen
61.2 Total depth
Regional Municipality of Waterloo
otowater
"CHINICATL SERVICES INC. K91
Pump Installation Drawing
PROJECT No. 006-244 \\Poweredge\...\Lotowater Projects\006 Region of Waterloo\244 K91 Inspection\7. Technicas FlGU RE
DESIGN
DRAWN | RS 2012/12/13 REVISION No.  2013-02-12 SCALE N.T.S. 4
CHECKED '
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K92

- o em mm mm mm

Type

Well Screen (0 mm slot opening)

Well Screen (3.4 mm slot opening)

Native

Well Screen (3.4 mm slot opening)

Well Screen (0 mm slot opening)
Stainless Steel Base Plate

Notes: 1.

PEAKING WELL K-92

Ry

10 Portland Cement Grout

371 mm Diameter Enlarged
Pilot Hole

1.0

Ground Surface
LA A A

6.1

J

Static Water level

[«

44,09 (90.2.20)

305 mm ID Steel Casing >

Neoprene Figure K Packer

Sand and Gravel Formation

53.73

54.56
54.79

Weld Ring

60.96

61.87

Depths are reported in metres
above/below ground surface.

Hole backfilled (or allowed
to collapse)} with native
granular materials.

3. Stainless steel well screen

manufactured by Johnson Screens,
Ajax, Ontario.

TROW, DAMES & MOORE

e, e, 16857026

sesie  NTS
PEAKING WELL K-932 Oren. wPAG
*AS-CONSTRUCTED® DRAWING —

ces  90.03.13
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Lo

/

. Wy

Elevation in Metres

K92

Wellname Mannheim Produ an Well Na. K-92

Fllanagme MANKSZA
Lacaton Mannnelm neservoir Site, Uuawd Sreet, mannnenn, ornwane

Flevation 376.8 Raferenca Ground Surfoca
Well drilled by Wayne Renwick, Olympic Driling Company Ltd., 80/1/3

Cafiper {inches) Natwrai Gammo (CPM) 025k Elog (ohm—f) 2.5 Bog {ohm—tt)
w = g g éo § § P § § -§— g
SEEEEREEE SRR EEREE
375 R L
E_ __LF
376 [ N
385 r E
3 [ 27 T E
:__ _— ~
A D -
353 o o 2
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320 [ X C
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05 ¢ - - - ,
N N N i
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300 [ X _ C
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K92

Depths
in_metres

0.0 Top of casing

0.75 Ground surface

3.5 Pitless adapter

||

51.5 Top of pump

52.2 Pump intake

53.5 Bottom of motor

YOLON dH 09

54.3 Top of screen

61.5 Total depth

Well cap

150 mm (6") steel stinger pipe

350 mm (14") pitless barrel

MAASS 12—MB HD Pitless Adatper

25 mm (1") PVC flush joint sounding tube

300 mm (12") steel well casing

150 mm (6") Angus Wellmaster hose

Pump

Manufacturer: Grundfos
Model: 6255600—3A

S/N: 017B600A3—P10546408

Motor

Manufacturer: Franklin
Model: 2396126021
Power: 60HP/575V/3ph
S/N: 04L19—17-0003

300 mm (12”) SS screen

NN\ Lotowater

TECHNICAL SE}

Regional Municipality of Waterloo

VICES INC.

K92

Pump Installation Drawing

PROJECT No. 006-243

\\Poweredge\..\Lotowater Projects\006 Region of Waterloo\243 K92 Inspection\7. Technical

DESIGN

DRAWN

RS 2012/11/13

CHECKED]

FIGURE

SCALE N.T.S. 4
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K93

PEAKING WELL K-93

1.2

VYA

Type 10 Portland Cement Grout

406 mm ID Steel Casing ———

Ground Surface

VT Y SR S S

6.1

445 mm Diameter Enlarged
Pilot Hole —>

v 56.4

Static Water lLevel
305 m ID Steel Casing ~— |7

Neoprene Figure K Packer

Well Screen (0 mm slot opening) ‘

57.16 (90.3.1)

67.08

L-... 67.97

68.15

Native Sand and Gravel Formation -

Well Screen (2.5 mm slot opening)

Y

Y

! 71.22

Weld Ring

71.32

Well Screen (2.5 mm slot opening)

Well Screen (2.0 mm slot opeming) ———

Well Screen (0 mm slot opening) ——

Stainless Steel Base Plate '

— 73.50

—— 74.37

— 75.29

Notes: 1. Depths are reported in metres
above/below ground surface.

2. Hole backfilled (or allowed
to collapse) with native
granular materials.

3. Stainless steel well screen
manufactured by Johnson Screens,
Ajax, Ontario.

TROW, DAMES & MOORE

v Mo, 16857-026

scse  NTS

Qrem. 3y PAE

PEAKING WELL K-33 o o

*AS-CONSTRUCTED® DRAWING Aeveee

ces  90.03.13
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Weilname
Filaname MANKQZA
rignway 7 & O, Mmannneim, ontario

Ground Surfoca
Well drilled by Wayne Renwick, Clympic Oriling Company Ltd., 83/11/8

0258 Boq (obwf) 25t Bog (w1l

RN GE

]

s

Elevation in Metres

350

38s

3840

373

370

385

360

355

320

348

3449

335

324

325

320

318

Locauon
Elevation

Mannheim Production Weil No. K-383

391.2

Cadpor (nches)

<>

wy v—

Referencsa

g &

g

FEEE]

g 8 § &

K93
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Depths
in_metres

0.0 Top of casing

0.88 Ground surface

K93

Well cap

150 mm (6") steel stinger pipe

3.0 Pitless adapter

350 mm (14") pitless barrel

MAASS 12—-MB HD pitless adapter

|

25 mm (1") poly water level tube

300 mm (12") steel well casing

150 mm (6") SCH40 steel column pipe

66.7 Top of pump

67.4 Pump intake

[l

Pump

Manufacturer: Grundfos

Model: 625S600—3A

S/N: D17BGO0A3—P10326US615

T
L LHLLA]

Motor

68.1 Top of screen

68.6 Bottom of motor

75.0 Total depth

YOLON dH 09

Manufacturer: Franklin
Model: 2396126021
Power: 60HP/575V/3ph

S/N: 02J19—-26—0001

300 mm (12") SS screen

\\ Lotowater

FINTCAL

CLIENT
Regional Municipality of Waterloo

SERVICES INC. Well K93
Pump Installation Drawing

PROJECT No. 006-229

\\Lotowater Projects\006 Region of Waterloo\229 K90's Peaking Wells Testing\7. Technical\K?3

DESIGN FIGURE
DRAWN| Rs | 2012/08/27 REVISION No.  2012-08-27 SCALE N.T.S. 4
CHECKED|
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v
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Notes: 1.

PEAKING WELL K-94

L7 LA LAAL

Type 10 Portland Cement &rout

371 mm Diameter Enlarged

Pilot Hole —>
Av"
Static Water Level i _v_.
305 mm ID Steel Casing ———

Neoprene Figure K Packer

Well Screen (0 mm slot opening)

Well Screen (1.5 mm slot opening)

Weld Ring

Well Screen (2.0 mm slot opening)

Native Sand and Gravel Formation

Well Screen (2.5 mm slot opening)

Well Screen (0 mm slot opening)

Stainless Steel Base Plate

Depths are reportad in metres
above/below ground surface.

2. Hole backfilled {or allowed
to collapse) with native
granular materials.

3. Stainless steel well screen
manufactured by Johnson Screens,
Ajax, Ontario.

K94

'“

Vv aran Ground Surface

/

4/ 68 (90.1.15)

',05

;-66
;.11

et

th
It

.10
Zfz.w

”4.89

p/ -03

)/ -98

TROW.D

AMES & MOORE

sror, Mo, 16857-026

A
PEAKING WELL ¢ 7
*AS-CONSTRUCTFY

sewe  NTS
Gren. 3y DAG
Agor. 3y

Rawsed

ces 90 03,13
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K94

Wwellname Mannheim Producdon Weil Na. K-94

Filename MANK94A

Location Highway 7 & 8, Mannheim, Ontorio

Elevation 381.4 Reference Ground Surfaca

Weil drilled by Wayne Renwick, Clympic Drilling Company Ltd., 83/11/15

Cadper (nches) Nokroi Gorsma (CP¥)  0.25K Bog (ohm—ft) 25 Bog {ohm—ft)

e § 8 8 sggsg g8 8§
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K94

Depths
in_metres

Well cap

150 mm (6”) steel stinger pipe

350 mm (14") pitless barrel

MAASS 12-MB HD Pitless Adatper

300 mm (12") steel well casing

Pump

Manufacturer: Grundfos

Model: 625S600—3A

S/N: D17BH0003—P10121US943

Motor

Manufacturer: Franklin
Model: 2396126021
Power: 60HP/575V/3ph
S/N: 01L19-05-0001

0.0 Top of casing
0.80 Ground surface
2.6 Pitless adapter
60.3 Top of pump
%%
M=
61.0 Pump intake
2
61.5 Top of screen E
g
a
62.8 Bottom of motor
68.3 Total depth

300 mm (12") SS screen

31 mm (1 1/4") poly water level tube

150 mm (6") SCH40 steel column pipe

NN\ Lotowater

TECHNICAL SE}

VICES INC.

CLIENT
Regional Municipality of Waterloo

TITLE

Well K94
Pump Installation Drawing

PROJECT No. 006-229 \\Lotowater Projects\006 Region of Waterloo\229 K90's Peaking Wells Testing\7. Technical\K94
DESIGN
DRAWN| RS | 2012/07/23 REVISION No.  2012-07-24 SCALE N.T.S.

CHECKED]

FIGURE
4
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MIS-GEO 001 07-1112-0090.GPJ GAL-MISS.GDT 3/5/09 DD/RJ

K-ASR-TW5-08

PROJECT: 07-1112-0080

LOCATION: N 4806234.1 ;E 537514.3

RECORD OF DRILLHOLE: ASRTWO05-08 SHEET 1 OF 2

DRILLING DATE: August 8-11, 2008 DATUM: Geodetic
DRILL RIG: Foremost DR-12

INCLINATION: -90° AZIMUTH; — _ o
DRILLING CONTRACTOR: Gerrits Drilling & Engineering Ltd.
" g © SAMPLES
20| 8 S GEOPHYSICAL RECORD NOTES
af | & DESCRIPTION g | B § WATER LEVELS
| 2 Q |oePrr| B |E 18 INSTRUMENTATION
as | 5 S m |2lE2 GAMMA (cps) CONDUCTIVITY (mS/m)
= > S
) z
5 2 i I L A
GROUND SURFACE 378.56
- o .
| light to dark brown/grey, CLAYEY SAND, 0.00 Top of Tasing i
5 slight organic odour E)‘::I"’m"' 379.759 ]
B 139 Cs 1
R 373.38 .
- light to dark brown/grey, CLAYEY SAND 5.18 1
B with trace gravel N
[ 140|cs 1
i 370.64 1
L Light to dark reddish brown, GRAVEL 853 ]
5 composed of Quartzite with mica flakes ) e
[ light to dark brownigrey, CLAYEY SAND 141|cs ]
[ ° with trace silt and gravel ]
- 367.28 E
B light to dark brown, SAND with trace silt 1128 ]
B and gravel ]
[ 142|Cs 7
[ 5 .
[ 143]cs b
5 144| s ]
[ 2 3
N Increasing gravel content with depth ]
B ) 145|cs n
B o ]
3 Bl 355.09 i
B 2| light to dark brown, GRAVELLY SAND 23.47 i
L 2 § g 146 }-Cs ]
- (3]s e ]
[ ° - ]
[ 5 i
L 2 . 4
= = 1474.Cs E
I I O 348,99 ]
L. 30 light to dark brown, SAND with trace silt o, 29587 —]
- and gravel e R
[ 148] s ]
- . [esles i
|- 35 ) —
X 150| €S 1
[~ 0 151|cs -
I 336.80 ]
- light to dark brown, GRAVELLY SAND .76 1
R with trace silt ]
i 152| CS ]
L —1 9/16/2008 ]
" 53| Cs ]
N 154|Cs R
__ o b e v o b e e e e e — B ] _:
CONTINUED NEXT PAGE
DEPTH SCALE LOGGED: SC
Golder
1:250

Associates CHECKED: SD
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MIS-GEO 001 07-1112-0090.GPJ GAL-MISS.GDT 3/5/09 DD/RJ

PROJECT. 07-1112-0090 RECORD OF DRILLHOLE: ASRTWO05-08

LOCATION: N 4806234.1 ;E 637514.3 DRILLING DATE: August 8-11, 2008
DRILL RIG: Foremost DR-12
DRILLING CONTRACTOR: Gerrits Drilling & Engineering Ltd.

INCLINATION: -90° AZIMUTH: —

SHEET 2 OF 2

DATUM: Geodetic

w g o) SAMPLES
o] o

3& o 3 ey o GEOPHYSICAL RECORD NOTES

A DESCRIPTION 3 o i I B WATER LEVELS

= 4 @ |PEPTH| O |a | & INSTRUMENTATION

[ = Sl m [2lE]2 GAMMA (cps) CONDUCTIVITY (mSim)

T = 5 2| IS

: ’ Sl @ @ @ w oo W
L 5 — CONTINUED FROM PREVIOUS PAGE —
N light to dark brown, GRAVELLY SAND _--": o 154| cs |
- with trace silt ‘,.w_’,‘ — i
- SST% ]
N i 1851 CS Hole Plug - -
. 2, ]
N M. 30461 i
| a | light to dark brown, medium to coarse -2, 5395 18 Slot ]
|- 551 [E| SAND with some gravel K 156 Cs E
[ > b e e ] 45 Slot ]
i §|® P 157|Cs R
B @l e e _ 2.y 32156 45 Slot ]
5 B 2 light to dark brown, GRAVELLY SAND st 57.00 ]
[ ala Pl 1581 CS 40 Slot E
A b . %3] 32004 ]
L €] light to dark brown, medium to coarse :f:,,’ 58.62 4
L 21 SAND with some gravel P P e L 18 Slot E
- 60 O e — — — o —— e — e v 3 —
3 light to dark brown, GRAVELLY SAND ~3 4 60.05]160]|CS ]
- light to dark grey, CLAY with some sand 60.66 E
3 and trace sift 161{Cs Hole Plug ]
i atass| 62| cs ]
5 END OF BOREHOLE 64.01 B ]
L 65 ]
. ]
[ s . ]
[ FPTTTI . ]
; 80 __
[ &5 -
[ w0 -
__ 95 _i
[ 100 ]
DEPTH SCALE G lder LOGGED: SC
1:250 Associates CHECKED: SD




— 64" (155 mm) ID Steel Casing

Depth Below
Geologic Description Ground Surface
Based on Grain Size Analysis
(m) ()
82 T T e —— g
GRAVELLY SAND 5305 174 Neoprene K-packer
with trace silt 5" (127 mm) Lead Pipe
_53.65 176 3'(0.91 m) Overall Length
- 55" (140 mm) OD Stainless Steel
- 54.25-178 - Wire Wound Screen
18 Slot Size from 175'103" to 180'103"
-54.,86 180 -- (63.61 mto 55.14 m)
medium to coarse SAND with ' i
some gravel --55.47 182 -
- 45 Slot Size from 181'4" o 184'4"
. 56.08.184. (55.27 m to 56.19 m)
-56.69 --186 - 45 Slot Size from 184'9" to 187"9"
] - : (56.31 m t0 57.23 m)
-57.30 -188 -
GRAVELLY SAND _57.91-190 - : -~ 40 Slot Size from 188'2:1"' to 19123
B ) (57.36 m 10 58.27 m)
- 58,52 ~192 -

59.13 194 S : 71 t0 1967
medium to coarse SAND with 18 Slot Size fr?sng 1%1]11 ‘1;29133 an)
some gravel and frace silt ) )

-59.74 -196 -
. : s : Threaded end plug
GRAVELLY SAND —60.35-198 -

60.96 200

. SILTY CLAY 6157 202 -

cl

SCALE AS SHOWN TITLE

e war.5,2000 |OVERBURDEN WELL CONSTRUCTION

), Gol — DETAILS FOR ASRTWS5-08
Mississauga, Ontario, Canada CAD KD
FlENe ASRTWE-08.dwg oK SC MUNICIPALITY OF WATERLOO FiouRe

07-1112.0000 |7 B | revew D STAGE 2 ASR EXPANSION A-2.5




(TTTTTTTTT T

K- PKi#OWG-BITROW, DAMES & MOORE

£ 5§3FL0z

= MANKHE! A Ugo v« L FL
LOG OF BOREHOLE _Twe-ra K-MP-OW9-89-A
Project: ANNHEIM. HIGHWAY 78 SITE Date: Rar794 9[7&0/7
Client REGIONAL MUNICIPALITY OF WATERLOO Depth of Borehole:
Project No: 16857-009 Zievation - Ground Surface:387.5 m.zms.l.
GeologisVEngineer: P A GRAY - Top of Instr: SEZ BELOW
Technologist; Drilling Equipment: MUD ROTARY
PROFILE MONITOR INSTALLATION | SAMPLE
STRATIGRAPHY Depmn| ELEV. 388.0 GRAIN
DEPTH
DESCRIPTION AND REMARKS bal. | (m) S©ZE
CLAY — [~/ "+ + A Benionite.
- browti,-stoney, few boulders. —
_ —h79.9
| CLAYFY SAND AND GRAVEL hor—h-e o
SILTY CLAY —
—n74.7
SAND f—
- some gravel, trace clay. = s
CLAYEYSILT e
- sand streaks, minor gravel. =
—1n61.4
SAND AND GRAVEL =
30—
- stratified, few silty streaks. =1 i
- very locse in places. —
- extreme mud losses in places. s
- stones and boulders. e
- packed in places. —
= : 56 | X
= h 4 56.1 X
— 57.6 X
e 59.1 X
A 60.7 X
" 62.2
== . 5 [ 63.7 );
— 45 : 65.2 X
— 66.8 X
0 68.3
— . | 70.1 69.8 X
—i314.3 71.3 X
CLAY; grey ~few stones, - firm:- j— 728 X
— 74.4 X
0r—308.6 X
TERMINATED 74 2< 3
0]
=
h 1 (]

NOTE: Borehole dara requires interpretation assistance from TDM personnel before use by others.
(1) Pipe is 203 mm. L.D. steel. (2) Screen is Stainless Steel with 2.0 mm siot opening.

{3) Hole is backfilled with native material, well screen naturally developed.

@Y

Static water level measured 90/1/2; 53.2 m.b.gl.. 334.3 m.ams.l.
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K-MP-OW1-16-B

RECORD OF BOREHOLE No. K-PK-OW1B-16 '

Project Number:  TT163301 Drilling Method: PO (85mm) Continuous Sampler/Soil Coring '\
Project Client: Regional Municipality of Waterloo Drilling Machine:  Track Mounted Drill CME75 drill with Christiansen wireline coring ‘
Project Name: Mannheim Monitoring Well Construction Date Started: 14/04/2016 Date Completed:  14/04/2016 am ec
Project Location:  Kitchener, Ontario Logged by: NS/KG Compiled by: KR foste I—-
Drilling Location:  Yellow Birch Park, Kitchener, Ontario Reviewed by: KG Revision No.: 0, 05/08/2016 Wh e e l e I,_
Coordinates: NAD 1983 17T 536848.3 E ; 4806485.5 N
LITHOLOGY PROFILE SOIL SAMPLING INTERPRETED GEOPHYSICS
Measuring Point: Ground Surface
STRATIGRAPHY Measuring Point Elevation: N/A %
Logged by: J. Dion (Lotowater Tech. Services)| =
Logging Date: April 26, 2016 s g UNIT INTERPRETATION
s DESCRIPTION 2 5 S ~ Gamma 1 (cps) | = COMMENTS
o > Q = £ <
> ~ £ > - 0 100 =25
<)) [0} =1 ) T 223
% = b4 3 = Gamma 2 (cps) | '!E ’<_(
£ |Stick-up of 0.88 m £ s 3 & 5 00| 29
= _[Local Ground Surface Elevation: 377.18] 0 x 14 [a) ZZ
Brown ol a | o
CLAYEY SILT to SILT TILL F
Trace SAND and GRAVEL cS 1 100 F
Trace organics F. -
Dense =
cs 2a 60 ; , L
ro - = ; ;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;
| 3
PQ | 3 | s3 E
4
; 5 ;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;
p 2 18 ES )
Q Y Brown clay silt, trace
= sand and gravel,
T N y hard/dense
F Unit ATBL:
|| PQ | 5 | 27 E Upper Maryhill Till
-7 ivalent
369.59 g RN R B R
Grey 76 Y e
CLAYEY SILT TILL 8
Trace sand and gravel PQ 6 40 F ] e &
Dense a N [ e N - T .
Stone at 13.4m = Aquitard 1
A Sharp basal contact =9
PQ | 7 | 45 =
Fwo ( |
| — E ;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;
ame 11 | b s
d
PQ 8 92 g;nl = E | b B
Silt: -
54.7% |-
e F
| 1] | fzaf):% 12
PQ 9 85 =
36308 e oy A
Brown 1411 pQ 10 57 F e T
FINE TO MEDIUM and =
MEDIUM TO COARSE SAND -
Multiple fining and coarsening downwards I~ 15
sequences r
Moist to Saturated F
= Becomes stratified with depth PQ 1 %5 ; s | s Nearshore/
= E ;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;; S |Ce Contact faCieS
= - —t Moraine deposits
17 N
- Upper Waterloo Moraine f
PQ | 12 | 75 F e Aquifer 1
Gravel: ; 18
98% |
Sand: |
PQ | 13 | 100 S F
o Ye Eo.o oo L
Amec Foster Wheeler ¥ Freestanding groundwater on 04/05/2016 measured 13.34 metres below ground surface.
Environment & Infrastructure 2 Freestanding groundwater on 01/06/2016 measured 39.84 metres below ground surface.
1-505 Woodward Avenue ¥ Freestanding groundwater on 15/06/2016 measured 39.65 metres below ground surface.
Hamilton, Ontario L8H 6N6 . y . . - o ] .
) 3 Borehole details as presented, do not constitute a thorough understanding of all potential conditions present and require interpretative assistance from
Tel: (905) 312-0700 aqualified Geoscientist. Also, borehole information should be read in conjunction with the hydrogeological report for which it was Scale: 1:106
Fax: (905) 312-0771 commissioned and the accompanying 'Explanation of Borehole Log'.
www.amecfw.com Continued on Next Page Page: 1 of 3
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Project Number:
Project Client:
Project Name:
Project Location:

Drilling Location:

TT163301

RECORD OF BOREHOLE No. K-PK-OW1B-16

Regional Municipality of Waterloo

Mannheim Monitoring Well Construction

Kitchener, Ontario

Yellow Birch Park, Kitchener, Ontario

Drilling Method:

Drilling Machine:

Date Started: 14/04/2016 Date Completed:  Oct 13, 15
Logged by: NS/KG Compiled by: KR
Reviewed by: KG Revision No.: 0, 05/08/2016

Coordinates:

PO (85mm) Continuous Sampler/Soil Coring

NAD 1983 17T 536848.3 E ; 4806485.5 N

Track Mounted drill CME 75 drill with Christiansen wireline coring

\

A
damec

foster
wheeler

commissioned and the accompanying 'Explanation of Borehole Log'.

Continued on Next Page

LITHOLOGY PROFILE SOIL SAMPLING INTERPRETED GEOPHYSICS
Measuring Point: Ground Surface
STRATIGRAPHY Measuring Point Elevation: N/A %
Logged by: J. Dion (Lotowater Tech. Services)| =
Logging Date: April 28, 2016 s g UNIT INTERPRETATION
%3 DESCRIPTION 2 5 g = Gamma 1 (cps) ZE COMMENTS
3 = £ > = =<
> [ S ) T 223
k] = = > = X<
2 1 = 3 o %0
= © =1 9] L
3 %) x 14 [a) ZZ
. : Brown E ;;;;;;;;;;;;;;;;;;;;;;;;;; = =
: | FINE TO MEDIUM and F
o MEDIUM TO COARSE SAND o
g Multiple fining and coarsening downwards F 20 )
sequences Ec Ice C.ontact fames
Heterogeneous below PQ 14 70 = Y R Moraine sediments
Moist to saturated =
Stratified with depth 21 | R
P F Aquifer 1
PO | 15 83 ? 2 | b
-;‘- E |
: “'l Large stone at 22.1 m 254.42 ; ;;;;;;;;;;;;;;;;;;;;;;;;;;
|'_,_\ = Brown 1o grey 228 s |
FINE TO MEDIUM SAND F
Multiple fining and coarsening downwards sequencey PQ 16 90 F
Ny Finer grained at depth with laminae F
H 24
PQ 17 97 ;7 25 | e
I 26
Sand: |
96.4% |-
PQ | 18 95 | site |
Clay: | .
36w [ 27 Change to more uniform
ol SandS
f— 28 | .
PQ 19 100 F Starts at medium to
= coarse at top and
2o _ appears to fln_e
S Unit AFB1: downwards to fine
PQ | 20 | 100 = Upper Waterloo medium sand
F 30 Moraine
O S — Upper part appears as a
. massive unit with very
PO | 21 | 100 2 T I . little Igmlnatl_on;
Fo lower fine gramed
= component shows
F 32 laminae
PQ | 22 | 100 S
33
; ;;;;;;;;;;;;;;;;;;;;;;;;;;;;; Quiet water facies
; 34 ;;;;;;;;;;;;;;;;;;;;;;;;;; MOralne dep05|ts
PQ 23 08 E ]
S et R Aquifer 1
35
: PQ | 24 | 92 =
o I 36
- ; a7 |
= PQ | 25 | 92 B
B%8 g
Sand: |— 38
92.8% |
Silt& F
PQ | 26 | 90 |ciay: E
7.2% E 29 e
Borehole details as presented, do not constitute a thorough understanding of all potential conditions present and require interpretative assistance from
aqualified Geoscientist. Also, borehole information should be read in conjunction with the hydrogeological report for which it was Scale: 1:106

Page: 2 of 3




RECORD OF BOREHOLE No. K-PK-OW1B-16

Project Number:  TT163301

Project Client: Regional Municipality of Waterloo

Project Name: Mannheim Monitoring Well Construction

Project Location:  Kitchener, Ontario

Drilling Location:  Yellow Birch Park, Kitchener, Ontario

Drilling Method:

PO (85mm) Continuous Sampler/Soil Coring

Drilling Machine:

Track Mounted Drill CME 75 drill with Christiansen wireline coring

\

[\

damec

foster

Date Started: 14/04/2016 Date Completed:  14/04/2016
Logged by: NS/KG Compiled by: KR
Reviewed by: KG Revision No.: 0, 05/08/2016

Coordinates:

NAD 1983 17T 536848.3 E ; 4806485.5 N

wheeler

commissioned and the accompanying 'Explanation of Borehole Log'.

LITHOLOGY PROFILE SOIL SAMPLING INTERPRETED GEOPHYSICS
Measuring Point: Ground Surface
STRATIGRAPHY Measuring Point Elevation: N/A %
Logged by: J. Dion (Lotowater Tech. Services) | =
Logging Date: April 26, 2016 s g UNIT INTERPRETATION
s DESCRIPTION g 5 S ~ Samma t (6ps) = COMMENTS
o > Q = £ <
- 2 £ > = o 100 =5
> [ S ) T 223
o = z > = Gamma 2 (cps) | x<
2 £ c 3 o EE
s 3 5 3 w 3%
3 %) x 14 [a) ZZ
P FINETOMEDIUMand [ [ | [ F_ | | =
| MEDIUM TO COARSE SAND
L Multiple fining and coarsening downwards | [ | | F&=5~f |
sequences -
Moist to saturated PQ 27 100 F See above
Stratified with depth F
a1 B .
335.68 F v
Brown = Brown Till
CLAYEYSILTto SILTY CLAYTILL - “25| oo | 55 | o7 E Unit ATB2: Middle Maryhill Till 4
Trace to some GRAVEL 334.98) 42 Aquitard 2
Brown 42.2 R I A |
FINE TO COARSE SAND e
Trace to some GRAVEL P I
Layered; occasional interveds of = 43
FINE SANDY SILT to SILTY FINE SAND PQ 29 75 F
GRAVEL layers 43.6 m - 46.3 m F
44
g Heterogeneous layers of
po | 30 | 40 = 5 sand and cobbles
) S Unit AFB2: _ _
SILT layer with CLAY seams 45.7 m - 47.2 m F Waterloo Moraine Near ice to ice contact
Fp [ moraine depoists
PQ a1 97 -l : ‘
= NN Aquifer 2
; 47 : § :
g N
PQ | 32 | 85 F 43 N
S T ES
E | §
=49 | =
PQ | 33 | 95 B S
g 8
326.92 50 S
CLAYEY SILT to SILTY CLAY TiLL ~ 50.3 =
End of BOREHOLE at 50.7 m. ray
WELL CONSTRUCTION DETALS ~~|———A4+——"F+—+1 |
Stick.up Of 088 m bl b
Bentonite Holeplug: 0 m - 3.0 m
Bentonite Grout: 3.0 m - 44.8 m
Bentonite Holeplug: 44.8 m - 46.3 m
Sand: 46.3 m-50.7 m
Screen: 46.9 m - 50.0 m
Borehole details as presented, do not constitute a thorough understanding of all potential conditions present and require interpretative assistance from
aqualified Geoscientist. Also, borehole information should be read in conjunction with the hydrogeological report for which it was Scale: 1:106

Page: 3 of 3




Monitoring Well: K-MP-OW1-17 K-MP-OW1-17-A

STANTEC BOREHOLE AND WELL - MASTER 17X11 20170831_RMOW_MONITORING WELLS.GPJ DATA TEMPLATE_ENVS_CA_140725.GDT 30/11/17 AHEALEY

Project: Monitoring Well Construction Field Investigator: AH,CD,AV Ground surface elevation:376.64 m AMSL
Client:  Regional Municipality of Waterloo Contractor: Choice Sonic Top of casing elevation: 377.46 m AMSL
Location: Kitchener, Waterloo, ON; Adjacent to Production Wells K91/K92 Drilling method: Rotosonic Easting: 537719.769
Number: 160900870 Date started/completed:08-Aug-2017 / 10-Aug-2017 Northing: 4805992.117
SUBSURFACE PROFILE HYDROGEOLOGY SAMPLE DETAILS GEOPHYSIC WELL DETAILS
=
o c
Elevation| | o S o5 o
= °a el el
Depth Graphic Log Lithologic Description (mAMSL) 8 = 8‘@ E’ < Lab Analyses Gamma
Depth | £& @ G5 [y (cps)
(m BGS) S 8 nz a
©
E/b) 20 40 60 80
(ft) (m) 377.45 [
. <&— Above ground
Donon Casing
Ground Surface 376.64 Lol 0.82 m stick-up
HYDROVAC 0.00 g — §
> 5\ Cement Surface
~< é Seal
b 0to 0.6 m
374.81
GRAVELLY SAND 1.83
loose, brown, (10 YR 5/3), some silt, fine to coarse sand, fine to coarse gravel, trace to some cobbles, subrounded to rounded, moist
X 374.40
sandy clay layer 0.1 m thick at 2.1 m
SAND 2.23
brown (7.5 YR 5/3), trace silt, trace gravel, well graded 1 ce
medium to coarse sand, trace fine gravel, beginning at 3.2 m
2 cc
layers of fine sand beginning at 4 m
coarse sand beginning at 4.6 m
fine to medium sand, some silt beginning at 5.3 m 3 cC
increased gravel content at 6.1 m T 168 mm diameter
Upper = Borehole
Waterloo S
medium to coarse sand, trace gravel beginning at 6.5 m Moraine
AFB1 | stratified >
sediments 4 cc
and
equivalents
fine to medium sand beginning at 7.2 m
fine sand, some silt beginning at 7.4 m
Sample at 8.5 m
5 ce for GSA
coarse sand, trace coarse gravel beginning at 9.1 m
’ ’ - 6 cc
medium to coarse sand, trace silt beginning at 9.6 m
Screen Interval:  56.39 - 59.44 m BGS Notes: Geophysics performed by Lotowater Technical
Sand Pack Interval:55.78 - 60.35 m BGS m AMSL - metres above mean sea level Services Ltd. August 14, 2017, through PVC casing
Well Seal Interval: 0.61-55.78 m BGS m BGS - metres below ground surface following well construction
m BTOC - metres below top of casing WRAS No.: 9207337A
. CC - continuous core sample GSA - Grain Size Analysis
@ Sta ntec n/a - not available/applicable
Drawn By/Checked By: CD/LV Sheet 1 of 6
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STANTEC BOREHOLE AND WELL - MASTER 17X11 20170831_RMOW_MONITORING WELLS.GPJ DATA TEMPLATE_ENVS_CA_140725.GDT 30/11/17 AHEALEY

Monitoring Well: K-MP-OW1-17

Project: Monitoring Well Construction Field Investigator: AH,CD,AV Ground surface elevation:376.64 m AMSL
Client:  Regional Municipality of Waterloo Contractor: Choice Sonic Top of casing elevation: 377.46 m AMSL
Location: Kitchener, Waterloo, ON; Adjacent to Production Wells K91/K92 Drilling method: Rotosonic Easting: 537719.769
Number: 160900870 Date started/completed:08-Aug-2017 / 10-Aug-2017 Northing: 4805992.117
SUBSURFACE PROFILE HYDROGEOLOGY SAMPLE DETAILS GEOPHYSIC WELL DETAILS
.‘é‘
= c
Elevation| £ S o5 o
Depth Graphic Log Lithologic Description (mAMSL) '§, g g E‘E E’ < Lab Analyses Gamma
Depth | £2 @ G5 [y (cps)
(mBGS) | ~ £ 2 wz [®
©
= 20 40 60 80
@»
Ll 11
366.32 N NG
SILTY SAND 10.31
dark yellowish brown (10 YR 4/4) to greyish brown (10 YR 5/2), fine sand
7 cc
8 cc
0.05 m layer of silty clay, compact at 12.4 m
becomes wet at 13.1 m 363.32
‘A /] SILTY SAND WITH CLAY TILL 13.32
B / // firm, brown (10 YR 5/3), fine sand, moist to wet -
y // 9 cc
7 / L Middle
NS otentially Maryhill Till
g pockets of fine to medium sand ATB2 and
% / y equivalents
V4% Sample at 15.2 m
% / 0] ce for GSA
) ‘W4 pockets of fine and medium sand starting at 15.5 m
/, / /| 0.10 m thick clay layer at 15.8 m
Vx 360.33
SAND 16.31
loose, greyish brown (10 YR 5/2), fine to coarse sand, trace silt
11 cc
358.81
SILTY SAND 17.83
compact, brown (10 YR 4/3), fine sand, clay in clumps
silty sand layer 0.1 m thick, wet 12 cc
357.43
AND 19.20
brown (10 YR 4/3), fine to coarse sand, trace silt, moist
13 cc
some fine to coarse gravel at 20.7 to 21.3 m =
14 cc
Screen Interval:  56.39 - 59.44 m BGS Notes: Geophysics performed by Lotowater Technical
Sand Pack Interval:55.78 - 60.35 m BGS m AMSL - metres above mean sea level Services Ltd. August 14, 2017, through PVC casing
Well Seal Interval: 0.61 - 55.78 m BGS m BGS - metres below ground surface following well construction
m BTOC - metres below top of casing WRAS No.: 9207337A
CC - continuous core sample GSA - Grain Size Analysis
\ n/a - not available/applicable
|
Stantec
Drawn By/Checked By: CD/LV Sheet 2 of 6




STANTEC BOREHOLE AND WELL - MASTER 17X11 20170831_RMOW_MONITORING WELLS.GPJ DATA TEMPLATE_ENVS_CA_140725.GDT 30/11/17 AHEALEY

Monitoring Well: K-MP-OW1-17

Project: Monitoring Well Construction Field Investigator: AH,CD,AV Ground surface elevation:376.64 m AMSL
Client:  Regional Municipality of Waterloo Contractor: Choice Sonic Top of casing elevation: 377.46 m AMSL
Location: Kitchener, Waterloo, ON; Adjacent to Production Wells K91/K92 Drilling method: Rotosonic Easting: 537719.769
Number: 160900870 Date started/completed:08-Aug-2017 / 10-Aug-2017 Northing: 4805992.117
SUBSURFACE PROFILE HYDROGEOLOGY SAMPLE DETAILS GEOPHYSIC WELL DETAILS
.‘é‘
=) c
Elevation ° _‘E) S o5 o
Depth Graphic Log Lithologic Description (mAMSL) '§, g g E‘E E’ < Lab Analyses Gamma
Depth | £8 2 T 5 T = (cps)
(mBGS) | ~ £ 2 wz [®
g 20 40 60 80
@»
Ll 11
AND : o
brown (10 YR 4/3), fine to coarse sand, trace silt, moist
medium to coarse sand, trace silt beginning at 21.3 m
15 cc
fine sand, trace silt beginning at 22.9 m 16 cc
352.65
SANDY SILT 23.99 17 cc
| brown (10 YR 5/3), fine sand, trace clay, moist
Bentonite Grout
0.6t048.2m
18 cc
| becomes wet, some clay, firm at 25.5 m
19 cc
becomes silty sand, some gravel at 26.8 m
seam of coarse sand at 24.6 m, moist
20 cc
348.80
SAND 27.84 =
brown (10 YR 5/3), fine to medium sand, trace silt, trace clay
21 cc
clasts of grey sandy silt beginning at 28.5 m
becoming fine sand, trace silt at 29.7 m 22 CcC
Screen Interval:  56.39 - 59.44 m BGS Notes: Geophysics performed by Lotowater Technical
Sand Pack Interval:55.78 - 60.35 m BGS m AMSL - metres above mean sea level Services Ltd. August 14, 2017, through PVC casing
Well Seal Interval: 0.61 - 55.78 m BGS m BGS - metres below ground surface following well construction
m BTOC - metres below top of casing WRAS No.: 9207337A
CC - continuous core sample GSA - Grain Size Analysis
\ n/a - not available/applicable
|
Stantec
Drawn By/Checked By: CD/LV Sheet 3 of 6




STANTEC BOREHOLE AND WELL - MASTER 17X11 20170831_RMOW_MONITORING WELLS.GPJ DATA TEMPLATE_ENVS_CA_140725.GDT 30/11/17 AHEALEY

Monitoring Well: K-MP-OW1-17

Project: Monitoring Well Construction Field Investigator: AH,CD,AV Ground surface elevation:376.64 m AMSL
Client:  Regional Municipality of Waterloo Contractor: Choice Sonic Top of casing elevation: 377.46 m AMSL
Location: Kitchener, Waterloo, ON; Adjacent to Production Wells K91/K92 Drilling method: Rotosonic Easting: 537719.769
Number: 160900870 Date started/completed:08-Aug-2017 / 10-Aug-2017 Northing: 4805992.117
SUBSURFACE PROFILE HYDROGEOLOGY SAMPLE DETAILS GEOPHYSIC WELL DETAILS
.‘é‘
= c
Elevation| £ S o5 o
Depth Graphic Log Lithologic Description (mAMSL) '§, g = E‘é E’ < Lab Analyses Gamma
Depth | 28 2 C S © = (cps)
(mBGS) | ~ £ 2 wz [®
g 20 40 60 80
@»
[
SAND [ :
brown (10 YR 5/3), fine to medium sand, trace silt, trace clay
343.41
SAND AND GRAVEL 33.22
brown (10 YR 4/3), fine to coarse sand, fine to coarse gravel, rounded, trace silt in clumps, wet
23 cc
light brownish grey (10 YR 6/2), some silt from 34.7 to 35.1 m, dry
24 cc
color change to light brownish grey/light yellowish brown (2.5 6/2 to 2.5 Y 6/3)
25 cc
Middle
Waterloo
Moraine
AFB2 | stratified
337.62 sediments
SAND 39.01 and
greyish brown (2.5 Y 5/2), medium to coarse grained, trace silt, trace gravel, subrounded to rounded, moist equivalents
26 cc
27 cc
Screen Interval:  56.39 - 59.44 m BGS Notes: Geophysics performed by Lotowater Technical
Sand Pack Interval:55.78 - 60.35 m BGS m AMSL - metres above mean sea level Services Ltd. August 14, 2017, through PVC casing
Well Seal Interval: 0.61 - 55.78 m BGS m BGS - metres below ground surface following well construction
m BTOC - metres below top of casing WRAS No.: 9207337A
, CC - continuous core sample GSA - Grain Size Analysis
\ n/a - not available/applicable
|
Stantec
Drawn By/Checked By: CD/LV Sheet 4 of 6




STANTEC BOREHOLE AND WELL - MASTER 17X11 20170831_RMOW_MONITORING WELLS.GPJ DATA TEMPLATE_ENVS_CA_140725.GDT 30/11/17 AHEALEY

Monitoring Well: K-MP-OW1-17

Project: Monitoring Well Construction Field Investigator: AH,CD,AV Ground surface elevation:376.64 m AMSL
Client:  Regional Municipality of Waterloo Contractor: Choice Sonic Top of casing elevation: 377.46 m AMSL
Location: Kitchener, Waterloo, ON; Adjacent to Production Wells K91/K92 Drilling method: Rotosonic Easting: 537719.769
Number: 160900870 Date started/completed:08-Aug-2017 / 10-Aug-2017 Northing: 4805992.117
SUBSURFACE PROFILE HYDROGEOLOGY SAMPLE DETAILS GEOPHYSIC WELL DETAILS
.‘é‘
= c
Elevation| £ S o5 o
Depth Graphic Log Lithologic Description (mAMSL) '§, g g 8‘@ E’ < Lab Analyses Gamma
Depth | £2 @ G5 [y (cps)
(mBGS) | ~ £ 2 wz [®
g 20 40 60 80
@ m ? L
SAND N
1 greyish brown (2.5 'Y 5/2), medium to coarse grained, trace silt, trace gravel, subrounded to rounded, moist
= 44
145 — 332.44
SAND AND GRAVEL 44.20
N greyish brown, fine to coarse sand, trace silt, well graded, wet
150 — 28 cc
—+— 46
155 —
— 48
7 medium sand at 48.2 to 49.4 m .
160 — 29 cc
~+—50 3
165 — >
T medium sand 50.9 to 52.1 m, wet >
170 — 30 cc
— 52 [®— Bentonite chips
1 48.2t055.8 m
175 —
54
Screen Interval:  56.39 - 59.44 m BGS Notes: Geophysics performed by Lotowater Technical
Sand Pack Interval:55.78 - 60.35 m BGS m AMSL - metres above mean sea level Services Ltd. August 14, 2017, through PVC casing
Well Seal Interval: 0.61 - 55.78 m BGS m BGS - metres below ground surface following well construction
m BTOC - metres below top of casing WRAS No.: 9207337A
. CC - continuous core sample GSA - Grain Size Analysis
@ Sta ntec n/a - not available/applicable
Drawn By/Checked By: CD/LV Sheet 5 of 6




STANTEC BOREHOLE AND WELL - MASTER 17X11 20170831_RMOW_MONITORING WELLS.GPJ DATA TEMPLATE_ENVS_CA_140725.GDT 30/11/17 AHEALEY

Monitoring Well: K-MP-OW1-17

Project: Monitoring Well Construction Field Investigator: AH,CD,AV Ground surface elevation:376.64 m AMSL
Client:  Regional Municipality of Waterloo Contractor: Choice Sonic Top of casing elevation: 377.46 m AMSL
Location: Kitchener, Waterloo, ON; Adjacent to Production Wells K91/K92 Drilling method: Rotosonic Easting: 537719.769
Number: 160900870 Date started/completed:08-Aug-2017 / 10-Aug-2017 Northing: 4805992.117
SUBSURFACE PROFILE HYDROGEOLOGY SAMPLE DETAILS GEOPHYSIC WELL DETAILS
:‘é‘
= c
Elevation| £ S o5 o
Depth Graphic Log Lithologic Description (mAMSL) '§, g = 8@ E’ < Lab Analyses Gamma
Depth | £2 @ G5 [y (cps)
(mBGS) | ~ £ Q wz [®
] a
= 20 40 60 80
@»
)| SAND AND GRAVEL
greyish brown, fine to coarse sand, trace silt, well graded, wet >
31 cc
medium to coarse sand, trace gravel at 54.9 to 56.7 m >
&
H }=—No. 1 Silica Sand
= 55.81t060.4 m
Sample at 57.0 m Z:
32 cc =
for GSA “H<=—No. 10 slot
- Schedule 80
= PVC Screen
. 51 mm OD
H 56.4 t0 59.4 m
'-/— No. 1 Silica Sand
. 55.8t060.4 m
33 cc
315.98
SILT 60.66
stiff, brown (10 YR 5/3), trace coarse sand, blocky, moist
315.37
CLAYEY SILT 61.26
stiff to very hard, grey (10 YR 5/1) to (10 YR 6/1) mottled, trace coarse sand, trace fine gravel, blocky, moist
Bentonite pellets
60.4 to 63.4 m
Lower Sample at 62.8 m
ATB3 | Maryhill Tin | 34 cc for GSA
313.24 [
- End of Borehole 63.40
210 —— 64
Screen Interval:  56.39 - 59.44 m BGS Notes: Geophysics performed by Lotowater Technical
Sand Pack Interval:55.78 - 60.35 m BGS m AMSL - metres above mean sea level Services Ltd. August 14, 2017, through PVC casing
Well Seal Interval: 0.61 - 55.78 m BGS m BGS - metres below ground surface following well construction
m BTOC - metres below top of casing WRAS No.: 9207337A
~ CC - continuous core sample GSA - Grain Size Analysis
@ Sta ntec n/a - not available/applicable
Drawn By/Checked By: CD/LV Sheet 6 of 6
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BURNSIDE
Prepared by: SQ/LH
Date: 4/23/2026

REGION OF WATERLOO - 2025 GROUNDWATER MONITORING REPORT

TABLE C-1

WELL FIELD WATER PRODUCTION SUMMARY

) BURNSIDE

Region of Waterloo
Major Permit to Take Water Details 2021 Production S Y 2022 Production S Y 2023 Production S Y 2024 Production S y 2025 Production S Y
Well Field or Production Status MOE Permitted Permitted |Total Production| Average | Average |Total Production| Average |Average |Total Production| Average |Average |Total Production Average |Average |Total Production, Average |Average

Minor Well Permit Capacity Rate Well Volume | Daily Rate Rate Well Volume | Daily Rate Rate Well Volume | Daily Rate Rate Well Volume | Daily Rate | Rate Well Volume | Daily Rate Rate

Supply | Name Number’ (total m*/year)* (L/s)* | (totalm*/year) (m°/day) | (L/s) | (totalm?/year) | (m*/day) | (L/s) | (totalm®/year) | (m°/day) | (L/s) | (totalm?/year) | (m*/day) | (L/s) | (totalm®/year) | (m’/day) @ (L/s)

Mannheim Consolidated:

Mannheim East Major K21 Supply 6,212,665 197.0 873,197 2,392 27.7 196,414 538 6.2 786,132 2,154 24.9 754,207 2,066 23.9 653,266 1,790 20.7
K21A Supply 6,212,665 197.0 0 0 0 120,313 0 0 628,474 0 0 616,818 1,690 0.0 592,720 1,624 18.8

K25 Supply 6,212,665 197.0 1,613,323 4,146 48.0 1,529,366 4,190 48.5 1,599,629 4,383 50.7 1,547,231 4,239 49.1 1,653,102 4,255 49.2

K29 Supply 6,212,665 197.0 1,248,553 3,421 39.6 1,211,984 3,321 38.4 971,656 2,662 30.8 1,335,407 3,659 42.3 1,351,180 3,702 42.8

Peaking Major K91 Supply 5,991,840 190.0 402,322 1,102 12.8 518,744 1,421 16.4 901,718 2,470 28.6 782,974 2,145 24.8 874,982 2,397 27.7
K92 Supply 5,991,840 190.0 571,938 1,567 18.1 466,953 1,279 14.8 873,777 2,394 27.7 860,887 2,359 27.3 939,042 2,573 29.8

K93 Supply 5,991,840 190.0 460,209 1,261 14.6 412,689 1,131 131 691,378 1,894 21.9 825,153 2,261 26.2 838,555 2,297 26.6

K94 Supply 5,991,840 190.0 454,176 1,244 14.4 450,787 1,235 14.3 915,126 2,507 29.0 860,839 2,358 27.3 924,196 2,532 29.3

Mannheim ASR Major ASR1 Recharge/Recovery 8,650,500 337.0 94,119 258 3.0 64,810 178 21 75,370 206 2.4 4,258 12 0.1 20,401 56 0.6
ASR2 Recharge/Recovery | P-300-3130244509 8,650,500 337.0 61,138 168 1.9 30,996 85 1.0 96,317 264 3.1 20,786 57 0.7 45,868 126 1.5

ASR3 Recharge/Recovery 8,650,500 337.0 17,566 48 0.6 77,324 212 25 90,178 247 2.9 31 0 0.0 9,499 26 0.3

ASR4 Recharge/Recovery 8,650,500 337.0 112,260 308 3.6 59,163 162 1.9 188,044 515 6.0 0 0 0.0 0 0 0.0

RCW1 Recovery 8,650,500 337.0 298,945 819 9.5 181,739 498 5.8 213,678 585 6.8 129,281 354 4.1 189,151 518 6.0

RCW2 Recovery 8,650,500 337.0 249,879 685 7.9 254,859 698 8.1 296,357 812 9.4 100,124 274 3.2 180,266 494 57

RCW3 Recovery 8,650,500 337.0 0 0 0.0 155,380 0 0 196,774 0 0 50,342 138 1.6 140,682 385 4.5

RCW4 Recovery 8,650,500 337.0 0 0 0 203,386 0 0 307,352 0 0 105,209 288 3.3 195,433 535 6.2

Mannheim West Major K23 Supply 7,064,064 224.0 630,122 1,726 20.0 570,732 1,564 18.1 646,012 1,770 20.5 675,341 1,850 21.4 673,497 1,845 214
K24 Supply 7,064,064 224.0 1,254,423 3,437 39.8 1,258,310 3,447 39.9 1,180,624 3,235 37.4 1,082,280 2,965 34.3 1,030,652 2,824 32.7

K26 Supply 7,064,064 224.0 2,721,273 7,456 86.3 2,462,337 6,746 78.1 2,882,069 7,896 91.4 1,899,346 5,204 60.2 1,918,555 5,256 60.8
Well Field Total 10,963,443 30,037 347.6 10,226,286 28,017 324.3 13,540,665 37,098 429.4 11,650,514 31,919 369.4 12,131,047 33,236 384.7

Annual taking from Mannheim East, Mannheim West
and Peaking Well Fields not to exceed a daily average
of 40,715,136 L/day

Notes:

- = no applicable data

n/a = data not available
* = rates and volumes based on permitted L/day
' = Current Permit

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

Region of Waterloo
2023 Groundwater Monitoring Report
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REGION OF WATERLOO
2025 GROUNDWATER MONITORING REPORT -
MANNHEIM WELL FIELDS

Actual versus Mean Monthly Precipitation
Weather Station - Roseville Weather Station
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Region of Waterloo
File: 0464020_2025 MANNHEIM WEST APPC GRAPHS xisx 2025 Groundwater Monitoring Report
Printed On: 4/23/2026 HA046402



REGION OF WATERLOO
2025 GROUNDWATER MONITORING REPORT -
MANNHEIM WELL FIELDS

225

Actual versus Mean Monthly Precipitation
Weather Station - Roseville Weather Station
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REGION OF WATERLOO
2025 GROUNDWATER MONITORING REPORT -
MANNHEIM WELL FIELDS

225

Actual versus Mean Monthly Precipitation
Weather Station - Roseville Weather Station

200 1
175 1
150 +
125 +
100 +

Precipitation (mm/year)

5§|‘I|I|l|ilI|II|II|‘lllllh|||"II|Iih“||||ll il IIIIIIllHllIimlmliIItllll“lilhlllllmlll

Jan-18 Jan-19 Jan-20 Jan-21 Jan-22 Jan-23 Jan-24

Mean Monthly Precipitation Normals 1981 - 2010 ®mMonthly Precipitation

Jan-26

Monthly Total Pumped Volumes
MANNHEIM WEST WELL FIELD

500,000
450,000
400,000
350,000
300,000
:E 250,000
8 200,000
5 150,000
J
>
) 100,000
a 50,000
£
H 0
Jan-16 Jan-18 Jan-19 Jan-20 Jan-21 Jan-22 Jan-23 Jan-24 Jan-26
Date
mK23 nK24 nK26
MANNHEIM WEST WELL FIELD
WT-MW-OW01-09-A (E) e WT-MW-OW1-21-A ()
jry
2
E
g 335
5 WT-MW-OWO01-09-A Decommissioned in October 2021
H
w
s 330 = o ———— e S
E ——————— —— N . PP - '
8
k]
E 325
320
Jan-16 Jan-18 Jan-19 Jan-20 Jan-21 Jan-22 Jan-23 Jan-24 Jan-26
Date

File: 0464020_2025 MANNHEIM WEST APPC GRAPHS .xisx
Printed On: 4/23/2026

Region of Waterloo
2025 Groundwater Monitoring Report
HA046402



REGION OF WATERLOO
2025 GROUNDWATER MONITORING REPORT -
MANNHEIM WELL FIELDS
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Actual versus Mean Monthly Precipitation
Weather Station - Roseville Weather Station
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REGION OF WATERLOO
2025 GROUNDWATER MONITORING REPORT -
MANNHEIM WELL FIELDS

Actual versus Mean Monthly Precipitation
Weather Station - Roseville Weather Station
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REGION OF WATERLOO
2025 GROUNDWATER MONITORING REPORT -
MANNHEIM WELL FIELDS

Actual versus Mean Monthly Precipitation
Weather Station - Roseville Weather Station
225
‘:-i‘ 200 +
2 175 &
£
£ 150 +
5 125
g 100 1
2
8 75 1
& 50 1
(ELELSSSSEESSENERRERANI SENSEEESNSRRRN ] AEEEEERN | SEEEESREEEN 1989 AEIlSSSSESSSSEEUEREEESERENEERUREERRNE] AEUEEEREN 19
Jan-16 Jan-17 Jan-18 Jan-19 Jan-20 Jan-21 Jan-22 Jan-23 Jan-24 Jan-25 Jan-26
#Mean Monthly Precipitation Normals 1981 - 2010 ‘mMonthly Precipitation ‘
Monthly Total Pumped Volumes
MANNHEIM WEST WELL FIELD
500,000
450,000
400,000
350,000
300,000
:E 250,000
2 200,000
5 150,000
S
>
) 100,000
a 50,000
£
&
Jan-16 Jan-17 Jan-18 Jan-19 Jan-20 Jan-21 Jan-22 Jan-23 Jan-24 Jan-25 Jan-26
Date
mK23 nK24 mK26
MANNHEIM WEST WELL FIELD
—&— WT-MW-0W2-11-A (M)
jry
2
£
H 335
s Lo-0-0-00—00-0_¢ 0040 0—00-0000-00-00 0000000000000 00000 gy o , +50000-0g¢ oo .
g —- —oe
o *—o0-0—¢ W.
K] 330 p-0-0-—0—0-07""0-00-00
>
o
-
8
k]
2 325
320
Jan-16 Jan-17 Jan-18 Jan-19 Jan-20 Jan-21 Jan-22 Jan-23 Jan-24 Jan-25 Jan-26
Date

Region of Waterloo
2025 Groundwater Monitoring Report
HA046402

File: 0464020_2025 MANNHEIM WEST APPC GRAPHS .xisx
Printed On: 4/23/2026



REGION OF WATERLOO
2025 GROUNDWATER MONITORING REPORT -
MANNHEIM WELL FIELDS

Actual versus Mean Monthly Precipitation
Weather Station - Roseville Weather Station
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REGION OF WATERLOO
2025 GROUNDWATER MONITORING REPORT -
MANNHEIM WELL FIELDS
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Actual versus Mean Monthly Precipitation
Weather Station - Roseville Weather Station
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REGION OF WATERLOO
2025 GROUNDWATER MONITORING REPORT -
MANNHEIM WELL FIELDS

Actual versus Mean Monthly Precipitation
Weather Station - Roseville Weather Station
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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
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Figure D.2
Roseville Weather Station
Monthly Precipitation
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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.
e 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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