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1.0 INTRODUCTION
1.1  Study Objectives

The City of Guelph and the GRCA are undertaking a pilot Tier Three Water Budget and Local Area Risk
Assessment (Tier Three Assessment) for the City of Guelph municipal water supplies. A Tier Two Water
Quantity Stress Assessment was completed for the Grand River Watershed (AquaResource, 2009) as part of the
Clean Water Act Technical Assessment process. For the Tier Two Assessment, subwatershed areas were
assessed and assigned a potential stress ranking to prioritize areas of municipal water taking that warranted a
more in-depth Tier Three Assessment. The City of Guelph municipal water supplies lie within the Upper Speed
River and Eramosa Subwatershed Assessment Areas, which were identified in the Tier Two Assessment as
potentially moderately stressed from a groundwater and surface water perspective respectively, and hence the
Tier Three Assessment was initiated for this area.

The key objective of this Tier Three Assessment is to evaluate the sustainability of the City of Guelph’s water
supply system from a quantity perspective, and to identify potential threats to that sustainability. The
understanding gained through this evaluation will help the City in managing a reliable water supply system for
this and future generations.

This report describes the characterization and conceptual model development components of the Tier Three
Assessment, which form the basis for the development and calibration of a numerical groundwater flow model to
be used in the Tier Three water quantity risk assessment. A separate report describes Tier Three project
numerical model development and calibration (AquaResource, 2011).

A conceptual and numerical model of the City of Guelph municipal aquifer system was developed as part of the
Guelph-Puslinch Groundwater Study (Golder, 2006a). It was recognized at that time that this model was a
simplification of a complex stratigraphic system and more reliable corehole data was required to develop an
appropriately reliable model of this important bedrock aquifer system. Since the Guelph-Puslinch Study, a large
amount of hydrogeologic data has been collected in the City of Guelph area bringing about a need to update this
previous model. This recent hydrogeologic data is mostly limited to the area within and immediately surrounding
the City of Guelph and therefore a field program was developed and conducted as part of this project to address
key data gaps regarding regional bedrock hydrogeological characteristics of the City’s aquifer system outside of
the City. The field investigations included a monitoring well installation program at 11 sites and a stream
baseflow monitoring program that included three rounds of measurements at stations throughout the Study
Area.

The Ontario Geologic Survey is currently mapping the Silurian carbonate strata along the Niagara Escarpment
region and has proposed revisions to the Silurian Stratigraphy of this area. The updated stratigraphic framework
described by the OGS (Brunton, 2009) has formed the basis for and warranted the re-interpretation and
revisions to the Guelph area conceptual hydrogeological model.

This revised bedrock aquifer conceptual model represents a major improvement over earlier simplified
conceptualizations. Further refinement and the ongoing collection of water level, pumping and stream flow data
will continue to improve this basis for assessing the sustainability of municipal water supplies over the long term.
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1.2

Study Team

The City of Guelph Tier Three Assessment Project is led by AquaResource Inc. with subconsultant Golder
Associates Ltd. (Golder). Golder has been primarily responsible for the field program, characterization and
hydrogeological conceptual model development work components of the project that are presented in this
Characterization Study Report.

1.3

Scope of Work

The work scope of the Tier Three Characterization Study consisted of the following key components:

Background Review and Initial Data Gap Assessment: The first stage of Characterization Study
involved a general review of background information and an initial data gap assessment in order to
complete a detailed workplan for a field program to address some of the key gaps. Considerable new field
data including recent drilling and monitoring well installations and pumping test programs have improved
the current understanding of local geology and regional hydrogeology. Much of this data addresses some
of the identified information gaps in Guelph’'s hydrogeological conceptual model and three-dimensional
FEFLOW model; however additional field data collection needs were identified. Also as part of the
background review, a summary of subwatershed characteristics was completed and is included with this
report. This summary of the subwatersheds is based on a review of past subwatershed studies and was
primarily completed by AquaResource staff with some input from Golder.

Data Compilation: This characterization study included an update to the Guelph-Puslinch Study borehole
database to include more recent borehole data in the Study Area. Borehole information including well
construction, geophysical testing, water level monitoring, municipal pumping and borehole geology was
compiled in the database. Also consultant borehole logs were compiled in an indexed PDF format.

Field Program: The field program completed for this project is a relatively large component of the work
scope of this study and has provided valuable new information on the regional groundwater flow system of
the municipal supply aquifer. The field program has included a borehole drilling and multi-level well
installation program that has been conducted in collaboration with the OGS and the University of Guelph
(Uof G). The monitoring well program included drilling, testing and monitoring investigations at 11
borehole sites in areas of limited data coverage outside of the City of Guelph. A stream baseflow
monitoring program was also conducted as part of this study.

Hydrogeological Characterization and Conceptual Model Refinement: Based on the compilation of
existing data and the new data collected as part of this Study, the hydrogeological conceptual model of the
municipal aquifer system was revised as part of this study. This included modifications to the bedrock
hydrostratigraphic framework of the area taking into account the revised stratigraphy recently developed by
the OGS (Brunton, 2009). Conceptual model surfaces were developed based on geologic picks made at
higher quality boreholes. An analysis of municipal pumping and water level data was completed and key
aquifer tests summarized. A regional characterization of the groundwater flow system is provided including
discussion of groundwater flow directions, vertical gradients, aquifer parameters and flow producing zones
within the bedrock aquifer.
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The methodology and results of these components of the Tier Three project work scope are provided in this
Characterization Study Report.

1.4  Acknowledgments

The Ontario Geological Survey (OGS) contributed funding to the City of Guelph for additional field investigations
that were incorporated into this project. These OGS funded field investigations provided valuable new
information for characterizing the bedrock hydrogeology of the Study Area. Frank Brunton from the OGS
participated in numerous meetings with the Project Team, to provide input on the revised borehole geologic
interpretations and conceptual hydrogeologic model surfaces that were developed as part of this project.
Bedrock cores developed from this program have been retained by the OGS for further assessment including
geochemical analyses.

The OGS also provided funding to the U of G as part of a collaboration with the Tier Three Project Team to apply
new hydrogeologic testing methods at the Tier Three Project borehole sites. The U of G contributed staff and
student resources to conduct some components of the field investigations at the project borehole sites. These
investigations were coincident with the University’'s research objectives and provided key additional
hydrogeologic information at the borehole sites. Borehole testing and monitoring equipment manufacturers
including Solinst, Westbay and FLUTe provided academic equipment discounts and staff training to assist with
the application and testing of new field methods.

The project drilling sites were on GRCA (ten sites) and Wellington County (one site) lands. Staff from both the
GRCA and Wellington County were cooperative in providing and arranging site assess for the drilling including
on-site meetings with Golder and subcontractors. This cooperation allowed for drilling site access to be
arranged in a short time period.

1.5 Report Organization

As described above, this report focuses on the characterization and conceptual model development components
of the Tier Three Assessment and should be read in conjunction with the report entitled City of Guelph Tier
Three Numerical Modelling Report (AquaResource, 2011), which provides detail on the numerical model
development and calibration.

The report is organized into five (5) sections including this introduction (Section 1). Section 2 provides a brief
background review of the Study Area. Section 3 provides a description of the data compilation and project
borehole database development. Section 4 provides a description of the field program. Section 5 provides
discussion of the hydrogeological characterization and conceptual model refinement. Appendices A through G
include select existing borehole logs within the Study Area (see Appendix A), logs for boreholes drilled as part of
this project (see Appendix B), project field program data (see Appendix C), municipal pumping and water level
data (see Appendix D), high quality borehole details (see Appendix E), bedrock conceptual model surface
elevation and isopach (thickness) mapping (see Appendix F) and hydraulic testing information including aquifer
parameter estimates and bedrock flow profiling summaries (see Appendix G).
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2.0 BACKGROUND
2.1  Study Area

The Study Area is shown on Figure 1. The City of Guelph obtains the majority of its water from a deep regional
bedrock aquifer system. A key factor defining the Study Area was the need to extend the numerical model
domain (and hence the greater Study Area) to distant natural boundaries of the regional aquifer that would not
be influenced by the City of Guelph area pumping. The chosen model domain is shown on Figure 1 and extends
to the Niagara Escarpment in the east at the limit of the City of Guelph bedrock aquifer system and to the Grand
River to the north and west. The model domain covers a very large area (1,932 km?); however the primary focus
of the study is on the City of Guelph and the immediately surrounding area.

The City of Guelph’s wells lie within the Upper Speed Groundwater Assessment Area that was identified in the
Tier Two study to have a moderate potential for stress (AquaResource, 2009). The City of Guelph’'s Eramosa
River Intake lies within the Eramosa Surface Water Assessment Area, which was identified in the Tier Two study
to have a moderate potential for stress (AquaResource, 2009). The Study Area encompasses these
Subwatershed Assessment Areas. A number of municipalities adjacent to Guelph obtain water supply from the
same bedrock aquifer system. These primarily include Elora and Fergus to the north, Rockwood and Acton to
the east and Cambridge to the southwest. The City of Guelph is surrounded by the Township of Guelph-
Eramosa to the north and the Township of Puslinch to the south.

Adjacent Tier Three Assessments are ongoing to the east of Guelph in Halton Region (Acton/Georgetown) and
to the southwest of Guelph in the Region of Waterloo (Cambridge, Waterloo and Kitchener). The first pilot Tier
Three Assessment was completed in Orangeville, which is located to the north of the Guelph Tier Three Study
Area.

2.2  City of Guelph Municipal Water Supplies

The City of Guelph meets its water demands primarily from groundwater sources including 23 groundwater wells
and an artificial recharge system with a shallow groundwater collector referred to as the Glenn Collector. The
locations of the City of Guelph Municipal wells are shown on Figure 2. The City of Guelph supplies are typically
grouped into four quadrants and the supply sources in each of these quadrants are shown in Table 2.1 and are
briefly described below. Additional discussion of the municipal wells and their pumping rates is provided in
Section 5.1.1.

In the southeast quadrant, the Arkell Spring Grounds provide a large portion of the City of Guelph water supply.
The Arkell Spring Grounds consists of five bedrock wells (Arkell 6, 7, 8, 14 and 15), one overburden well
(Arkell 1) and the shallow collector system (Glenn Collector). The Glenn Collector system collects groundwater
in the overburden through gravity drainage into a network of buried perforated pipes. To augment the water
collected in this system, water is pumped from the Eramosa River to a pit and trench where the water artificially
recharges the shallow overburden groundwater system. Also in the southeast quadrant of Guelph are the Carter
wells and the Burke Well.
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The municipal wells in the southwest quadrant of Guelph also provide a large portion of the municipal supply.
There are six wells in the southwest quadrant including Water Street Well, Membro Well, Dean Avenue Well,
University Well and Downey Road Well.

In the northeast quadrant the municipal wells include Park Wells #1 and #2, Emma Street Well, Helmar Well and
the Clythe Creek Well. The Calico Well, Smallfield Well, Sacco Well, Paisley Road Well and Queensdale Well
are in the northwest quadrant of the City. The Smallfield and Sacco Wells are currently offline due to water
quality concerns.

2.3 Topography and Drainage

The topography across the Study Area is shown on Figure 3. The ground surface elevation varies by
approximately 270 m, ranging from a high of 500 metres above sea level (masl) in the northernmost part of the
Study Area (north of Hillsburgh) to a low of 230 masl below the Niagara Escarpment in the southeastern part of
the Study Area. Superimposed on this general trend are the topographic ridges of the various moraines (as
described in Sections 2.6 and 2.7) and some of the deeply incised river valleys.

The area lies mainly within the Grand River Watershed with surface drainage controlled by the Grand River and
its numerous tributaries within the Study Area. Some of the main tributaries include the Speed River, Eramosa
River and Mill Creek. The surface water features and subwatershed delineations in the Study Area are shown
on Figure 4. Surface water flow in the area is generally in a southerly direction with a south westerly component
evident in the main tributaries. As previously mentioned, some of these rivers are often deeply incised into well
defined valleys, many of which are cut into the underlying bedrock. With the exception of Puslinch Lake (a large,
relatively shallow natural kettle lake in the southern portion of the Study Area), there are no large natural surface
water bodies in the Study Area. However, some artificial lakes and reservoirs have been constructed for flood
control and recreational purposes including: Belwood Lake in Centre Wellington; and Guelph Lake in Guelph-
Eramosa.

The eastern portion of the Study Area lies within the Credit Valley Watershed and the southeastern portion of the
Study Area lies within both the Halton and Hamilton area Watersheds. Surface water flow in this area is
generally in a southeasterly direction. The largest surface water features in the area are Guelph Lake to the
north of the City and Mountsburg Lake in Puslinch to the southeast.

2.4 Land Use

The land use within the Study Area includes a mix of agriculture, forest and built up areas
(residential/commercial/industrial) as shown on Figure 5. The largest built up urban areas include the City of
Guelph at the centre of the Study Area, and Cambridge, located in the southwest part of the Study Area. The
surrounding smaller towns, villages and hamlets include Erin, Hillsburgh, Fergus, Elora, Acton, Rockwood, Eden
Mills, Everton, Aberfoyle, Morriston, Maryhill, Marden and Ennotville. Most of these small urban areas are
surrounded by a rural setting consisting mainly of agricultural land use.
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In general, the land use outside of the built up areas can be divided into two areas east and west of the Speed
and Eramosa Rivers. The land use west of these rivers is predominantly agricultural, consisting of crops and
forage. Forested areas and wetlands are interspersed throughout this area. The land use east of the rivers is a
mix between agricultural and forested areas. Again, the agricultural land use is a mix of crops and forage. The
Study Area also includes numerous connected and fragmented wooded areas associated with stream valley
corridors and designated greenspaces in addition to wetland areas associated with valley bottom lands and
poorly drained areas adjacent to the Paris and Orangeville Moraines. Numerous aggregate extraction sites and
various golf courses are also situated throughout the Study Area.

2.5 Surface Water and Environmentally Sensitive Features
2.5.1 Overview of Surface Water Features
Surface Water Hydrology

The Study Area is located northwest of Lake Ontario and immediately west of the Niagara Escarpment. The
climate in this area is generally continental but is modified by the proximity of the Great Lakes, which moderate
extreme temperatures. This area lies in the humid mixed wood plains ecozone of the Great Lakes — St.
Lawrence River valley (Environment Canada Website). The Study Area was historically dominated by mixed
coniferous and deciduous forest with some Carolinian ecosystem areas in the south; however, the majority of
upland areas have been cleared and converted to agricultural land uses over the past approximately 150 years.

A majority of the Study Area drains to the Grand River via its tributaries as shown on Figure 4. As previously
mentioned, smaller parts of the Study Area, along the Niagara Escarpment, drain east to the Credit River basin
with small areas in the southeast and south draining to Conservation Halton and Hamilton Region, respectively.

The Study Area was selected to include known natural boundaries to facilitate numerical modelling, however the
focus of this discussion of the hydrologic setting is on the central part of the Study Area including the Lower
Speed River area and the City of Guelph. The watersheds that are included in this area include the Upper
Speed River, Upper Eramosa River, Lutteral Creek, Middle Speed River, Lower Speed River, Clythe Creek,
Lower Eramosa River, Blue Springs Creek, Torrance Creek, Hanlon Creek, Irish Creek and Mill Creek as shown
on Figure 4. Lutteral Creek, Eramosa River, Hanlon Creek and Irish Creek contribute directly to the Speed
River, while Blue Springs Creek, Clythe Creek and Torrance Creek contribute to the Eramosa River. Mill Creek
contributes directly to the Grand River near the southwestern corner of the Study Area. A more detailed
description of some of these watersheds is included in Sections 2.5.2 to 2.5.4.

The Meteorological Service of Canada (MSC) maintains data from several weather stations in and close to the
Study Area as shown on Figure 6. A summary of the Climate Normals for the most significant datasets is
provided in Table 2.2.

Mean annual temperature in the Study Area averages 6.6 degrees Celsius and ranges between 6.0 degrees at
Orangeville and 7.2 degrees at Cambridge for the six stations summarised in Table 2.2. Mean annual
precipitation in the Study Area averages 909.9 mm and ranges between 885.0 mm at Georgetown and
938.5 mm at Fergus for the six stations summarised in Table 2.2.
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The Water Survey of Canada (WSC) and the Grand River Conservation Authority (GRCA) collect and maintain
records of stream flow throughout the Study Area. A summary of the most significant streamflow data is
provided in Table 2.3. The station locations are shown on Figure 6. Of the hydrometric stations listed in
Table 2.3, the Speed River Below Guelph Station (WSC 02GA015) has the longest and most recent period of
record. This station has been located just upstream of the Edinburgh Road bridge over the Speed River since
1999. Prior to 1999 it was located approximately one kilometre downstream at the Hanlon Parkway (Hwy #6
North) crossing of the Speed River but was moved because of bridge construction. The station drains
approximately 593 km? of the Study Area including the Eramosa River and its tributaries as well as the Upper,
Middle and part of the Lower Speed River and its tributaries.

The mean annual flow for the Speed River below Guelph for the period of 1950 to 2005 is reported as 5.67 m®/s
or 302 mm/y as shown in Table 2.3. For the period of 1971 to 2000, which is consistent with the period used to
generate the climate normals shown in Table 2.2, the mean annual flow at this station is approximately 5.93 m®/s
or 316 mm/y. A comparison of the mean annual precipitation for the Study Area (909.9 mm/y) shown in
Table 2.2 to the mean annual flow at the Speed River Below Guelph station for the period of 1971 to 2000
(316 mm/y) shows that, on average, approximately 594 mmly is lost to actual evapotranspiration or groundwater
infiltration that does not report to the river in this area.

Surficial geology in the Study Area is described in Section 2.7 and can be summarized as a mix of silty to sandy
tills and sand and gravel deposits. The soil mapping of the area (see Figure 7) identifies these tills as
predominantly Guelph Loam in the centre and east of the Study Area ranging to London Loam in the west.
Guelph Loam is identified as a well-drained member of the Grey-Brown Podzolic soil group. London Loam is
identified as an imperfectly-drained member of the Grey-Brown Podzolic soil group. Where present, the
overburden is primarily identified as Dumfries Loam, which is a well-drained member of the Grey-Brown Podzolic
soil group. Stratified ice contact deposits overlie the regional till layers along the alignment of the Paris Moraine
ranging from Acton and Rockwood at its northeast extent, through the southern part of the City of Guelph, to
Cambridge at the Study Area boundary in the southwest. Surficial soils in this area are predominantly identified
as Burford Loam, which is identified as a well-drained member of the Grey Brown Podzolic soil group. A
significant area of stratified ice contact deposits associated with the Orangeville Moraine is also present ranging
between Fergus, Hillsburgh, Erin and the northern boundary of the Study Area near Orangeville. Surficial soils
in this area are predominantly Hillsburgh Sandy Loam, which is identified as a well-drained member of the Grey-
Brown Podzolic Soil Group.

Environmentally Sensitive Features

There are numerous environmentally sensitive features in the Study Area including Cold Water Streams,
Provincially Significant Wetlands (PSWSs), Environmentally Sensitive Areas (ESAs), Areas of Natural and
Scientific Interest (ANSIs). The Ontario Ministry of Natural Resources identifies the last three of these areas as
follows:

m PSWs — Wetland areas identified by the Ontario Ministry of Natural Resources using the Ontario Wetland
Evaluation System and are recognized as having ecological significance;

m ESAs - Areas identified by municipalities as being ecologically important; and
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m Areas of Natural and Scientific Interest (ANSIS) — Areas identified by the Ontario Ministry of Natural
Resources and broken down as earth science (having provincially or regionally significant representative
geological features) or life science (having provincially or regionally significant representative ecological
features).

Many of the streams in the Study Area, particularly in the headwaters, are classified as cold water streams as
shown on Figure 8a (entire Study Area) and Figure 8b (Guelph area). Some of these include all of or parts of
Eramosa River, Blue Springs Creek, Clythe Creek, Hanlon Creek, Speed River, Irish Creek, Mill Creek and
Hopewell Creek. Due to the presence of on-line ponds, some of the stream designations have changed from
cold water streams to cool or warm water designations, as shown on Figures 8a and 8b.

Provincially significant wetlands are shown on Figures 8a and 8b. There are numerous provincially significant
wetlands in the Study Area including Torrance Creek Swamp, Speed River Wetland Complex, Hall’'s Pond
Complex, Mill Creek Wetland, Arkell Bog Wetland Complex, Eramosa/Blue Springs Creek Wetland and Guelph
Northeast Wetland Complex.

The cold water stream and provincially significant wetland data sets shown on Figures 8a and 8b were provided
by the GRCA.

There are numerous ESAs identified in the Study Area. Some of these include, Eramosa River Valley,
Rockwood Limestone Cliffs, Knatchbull Swamp, Blue Springs Swamp, Blue Springs Creek Valley, Hillsburgh
Sand Hills, Paris Moraine Complex, Hanlon Creek Swamp, Galt Creek and Forest and Aberfoyle Woods.

In addition, there are various ANSIs that have been identified in the Study Area. Some of the key ANSIs in the
area include the Paris, Galt and Moffat Morraines, Guelph Esker, Eramosa River Valley, Guelph Drumlin Field,
Blue Springs Creek Wetlands and Puslinch Lake Bog and Wetlands.

Specifically, within or immediately around the City of Guelph, the following key environmentally sensitive features
are present:

m Eight PSW Complexes (Guelph Northeast Complex, Clythe Creek Wetland, Torrance Creek Swamp, Halls
Pond Complex, Hanlon Creek Swamp, Ellis Creek Complex, Marden South Complex and Speed River
Wetland Complex);

m  Four ANSIs (Guelph Drumlin Field, Arkell Meltwater Channel, Paris Moraine and Oil Well Bog); and

m Large areas of what are currently identified as ecological corridors, buffers and linkages and locally
significant wetlands.

As is indicated by the features in the City of Guelph alone, the Guelph Tier Three Study Area is ecologically rich.

A review and summary of subwatershed studies in the Study Area was completed by staff from AquaResource
with input from Golder. Based on the review of subwatershed study reports, the basic hydrologic and ecologic
characteristics of each subwatershed were summarized as presented in the below sections.
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25.2 Eramosa River

The Eramosa River Watershed covers an area of approximately 270 km? and includes the Torrance Creek,
Clythe Creek and Blue Springs Creek Subwatersheds, in addition to the Upper and Lower Eramosa River
Subwatersheds. Torrance Creek, Clythe Creek and Blue Springs Creek all discharge into the Eramosa River.
The watershed is bounded by the Speed River Watershed to the west, and the Credit and Sixteen Mile River
Watersheds to the east, both of which are Lake Ontario tributaries.

The main branch of the Eramosa River and its largest tributary, Blue Springs Creek, are discussed below. This
is followed by discussion of two smaller tributaries, Clythe Creek and Torrance Creek, which are both located
mainly within the City of Guelph.

Eramosa River/Blue Springs Creek

Some previous watershed studies in the area include:
m Eramosa-Blue Springs Watershed Study Report (Beak and Aquafor, 1999)
= Part 1 — Watershed Report Card, Part 2 — Watershed Goals and Objectives

m Eramosa-Blue Springs Watershed Study — Part 3: Recommended Plan and Implementation Plan
(Beak et al., 1999)

m Eramosa River-Blue Springs Creek Linear Corridor Initiative (Proctor & Redfern Ltd.,1995)

Hydrologic Setting

m The Eramosa River and Blue Springs Creek Watersheds are located in the central eastern part of the Study
Area and extend in a northerly and partially easterly direction. Smaller towns and hamlets are scattered
along the Eramosa River including Arkell, Eden Mills, Rockwood, Everton and Ospringe.

m The Upper and Lower Eramosa River and their tributaries including the Blue Springs Creek subwatershed
cover a drainage area of 270 km? (Beak and Aquafor, 1999) along the Eastern edge of the GRCA
watershed. The Eramosa River flows south from Hillsburgh, which is the area of highest elevation at about
500 m above sea level, through Rockwood and Eden Mills and into the City of Guelph. There, it discharges
into the Speed River at a low elevation of 310 m.

m Blue Springs Creek with its confluence at Eden Mills, as well as Torrance Creek and Clythe Creek that
discharge within the City of Guelph are major tributaries of the Eramosa River.

m The Eramosa River flows mostly through a bed of poorly drained organic soil. Through Rockwood and to
areas in the south, the soil is mainly well-drained, shallow loam till over bedrock, as is found beneath Blue
Springs Creek. For the most part, the soils of the Eramosa/Blue Springs Creek subwatersheds have good
drainage. Loam till is the most common soil type in the area, with some stony, sandy loam till around the
eastern borders, fine to medium sand found in the northern areas of higher elevation, some gravel and fine
sand over gravel to the south.
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The banks of the Eramosa River and Blue Springs Creek are densely forested, except through the built-up
residential areas of Rockwood, Eden Mills and Guelph. The Blue Springs Creek subwatershed at the edge
of the Niagara Escarpment is mostly covered with a mix of agricultural and forested land, while the
Eramosa River subwatersheds are predominantly agricultural. Based on a brief review of aerial
photography and land cover mapping, the land use within the watershed is primarily forested wetland,
forested upland and agricultural land with some small, rural residential communities nearby.

Environmentally Sensitive Features

The Eramosa River-Blue Springs Creek watershed is ecologically rich. There are approximately eight
wetlands identified in the Eramosa River-Blue Springs Creek Linear Corridor Initiative (Proctor & Redfern
Ltd., 1995). At least three of these are provincially significant including Eramosa/Blue Springs Creek
Wetland, Knatchbull Wetland and Arkell-Corwhin Wetland Complex.

There are six Provincially and six Regionally Significant Life and Earth Science ANSIs (Proctor & Redfern
Ltd., 1995). Some of these include the Paris and Galt Moraines, Arkell Meltwater Channel, Knatchbull
Swamp, Blue Springs Creek Wetland and Eramosa River Valley.

There are seven ESAs in the watershed (Beak et al., 1999), including Hillsburgh Sand Hills, Eramosa River
Valley, Rockwood Limestone Cliffs, Knatchbull Swamp, Blue Springs Swamp, Blue Springs Creek Valley
and Paris Moraine Complex.

Upper Eramosa River from the headwaters to Rockwood and Blue Springs Creek are coldwater streams
(Proctor & Redfern Ltd., 1995).

Beak et al. (1999) indicate that the watershed is home to three types of aquatic communities as follows: an
intolerant coldwater community, which includes mainly Brook trout; a sensitive cold/cool water community,
which includes Brook trout, Brown trout, Northern Hogsuckers and Minnows; and a diverse cool/warm
water community, which includes Brown trout, Northern Pike, Rock Bass, Smallmouth Bass, Darters,
Northern Hogsuckers, Hornyhead Chub and Minnows.

Clythe Creek

A previous watershed study in the area includes:

Clythe Creek Subwatershed Overview (Ecologistics and Blackport, 1998)

Hydrologic Setting

m Clythe Creek subwatershed is located both within and outside the northeast corner of the City of Guelph.
The subwatershed is between the Eramosa River to the southeast and the Guelph Northeast Wetland
Complex (a provincially significant wetland) to the northwest.

m  Watson Creek and Hadati Creek are the main tributaries of Clythe Creek, both of which have headwaters in
the northwestern end of the subwatershed and flow southward towards Clythe Creek. Clythe Creek is itself
a tributary of the Eramosa River to the south.
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The subwatershed has a drainage area of approximately 21 km?. Watson Creek drains an area of
approximately 103 ha (5%) of Clythe Creek subwatershed and Hadati Creek drains an area of 390 ha
(20%) of Clythe Creek subwatershed.

The high points are at approximately 360 m in elevation in the northeastern and southwestern areas of
subwatershed and the low point is located in a built-up area to the south at approximately 330 m elevation.
The landscape of the area is mostly gentle, smooth slopes.

The soil is well-drained Guelph loam, consisting of loam till and it covers much of the subwatershed,
particularly in the areas of Watson creek and Hadati creek to the southwest as well as around the northern
limits of the drainage basin. A portion of the southern area, upstream of where Clythe creek drains into the
Eramosa River, is well-drained gravel soil. Much of the Clythe Creek valley and immediate surrounding is
composed of fine sand over gravel and is well-drained. There is very poor drainage around the headwaters
of the Watson and Hadati Creeks where there is a small wetland with organic soil near the Guelph landfill
site.

The land around Clythe Creek is urbanized to the southwest but is predominantly agricultural cropland
covering most of the land to the east.

Environmentally Sensitive Features

Wetlands are present, consisting of bands of vegetation along the watercourses and vegetation
communities in the low lying areas between drumlins (Ecologistics and Blackport, 1997). The most
significant wetland is the Clythe Creek Wetland. Some of the wetland in the area has been removed for
residential housing development.

Clythe Creek is cold water stream with a band of wetland vegetation along its length and the abundance of
groundwater, near or at the ground surface, plays a key role in influencing the composition and distribution
of vegetation (Ecologistics and Blackport, 1997). Ecologistics and Blackport (1997) also indicate that the
upper reaches of the creek are fairly well vegetated and the channel is fairly natural and in the lower
reaches the creek is altered by ponds, open sections of creek, weirs and dams.

The subwatershed study (Ecologistics and Blackport, 1997) indicates that Clythe Creek provides habitat for
wide range of fish including Brook stickleback, creek chub, blacknose dace, minnows, shiners and Brook
trout. Numerous birds, mammals, reptiles and amphibians were also reported, including some provincially
significant species.

Torrance Creek

Some previous watershed studies in the area include:

m Impact Assessment Guidelines for the Torrance Creek Subwatershed (ESG, 1999);

m Torrance Creek Subwatershed Study — Management Strategy — Executive Summary and
Recommendations (Totten Sims Hubicki et al., 1999);

m Torrance Creek Subwatershed Study - Management Strategy (Totten Sims Hubicki, et al., 1998);
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Torrance Creek Subwatershed Study — Phase | Characterization Report — Final (Totten Sims Hubicki
et al., 1997a); and

Torrance Creek Subwatershed Study — Management Strategy — Technical Appendix (Totten Sims
Hubicki et al., 1997b).

Hydrologic Setting

Torrance Creek subwatershed is located on the east side of City of Guelph partly within the city limits and
partly within the Township of Puslinch.

The Torrance Creek subwatershed covers a small drainage area of Torrance Creek within the City of
Guelph, which flows northward into the Eramosa River.

Torrance Creek is a tributary of the lower end of Eramosa River with the subwatershed covering
approximately 11 km?. On-line ponds are located along the creek.

The eastern portion of the land is composed of well-drained gravel soil while the western side is mainly
sandy, stony till. The valley lands around Torrance Creek itself are poorly drained organic soil.

At its highest point of land, the Torrance Creek subwatershed has an elevation of about 370 m to the
southeast and it has a relatively flat topography, sloping gently northwards towards its discharge point at
about 320 m in elevation.

The headwaters of Torrance Creek are surrounded by a golf course as well as some dense forest to the
south. There is some residential build-up around the western boundary of the subwatershed, and row
crops and small grains are the dominant agricultural land use, covering most of the western area.

Environmentally Sensitive Features

The significant wetlands include the Torrance Creek/Hamilton Corners Wetland Complex.

The Paris Moraine, which is situated along the southeast part of the subwatershed is considered an ANSI.
Totten Sims Hubicki et al. (1999) indicate that the Torrance Creek subwatershed contains two Category 1
Natural Heritage Features: significant wetlands and regulated floodplains.

Category 2 Natural Heritage Features in the subwatershed include significant wildlife habitat, significant
woodlands, fish habitat and steep slopes (Totten Sims Hubicki et al., 1999).

The subwatershed study (Totten Sims Hubicki et al., 1998) suggests that anecdotal evidence and creek
conditions at the time indicate that Torrance Creek may have once been a cold water stream system. The
study also indicates that wide fluctuations in water temperatures, due to groundwater discharge areas and
on-line ponds, have effects on aquatic life. Totten Sims Hubicki et al. (1998) indicate that only the
headwaters of Torrance Creek and Barber Creek are considered cold water streams.
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2.5.3 Speed River

The Speed River is a major tributary to the Grand River. The overall Speed River Watershed includes the
Lutteral Creek, Hanlon Creek and Irish Creek Subwatersheds, in addition to the Upper, Middle and Lower Speed
River Subwatersheds. Lutteral Creek, Hanlon Creek and Irish Creek all discharge into the Speed River. The
watersheds are bounded by Swan Creek, Cox Creek and Hopewell Creek Watersheds to the west and Eramosa
River Watershed and its subwatersheds to the east as well as Mill Creek Watershed to the southeast.

A brief description of the Speed River is discussed below followed by a discussion of Hanlon Creek, which is an
important subwatershed in the Guelph area.

The headwaters of the Speed River are located near the Orangeville Moraine. The river generally flows south
through Guelph where it is joined by the Eramosa River. The river then flows through northern Cambridge and
discharges to the Grand River in Preston.

Upper Speed River
Hydrologic Setting

m The Upper Speed River flows southward from a high point of approximately 500 m in elevation down to the
confluence with the Lutteral Creek tributary at 450 m in elevation. The total drainage area is 103 km?.

m The soils in the area are well-drained, composed principally of fine to medium sand in the northern regions
and changing to loam till in the lower area south of Belwood Lake. Some isolated areas of imperfectly
drained sandy soils and gravels are evident in the central region of the drainage basin.

m Some of the land in this area is covered by forest and mature plantations, particularly around the
headwaters in the north, and the remainder is covered by various agricultural land uses.

m Lutteral Creek is the most significant tributary of the Upper Speed River and has its confluence at the south
end, where the Upper Speed River subwatershed becomes the Middle Speed River subwatershed.

Middle Speed River
Hydrologic Setting

m The Speed River flows between the Upper Speed River and the Middle Speed River subwatersheds, with
the divide being at the confluence of the Speed River and one of its major tributaries, Lutteral Creek.
Another significant tributary is Marden Creek, which flows into the Speed River north of the City of Guelph
limits. The subwatershed drains an area of 114 km?,

m The Speed River flows south through the subwatershed and passes through Guelph Lake towards the City
of Guelph. The high point of 400 m is to the northeastern boundary of the subwatershed, while the low
point where the river discharges is at 320 m in elevation.
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m The area of the subwatershed to the south of Guelph Lake sees built-up residential and commercial land
within the City of Guelph boundaries, while the majority of the subwatershed land is used for agricultural
activities interspersed with some forested areas.

m To the east, loam soils dominate with good drainage seen in the areas of higher elevation and imperfect
drainage in the lower lands, as well as in the western region of the subwatershed. Towards the City of
Guelph in the south, the soil is dominated by well-drained gravel and some medium sand along the bed of
the Speed River.

Lutteral Creek

m Lutteral Creek subwatershed is 450 m in elevation at its highest point to the north and it drains southward to
the upper speed river where it discharges at an elevation of 360 m above sea level. The subwatershed has
a total area of 70.1 km®.

m The northern area of the subwatershed is dominated by fine to medium sand with good drainage. This is
separated from the southern and central areas, where well-drained fine sand over gravel and some loam
soils with are predominant, by a low area of poorly-drained wetland.

m Land in this area is mostly used for open agriculture or pasture, interspersed with some forested areas
throughout.

Lower Speed River

m The northern boundary of the Lower Speed River subwatershed lies within the City of Guelph limits and the
watershed extends southwest towards Cambridge, with a small range of elevations from approximately
320 m at its highest point in the north to 270 m above sea level at its southern boundary marked by its
confluence with Mill Creek tributary.

m  Much of the upstream section of the subwatershed, particularly along the Speed River bed, is composed of
well-drained gravelly soils, surrounded by loam and changing to medium sand in the southern reaches with
some poorly drained areas around the confluence with the Ellis Creek tributary.

m The Eramosa River drains into the Speed River within the City of Guelph and other major tributaries include
Hanlon Creek, Irish Creek and Ellis Creek. The drainage area of the Lower Speed River is 91.3 km?.

m  Much of the land in the subwatershed is built-up to the north and south where the Speed River flows
through Guelph and Cambridge, while the other dominant land use is open agricultural land with some
forest bordering the river itself.
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Irish Creek

Highest land elevations are around the northern boundaries of the watershed with an elevation of 340 m
above sea level. The topography of the area is characterized by gently sloping land, with a low point of
300 m where the creek discharges to the Speed River. This creek drains an area of 43.1 km?

Well-drained soils in the area are mostly stony, sandy loam till to the east and south, gravel and medium
sand around the northern and western areas. Some isolated wetlands can be found throughout the
drainage basin with poorly drained soils of organic matter and till.

The land in this subwatershed is mainly used for agriculture with some isolated patches of forest cover.

Chilligo/Ellis Creek

The Chilligo/Ellis Creek subwatershed is oriented north-south, with its high land at an elevation of 340 m
above sea level, sloping gently to the south at an elevation of 310 m where Ellis Creek discharges into the
Speed River. The drainage area is approximately 56.6 km?.

Much of the land in this subwatershed is well-drained, composed of loam soils to the northeast and gravel
or fine sand over gravel to the west of Ellis Creek. The southern portion of the subwatershed has sandy
soils that are for the most part well-drained, with some patches of poorly drained soil around the Speed
River.

The Chilligo/Ellis Creek subwatershed is dominated by open agricultural land of various uses, with few
patches of forest and a golf course in the southern end.

Hanlon Creek

Some previous watershed studies in the areas include:

m Hanlon Creek State-of-the-Watershed Study (PEIL et al, 2004)

m Hanlon Creek Watershed Plan — Summary Report (MMM, 1993)

m Hanlon Creek Watershed Plan — Final Report (MMM and LGL, 1993)

m Hanlon Creek Watershed Plan — Assessment Tables (MMM and LGL, 1993)

m Hanlon Creek Watershed Study — Interim Report —Volume 1 (MMM and LGL, 1992)

m Hanlon Creek Watershed Study — Interim Report — Volume 2 (Maps) (MMM and LGL, 1992)

m Hanlon Creek Watershed Study — Interim Report — Volume 3 (Appendix A) (MMM and LGL, 1992)
m Hanlon Creek Watershed Study — Interim Report —Volume 4 (Appendix B to E) (MMM and LGL, 1992)
m Hanlon Creek Watershed Study — Interim Report Appendices-Phase 2 (MMM, 1992)

m Hanlon Creek Ecological Study — Phase A (UG, 1971)
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Hanlon Creek Ecological Study — Phase B (UG, 1972)

Grand River Conservation Authority Preliminary Report on Hanlon’s Creek Basin (Kilborn, 1968)

Hydrologic Setting

The highest points of land, at around 360 m in elevation, are at the northeastern boundary of the
subwatershed, while the central wetland area has an elevation of approximately 320 m, forming the
headwaters of the Hanlon Creek. The total drainage area is approximately 26.4 km? (PEIL et al., 2004).

For the most part, soils are well-drained and composed of loam till to the southeast and stony, sandy loam
till in the west. The exception is around the central wetland area, where poorly drained gravel soil can be
found bordering the wetland to the north and south, while the wetland itself is organic matter with very poor
drainage.

The land in this subwatershed is principally covered by built-up residential and commercial areas,
particularly to the north and west. The Hanlon Industrial Park is located within the subwatershed at Clair
Road West and the Hanlon Expressway. A major conservation area protects wetland and dense forest
around the headwaters of the creek. Much of the land otherwise is used for agricultural purposes, but
some dense and sparse forest is located to the west end of the subwatershed.

Environmentally Sensitive Features

There are two significant wetlands in the Hanlon Creek subwatershed, which are connected by a heavily
vegetated corridor. The Hanlon Creek Swamp is regionally significant and the Hall's Pond Wetland is
provincially significant. These wetlands provide habitat for some rare and uncommon bird and plant
species, as well as for deer and other wildlife (PEIL et al., 2004).

The Paris Moraine, which is situated in the southeast part of the subwatershed, is considered an ANSI.

Most of Hanlon Creek is classified as a cold water stream. PEIL et al. (2004) indicate that the presence of
on-line ponds and broad creek sections in the lower portion of Hanlon Creek, tend to offset the cooling
potential of groundwater inflows in the area.

Brook trout are present upstream of the Hanlon Parkway but not downstream and similarly, brook trout
spawning locations were found in the upper reaches and central wetland area, but not in the lower reaches
(PEIL et al., 2004).

254 Mill Creek

A previous watershed study in the area includes:

Mill Creek Subwatershed Plan (CH2M Gore and Storrie Ltd. et al., 1996)
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Hydrologic Setting

The Mill Creek Subwatershed is fairly long and narrow with the headwaters located southeast of the City of
Guelph and the mouth of the creek located in Cambridge where the creek discharges to the Grand River.
The creek flows in a southwest direction for approximately 30 km passing through Aberfoyle and the
Shades Mill Reservoir, located near the downstream end of the creek on the outskirts of Cambridge. Mill
Creek subwatershed is approximately 104 km? and is bordered by Speed River tributaries to the north and
west, by Halton Region to the east, and by Fairchild Creek headwaters to the south.

Soils in the area are mostly stony, sandy loam till and loam till with good drainage, as well as some well-
drained gravel in the center of the drainage basin, south of Victoria Road. The lands in the valley
surrounding Mill Creek as well as to the south in the Cambridge area are composed of poorly drained till
with organic matter found principally in the wetland area.

The highest land point in this subwatershed is located on the Paris moraine in the north with an elevation of
360 m above sea level, while the lower areas around the Mill Creek valley in the center have an elevation of
300 m above sea level. Thus, the topography of the land is hummocky with some steep slopes and many
natural pond areas and wetlands.

This subwatershed encompasses a variety of land uses, including residential and commercial
developments in the south around the City of Cambridge, several relatively large areas of dense forest and
extensive open agricultural land. Numerous aggregate extraction activities also occur throughout the area.

Environmentally Sensitive Features

2.6

There are two Provincially Significant Wetlands in the Mill Creek subwatershed including Mill Creek Swamp
Wetland and Arkell-Corwhin Bog Wetland Complex.

Mill Creek is a groundwater-fed stream resulting in cool to cold water over most of its length with the
exception of warming influences of ponds such as Mill Pond, Shades Mills Reservoir and Aberfoyle Pond
(CH2M Gore and Storrie Ltd. et al., 1996).

There are four ANSIs within Mill Creek subwatershed including: Mill Creek and Forest; Paris, Galt and
Moffat Moraines; and Galt End Moraine. CH2M Gore and Storrie Ltd. et al. (1996) also indicate that there
are two ESAs including Mill Creek and Forest and Aberfoyle Woods.

Aquatic species present in the subwatershed include brook trout and brown trout and some largemouth
bass, smallmouth bass, minnows, sunfish, rock bass and yellow perch (CH2M Gore and Storrie Ltd. et al.,
1996).

Physiography

The physiography of the Study Area is controlled largely by the distribution of Quaternary glacial and postglacial
deposits. Quaternary deposits, comprised mainly of glacial tills, glaciofluvial deposits and ice-contact stratified
deposits overlie the bedrock within most of the Study Area. The Study Area encompasses various
physiographic regions as identified by Chapman and Putnam (1984), which are described as the Guelph drumlin
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field, the Horseshoe Moraines, the Flamborough Plain, the Waterloo Hills and the Hillsburgh Sandhills (see
Figure 9).

The Horseshoe Moraines encompass the central eastern part of the Study Area, east of the Guelph Drumlin
Field. The region covers a large horseshoe area within southern Ontario. Within the Study Area, the landscape
is characterized by moraines (primarily including the Galt and Paris Moraines) and a system of old spillways with
broad gravel and sand terraces and swampy floors (Chapman and Putnam, 1984).

The Guelph Drumlin Field is located in the western and central portion of the Study Area. The area is
characterized by various sizes of broad oval shape till drumlins fringed by gravel terraces and separated by
swampy valleys in which tributaries of the Grand River flow (Chapman and Putnam, 1984). There are also
several eskers present in this area.

The Flamborough Plain encompasses a small portion of the southeastern part of the Study Area beyond the
Horseshoe Moraines. The plain consists of limestone bedrock with little or no overburden cover and a few
drumlins scattered over the area (Chapman and Putnam, 1984). The area is poorly drained and large swampy
areas are common including the Beverly Swamp which is connected to Spencer Creek.

The Waterloo Hills encompass a small portion of the southwestern part of the Study Area outside of the Guelph
drumlin field. The surface is composed of sandy hills, some of them being ridges of sandy till while others are
kames or kame moraines, with outwash sands occupying the intervening hollows (Chapman and Putnam, 1984).
These hilly areas are well drained.

The Hillsburgh Sandhills encompass the north tip of the Study Area. Chapman and Putnam (1984) characterize
this region as being comprised of rough topography with sandy materials and a flat bottomed swampy valley
running through the moraine. This region is at the highest elevation in the Study Area.

As previously discussed, within some of these physiographic regions are drumlin fields, eskers and moraines.
These are further described below.

Drumlins are isolated elongated hills oriented parallel to the direction of glacial movement, and are formed
beneath the advancing ice sheet. The drumlins in the Guelph Drumlin Field consist primarily of sandy silt till, and
rest on a low relief surface covered by the same material. Glacial meltwater flowing through the low areas
between the drumlins has deposited glaciofluvial sands and gravels, and in some areas these better sorted
materials rest directly on the underlying bedrock.

Eskers are ridges of sand and gravel deposited in meltwater channels that existed beneath the retreating ice
sheet. Some examples of eskers in the Study Area include the Guelph Esker, Ariss Esker and Eramosa Esker.

Moraines are ridges of glacial deposits oriented perpendicular to the direction of glacial movement. They often
mark the point where the ice sheet halted for a period of time during its retreat at the end of the last glacial
period. Moraines may be made up of almost any type of glacial deposit ranging from poorly-sorted tills to
outwash sands and gravels. There are five moraines in the Study Area including the Paris, Galt, Breslau,
Orangeville and Moffat Moraines, which generally trend northeast to southwest.
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2.7 Regional Quaternary Geology

The Quaternary geology of the Study Area has been described in detail by Karrow (1987, 1968). The OGS
surficial Quaternary geology mapping of the Study Area is included on Figure 9. Most of the area is covered by
varying thicknesses of glacial deposits, with bedrock exposed in some areas primarily within the deeper river
valleys (e.g., through Elora, Fergus, Rockwood, Eden Mills and Guelph) and along the eastern portion of the
Study Area in Flamborough and Acton.

After a period of ice marginal retreat, a prominent ice-lobe formed in the Lake Ontario basin, periodically
advancing westward over the Study Area and then retreating. These advances formed the most recent
Quaternary deposits found in most of the Study Area. The surficial sediments are mainly till deposits with a
significant area interspersed with ice-contact stratified deposits and glaciofluvial deposits.

Glacial till refers to the poorly sorted mixture of clay, silt, sand and gravel (in varying proportions) that is the
principal deposit left behind by continental ice sheets.

The Paris Moraine and the Galt Moraine are the two most prominent moraines in the Study Area. Within some
parts of the Guelph area, these Moraines are connected. The internal structure of the moraines is a complex
mixture of till, stratified drift and discontinuous layers of more permeable material. Recently, a detailed review of
the state of knowledge of these moraines was completed by Blackport and AquaResource (2009). The work
was undertaken to better understand the hydrogeologic characteristics of the moraines and identify threats and
impacts to the hydrologic functions of the moraines to protect groundwater and source water through provisions,
policies and legislation.

The Port Stanley Till and the Wentworth Till are the two most prevalent till units present at surface in the Study
Area. The Port Stanley Till is present in areas west of the Paris Moraine and the Wentworth Till is present in
areas on and east of the Paris Moraine (McKenzie, 1990).

The main overburden units present in the Study Area are summarized as follows:

m Catfish Creek Till: The Catfish Creek Till was deposited by a major glacial advance from the north to
northeast that covered all of southern Ontario. The Catfish Creek Till is a dense, stony, sandy silt to silty
sand till with little clay content. It is the oldest main Quaternary unit in the Study Area. Although originally
deposited over a large area, erosion, glaciations and meltwater events have removed areas of the Catfish
Creek Till and it is now discontinuous. Where present, it is usually found immediately overlying bedrock
and beneath clayey sediments and is preserved in a few outcrops along the Grand River (Karrow, 1968)
and may also be present in deeper older bedrock valleys such as the Rockwood buried valley. It is often
interbedded with sand and gravel. The lithology and degree of compaction and/or cementation of the
Catfish Creek Till are variable.

m Port Stanley Till and associated fine grained drift: The Port Stanley Till is a sandy silt to silty sand till
and is occasionally stony. The Port Stanley Till was deposited by ice advancing from the Erie-Ontario ice
lobe. In the Grand River and Speed River valleys this unit has been largely removed by erosion. This unit
is generally finer grained than the younger Wentworth Till. The surficial mapping of the Port Stanley Till is
shown on Figure 9 and is represented by Unit 5b in areas west of the Paris Moraine.
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m  Wentworth Till: The Wentworth Till is a stony, sandy to sandy-silt till with a relatively low clay content.
This till was deposited by the last glacier to advance in the area and is often interbedded with sand and
gravel. This till has a coarse-grained and loose nature. The surficial mapping of the Wentworth Till is
shown on Figure 9 and is represented by Unit 5b in areas on and east of the Paris Moraine.

m Sand and gravel deposits: This unit generally consists of outwash sand and gravel and surficial ice
contact sand and gravels that are present throughout much of the Study Area. These deposits overlie till in
some places and lay directly on the bedrock in other places. These deposits are mapped surficially by the
OGS as Units 6 and 7 as shown on Figure 9.

m Eskers, Drumlins, Kames: These glacial features are found throughout the Study Area. Eskers are sharp
crested ridges of sand and gravel; drumlins are elongate hills generally composed partly or entirely of
glacial till; and kames are hummocky accumulations of sand and gravel.

m Peat, Muck etc: These organic accumulations are generally associated with swamps and bogs.

The Moffat Moraine is associated with the Galt Moraine and is formed of Wentworth Till. The Orangeville
Moraine is comprised of ice-contact sand and gravel deposits and is generally not capped with till. The Breslau
Moraine was formed during an earlier ice advance and is comprised of a clay till.

As the glaciers receded at the end of the last ice age, they produced large quantities of meltwater. These
powerful meltwater flows often carved large channels through the previously deposited glacial tills (or even into
the bedrock), and left behind extensive deposits of sand and gravel. The northern part of the Study Area
(Orangeville Moraine) is comprised largely of outwash sand and gravel and ice contact stratified sands and
gravels, extending from east of Hillsburgh west to Fergus. To the south, along the Eramosa River, are
glaciofluvial sands and gravels deposited in a meltwater channel that paralleled the present course of the river
into the Guelph area. Between the Galt and Paris moraines is the Aberfoyle outwash channel, now occupied by
Mill Creek and its tributaries. These outwash deposits overlie till in some place and lay directly on the bedrock in
other places.

In general, the greatest overburden thickness is found in the northern portion of the Study Area where up to
80 m of overburden is present. Thick overburden deposits are also found within the buried bedrock valleys and
within the major moraines in the Study Area. In general, the variations in thickness are caused by erosional
features of the underlying bedrock surface such as buried valleys, which are filled and concealed by overburden
sediments, resulting in a thick overburden sequence; depositional features such as end moraines, drumlins and
outwash plains, which also result in a thick overburden sequence; and erosional features of the surface deposits
such as stream valleys, which result in a thinning of the overburden sequence (Karrow, 1968).

2.8 Regional Bedrock Geology

The Paleozoic bedrock formations underlying the City of Guelph comprise one of the most extensive bedrock
aquifers in Ontario and are the main source of drinking water supplies for a number of nearby municipalities such
as the City of Cambridge located about 10 km to the southwest of Guelph, Centre Wellington located to the north
of Guelph and Rockwood located to the east of Guelph.
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The bedrock formations in the Guelph area consist of Paleozoic sedimentary rocks, composed of limestone,
dolostone and shale sequences that comprise an active groundwater flow system that generally ranges from
about 40 m to 100 m in thickness. The bedrock formations exhibit a gentle regional dip (about 4 degrees) to the
southwest. In the east moving toward the Niagara Escarpment, the younger formations have been eroded
reducing the overall thickness of the system and exposing the deeper formations at surface. The escarpment
represents the easternmost limit of the aquifer system. As described in Section 2.7, bedrock outcrops in the
Study Area are limited to a few areas including primarily the deeper river valleys (e.g., through Elora, Fergus,
Rockwood, Eden Mills and Guelph) and along the eastern portion of the Study Area in Flamborough and Acton.

The diagram shown on Figure 10 illustrates the revised stratigraphic framework described by the OGS (Brunton,
2009) for the Paleozoic bedrock formations present in the Study Area. The Ontario Geological Survey (OGS) is
currently mapping the Silurian carbonate strata along the Niagara Escarpment region and has proposed this
revised framework for stratigraphy of this area.

A brief description of each of these bedrock formations is provided below (from oldest to youngest).

m Cabot Head Formation: The Cabot Head Formation, readily distinguished by its grey-green colour, is a
non-calcareous shale with thin interbeds of sandstone and limestone. This unit ranges from 10 to 39 m
thick (Johnson et al. 1992).

m  Merritton Formation: The Merritton Formation consists of a pinkish-brown, finely crystalline dolostone unit
with dark shaley partings. This unit, where present in the area, is generally less than 1 m thick.

m Rockway Formation: The Rockway Formation is a greenish-grey fine crystalline argillaceous dolostone
with shaley partings (Brunton, 2008). The thickness of the Formation is consistent and estimated to range
1to 2 m across the Study Area.

m Irondequoit Formation: This Formation is a thickly to medium-bedded crinoidal grainstone (Brunton,
2008). The unit has a fairly consistent thickness of approximately 3 m throughout the Study Area.

m Rochester Formation: The Rochester Formation is a calcareous shale with carbonate interbeds and,
where present in the Study Area (primarily in the Cambridge area), it is a thin unit (typically about 1 m thick)
located several metres above the Irondequoit Formation.

m Irondequoit Formation: This Formation is a thickly to medium-bedded crinoidal grainstone (Brunton,
2008). The unit has a fairly consistent thickness of approximately 3 m throughout the Study Area.

m Gasport Formation: The Gasport Formation is a cross-bedded crinoidal grainstone-packstone with
sequences of reef mound and coquina (shell bed) lithofacies. This unit has commonly been referred to as
the Amabel Formation in previous studies in the area. In the Study Area, the Formation generally varies in
thickness from about 25 to over 70 m, and the upper sections of the reef mounds, the crinoidal grainstones
and the coquina shell beds make this formation highly transmissive, where they are present.

m Goat Island Formation: The Goat Island Formation consists of two members; the lower Niagara Falls
Member and the upper Ancaster Member.
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= Goat Island Formation — Niagara Falls Member: The Niagara Falls Member is a finely crystalline
and cross laminated crinoidal grainstone with small reef mounds. This unit is typically less than 10 m
thick in the Study Area.

®= Goat Island Formation — Ancaster Member: The Ancaster Member is a chert rich, finely crystalline
dolostone that is medium to ash grey in colour. This unit generally overlies the Niagara Falls Member
although in some cases in the Cambridge and Guelph areas, these units are interfingered.

m FEramosa Formation: The Eramosa Formation consists of three members including, from oldest to
youngest, the Vinemount Member, the Reformatory Quarry Member and the Stone Road Member.

®= Eramosa Formation — Vinemount Member: The Vinemount Member is comprised of thinly bedded,
fine crystalline dolostone with shaley beds that give off a distinctive petroliferous odour when broken
(Brunton, 2008). This dark grey to black dolostone unit was commonly identified in water well records
as ‘black shale’ and mapped in previous studies in the City of Guelph as the Eramosa Member. The
shaley beds of this Formation significantly reduce the vertical permeability across this unit relative to the
other Formations.

= Eramosa Formation — Reformatory Quarry Member: The Eramosa Formation above the Vinemount
Member is described by Brunton (2008) as light brown to cream coloured, pseudonodular, thickly
bedded and coarsely crystalline dolostone. This unit is susceptible to karstification due to its uniform
fine dolomite crystallinity (Brunton, 2008). This unit also often contains mud-rich and microbial mat-
bearing lithofacies that may act as aquitard materials, reducing the vertical permeability across this unit.
This unit was logged as either the Guelph Formation or Eramosa Member in previous studies within the
City of Guelph.

®= Eramosa Formation — Stone Road Member: This cream coloured coarsely crystalline Upper
Eramosa unit is not present in most of the cores and outcrops in the Study Area and can be difficult to
distinguish from the Guelph Formation.

m Guelph Formation: The Guelph Formation consists of two members; the lower Hanlon Member and the
upper Wellington Member.

®= Guelph Formation — Hanlon and Wellington Members: The Guelph Formation consists of medium
to thickly bedded crinoidal grainstones and wackestones and reefal complexes (Brunton, 2008). The
Guelph Formation is cream-coloured and fossiliferous and where present in the Cambridge and Guelph
area it is most often the uppermost bedrock unit.

m Salina Formation: The Salina Formation consists of interbedded brown dolostone and grey to green shale
with lenses of gypsum and anhydrite. Typically, groundwater extracted from the Salina Formation is of poor
quality due to high concentrations of calcium and sulphate resulting from the dissolution of gypsum and
anhydrite minerals. This Formation underlies much of the Region of Waterloo from the urban areas of
Kitchener- Waterloo to the west (Johnson et al., 1992). The Salina Formation is present in the westernmost
parts of Cambridge in the Study Area. Recent investigations by Golder, as part of the Region’s Integrated
Urban System (IUS) Groundwater Supply Optimization and Expansion Project, have inferred the presence
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of the Salina Formation in the Breslau area (westernmost portion of the Study Area) based primarily on the
geophysical signature obtained from the downhole logging of test wells (Golder, 2009b).

2.9 Previous Regional Hydrogeological Conceptual Model

The regional hydrogeology of the Study Area was described in the Guelph-Puslinch Groundwater Study (Golder,
2006a). The extent of the model domain and starting point conceptual model for the Tier Three Project is largely
based on the conceptual and numerical groundwater flow model that was developed for the Guelph-Puslinch
Study. Figure 11 shows the regional conceptual hydrogeological model developed as part of the Guelph-
Puslinch Study.

The Guelph-Puslinch study was based primarily on water well records and supported with little reliable sub-
surface data and pre-dated the recent modifications to the bedrock stratigraphic framework made by the OGS
(Brunton, 2009). Note that in the Study Area, the bedrock aquifer system has typically been referred to in the
past as the Guelph-Amabel aquifer and the Eramosa was previously identified as a Member of the Amabel
Formation. The Amabel Formation is now referred to in this area by the OGS as the Gasport Formation.

The Guelph-Puslinch Study conceptual model included eight hydrostratigraphic layers which from the bottom
upward included the Lower Amabel Aquifer; the Production Zone Aquifer in the Amabel; an Upper Amabel
Aquifer; the Eramosa Member Aquitard; the Guelph Formation Aquifer; a contact aquifer layer at the top of
bedrock/base of overburden; a lower overburden layer comprised mostly of till; and an upper overburden layer
comprised of both sand and gravel deposits as well as till. A more detailed description of each of these layers is
provided in the Guelph-Puslinch Study Report (Golder, 2006a).

At the time of the Guelph-Puslinch Study, little high quality core and borehole geophysics data was available in
the Guelph area to warrant the creation of variable surface elevations in three dimensions for the bedrock units
(Eramosa and Amabel). In fact, only one core hole within the City of Guelph was then available for review. For
the Guelph-Puslinch conceptual geological model, a constant slope parallel to the regional dip of the bedrock
formations was assumed for the top and bottom of the Eramosa Formation (and top of Amabel Formation) with
the position of the Eramosa unit inferred primarily from occurrences of ‘black shale’ indicated on numerous water
well records. A constant thickness was then applied to the Eramosa unit (11 m), the Upper Amabel unit (12 m)
and the Amabel Production Zone (12 m).

While providing a reasonable representation of much of the reported geologic information available at that time,
this geological model provided a simplified representation of a complex stratigraphic system. It was
recommended at that time that reliable stratigraphic data be developed from a series of core holes and
piezometer installations. The results developed from such a program would provide the basis for the
development of a reliable conceptual model to provide the framework for the City of Guelph to advance the
development of additional groundwater supplies and the necessary protection measures to support the
sustainable use of this aquifer over the long term. A regionalized approach to model parameterization was used
for the Guelph-Puslinch Study, whereby parameter values are tied to regional hydrostratigraphic units and
adjusted globally during the calibration process to best match the limited reliable water level data available at the
time. This type of approach is the common industry practice for regional models of this scale and purpose. In
this parameterization approach, although some spatial variations in material properties for a given
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hydrostratigraphic unit are considered to match regional trends in error statistics, small scale local variations (on
the scale of an individual property for example) are not considered. With this type of approach, while the model
can be effectively used to evaluate regional scale impacts, it may not be suitable for application at the local
scale. This regionalized model parameterization approach is also used as part of the Tier Three model.

Given the three-dimensional nature of the bedrock aquifer system, parameters estimated through modelling
including calibration to transient events (pumping tests), provide best estimates of regional aquifer parameters,
This is particularly the case for the vertical hydraulic conductivity which is difficult to determine through testing at
individual boreholes such as packer and slug testing.

The Guelph-Puslinch Model built on previous modelling studies in the area primarily including:

m The Mill Creek Subwatershed (MODFLOW) Groundwater Model. This model was developed to support
the Mill Creek subwatershed management strategy (CH2M Gore and Storrie Ltd. et al., 1996).

m The City of Guelph (MODFLOW) Groundwater Model. This previous model was used and regularly
updated by the City as part of the management of the municipal water supply. The last update of this
model was made in 2003 as part of the Arkell Spring Grounds assessment of additional groundwater
takings (Gartner Lee Ltd., 2003).

m The GRCA (FEFLOW) Groundwater Model. This model was constructed for the entire GRCA watershed
(WHI, 2004).

The hydraulic conductivity values for the previous model regional hydrostratigraphic units are presented in
Table 2.4, including the final calibrated values from the Guelph-Puslinch Model. The hydraulic properties of the
main aquifer (Amabel Production unit) and the main aquitard (Eramosa unit) were the most critical and sensitive
parameters controlling the modelled groundwater flow system. As part of the model calibration process, a series
of hydraulic conductivity zones were delineated within the Amabel Production unit, ranging from 1.0 E-4 m/s to
1.7 E-3 m/s. These zones built on previous zone delineations completed as part of the City of Guelph
MODFLOW Model (Gartner Lee Ltd, 2003). In addition to the Amabel Production unit, the Eramosa aquitard
was a key sensitive parameter controlling leakage (recharge) to the deeper aquifer. The calibrated vertical
hydraulic conductivity of the Eramosa aquitard in the Guelph-Puslinch model was 1E-09 m/s.

For additional description of the Guelph-Puslinch model parameterization refer to Golder (2006). In a similar
manner as in the Guelph-Puslinch Study, the Tier Three Assessment model builds on previously estimated
regional parameterizations, as is further discussed in Section 5.5.

3.0 DATA COMPILATION
3.1 Borehole Log PDF Compilation

Indexed copies of PDFs of borehole logs were compiled for key bedrock boreholes used to support the
characterization work. This compilation included scanning of hard copy logs and assembling those logs already
in PDF format. Approximately 100 borehole log PDFs were compiled. The compilation is included in
Appendix A and the indexed PDF file is provided digitally.
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3.2

Borehole Database

The following provides a general overview of the contents and format of the Tier Three Project Borehole
Database.

The Tier Three Project Borehole Database is a standard relational database management system, compatible
for use and manipulation in Oracle, SQL and MS Access. The primary key for the database is the borehole
LOCID which relates the various tables and provides the spatial borehole location for the data. The database
includes all of the Guelph-Puslinch Study database tables (Golder, 2006a). The Guelph-Puslinch Study
database was expanded to include the following additional tables:

Key Borehole Detail Table: Includes all locations identified as “Golden Spikes” in the Guelph-Puslinch
Study, plus all locations with geologic picks or water level or pumping data in the Tier Three project data
tables. This table provides links to Borehole IDs from other borehole database tables including the Guelph-
Puslinch database, the Mill Creek database, the Arkell database, the Guelph-Eramosa database and the
Region of Waterloo WRAS+ (Water Resource Analysis System) database. This table includes the key
location and construction information for these higher quality boreholes. This table includes descriptions of
the types of geophysical logging completed at the borehole, the drilling method and whether a pdf of the
consultant borehole log was compiled as part of this project. This table also includes references to studies,
which provide additional details and testing information related to the borehole.

Monitoring Interval Table: _This table provides information on all the monitoring wells. This table contains
a link to the borehole details associated with the monitor and provides the details for each monitor installed
within the borehole. Information in this table includes monitoring well construction information such as the
screen depths, screened formation and the measuring point reference. Records are included for wells for
which water level data was compiled.

Transducer and Manual Water Level Data Tables: Includes a compilation of transducer and manually
measured water level data compiled from a variety of sources. The City of Guelph monitoring network has
expanded rapidly over the last five years resulting in collection of a large volume of transducer water level
data. Water level data from about 200 wells were imported into these data tables.

Municipal Pumping Data Table: Includes a compilation of municipal pumping data provided by the City of
Guelph. This data includes daily volumes (in m®) from 1997 until the end of 2008 for all City of Guelph
Production Wells. In addition, daily volumes for some U of G wells are included for the period from 2004 to
2008 and monthly total volumes for the Guelph Dolime Quarry pumping are also included. A monthly
average of the daily production totals has been calculated in a query from the daily values.

Geologic Picks Data Table: Includes the formation top depths for all geological formations picked from
borehole logs and core as part of this study. This table also includes a reliability ranking for the picks. For
cases where picks were obtained from other studies (top of bedrock) the source of the picks information is
noted.

The primary data sources included in the database compilation were the following:
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= Guelph Monitoring System Project (Golder, 2009);

=  Southwest Quadrant EA Project (Golder, 2011);

= City of Guelph Quadrant Reports (Jagger Hims Ltd. 1995 and 1998a,b,c);

= Arkell Spring Grounds Ground Supply Investigation (Gartner Lee Ltd., 2003);
= Arkell Spring Grounds Hydrogeologic Study (AECOM, 2009);

®=  Provincial Groundwater Monitoring Network;

= City of Guelph water level and pumping data;

=  Township of Puslinch monitoring data; and

= Miscellaneous other available reports and data from consultants.

4.0 FIELD PROGRAM

4.1  Multi-level Monitoring Well Program
4.1.1 Monitoring Well Program Overview

In the last five years, since the Guelph-Puslinch Study groundwater flow model was developed, Golder and
others have completed comprehensive drilling and testing programs in the City of Cambridge and City of Guelph
areas that have yielded significant additional information on subsurface conditions locally and on the interactions
with the surface water system. Information includes continuous water level records for wells isolated in the
Gasport Formation, geophysical logs and hydraulic testing results which have improved the definition of the
Eramosa Formation and the understanding of the distribution and continuity of the highly permeable producing
zones within the Gasport and other Formations.

Figure 12 shows the locations of higher quality deep bedrock boreholes drilled prior to this project. Over large
sections of the Study Area, primarily beyond the City of Guelph limits, prior to this project available subsurface
data was essentially limited to water well records that frequently did not intersect (or identify) the Gasport
Formation and did not provide adequate characterization of the Eramosa Formation aquitard. These were
critical data gaps in the areas immediately upgradient from the City and to the south of the City between Guelph
and Cambridge. As part of this project, a field monitoring well program was designed to address these data

gaps.
The key objectives of the field program are summarized as follows:

m To obtain high quality information outside of the City of Guelph to assess the following key characteristics
that strongly influence regional groundwater flow and water budget for the City of Guelph aquifer system:

®= The distribution of highly permeable producing zones within the bedrock formations; particularly the
Gasport Formation;
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®= The characteristics of the overlying Eramosa Formation aquitard and other overlying units that limit
downward leakage to the Gasport Formation;

= Water levels in each of the bedrock formations;
= Regional groundwater flow directions in the Gasport Formation; and
= Vertical hydraulic gradients.
m To establish a network of deep monitoring wells outside of the City of Guelph.

The Tier Three Project monitoring well program included drilling through the aquifer system to the Cabot Head
Formation, geophysical logging, borehole hydraulic testing, monitoring well nest installation, water level
monitoring and water quality sampling at a total of 11 sites. Table 4.1 summaries the field program components
that were conducted at each of the 11 sites, which are further described in the below sections.

4.1.2 Drilling Locations

The locations of the Tier Three Project monitoring well sites are shown on Figure 13. The sites were selected to
provide coverage outside of the City of Guelph where pertinent data were lacking.

A brief description of the sites is provided below:

m MWO08-T3-01 and MWO08-T3-02: These sites were selected to resolve data gaps immediately upgradient to
the north of the City of Guelph within 5 km of the northernmost municipal wells. These sites are located on
GRCA lands at the Marden Tract (MW08-T3-01) and Guelph Lake CA (MWO08-T3-02).

m MWO08-T3-03, MW08-T3-04 and MWO08-T3-05: These three sites were selected to provide high quality
data at sites located 10 to 20 km upgradient to the north of the City of Guelph in the area between Guelph
and Fergus and Belwood Lake. These Sites are located on GRCA lands at the Hurkman Tract
(MWO08-T3-03), Highway 6 south of Fergus (MWO08-T3-04) and the Johnson Tract (MWO08-T3-05).

m MWO08-T3-06: This site is located to the northeast of Guelph adjacent to the Eramosa River near the town
of Everton. This site is located in the area where bedrock outcrops and the Gasport Formation is close to
surface. This site is located on GRCA lands near the Everton Mill.

= MWO08-T3-07, MWO08-T3-08, MW08-T3-09 and MWO08-T3-10: Sites MWO08-T3-07 and MWO08-T3-08 are
located south of Guelph Lake approximately 5 km from the nearest City of Guelph municipal wells. The
sites MW08-T3-09 and MWO08-T3-10 are located south and southeast of Guelph also about 5 km from the
nearest the City of Guelph municipal wells. The City of Guelph provided separate funding for the
monitoring well program at these sites to provide valuable information for incorporation into the Tier Three
program. The sites are located on GRCA lands in the Guelph Lake (MW08-T3-07, MW08-T3-08), Crawford
Tract (MWO08-T3-09) and the Vance Tract (MWO08-T3-10) areas.

MWOQ9-T3-01: This site was a late addition to the field program made possible through funding from the Ontario
Geological Survey (OGS) provided in the spring of 2009. This site is located between Guelph and Cambridge on
the Little Tract lands owned by Wellington County. The site is situated in an area of sparse deep bedrock data
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located midway between the Hespeler area of Cambridge and the southwestern most Tier Three program well
MWO08-T3-10. Additional funding was provided by the OGS to complete continuous coring of the bedrock at four
of the 11 sites. The sites that were cored are indicated on Figure 13 and include MW08-T3-02, MW08-T3-05,
MWO08-T3-06 and MWO09-T3-01.

4.1.3 Borehole Drilling

Table 4.2 outlines the borehole location and construction details for the 11 bedrock boreholes drilled as part of
this project.

The drilling program was completed during the months of July through September, 2008 at the 10 sites located
on GRCA lands. Golder retained the services of Gerrits Well Drilling Inc. (Gerrits) to drill the 10 boreholes on the
GRCA lands. The boreholes were drilled by Gerrits using air rotary techniques. A 152 mm steel casing was
advanced to bedrock at each location. Drilling was continued through the bedrock and approximately 1.5 to 3 m
into the Cabot Head Formation at all locations. The contact of the top of the Cabot Head Formation ranged from
60 m below ground surface to 144 m below ground surface. For the sites where the bedrock was cored, Gerrits
subcontracted Aardvark Drilling Inc. to complete the bedrock coring. Borehole development took place following
drilling using air lifting techniques for periods of up to 8 hours.

In the boreholes completed by air rotary methods, borehole cuttings were collected at 3 m intervals and
organized into rock chip trays. Three of the sites on GRCA lands (MWO08-T3-02, MWO08-T3-05 and
MWO08-T3-06) were completed using PQ coring techniques in the bedrock. Gerrits Well Drilling installed the
152-mm casings to bedrock and Aardvark Drilling Inc. was employed to PQ core from the bedrock surface to the
Cabot Head Formation. Bedrock core was collected, photographed and logged.

An overburden step-out hole was drilled at seven of the 10 locations (see Table 4.1). These overburden wells
were screened in shallow saturated soils and local overburden aquifers. The overburden step-out holes were
not installed at sites where the overburden was very thin and/or no permeable horizons were encountered. The
depths of the step-out overburden boreholes ranged from 10.7 to 36.9 metres below ground surface (mbgs).

In May and June of 2009, the additional cored borehole MW-09-T3-01 was completed at the Little Tract on
Wellington County land. As mentioned above, this borehole was a late addition to the program funded by the
OGS. This borehole was drilled by Aardvark Drilling Inc. using HQ coring techniques.

Completed borehole logs can be found in Appendix B. Water well records for each site can be found in
Appendix C1. Photos of the collected core and chips are included in Appendix C2. The original well survey
coordinate information is included in Appendix C3.

4.1.4 Geophysical Logging

Downhole geophysical logging of the boreholes, including natural gamma, apparent conductivity and optical
televiewer, was completed by Golder prior to monitoring well installation. Video logging was completed at some
of the holes under ambient conditions primarily to inspect the borehole conditions for the planning and design of
the multi-level well installations. A summary of the geophysical logging completed at each borehole is provided
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in Table 4.1. The geophysical logs can be found on the borehole logs in Appendix B. Digital versions for the
optical televiewer logs are provided at a 1:10 vertical scale and 1:200 scale versions are provided in
Appendix C4. The geophysics completed by Golder provided valuable information for the interpretation of the
borehole geology, particularly in the cases where the sites were not cored.

In addition to the downhole logging completed by Golder, the U of G conducted high resolution temperature
profiling at some of the sites (see Table 4.1). This investigative technique, developed by the Universities of
Waterloo and Guelph, involves collection of active and passive temperature logs within a blank FLUTe liner,
which provides natural ambient thermal stratification within the borehole (Pehme et al 2007). Additional
description of the FLUTe liners can be found in Section 4.1.7. This temperature profiling technique was used to
help identify permeable zones that likely contribute flow under natural (not vertically cross-connected) conditions.
This technigue was used to locate permeable zones in the borehole and provide information for the design of the
multi-level monitoring wells. A summary of the groundwater flow zones interpreted from the temperature logging
was provided by the U of G and is included in Appendix C4.

4.1.5 Packer Testing

Packer testing was performed by Golder at nine of the Tier Three project boreholes during the months of
November 2008 to January 2009. Packer testing was conducted at the Little Tract site (MWO09-T3-01) during the
month of June 2009. Packer tests were not performed at Hurkman Tract (MWO08-T3-03) due to site conditions
restricting accessibility at the time of the testing program.

At each site, three or four representative zones were selected for packer testing based on review of the
geophysical logs. A double packer assembly was used to isolate bedrock sections 3 m to 10 m in length for
hydraulic conductivity testing. The pneumatic packers were lowered on the wireline and were inflated with
nitrogen to isolate the test interval. Pressure transducers for water level monitoring (dataloggers) were installed
within the test interval outside of the drill rods, above the packers in the rods and above the packer in the open
borehole.

Rising head slug tests and pumping tests were performed at all of the sites except for the HQ cored site at Little
Tract (MWO09-T3-01) where falling head and pumping tests were performed. The rising head slug tests were
performed on the lower permeability packer zones, where a constant rate of pumping could not be maintained
due to decline of water levels to the pump intake. Once a static water level was established following packer
inflation, the interval was pumped for a maximum of 30 minutes. The recovery of water levels to static conditions
was monitored following the pumping of water from the test interval. At the Little Tract site MW09-T3-01, falling
head tests were conducted by injecting water into the borehole and monitoring the return of water levels to static
conditions.

Table 4.3 provides a summary of the interval details for each packer test conducted. The estimated hydraulic
conductivity values are presented in this table. For the rising head tests, the Hvorslev method was used to
analyze the data. For the pumping tests, the Thiem/Dupuis equation was used to interpret the results. Plots of
drawdown versus time are included in Appendix C5. The interpreted hydraulic conductivity results from the
packer testing are plotted on the borehole logs in Appendix B.
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The U of G collaborated on the packer testing program for this project coincident with their research objectives
and performed packer testing at the cored sites MWO08-T3-02, MW08-T3-05 and MW08-T3-06. The U of G
performed both rising head slug tests and pumping tests at 5 to 8 intervals per site during the months of
December to February, 2009. Detailed discussion of the results of this testing can be found in Pat Quinn’s PhD
thesis (Quinn, 2009). The U of G packer testing involved withdrawal pumping tests and slug tests at various
hydraulic head displacements and pumping durations resulting in multiple interpreted hydraulic conductivity
values per interval. The U of G interpretation results for this packer testing presented in Table 4.3, and on the
borehole logs are from the rising head tests of the greatest head displacement calculated by U of G using the
Hvorslev method.

4.1.6 Short-Term Specific Capacity Tests

Short-term pumping tests were conducted at all sites with pumping from the open boreholes. These tests were
conducted to provide information on relative permeability and specific capacity of the boreholes when open to
the entire bedrock aquifer. The tests ranged in duration from 60 to 270 minutes with 15 minutes to one hour time
of recovery monitoring. Pumping rates were the maximum sustainable rate given the size of pump and ranged
from 71 to 305 m®/day (10.8 to 46.6 IGM). These tests were conducted without need to obtain a Permit To Take
Water from the MOE since the pumped volume was less than 50 m®/day.

Due to the short-term nature and low pumping rates, these pumping tests provide only basic information on the
relative yields at the locations. Further testing would be needed to confirm hydraulic properties at these sites.

Table 4.4 provides a summary of this testing including the calculated values of specific capacity at each borehole
and the estimated hydraulic conductivity and transmissivity. The transmissivity was estimated using the Thiem-
Dupuis method. Plots of drawdown versus time for these tests are included in Appendix C6.

4.1.7 FLUTe Hydraulic Conductivity Profiling

FLUTe hydraulic conductivity profiling was performed on ten of the Tier Three project boreholes as part of an
OGS funded collaboration with the U of G. The profiling was completed by FLUTe personnel between
September and November 2008 with assistance from U of G and some assistance provided by Golder field staff.

The FLUTe profiling technique uses a flexible nylon fabric tube that is everted down the borehole with a constant
hydraulic head maintained inside the liner. The liner descent rate, the driving hydraulic head and the back
tension on the liner are monitored and are used to calculate the discrete transmissivity between each data point
as the liner is lowered down the borehole. Data reduction and transmissivity calculations based on the Flute
data were done by Carl Keller of FLUTe.

Results of the FLUTe profiling can be found on the borehole logs in Appendix B.
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4.1.8 Multi-level Well Installations

The original work plan for the Tier Three program included installation of piezometer nests of three wells per
borehole similar to the typical previous municipal monitoring well installations in the City of Guelph allowing
measurements of water levels and gradients typically in the Gasport Formation, Eramosa and Guelph
Formations. The original monitoring well installation program for this project was expanded based on a more
elaborate OGS funded multi-level installation program at the Tier Three project boreholes that was completed in
collaboration with the OGS, the U of G and Golder. The primary purpose of these installations is to allow
hydraulic head measurement and water sampling from discrete intervals within the borehole with a greater
resolution (more intervals) than the traditional piezometer design.

The expanded multi-level program involved custom designed experimental system installations from three
different manufacturers as follows:

m FLUTe: The FLUTe multi-level system uses a polyurethane coated nylon material to create sealed zones
between mesh monitoring intervals. The mesh monitoring intervals have a port and tube extending to
ground surface allowing water level and water quality sampling. There is no need for backfilling with these
systems and the FLUTe system is removable and can be considered a temporary installation. These
systems are not ideal for sites with large solution cavities or strong vertical hydraulic gradients due to the
flexible nature of the construction materials. Larger diameter boreholes are preferable for installation of
these systems. The FLUTe systems were designed with three larger diameter tubes that could
accommodate Micro-Diver pressure transducers.

m Solinst Waterloo: The Solinst multi-level system Model 401 consists of a two-inch diameter PVC casing
containing sampling tubes leading from individual ports to ground surface. Installations of these systems in
rock typically include the use of packers to isolate the intervals, however in this project, standard backfilling
with sand and bentonite was used to isolate the ports. These systems are best suited to locations with
relatively shallow water tables (< 8 mbgs) due to issues obtaining water level measurement and water
samples from this system if the water level depth is greater.

m Westbay: The Westbay multi-level system consists of a two inch diameter PVC casing with ports for head
measurement and water sampling. The measurement of head and water sampling of these systems
require specialized wireline tools that are lowered from ground surface to connect with the ports. These
systems can accommodate a greater number of ports since there is no need for tubes from each port
leading to ground surface inside the casing. Similarly to the Solinst multi-level system installations for this
project, standard backfilling with sand and bentonite was used to isolate the ports.

The intervals were selected/designed based on the results of the geophysics, packer testing and FLUTe
hydraulic conductivity profiling. The type of system installed at each Tier Three borehole site is shown in
Table 4.1.

The multilevel installation program began in June 2009 and was completed in May 2010. Given the custom and
experimental nature of these installation designs, representatives from each of the three manufacturers assisted
on-site with the installations along with staff from the U of G, Golder and Gerrits.
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The multi-level system construction details are summarized in Table 4.5 and are shown on the borehole logs in
Appendix B. Note that at the Westbay and Solinst sites, a 1“ diameter PVC piezometer was also installed
outside of the multi-level casing as the most shallow bedrock monitoring interval.

4.1.9 Water Level Monitoring

Water level dataloggers were installed in all larger diameter Tier Three Project monitoring wells. This included
the overburden step-off holes, the 1" PVC bedrock monitors and the FLUTe system intervals with larger diameter
tubes. In total, 16 pressure transducers with dataloggers were installed. Table 4.1 and Table 4.5 indicate which
monitors have a transducer installed. A monthly round of manual water level measurements was taken at all of
the intervals in each multi-level well nest. The majority of the monthly manual water level measurements were
made by U of G personnel. Hydraulic head profiles taken approximately one month after system installation are
shown on the borehole logs in Appendix B. The groundwater elevation monitoring results for each well nest are
shown on the hydrographs presented in Appendix C7.

4.1.10 Water Quality Sampling

Water samples were collected in December 2009 from the multi-level bedrock intervals with larger diameter
(19.2 mm and 24.1 mm) tubes in the following well nests: MWO08-T3-01, MW08-T3-05, MWO08-T3-06 and
MWO08-T3-08. These samples were submitted to Maxxam Analytics in Mississauga for RCAp — Comprehensive
water quality analyses, including anions, dissolved metals, nutrients and dissolved organic carbon (DOC). The
certificates of analysis for the sampling are included in Appendix C8.

The results from these analyses are presented in Table 4.6. Field measurements of pH, temperature and
electrical conductivity (EC) were also taken. A peristaltic pump was used to sample from the Solinst wells
(MWO08-T3-01, MWO08-T3-05 and MWO08-T3-06). Prior to sampling, at least two well volumes were purged from
each well. As the wells were being purged, pH and EC were monitored. Once pH and EC measurements
reached a steady state, the wells were sampled. The dissolved metal sample was filtered using a GWV High
Capacity 0.45 micron inline filter.

A FLUTe sampler was used to sample the monitoring intervals in MWO08-T3-08. Nitrogen gas was injected into
each of the monitoring wells to expel water through the port tube. Three to four well volumes were purged from
each interval prior to sampling. The dissolved metal samples were filtered using a 0.45 micron filter fitted on the
end of a syringe. Samples were stored in a cooler at temperatures less than 5°C until they were delivered to the
laboratory for analysis.

The remaining Westbay and FLUTe well nests (MWO08-T3-02, MWO08-T3-03, MWO08-T3-04, MWO08-T3-07,
MWO08-T3-09, MW08-T3-10) were not sampled as part of the Tier Three Project since the U of G plans to sample
these wells as part of an M.Sc. student thesis project.

4.1.11 Discussion of Monitoring Well Program Results

The following summarizes the key findings from the Tier Three project drilling sites:
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Stratigraphy

A summary of the geologic formations encountered at each drilling site is provided in Table 4.7. The following
provides an overview of the stratigraphy encountered at the drilling sites:

Cabot Head Formation: The Cabot Head Formation was encountered at depths ranging from 54 to
141 mbgs.

Rochester, Irondequoit, Rockway and Merritton: These Formations were about 2 to 5 m thick in total.
Merritton was absent at the easternmost location MWO08-T3-06. The Rochester Formation was not
encountered in any of the boreholes.

Gasport Formation: The Gasport Formation ranged in thickness from 16 to 51 m. The thickest sequence
of Gasport Formation of 51 m was encountered at MWO08-T3-02 located north of Guelph Lake.

Goat Island Formation: The Goat Island Formation was encountered in all boreholes except at
MWO08-T3-02, where the Gasport Formation was the thickest. An exceptionally thick sequence (40 m) of
the Niagara Falls Member of the Goat Island was observed at MW08-T3-04.

Eramosa Vinemount Member: The Vinemount Member was generally less than 10 m thick, with the
exception of Site 7 where it was 15 m thick. The Vinemount was absent at MW08-T3-04, where the Guelph
directly overlies a thick Goat Island Formation. The Vinemount is also absent at MW08-T3-06, where the
Goat Island is the uppermost Formation and has likely been eroded. At MWO08-T3-09 and MWO08-T3-10,
south of the City of Guelph, the Vinemount is absent, however the lower portion of the Ancaster Member
contains shaley beds of a similar aquitard nature to the Vinemount Member as described further below.
The Vinemount is also very thin (<1m) at MW08-T3-01.

Eramosa Reformatory Quarry Member: This unit was observed at most of the sites except MW08-T3-06
and MWO08-T3-09 to the east where it has likely been eroded away and the Goat Island is the uppermost
unit. The Reformatory Quarry is also absent at MWO08-T3-04, where the Guelph Formation directly overlies
the Goat Island. Thickness of the Reformatory Quarry unit is generally less than 10 m other than at
MWO08-T3-01 where a very thick sequence (48 m) of Reformatory Quarry was observed; this is similar to
areas in Breslau and Cambridge to the west where the Gasport is thinner and overlying Goat Island and
Eramosa are relatively thick.

Eramosa Formation- Stone Road Member: The Stone Road Member was observed in the core from
MWO08-T3-02 and MW08-T3-05 and was also encountered at MW08-T3-03. The Stone Road Member was
not observed at the other sites.

Guelph Formation: The Guelph Formation was absent at most of the sites except for MW08-T3-02,
MWO08-T3-04 and MWO09-T3-01. The Guelph Formation was observed to be the thickest at MWO08-T3-04,
where it was about 30 m thick.

Hydraulic Characteristics

The following provides a summary of the key hydraulic characteristics observed from the Tier Three testing
program.
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Specific Capacity Testing

m The specific capacity calculated from the pumping tests on the open boreholes is presented in Table 4.4.
The permeability at most of the boreholes was observed to be quite low with the exception of boreholes
MWO08-T3-07, MWO08-T3-09, MWO08-T3-10 and MW09-T3-01. At boreholes MW08-T3-07 and MWO08-T3-09
a moderate permeability was observed. At boreholes MWO08-T3-10 and MWO09-T3-01 a relatively high
permeability was observed. The estimated specific capacity and transmissivity values presented in
Table 4.4 are based on pumping tests with relatively low rates and a short duration.

FLUTe Profiling

m The FLUTe profiling results provide a high resolution indication of the vertical variation in transmissivity
within the boreholes and are presented on the borehole logs in Appendix B. The FLUTe discrete
transmissivity profile, as calculated by Carl Keller of FLUTe, is presented on the borehole logs. Note that
the discrete transmissivity profile is presented on a log scale and the majority of the transmissive zones
identified represent very subtle relative increases in transmissivity rather than major flow producing
intervals. These results are also indicative of horizontal rather than vertical permeability in the Formations.

m The boreholes with identified highly transmissive zones include MWO08-T3-07 and MWO08-T3-09. FLUTe
testing was also attempted at the highly permeable borehole MW08-T3-10, however due to the strong
downward gradients at this site; the FLUTe profiling method was not possible. These identified highly
transmissive zones are described below:

= At MWO08-T3-07, a zone of high transmissivity was encountered between depths of 44 and 52 mbgs
corresponding to solution cavities and fractures that can be observed in the optical televiewer log at the
base of the Goat Island Formation near the contact with the Gasport Formation; and

= At MWO08-T3-09, a zone of high transmissivity was observed between about 67 to 76 mbgs in the
Gasport Formation corresponding to a zone of vugs, solution cavities and fractures observed in the
optical televiewer log.

m  Other relatively minor transmissive zones were identified from the FLUTe testing at the other boreholes.
These zones are summarized as follows:

= Common minor transmissive zones throughout the Reformatory Quarry Formation usually occurring at
karstified zones, lithological breaks or contacts with the overlying and underlying Formations.

= Minor transmissive zones in the Upper and Middle Gasport Formation corresponding to minor fractures
and solution cavities, the upper sections of the reef mounds, the crinoidal grainstones and coquina shell
beds.

®= Infrequent minor transmissive zones in the Goat Island Formation usually occurring at lithological
breaks or contacts with the overlying and underlying Formations. At MWO08-T3-08, a minor
transmissive zone was identified in the upper 10 m of the Niagara Falls Member.
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Packer Testing

As with the FLUTe profiling the packer testing results provide an indication of the horizontal permeability of
the Formations immediately local to the borehole. The packer testing results are presented in Table 4.3
and are plotted on the borehole logs in Appendix B.

The boreholes identified from the packer testing to have highly permeable zones include MW08-T3-07 and
MWO08-T3-09. These zones showed hydraulic conductivity ranging on the order of 10 m/s to 10 m/s as
estimated from the packer testing results. These identified highly transmissive zones are summarized
below:

= At MWO08-T3-09, the tested zone between 67 and 77 mbgs showed a high hydraulic conductivity based
on the packer testing. This is the same highly transmissive zone in the middle of the Gasport
Formation that was identified from the FLUTe profiling. The tested zone between 40 and 50 mbgs was
also found to be highly permeable throughout the Niagara Falls Member of the Goat Island Formation
and the contact with the Gasport Formation.

= At MWO08-T3-10, the tested zone between 89 and 99 mbgs showed a high hydraulic conductivity from
the packer testing. This zone is located in the middle of the Gasport Formation. The packer testing
showed another highly permeable zone in this borehole between 36 and 46 mbgs in the Reformatory
Quarry Formation, which is the uppermost bedrock formation at this location. From the optical
televiewer log, a large fracture and zones of karstification can be observed in the Reformatory Quarry
Member at this location.

= At MWO09-T3-01, the tested zone between 97 and 100 mbgs showed a very high hydraulic conductivity.
This zone is in the middle of the Gasport Formation where several large fracture zones can be
observed in the optical televiewer log.

With the exception of the highly permeable zones identified above, the estimated hydraulic conductivity of
the packer tested intervals was generally on the order of 10° to 10" m/s with some lower permeability
zones estimated closer to 5 x 107 m/s. The estimated values for the tested zones generally showed this
range of variability within each of the Formations.

Water Levels and Vertical Hydraulic Gradients

m Significant downward gradients are observed at the multi-level monitors in MW08-T3-07, MW08-T3-08,
MWO08-T3-09, MWO08-T3-10 and MWO09-T3-01. These sites are all relatively close (within 5 km) of the City
of Guelph municipal pumping and show higher permeability zones in the Gasport Formation.
®= The strongest downward gradients are observed at MWO08-T3-09 and MWO08-T3-10, where the multi-
level monitors show a difference in head of 13 to 14 m over a thin (1 to 2 m) section of shaley beds at
the base of the Ancaster Member of Goat Island Formation. This is illustrated in the head profile on the
borehole logs in Appendix B.

= Downward gradients are observed at MWO08-T3-07 and MWO08-T3-08, where the multi-level monitors
show a difference in head of 7 to 8 m, primarily across the Vinemount Member.
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= At MW09-T3-01, downward gradients are also observed across the Vinemount Member as measured in
the two piezometers installed at this location. A head difference of about 6 m is observed across the
Vinemount Member at this location.

m Vertical gradients at the other sites are subtle in comparison to those mentioned above.

m At the sites with significant downward gradients, the hydraulic head measured in the open borehole (prior to
packer testing or multi-level installations) was similar to the hydraulic head measured in the Gasport
Formation, with the exception of site MW08-T3-10. At site MWO08-T3-10, the measured hydraulic head in
the open borehole was similar to the values in the upper Goat Island and Reformatory Quarry units. This
suggests that at this site, the transmissivity of the shallow bedrock (Reformatory Quarry) is likely greater
than the transmissivity of the Gasport Formation. The packer testing of the Reformatory Quarry unit
showed a relatively high hydraulic conductivity at this location with an estimated value of 2.1E-4 m/s, which
is similar to the relatively high value of 2.3 E-4 m/s estimated from packer testing of the Gasport Formation
at this borehole.

Water Quality Results

The water quality sampling results are presented in Table 4.6 and a basic description of these results is provided
below.

m In some of the monitoring wells screened in the Eramosa Formation, high concentrations of dissolved
metals are observed. At MW-T3-08, concentrations of arsenic from the Eramosa Formation intervals range
from 40-70 pg/L, concentrations of iron range from 3.9 to 7.7 mg/L and concentrations of zinc range from
26-40 pg/L. The concentration of iron in the Eramosa Formation interval at MWO08-T3-01 ranges from 0.9 to
7.900 mg/L.

m At MWO08-T3-05, a monitor screened in the Eramosa and two monitors screened in the Gasport Formation
were sampled. Water sampled in all of these intervals has high concentrations of total dissolved solids,
ranging from 1290 mg/L in the Eramosa to 2030 mg/L in the deep Gasport. High concentrations of
sulphates (780-1300 mg/L) are found in these intervals, with the highest concentration in the deep Gasport.

m At MWO08-T3-06, monitoring wells screening the Goat Island and Gasport Formations were sampled. At
this location the shallow Gasport had lower concentrations of TDS, sulphate, dissolved iron and major
cations than the concentrations found in the Goat Island and deeper Gasport monitoring wells.

4.2 Baseflow Monitoring Program

This section outlines the methodology and results of stream baseflow monitoring completed by Golder. Surface
water flow measurements were obtained at various streams/rivers in the Study Area for use in the groundwater
flow model calibration. Measurements were collected during “baseflow” conditions at a total of 32 locations on
July 7, August 26 and October 22, 2008.

Monitoring locations were chosen based on the spatial extent of the Study Area, usefulness for groundwater
model calibration and suitability for flow measurement and accessibility. The monitoring locations are presented
on Figure 14,
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The criterion adopted for identifying “baseflow” conditions was a minimum of four consecutive days without
observed precipitation in the area. Based on a review of meteorological records from the Environment Canada
weather station at the Region of Waterloo International Airport, two of the monitoring events were preceded by
precipitation within the day of monitoring and the previous three days; however, the flow measurements that
were collected during these campaigns were deemed acceptable for the purposes of this program as the
observed rainfall was either minor (i.e., 2.0 mm in the four day period) or localized. All spot flow measurements
for each monitoring event were completed within one day to maintain comparable results across all stations.
Three field teams of two persons each were used to accommodate the large number of monitoring locations.

The majority of the spot flow measurements were estimated using the velocity-area method. Streamflow
velocities and corresponding water depths were collected at various intervals along representative cross
sections on the watercourses. Interval spacing varied based on cross section width and geometry. At each
interval, velocities were recorded at 60% depth where water depths were less than or equal to 0.5 m and at both
20% and 80% depth where water depths were greater than 0.5 m. Most streamflow velocities were estimated
using an electro-magnetic flow meter (Valeport Model 801) while some locations were measured using an
impeller flow meter (Valeport Model BFM002).

The timed volume flow method (i.e., bucket and stopwatch) was employed at one monitoring location (i.e.,
EC_10) due to the shallow depth of flow at the culvert outlet, low flow rate and available drop height for bucket
use.

Flow measurement method protocols are summarized in Table 4.8.

The estimated flow rates at each of the monitoring locations were an average of the mid-section method and
mean-section method for all velocity-area method locations and are summarized in Table 4.9.

In-situ water chemistry parameters of pH, electrical-conductivity (EC) and temperature were recorded at the time
of each flow measurement event using hand-held meters (Hanna Instruments; pH meter: HI 98128; EC meter:
HI 98312). These field chemistry results are provided in Appendix C9.

5.0 HYDROGEOLOGIC CHARACTERIZATION AND CONCEPTUAL
MODEL REFINEMENT

5.1 Water Taking Assessment
51.1 City of Guelph Municipal Water Takings

The City of Guelph owns and operates 23 wells and an infiltration gallery that make up part of the municipal
water supply system. It should be noted that not all of the wells are in use, primarily due to water quality
concerns. A summary of the municipal water takings is included in Table 2.1. The permitted rates for the wells
are listed as per the City of Guelph Water Supply Master Plan (Earth Tech et al., 2006). Table 2.1 also shows
the average rate that the wells were pumping in 2008 and the estimated capacity as presented in the City of
Guelph Vulnerability Report (AquaResource, 2010).

The estimated capacity of the wells is approximately 89,910 m*/day and the average day water demand in 2008
was approximately 48,492 m3/day or 54% of the estimated capacity. AquaResource (2010) indicate that the
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estimated well capacities were based primarily on operational experience and monitoring data and do not
include potential for well interference or consideration for impacts to ecological features. The estimate also
includes wells with water quality concerns and required treatment and wells that are still in the approvals
process. It should also be noted that the estimated capacity may be affected by climatic conditions such as
drought. This was evident at the collector system from 1997 to 2003 when precipitation was below average for
most of those years (Earth Tech et al., 2006). In addition, well interference and well efficiency may also reduce
the estimated capacity of the wells.

51.2 Other Permitted Water Takings

The locations of other municipal wells near the City of Guelph are shown on Figure 15. The main adjacent
municipalities that use groundwater for supply include Fergus/Elora, Acton, Rockwood, Maryhill and Cambridge.

In addition there are a number of communal water supplies in the area including Mini-Lakes, Irish Creek Estates,
McClintock’s Trailer Park and Mill Creek Camping and Country Club.

The non-municipal permitted water users in the Study Area are shown on Figure 15. The non-municipal Permit
To Take Water information shown on Figure 15 was provided by the GRCA. Based on this data there are
permits to take water for agriculture, commercial, dewatering, industrial and remediation.

More detailed discussion of permitted water takings and water demands is presented in the Tier Three
Numerical Modelling Report.

5.2 Hydrostratigraphic Model Refinement

The previous conceptual hydrogeological model for the Study Area that was developed as part of the Guelph-
Puslinch Study (Golder, 2006a) has been updated and improved as part of this study. The revised conceptual
model used in this study is described in this section including discussion of the modifications and advancements
made relative to the previous model. An update to the previous conceptual model was warranted based on the
following key factors:

m Approximately 100 higher quality deep bedrock boreholes have been drilled since the Guelph-Puslinch
Study in the Cities of Guelph and Cambridge. These boreholes have included continuous coring and/or
high quality geophysical logging to better define bedrock geology. These boreholes now provide sufficient
density of high quality information within these municipal well fields to begin to explicitly define the contact
elevations of the various bedrock geologic formations with a higher degree of confidence. At the time of the
Guelph-Puslinch Study, such information was not available and therefore simplifying assumptions of planar
surfaces with constant slopes were used for many of the bedrock formations as described in Section 2.9.

m The drilling program for the Tier Three Study has provided deep bedrock hydrogeologic information outside
of the core areas of the municipal well fields to begin to interpret a regional hydrogeological conceptual
model based on some high quality bedrock information in these areas.
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m Development of much of the above described recent borehole data and associated geologic interpretations
have been possible due to funding contributions and input from the ongoing Ontario Geologic Survey
(OGS) bedrock aquifer mapping program. The OGS is currently mapping the Silurian carbonate strata
along the Niagara Escarpment region and has proposed revisions to the Silurian Stratigraphy of this area,
as described in Section 2.8. The updated stratigraphic framework described by the OGS (Brunton, 2009)
has formed the basis for and warranted the re-interpretation and revisions to the Guelph area conceptual
hydrogeological model.

The revised hydrostratigraphic model framework used for the Tier Three study is illustrated on Figure 16.

The following key updates are made to the previous three dimensional conceptual model as part of the Tier
Three project:

m Definition of variable three dimensional bedrock formation surface elevations based on current data and
following OGS revised stratigraphic framework. In areas outside the City of Guelph where high quality
borehole data is sparse, simplified constant slope and constant thickness approaches are used for the
formations in a similar manner as in the Guelph-Puslinch Study.

m Improved delineation and separation of bedrock units primarily including:

= Separation of the Eramosa Aquitard into the Vinemount Member and Reformatory Quarry Member,
which have distinctly different hydraulic properties as described further below; and

= Better definition of the top of the Gasport Formation (formerly Amabel) including delineation of the Goat
Island Formation as a separate unit.

The overburden hydrogeologic conceptual model used in the Guelph-Puslinch Study is further described in
Section 5.2.11. The revisions to the conceptual model completed as part of this project focused on improving
delineation of the bedrock units, which have the most significant influence on the conceptualization of
groundwater flow in the municipal aquifer system. The overburden conceptual model layer structure developed
as part of the Guelph-Puslinch model was largely retained for this project. A key exception is in the Southwest
Quadrant area of Guelph where in conjunction with the Southwest Quadrant Class EA project a more local scale
review and refinement of the Guelph-Puslinch model overburden stratigraphy was completed (Golder, 2011).
Minor revisions to the overburden layer structure were also made in the Torrance Creek and Arkell areas during
the model calibration process as described in the Tier Three Modelling Report (AquaResource, 2011).

Additional details on the bedrock borehole geologic interpretation picks and surface generation methodology and
results are provided below. The conceptual model surfaces form the basis for the FEFLOW model layers.

The borehole geologic interpretation picks developed as part of this study are described in Section 5.2.1 and the
distribution of these picks are shown on Figure 17. The methodology used to create the surfaces is introduced
in Section 5.2.2. Details on the methodology and results of the conceptual model surface development are
described in detail for each layer in Sections 5.2.3 to 5.2.11. The surface and isopach maps developed for the
units are provided in Appendix F. The thicknesses of the most significant aquifer and aquitard units (the Gasport
and Vinemount) are presented on Figures 18 and 19, respectively. Several cross-sections were created to
illustrate the key characteristics of these units. The locations of six cross-sections A-A’, B-B’, C-C’, D-D’, E-F’
and F-F’ are shown on Figure 20 and the sections are included as Figures 21 to 26.
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5.2.1 Borehole Geological Interpretation Picks

Borehole logs within the Study Area were examined and ranked for quality of available information. Borehole
logs were given a reliability designation of high, medium or low according to the following criteria:

m HIGH (H) - The geology was defined based on review of continuous core. Geophysical data may also be
available. Bedrock boreholes with a high quality optical televiewer geophysical log are also included in this
category.

m MEDIUM (M) - The geology was defined with the collection of grab samples (i.e., not continuous coring)
and geophysical data such as gamma and apparent conductivity were the primary means for definition of
the geology.

m LOW (L) — The geology was defined by grab samples, no/limited collection of geophysical data, or logged
by the driller. Wells that did not have a borehole log available were also considered to have a low reliability.

A summary of the bedrock boreholes within the Study Area that were reviewed to determine subsurface
conditions is provided in Appendix E (see Table E.1), including the quality ranking (H, M, L) assigned to each
borehole. The available consultant borehole logs used to generate the formation picks are provided in
Appendix A. The distribution of the deep bedrock boreholes where picks were made and the ranked borehole
reliability is shown on Figure 17.

5.2.2 Surface Development Methodology

The surface generation was an iterative process including review and visualization of picks and surfaces in plan
view, cross-section and three dimensional view.

The conceptual model surfaces were interpolated over a rectangular grid. The interpolation was based on the
geologic formation picks that are described above, with additional interpretive controls as described in more
detail below. The grids were interpolated using kriging methods with a 50 m grid resolution (Easting grid extents:
536000 to 589000, Northing grid extents 4796000 to 4859000 — NAD 83).

The conceptual model layer surfaces used in the numerical model were subsequently input into the FEFLOW
software and the layer minimum thickness constraints needed for the numerical modelling were applied at that
time. The methodology used to incorporate the conceptual model surface grids into FEFLOW model layers is
described in the Tier Three Assessment Numerical Modelling Report (AquaResource, 2011).

All surfaces were constrained so that the layer elevation did not exceed the elevation of the overlying layers.
This constraint is most important and relevant in the eastern portion of the Study Area where the deeper
formations are closer to ground surface and where the upper bedrock formations are often non-existent and
pinch out, particularly in areas of bedrock valleys.

Additional details on the development of the individual surfaces are provided in the following sections.
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5.2.3 Cabot Head Formation

The Cabot Head Formation, readily distinguished by its grey-green colour, is a non-calcareous shale with thin
interbeds of sandstone and limestone. This unit ranges from 10 to 39 m thick (Johnson et al. 1992). The Cabot
Head shale forms the lower boundary of the active groundwater flow system in the Study Area and acts as a
regional aquitard. The interpretation of this unit has not changed significantly since the Guelph-Puslinch Study,
although there is considerably more borehole data available now to define contact pick elevations for the upper
surface of this formation.

The top elevation of the Cabot Head Formation was delineated from borehole picks. In areas of sparse higher
quality borehole data, control points were added to constrain the top surface elevation of this unit, assuming a
regional dip of the formation to the southwest in a similar manner used in the Guelph-Puslinch model (Golder,
2006a). This surface is based on borehole picks for the top elevation of the Cabot Head Formation that were
made at approximately 150 locations in the model domain.

This Formation forms the lower boundary of the active groundwater flow system in the Study Area and acts as a
regional aquitard. The Cabot Head shale dips to the southwest at approximately 4 degrees across the Study
Area. This formation is one of the most readily identifiable due to its pronounced gamma response and
distinctive characteristics. The Cabot Head Formation top surface shows little variability in topography in
comparison to the other formations.

5.2.4 Merritton, Rockway, Irondequoit and Rochester Formations

The following four bedrock units generally comprise a total cumulative thickness of about 3 to 5 m in the Study
Area. These units have often been described as lower or undifferentiated dolostone and have not been
previously defined in any detail with the exception of the Rochester Formation, which has been differentiated in
Cambridge but is not present in Guelph. Although geologic picks for these Formations have been made as part
of this study, these Formations are grouped with the Lower Gasport conceptual model unit in a similar manner
as in the Guelph-Puslinch Study. These Formations have similar hydraulic properties to the lower portion of the
Gasport Formation and do not represent a significant hydrostratigraphic unit to be represented separately in the
regional model for this study. These formations include:

m Merritton Formation (Included with the Lower Gasport Hydrostratigraphic Unit): The Merritton
Formation consists of a pinkish-brown, finely crystalline dolostone unit with dark shaley partings. This unit,
where present in the area, is generally less than 1 m thick.

m Rockway Formation (Included with the Lower Gasport Hydrostratigraphic Unit): The Rockway
Formation is a greenish-grey fine crystalline argillaceous dolostone with shaley partings (Brunton, 2008).
The thickness of the Formation is consistent and generally ranges from 1 to 2 m across the Study Area.

m Irondequoit Formation (Included with the Lower Gasport Hydrostratigraphic Unit): This Formation is
a thickly to medium-bedded crinoidal grainstone (Brunton, 2008). The unit has a fairly consistent thickness
of approximately 3 m throughout the Study Area.
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m Rochester Formation (Included with the Lower Gasport Hydrostratigraphic Unit): The Rochester
Formation is a calcareous shale with carbonate interbeds and, where present in the Cambridge area, it is a
thin unit (typically about 1 m thick) located above the Irondequoit Formation. This Formation is not present
in the Guelph area.

Borehole picks were made for the Rockway, Merritton, Irondequoit and Rochester Formations where possible at
the higher quality boreholes. These formations underlie the Gasport Formation and are above the Cabot Head
Formation. Top surface elevations for these formations were not used in the numerical modelling.

525 Gasport Formation

The Gasport Formation is a cross-bedded crinoidal grainstone-packstone with sequences of reef mound and
coquina (shell bed) lithofacies. This unit has commonly been referred to as the Amabel Formation in previous
studies in the Study Area. In the Study Area, the Formation generally varies in thickness from about 25 to over
70 m. Zones of increased primary and secondary permeability in the upper sections of the reef mounds, the
crinoidal grainstones and the coquina shell beds often make this formation highly transmissive, where such
zones are present. This Formation has been divided into upper, middle and lower hydrostratigraphic units to
allow for a generalized representation of the vertical variations in hydraulic properties and vertical distribution of
the more transmissive reef mound and coquina shell bed lithofacies within this unit.

The thickness of the Gasport Formation influences the distribution of the overlying bedrock units. The thickness
of the Gasport Formation is shown on Figure 18. A belt of composite reef mounds in the Gasport Formation that
has been mapped to extend from the Middleton Well Field on the west side of Cambridge northeast to Guelph
and further north to the Fergus area. The steep topography of the top of the thick Gasport composite reef
mounds near the Guelph Dolime Quarry and in the northeast quadrant of Guelph is typical of such reef mound
sequences and is similar to that seen in the Middleton Well Field area and at the Hespeler well fields and
eastern Pinebush well field areas of Cambridge.

The top elevation of the Gasport Formation was delineated from borehole picks. In areas of sparse higher
quality borehole data, control points were added to constrain the top surface elevation of this unit, assuming a
regional dip of the formation to the southwest in a similar manner used in the Guelph-Puslinch Study model.
This surface is based on borehole picks for the top elevation of the Gasport Formation that were made at
approximately 150 locations in the model domain.

Cross-section A-A’ (see Figure 21) shows an area extending through the thickest part of the Gasport Formation
extending from Middleton well field in Cambridge through Hespeler and through western Guelph. The areas of
thickest Gasport generally show little “accommodation space” for the overlying Goat Island and Eramosa
Formations. As discussed in the next section, the Vinemount layer is thin or absent over much of Cross-Section
A-A’ in the areas where the Gasport Formation is thickest.

Cross-section B-B’ (see Figure 22) shows an area immediately east of Cross-section A-A’ where the Gasport is
generally thinner. In this area, the Vinemount Member is consistently present as discussed in the next section.
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The Gasport Formation has been separated into three hydrostratigraphic units as follows:

Lower Gasport Hydrostratigraphic Unit: Generally across the Study Area, the lower 10 to 20 m of the
Gasport Formation exhibits a much lower permeability than the middle and upper portions of the Formation
and does not contain highly transmissive reef mound and coquina bed zones. As mentioned above, for this
study the underlying Formations (Rochester, Irondequiot, Rockway and Merritton) have been grouped with
this lower permeability Lower Gasport Hydrostratigraphic Unit. This unit is generally consistent with the
previous Lower Amabel layer from the Guelph-Puslinch Study.

Middle Gasport Hydrostratigraphic Unit: A key highly transmissive layer within the Gasport was
represented in the Guelph-Puslinch Study as the Production Amabel layer. The Production Amabel layer in
the Guelph-Puslinch Study was assigned a constant thickness of 12 m based on the average thickness of a
zone of cavities, vugs and fracturing observed in geophysical logs and video surveys at 28 wells within the
City of Guelph. The top and bottom surfaces of this layer were assumed to be planar in the Guelph-
Puslinch Study with a constant dip to the southwest. The top and bottom elevations of the Guelph-Puslinch
Study Amabel Production layer were used to delineate the top of the Middle Gasport and top of the Lower
Gasport units in this study.

Although high quality data regarding vertical variations in transmissivity within the Gasport (flow profiling,
packer testing, Flute profiling etc.) are available for some boreholes in the Study Area, the distribution of
this data across the City of Guelph and on the more regional scale was not considered sufficient at this
stage to warrant moving beyond a three layer conceptual hydrostratigraphic representation of the Gasport
Formation with a middle unit of constant slope and thickness. The use of a constant thickness middle
Gasport unit, consistent with the Guelph-Puslinch model, has advantages for numerical model calibration
as the insights from the previously calibrated model hydraulic conductivity zones can be more directly
applied and the relation between hydraulic conductivity zones and transmissivity is simplified because of
the constant layer thickness.

Upper Gasport Hydrostratigraphic Unit: Although the base of the Upper Gasport Unit is consistent with
the base of the Upper Amabel layer in the previous conceptual model, the top of the Upper Gasport unit
differs from the previous top of the Upper Amabel. The Guelph-Puslinch Study Upper Amabel layer
included the Goat Island Formation, which has now been represented as a separate unit as described
below. The Upper Gasport unit is typically lower transmissivity relative to the underlying Middle Gasport
unit.

5.2.6 Goat Island Formation

The Goat Island Formation consists of two members; the upper Ancaster Member and lower Niagara Falls
Member. The Ancaster Member is a chert rich, finely crystalline dolostone that is medium to ash grey in colour.
This Member generally overlies the Niagara Falls Member although in some cases in the Cambridge and Guelph
areas, these units are interfingered. The Niagara Falls Member is a finely crystalline and cross laminated
crinoidal grainstone with small reef mounds. The finely crystalline nature of these Members, typically results in a
lower conductivity and transmissivity of this Formation compared to the underlying Gasport Formation. In some
areas the Ancaster Member contains low permeability shaley beds similar to the Vinemount Member and acts as
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an aquitard. Conceptually the two members of the Goat Island are treated as a single hydrostratigraphic unit for
this project. The Goat Island unit was not distinguished in the previous conceptual model and was previously
included in the Upper Amabel layer.

The Goat Island Formation is generally thin (<5m) or absent in areas of thick Gasport reef mounds. Thick
sequences of Goat Island (>30 m) are found further west in Cambridge where the Gasport Formation is thinner.

The top surface of the Goat Island Formation was developed by first creating an isopach layer using borehole
pick locations where the top and bottom of this unit were interpreted. The isopach for this layer was then added
to the top surface of the underlying Gasport Formation. Control points were added to constrain the thickness of
this layer in areas where it is interpreted to be non-existent and in order to extend a constant thickness for this
unit in areas of sparse higher quality data. The surface is based on borehole picks for the thickness of the Goat
Island Formation that were made at approximately 100 locations in the model domain.

5.2.7 Eramosa Formation - Vinemount Member

The Vinemount Member is comprised of thinly bedded, fine crystalline dolostone with shaley beds that give off a
distinctive petroliferous odour when broken (Brunton, 2008). This dark grey to black dolostone unit was
commonly identified in water well records as ‘black shale’ and mapped in previous studies in the Study Area as
the Eramosa Member of the Amabel Formation. This unit represents an aquitard where present within the Study
Area. The distinction of the Vinemount Member of the Eramosa from the Reformatory Quarry Member is a key
revision to the conceptual model as these units have different hydraulic properties.

The interpreted thickness of the Vinemount Member is shown on Figure 19. The Vinemount Member is not
observed to the west of the thick Gasport reef mounds observed in the Hespeler and Pinebush areas of
Cambridge and is not observed in Breslau to the west of Guelph. The Vinemount, where present in the Study
Area, is less than 10 m thick and has a strong influence on vertical hydraulic connections and vertical gradients
within the bedrock aquifer as described in Section 5.5.

In a similar manner to that used for the Goat Island unit, the top surface of this unit was developed by first
creating an isopach layer for the Vinemount Member using borehole pick locations where the top and bottom of
this unit were interpreted. The isopach for this layer was then added to the top surface of the underlying Goat
Island Formation. This approach using the isopach of the layer allowed better control of the thickness of the
layer and avoided inadvertent layer pinch outs resulting from the interpolation of elevations between higher
quality data points. Control points were added to constrain the thickness of this layer in areas where it is
interpreted to be non-existent and in order to extend a constant thickness for this unit in areas of sparse higher
quality data, where it is interpreted to be present. The surface is based on borehole picks for the thickness of
the Vinemount Member that were made at approximately 100 locations in the model domain.

The Vinemount layer is thin or absent over much of Cross-Section A-A’ in the areas where the Gasport
Formation is thickest. Cross-section B-B’ shows an area immediately east of Cross-Section A-A’ where the
Gasport is thinner. In this area, the Vinemount Member is consistently present. Cross-section E-E’ (Figure 25)
extends from Breslau in the west to east of Arkell area in the east. This Cross-Section illustrates the absence of
the Vinemount to the west in the Breslau area and illustrates the absence of the Vinemount in the bedrock
valleys to the east where the Vinemount has been eroded and the Goat Island or Gasport Formations are at or
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near surface. Cross- Section C-C (Figure 23)’, D-D’ (Figure 24) and F-F’ (Figure 26) also illustrate the absence
of the Vinemount to the west and the bedrock valleys to the east that cut through the Vinemount.

5.2.8 Eramosa Formation - Reformatory Quarry Member

The Reformatory Quarry Member is described by Brunton (2008) as light brown to cream coloured,
pseudonodular, thickly bedded and coarsely crystalline dolostone. This proposed Member of the Eramosa
Formation generally represents a poor aquifer or poor aquitard. This unit is susceptible to karstification due to its
uniform fine dolomite crystallinity (Brunton, 2008). This unit also often contains mud-rich and microbial mat-
bearing lithofacies that may act as aquitard materials, reducing the vertical permeability across this unit. This
unit was typically logged as either the Guelph Formation or Eramosa Member in previous investigations in the
Study Area. More recently, the OGS has defined a third Member of the Eramosa Formation named the Stone
Road Member (Brunton, 2009). The Stone Road Member generally has similar hydraulic properties to the
Guelph Formation and has not been separately represented as a conceptual model layer in this Study.

The top elevation of the Reformatory Quarry Member was delineated from borehole picks. In areas of sparse
higher quality borehole data, control points were added to constrain the top surface elevation of this unit,
assuming a regional dip of the formation to the southwest in a similar manner used in the Guelph-Puslinch model
(Golder, 2006a). This surface is based on borehole picks for the top elevation of the Reformatory Quarry
Member that were made at approximately 100 locations in the model domain.

The thickness of the Reformatory Quarry Member is quite variable across the Study Area ranging up to about
50 m thick in some areas. In areas of thicker Gasport the Reformatory Quarry unit is thinner or often absent.
Thick sequences of Reformatory Quarry are observed in western Cambridge, Breslau and to the north of
Guelph.

5.2.9 Guelph Formation

The Guelph Formation consists of medium to thickly bedded crinoidal grainstones and wackestones and reefal
complexes (Brunton, 2008). The Guelph Formation is a cream-coloured fossiliferous dolostone that represents
an important aquifer in the Cambridge and Guelph area, where it is most often the uppermost bedrock unit. As
part of this study, large portions of the Guelph Formation have been re-interpreted in borehole logs as the
Reformatory Quarry Member.

Wherever present in the Study Area, the top of the Guelph Formation was assumed to be equivalent to the top of
bedrock. The base of the Guelph Formation is defined by the top of the underlying Reformatory Quarry Member.
Borehole picks for the Guelph Formation were made at approximately 100 locations in the model domain.

The thickness of the Guelph Formation in the Study Area is quite variable and in many boreholes the Guelph
Formation is not present. Thick sequences of Guelph Formation of 25 to 40 m are observed in northwest
Guelph and some areas of Cambridge.
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5.2.10 Top of Bedrock

A set of picks for the top of bedrock surface were compiled from the following data sources:

m  Guelph-Puslinch model top of bedrock picks (Golder, 2006a);

m OGS top of bedrock picks (Gao et al., 2007);

m Halton Region top of bedrock picks;

m Credit Valley Conservation top of bedrock picks; and

m Additional top of bedrock picks made as part of this study at recent high quality boreholes.

Included in this set of picks are control points for the surface elevation of mapped bedrock outcrops and the
bottom elevation of “pushdown wells” used to ensure the bedrock surface is lower than boreholes completed in
overburden. The top of bedrock control points include bedrock valley thalweg picks as incorporated in the
Guelph-Puslinch model, with additional control points added to improve definition of known bedrock valleys.
Obvious anomalous single data points (bulls-eyes) were removed by visually inspecting the generated bedrock
surface grid. Note that the OGS top of bedrock data source is in metres below ground surface and these picks
were converted to elevations using the ground surface DEM. As with the other surfaces, the bedrock surface
was constrained to be lower than the overlying ground surface DEM.

The top and base of the bedrock contact aquifer were calculated as 2 m above and 2 m below the bedrock
surface, respectively. This results in a layer thickness of 4 m for the contact aquifer unit. The upper
weathered/fractured bedrock and overlying coarse materials typically form a thin (assumed thickness of 4 m)
aquifer that is able to support domestic water wells. This unit includes the coarse granular materials overlying
bedrock at the base of the Catfish Creek Till that are identified in many boreholes in the Cambridge East area.

m Bedrock Contact Layer: In order to account for the weathered and fractured uppermost bedrock
(regardless of Formation), a bedrock contact aquifer has been included as a conceptual hydrostratigraphic
unit. In some areas the weathered uppermost bedrock is hydraulically connected to and difficult to
distinguish from overlying coarse granular deposits. The upper weathered/fractured bedrock and overlying
coarse overburden materials typically form a thin (assumed thickness of 4 m) aquifer that is able to support
domestic water wells. This unit includes the coarse granular materials overlying bedrock at the base of the
lower overburden that are identified in many boreholes in the Study Area.

5.2.11 Overburden

The revisions to the conceptual model completed as part of this project focused improving delineation of the
bedrock units, which have the most significant influence on the conceptualization of groundwater flow in the
municipal aquifer system. The overburden conceptual model layer structure developed as part of the Guelph-
Puslinch model was largely retained for this project. One key exception is in the Southwest Quadrant area of
Guelph where in conjunction with the Southwest Quadrant Class EA project a more local scale review and
refinement of the Guelph-Puslinch model overburden stratigraphy was completed (Golder, 2011). Minor
revisions to the overburden layer structure were also made in the Torrance Creek and Arkell areas during the
model calibration process as described in the Tier Three Modelling Report (AquaResource, 2011).
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m Lower Overburden: A conceptual model unit consistent with the Guelph-Puslinch model was used to
represent the overburden materials above the bedrock contact aquifer layer that are inferred throughout the
Study Area to be predominantly glacial till. This layer represents the remaining overburden thickness after
the base of the overlying Upper Sand and Gravel unit is delineated, as described below. Over much of the
Study Area, this unit represents the sandy silt Port Stanley Till which is generally considered a lower
permeability aquitard or poor aquifer, although this is not always the case. The area south of the Eramosa
River is dominated by the Paris and Galt moraines, which are covered at surface by sandy to sandy-silt
Wentworth Till. Internally the moraines have a complex structure consisting of silty to sandy till units, sand
and silt lenses, as well as discontinuous lenses of coarser sand and gravel whose cumulative thickness
may exceed 15 m. Delineating individual units within the moraines across the Study Area is not possible
given the available data. Conceptually this Lower Overburden unit is generally considered to have a
greater permeability in the area of the moraines where it represents the coarser grained Wentworth Till and
underlying moraine sediments, relative to the areas where it represents the Port Stanley Till. This unit was
constrained to a minimum thickness of 2 m.

m Upper Sand and Gravel: Consistent with the Guelph-Puslinch model, an Upper Sand and Gravel unit was
inferred to be present where surficial sand and gravel deposits are shown on the surficial geology map.
The base of this Upper Sand and Gravel was delineated in detail in the area of Mill Creek as part of the
Guelph-Puslinch Study through review of cross-sections and well logs. Outside of the Mill Creek
watershed, the thickness of the Upper Sand and Gravel was assumed to be 5 m or less within the mapped
surficial sands and gravels, and zero thickness outside the mapped areas. As mentioned previously, the
base of the Upper Sand and Gravel was refined in the Southwest Quadrant area of Guelph where, in
conjunction with the Southwest Quadrant EA project, a more local scale review and refinement of the
Guelph-Puslinch model overburden stratigraphy was completed (Golder, 2011).

5.3  Municipal Pumping and Water Level Monitoring Data Analysis
531 Municipal Pumping Data Analysis

The detailed pumping data for the City of Guelph municipal production wells is presented in Appendix D (see
Figures D.1 through D.6). The pumping plots are grouped by quadrant, with separate graphs for each individual
well. Each graph shows the daily pumping rates (m*/day) of the production well as well as the monthly average
of the daily production total. The lowermost graph on each figure presents the total daily production for all wells
in the quadrant, including a monthly average.

Since 1997, the City of Guelph has maintained consistent records of daily pumping volumes for all production
wells. This data was imported into the project database. Based on this data, monthly average production totals
were queried out of the database for each well. The manual measurements of groundwater elevation data were
provided by the City of Guelph and were imported into the project database. Dewatering from a sump at the
Dolime Quarry in the southwest quadrant represents a major water taking in the area. Data for the Dolime
Quarry Sump is from the Dolime Quarry Permit To Take Water Monitoring Reports (CRA, 2009).
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Southwest Quadrant

Between 1997 and mid 2000, the Membro Well was inactive. Since mid 2000, the Monthly Average of the
Daily Production Total has ranged from 380 to 5000 m®day. During periods when the well is inactive the
static water level is about 303 masl. During periods of maximum pumping, the water level in the well
decreased to a minimum of 282 masl, very close to the minimum pumping elevation.

The Edinburgh Well has been offline. Static water levels in this well range from 298 to 306 masl.

Prior to the middle of 1997 and from 1998 to mid 2000, the Water Street well was inactive. In June 1997,
the well was pumped and towards the end of the year, the monthly average of the daily production total was
just under the permitted rate. After June 2000, the well was once again active, with a fluctuating pumping
rate, the pumping average of the production total ranges from 0 to 2750 m®day. Groundwater elevations in
this well range from a maximum of about 302.5 to 284 masl.

Dewatering from Sump 3 at the Dolime Quarry is a major water taking in the southwest quadrant area of
Guelph. Dewatering at this site is permitted for up to 13,750 m*/day. Between 2000 and 2005, the rates of
dewatering ranged from 6,000 to 7,000 m3/day and since about 2005 have been about 8,000 m3/day (CRA,
2008).

Since 1997, Dean has typically been pumped at significantly less than its permitted rate of 2300 m3/day.
During several periods of 2000 through 2004, the well was either pumped at very low rates or inactive.
Beginning in 2004 through to the end of 2008, the well has been pumped at a fairly constant rate ranging
from about 1000 to 1500 m3/day. Water level elevations range from approximately 302 masl when the well
is inactive to 280 masl during pumping.

Between 1997 and 2001, the Production Totals at the University Well fluctuated from 800 to 1750 m3/day.
After March 2001, the Production Totals, while fluctuating, were increased up to approximately
3000 m*/day. The well was pumped at a more consistent pumping rate after 2004, with typical Production
totals ranging from 1500 to 1800 m3/day. There was more variation of daily production totals in 2007. Little
historical water level data is available for this well. In 2008, the groundwater elevation ranged between
300 and 305 masl.

Historically the Production Total at the Downey Well has ranged from about 3000 to 5000 m®day. In 2004
through 2006, the Daily Production Totals fluctuated greatly from O to 4500 m*/day. Water levels range
from a maximum of about 305 to a minimum of 282.5 masl.

In the Southwest Quadrant, between 1997 and 2001, the Monthly Average of the Daily Production Total
ranged from 6000 to 11000 m3/day. After 2001, the production totals generally increased to less than
15000 m®/day, but with a few periods of lower rates (as low as 6000 m*/day) in 2001, 2004, 2005 and 2008.

Southeast Quadrant

During the period of 1997 to mid 1999, the Burkes Well was typically pumped at rates around the maximum
permitted rate of 6546 m*/day. In late 1999 and mid 2000 through May 2001, the Production Total for this
well was decreased to 5000 m*/day or less. As of May 2001, the rate at which the Production well has
been pumped has steadily declined from about 6000 to 5400 m3/day. Beginning in early 2005, the well has
been pumped at a more consistent rate without any periods of inactivity. The static water level in this well
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rises to up to 336 masl when the well is inactive. During pumping conditions, the water level varies from
about 314 to 320 masl.

Since 1997, the pumping rates have fluctuated greatly ranging from about 1000 to 8000 m3/day. The
Carter Wells were inactive during a number of periods during 2000 to 2001 and early 2008. In response to
on and off times of the pumps in these wells, water level elevations range from lows of 312 masl to highs of
about 325 masl.

Of the Arkell wells, Arkell 1 (overburden well) is pumped at a consistently lower rate than Arkell 6, Arkell 7
and Arkell 8 (bedrock wells). Since 1997, the Monthly Average of Daily Production Totals have ranged
from 100 to 3500 m*/day. Arkell 1 has periodically had a few short periods of inactivity, including in 2000,
2002, 2003 and 2004. Water level elevations range from about 320 to 331 masl in this well.

Since 1997, Arkell 6, Arkell 7 and Arkell 8 have typically been pumped at close to their permitted rates.
Generally the Daily Production Totals of these three wells are similar at any given time. At certain periods
during 1998, 2000 and 2001, the Monthly Average of the Daily Production Totals in each of these wells
exceeded the maximum permitted rate. During periods in which all three of these wells were pumped at
higher rates (2000 and 2001), the water levels measured in these production wells dropped to below
305 masl.

Daily Total Production in the Southeast Quadrant is most greatly influenced by the Arkell Wells. Since
1997, the Monthly Average of the Total Daily Production Total for this quadrant has ranged from 15,000 to
39,000 m®/day.

Northwest Quadrant

Wells Paisley, Queensdale and Calico are typically pumped at rates from between 800 and 3000 m3/day,
well below their permitted rates. Smallfield and Sacco have been offline during the period of record.

Paisley was pumped at low rates or offline from 1997 to 1999. In 2002, the pumping rate increased to a
maximum of about 1500 m*/day. During a few brief periods in mid 2004 and early 2008, the well was
inactive. Static groundwater elevations during times when the well is off rise to approximately 305 masl.
During pumping water levels are measured at approximately 295 masl.

Queensdale was offline for 1997 and the first half of 1998. Between 1998 and 2003, Queensdale was
pumped intermittently. As of 2003 this well has been pumped more consistently, but at a declining rate.
During periods when the well is inactive, static water levels in the well rise significantly to approximately
325 masl.

Since 1997, Calico has been pumped fairly consistently at rates ranging from 600 to 1700 m°/day.
Groundwater elevations in this well range from about 305 masl| (while being pumped) to 315 masl (while
inactive).

Daily Total Production in this well field from 1997 to May 1998 was approximately 1000 m®/day, after which
time, the daily total production increased to a maximum of about 5300 m3/day. From May 1998 to July
2002, the total pumping rate fluctuated from about 1000 to 5000 m*/day. After July 2002, the well field was
pumped more consistently, with a declining trend from about 4500 to a current 2700 m*/day.
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Northeast Quadrant

m During the period between 1997 and 2001, the Emma Well was typically pumped at rates of less than
1200 m*/day. However, during this time, there were a number of extended periods of inactivity. After April
2001, the Production Total was increased in this well up to about 3000 m*/day, with several periods of
either lower Production Totals or inactivity in late 2001, 2002 and 2004. No water level elevation data is
available for this well.

m The combined Park wells typically have higher Production Totals than any other wells in this Quadrant, but
range from O to 9500 m*day. During the period from mid 2005 to 2008, the well was pumped a more
consistent rate of about 5000 m®day, increasing to a maximum 6700 m®/day in 2008. Groundwater
elevations in the Park wells range from about 290 to 329 masl.

m The Production Total at the Helmar Well ranges from 0 to 2800 m*/day. In 1997, and parts of 1998, 2000,
2004 and 2008, this well was inactive. Since the latter half of 2005, the Monthly Average Production Totals
have been more consistent at approximately 1000 m®day. Groundwater elevations in the Helmar well
generally range between 300 to 315 masl.

m Other than the first half of 1997 and brief period in 1998 and 1999 the Clythe Well has been offline.
Groundwater elevations between 320 and 323 masl are typical.

m The Cumulative Production Totals for the Northeast Quadrant are heavily influenced by pumping at the
Park Wells. The Monthly Average of the Daily Production Totals ranges from 1500 to 10600 m®/day.

5.3.2 Water Level Monitoring Data Analysis

Key monitoring wells in the City of Guelph area are shown on Figure 27. The most complete time period of
transient monitoring in the City has been recent years (2007 to present) since the initiation of the Guelph
Monitoring System Project (Golder, 2009a) monitoring and the Arkell Spring Grounds Investigation (AECOM,
2009) monitoring.

A series of hydrographs were compiled over the 2007 to 2008 time period showing the transient monitoring
record from key wells. At each monitoring well nest, representative values were selected from monitors isolated
below the Eramosa Formation and above the Eramosa Formation to compile a groundwater flow map in the
deep bedrock and to compile mapping of vertical gradients across the Eramosa Formation.

Monitoring data from key monitoring wells that have a transient record is presented for each quadrant on
Figures D.7 to D.22. The end of May/early June 2007 was selected as a time representing average water level
conditions. Values from this time period were selected as shown on the hydrographs. In cases where data was
not available from this time period, June/July 2008 water levels were used as representative. Given the
influences of many of these wells to nearby short term pumping fluctuations, calculations of annual average
water levels can be skewed by spikes during well interference. A review of the hydrograph and manual selection
of values provided a more representative and reliable value than the calculated averages. These representative
water level values are flagged in the project borehole database and provide a set of high quality water bedrock
hydraulic head and vertical gradient data for use in groundwater flow model calibration.
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Further discussion of the water level information is provided in Section 5.5.

54 Summary of Aquifer Response Tests

The following provides a summary of key aquifer response tests conducted as part of hydrogeological
investigations to support municipal pumping. In addition, a review of the City’'s pumping records indicated some
shut down events and periods of reduced pumping for which the water level record from nearby monitoring wells
was examined to gain further insights into the characteristics of the aquifer system.

54.1 Southwest Quadrant Class EA 32 Day Pumping Test

As part of the City of Guelph’'s ongoing SW Quadrant Class EA (Golder, 2011), a long-term (32 day) pumping
test was completed in the SW Quadrant of Guelph in July 2008 at the Ironwood and Steffler test well locations
(see Figure 28 for the location of these test wells, and the approximate influence area within the SW Quadrant of
the city). The casings in these wells extend through the Guelph and into the Goat Island Formation such that all
the pumped water is derived from the Gasport Formation. During the 32 day period of the test, pumping was
staged with the maximum pumping from both wells totalling 10,400 m®/day for a period of 12 days. An extensive
monitoring network including locations in the Gasport Formation, in the shallower bedrock above the Vinemount,
in the overburden and surface water locations was instrumented with a total of 85 dataloggers.

Reference should be made to the supporting documentation for the City of Guelph’s SW Quadrant EA for a
detailed discussion of the FEFLOW model refinements, transient calibration details and the resulting
parameterization in this area of the model (Golder, 2011). The following are the key responses observed:

m In the Gasport Formation, the response to pumping was observed over an elongate area extending
generally north-northwest south-southeast. The extent of the response was limited to the north by the
operation of the Membro, Dean and Water municipal wells and quarry dewatering while to the south,
responses were observed extending beyond the Downey production well. The 2 m drawdown contour was
inferred to extend more than 4 km south from the test pumping wells. To the east and west, the effects of
pumping were limited with the 2 m drawdown contour inferred extend about 1 km to the east and west of
the test pumping wells. Further east in the City, no response was observed at monitoring wells completed
in the Gasport Formation.

m  Some response was observed in the Guelph Formation in the vicinity of the test pumping wells; indicating a
small increase in vertical seepage rate during testing. The vertical hydraulic conductivity of the Vinemount
was estimated at about 10 m/s from these resullts.

m  No response to pumping was observed in shallow overburden and surface water monitoring locations and
upward hydraulic gradients were maintained in the vicinity of the wetlands.
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54.2 Sacco/Smallfield Test

In December 2008, a 13-day pumping test was performed on the Sacco and Smallfield production wells
(Stantec, 2009a). Packers were placed in these wells so that the Gasport Formation was isolated and pumped
during this test. The Smallfield well was turned on first and pumped at a rate of 16.3 L/s. After six days,
pumping commenced at the Sacco well at a rate of 13.3 L/s. After a total of 13 days, both wells were shut off on
December 22, 2008. During this test, water levels were monitored at five City-owned multilevel wells (Hauser,
MWO06-01, MWO06-02, MW06-05 and SM5-3) as well as numerous wells located on nearby industrial/commercial
properties. The following observations were made:

m Under static conditions, there is a slight downward vertical gradient from the Guelph to the Gasport
Formation in this area.

m There was no response observed in the overburden due to pumping in the Sacco and Smallfield wells.

m A response to pumping of the wells was observed in the overlying Guelph Formation, with a stronger
response observed in wells screened in the lower Guelph formation compared with those screened in the
shallow Guelph formation. A zone of influence in the Guelph Formation of 1 km is attributed to pumping at
the Sacco Well and a zone of influence of 2.5 km is attributed to pumping in the Smallfield Well.

m The zone of influence in the Gasport Formation attributed to pumping at Sacco is interpreted to be
elongated in a northwest to southwest direction covering a 4 km by 3 km area.

m The zone of influence in the Gasport Formation attributed to pumping at Smallfield is elongated in a north to
south direction over an area of 4.5 km by 3 km.

m The main source of water is interpreted to be from the lower Gasport formation.

5.4.3 Guelph Lime Rotating Shutdown Test

In October 2004, a Rotating Municipal Well Shutdown was conducted on seven municipal production wells
located in the southwest quadrant of the City of Guelph (Golder, 2006b). Each shut down event consisted of the
reduction in total municipal pumping of about 4,000 m3/day, with each event separated by a period of at least
24 hours of normal operation of these wells. The Membro well was shut down for 16 hours, followed by a
shutdown of both the Queensdale and Paisley wells for 8 hours, Downey for 16 hours and finally a group of three
wells, Water, Dean and University, for 8 hours. Water levels in seven monitoring wells; Membro OW,
Downey OW, OWO05-92, MWO04-01, TWO04-01, TW04-02 and the off-line Edinburgh municipal well were
monitored. With the exception of the Queensdale and Paisley production wells, all the production and
monitoring wells are located to the south east of the Speed River. It should be noted that Dean, Water, Downey,
Paisley and Queensdale wells are cased into top of rock and thus are open across both the Guelph and Gasport
Formations while at the Membro and University production wells, the casing has been advanced through the
Guelph Formation with the borehole open across the Gasport Formation only. Figure 29 provides a hydrograph
of the water level responses in these monitoring wells to the Rotating Shutdowns of the four groups of production
wells. Table G.1 in Appendix G summarizes the observed responses during the Membro, Downey and
University/Dean/Water Shutdowns. As interpreted from Figure 29 and Table G.1, the following observations can
be made:
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m During the Membro shutdown, recovery was observed in the Gasport Formation with a water level rise after
16 hours of 1.4 m and 0.18 m observed at distances of 825 m and 1876 m respectively to the south. The
continued operation of the Downey well masked any recovery response at monitoring wells located to the
southeast. The transmissivity of 385 mzlday was calculated for the Gasport and the radius of influence was
inferred to extend 2 km. Essentially no response was observed in the Guelph Formation to the shutdown of
the Membro well which is cased across the Guelph and open to the Gasport only.

m During the Queensdale and Paisley shutdown, no response was observed in either the Gasport or Guelph
Formations. However it should be noted that no monitoring wells are present in the vicinity of these
production wells. It is likely therefore that the recovery response is localized and/or masked by the effects
of the continued operation of the remaining production wells located closer to the monitoring wells.

m During the Downey shutdown, recovery was observed in the Gasport Formation with a water level rise after
16 hours of 6.01 m and 1.67 m observed at distances of 1100 m and 1750 m respectively to the north-
northwest. A direct hydraulic connection to TWO04-01 is inferred from the rapid response to the shutdown of
the Downey well and a transmissivity for this portion of the Gasport estimated at 1,600 mzlday. For other
monitoring wells, a more typical aquifer transmissivity of 210 m*/day was estimated and the radius of
influence was inferred to extend 2.3 km. In the Guelph Formation, a water level rise of as much as 0.5 m
was observed at a distance of 1100 m. The Downey well is partially open to the Guelph and so this
formation contributes water directly to the pumped well.

m During the University, Dean and Water shutdown, a water level recovery of 1.54 m was observed at
TWO04-01 located 1184 m to the south and 1.10 m at MW04-01 located 1086 m to the south-southwest. An
aquifer transmissivity of 185-243 m?/day was calculated from these responses. Groundwater levels in the
Guelph Formation recovered during this shut down event with a rise of 0.44 m observed at TW04-01
located 1184 m to the south. It should be noted that two of these production wells, Dean and Water are
open to both the Guelph and Gasport Formations while the University well is open to the Gasport only.

In the Gasport Formation, a strong hydraulic connection was observed between the Membro and Downey
production wells; generally extending south-southeast north-northwest. These two wells are pumped at the
highest rates of the production wells in the southwest quadrant of the City. More subdued responses were
observed in response to the other shutdown events indicating some significant variation in the hydrogeological
characteristics of the Gasport Formation locally. Smaller water level rises were observed in the overlying Guelph
Formation in response to the shutdown of the Downey well.

5.4.4 Arkell Spring Grounds Testing 2000/2001

To develop additional groundwater supplies for the City of Guelph, two long term pumping test programs were
conducted at the Arkell Spring Grounds located immediately southeast of the City, in August to October 2000
and again in July to September 2001. The following discussion pertains to the more comprehensive test
conducted in 2001 with the information provided in the Final Arkell Springs Grounds Groundwater Supply
Investigation Report prepared by Gartner Lee (Gartner Lee Ltd., 2003).

Testing for the 2001 program was conducted at Arkell 1 (PW1/66 an overburden well) and at the following wells
completed in the Gasport Formation: Arkell 6 (PW6/63), Arkell 7 (PW7/63), Arkell 8 (PW8/63), Arkell 14
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(TW14/00) and Arkell 15 (TW15/00). These wells were pumped at rates that totalled between about 18,000 and
28,000 m®day. An extensive network of monitoring wells included: 48 City-owned monitoring wells, 23 private
wells, 21 flow stations and staff gauges and 23 mini-piezometers. The following is a summary of the responses
observed:

m  Water level declines were observed in the Gasport Formation with declines in excess of 4 m extending over
a radius of about 1 km from the pumping centre. The drawdown cone stabilized and it was concluded that
a total sustainable pumping rate of 28,800 m®day could be achieved from these wells with only a moderate
(<10 m) drawdown observed in the bedrock.

m Some drawdown was observed in monitoring wells completed in the Guelph and/or Eramosa bedrock units.
This was more varied and local to the pumping wells.

m Responses in the overburden and stream side mini-piezometers were dominated by precipitation events
and seasonal water level declines. Near the Eramosa River, immediately adjacent to the Arkell Spring
Grounds, an increase in downward gradients or a reversal from upward to downward gradients was
observed from the shallow to deep wells during the testing.

5.4.5 Quadrant Study Aquifer Performance Testing (1993-1996)

In the 1990s, the City of Guelph began detailed aquifer performance evaluations, in order to better understand
the hydrogeological conditions in each of the four Quadrants of the city. Jagger Hims Limited was contracted to
complete this work (Jagger Hims Ltd., 1995, 1998a,b,c). Each of the four quadrant studies involved a
compilation and assessment of available historical geologic and hydrogeologic data on all municipal production
wells and some municipal test wells. This review included historical aquifer and performance testing of
municipal wells, limited long term water level data and long term production records. Secondly, step pumping
tests and constant rate pumping tests were performed on municipal production and test wells in each Quadrant.
Finally a groundwater flow model was developed for each Quadrant.

The constant rate pumping tests were performed in a similar manner in all of the Quadrants. For each pumping
test, there was a phased start-up of all of the active municipal production wells in the Quadrant. These wells
were then pumped simultaneously for approximately one week, prior to a sequential shut-down of the wells. The
wells were pumped either close to their capacities or at the rates specified in the PTTWs. An attempt was made
by the City of Guelph to maintain constant pumping rates at the production wells in all of the other Quadrants
during these tests. In the Southeast Quadrant, two separate performance tests were conducted, one for wells in
the Arkell Spring Grounds and one for production wells in the Torrance Creek Area.

For discussion of the results of this testing refer to Jagger Hims Ltd. (1995, 1998a,b,c).

July 2011
Report No. 08-1112-0021 54



CITY OF GUELPH TIER THREE ASSESSMENT
CHARACTERIZATION FINAL REPORT

The following events were identified from a review of the City’s pumping records. These events occurred during
the normal course of water supply operations. It should be noted that the City’s municipal wells normally cycle
(periodically the well stops pumping) in response to variations in daily demand. However only longer shut down
events were considered, where water levels would have approached a stable position. The effects of these
events could be assessed only where monitoring wells equipped with data loggers were available nearby.

5.4.6 2008 Membro Well Shutdown Event

The Membro Well was shutdown for 42 hours from August 3, 2008 until August 5, 2008 while other nearby
municipal wells continued to operate. The record obtained from seven nearby sites (Membro OW, MWO04-01,
MWO06-04, MWO06-05, MW08-02, TW04-02, Edinburgh) and one surface water station were monitored was
examined to assess the response to this event. Prior to shutdown, the Membro Well was being pumped at an
approximate rate of 3350 m3/day. As shown on Figure 30, the following observations can be made:

m  No response was observed in monitoring wells screened in the Guelph Formation;
m No response was observed in water level/flows at the Speed River station SS-1;

m Response was limited to wells screened in the Gasport Formation with the most obvious responses
observed over an elongate zone extending south-southwest; and

m Aresponse was observed across the Speed River to the north at MW06-05A (Gasport Formation).

54.7 Emma Well Shutdown

During the period of October and November 2008, the Emma Production Well was frequently turned on and off,
with shutdown periods of up to 4 days. Figure 31 shows a series of these shutdown events along with
groundwater elevations for nearby monitoring wells screened in the Gasport Formation. During this time, the
pumping rates at the other Productions Wells in the Northeast Quadrant remained fairly constant with a rate of
about 6500 m*/day at the Park Wells. The Helmar Well was not being pumped during this period.

m Arise in water level of about 7.5 m was observed in MW06-03A (Gasport Formation) during each shutdown
event;

m A more gentle rise in water level of up to about 0.8 m was observed in monitoring well Eastview A (Gasport
Formation); and

m No change in water level elevation was observed at MWO06-02A (Gasport Formation) during these
shutdown events.

5.4.8 Park Well Pumping Reduction

At the end of April 2008, the pumping rate at the Park Wells was decreased from an average of about
6,500 m®/day to approximately 4,500 m®day. During this time the pumping rates of the other Production Wells in
the Northeast Quadrant remained constant with a rate of 2800 m*/day at Emma and a rate of 800 m®day at
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Helmar. Figure 32 shows the pumping rate at the Park Wells during the end of April 2008 as well as
groundwater elevations of nearby monitoring wells screened in the Gasport Formation.

m  With the decrease in pumping rate, a water level rise of about 3.5 m is observed in well MW06-02A
(Gasport Formation);

m No change in water levels are observed at MW06-03A or OW11-06D (Gasport Formation) during this
period;

5.5 Groundwater Flow System Characterization

Regional groundwater flow in the Gasport Formation is shown on Figure 33. The vertical gradients between the
shallow (typically the Guelph Formation) and deep (Gasport Formation) bedrock groundwater flow system are
shown on Figure 34 within the City of Guelph area. These maps were assembled using data specific to each of
the bedrock units as compiled as part of this project (see Section 5.3.2).

Regionally, groundwater flow in the deeper Gasport Formation is south-southwest from highs of about 430 masl
to the northeast of the City of Guelph to lows of about 270 masl on the southwestern boundary of the Study
Area. Locally, flow directions are strongly modified by pumping at municipal wells in Guelph and Cambridge
along with quarry dewatering immediately west of Guelph. Groundwater flow in the Gasport converges on the
main pumping centres in Guelph along an elongate zone extending generally south-southwest through the City
as is shown on Figure 33. This narrow elongate zone is indicative of a higher transmissivity feature that is
bounded laterally by lesser transmissive rock of the Gasport Formation. This higher transmissive zone supports
pumping from many of the large capacity municipal water wells which provide much of the City’s drinking water
supplies. Dewatering at the Dolime Quarry also draws groundwater from this more transmissive zone of the
Gasport Formation. The effects of municipal pumping at the Arkell Springs grounds to the southeast of Guelph
are also evident from the localized area of flow convergence as shown on Figure 33. Elsewhere in City of
Guelph, the yields from municipal wells are lower and the effects of pumping, as inferred from the regional flow
mapping, are not obvious. The groundwater elevation data points used to plot Figure 33 are listed in Table G.2.

The three-dimensional groundwater flow modelling to be conducted in this study will provide a more
comprehensive understanding of horizontal and vertical flow in the Study Area.

Over much of the area influenced by pumping, groundwater levels in the Gasport have been lowered below the
elevation of the Speed River. As such, groundwater in the Gasport Formation does not discharge locally in this
area.

South of the City, the few monitoring locations available indicate an extensive area of low horizontal hydraulic
gradients suggesting that the effects of pumping in the southwest section of Guelph extend into the Township of
Puslinch. This area of low horizontal gradients also may indicate an extension of the highly transmissive zone in
the Gasport Formation south into Puslinch and towards Cambridge. Further downgradient, groundwater flow in
the Gasport Formation is more southwesterly in response to municipal pumping at the east side of the City of
Cambridge.
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Groundwater flow directions in the overlying Guelph Formation are controlled by local topography with flow
converging on the main rivers; the Eramosa, Speed and Blue Springs Creek. The effects of municipal
groundwater pumping and quarry dewatering are not evident in the Guelph Formation.

Groundwater pumping from the Gasport Formation has strongly influenced flow directions and vertical hydraulic
gradients in the vicinity of the pumping centres (see Figure 34). Where controlled by pumping, groundwater
levels in the Gasport are as much as 20 to 30 m below those in the overlying Guelph Formation with
groundwater elevations below the base of the Speed River. Locally in areas of higher elevation; e.g., on the
Paris Moraine, strong downward vertical gradients are observed beyond the areas of municipal pumping, with
groundwater levels in the Guelph Formation as much as 10 m above those in the Gasport Formation. Elsewhere
observed vertical gradients are generally weakly downward or essentially non-existent.

The presence of the low permeability Vinemount Member accounts for the clear hydraulic separation between
the Gasport Formation and the overlying Guelph Formation in the areas of strong downward hydraulic gradients
and limits the quantity of vertical seepage reaching the Gasport Formation. The Vinemount is present in all
areas where strong vertical gradients are measured. Some exceptions to this are at Tier Three project sites
MWO08-T3-09 and MWO08-T3-10, where the multi-level monitors show a difference in head of 13 to 14 m over a
thin (1 to 2 m) section of shaley beds at the base of the Ancaster Member of Goat Island Formation. At these
locations this lower section of the Goat Island Formation behaves as an aquitard in a similar manner as the
Vinemount Member.

In the northwest quadrant of the City of Guelph, the Vinemount Member is generally thin or absent. The
absence of a competent Vinemount aquitard in this area is consistent with the Sacco/Smallfield testing (Stantec,
2009a), which showed a clear response in the Guelph Formation from pumping isolated in the Gasport
Formation.

Seasonal groundwater levels fluctuations typically of about 1 to 3 m are observed in Gasport Formation
piezometers where not influenced by large scale pumping with similar or lower fluctuations in the overlying
Guelph Formation. However an unusually large and rapid water level rise was observed in some piezometers in
January 2008. On January 4, 2008, the air temperature began to rise above zero degrees Celsius, reaching a
maximum Mean Temperature of 11°C and did not return to below freezing until January 12, 2008. In addition,
there was a large rainfall event on January 8 and 9, 2008 (11.5 and 19 mm, respectively). As shown on
Figure 35, groundwater levels in the Gasport Formation at TW04-01A rose about 10 m over a 2 day period
consistent with the onset of above freezing temperatures; with a further rise a few days later consistent with the
rainfall event. In total, groundwater levels rose by a total of about 12 m during this period and thereafter declined
slowly as below freezing temperatures returned. Groundwater levels in the overlying Guelph Formation
responded to a much lesser degree with a rise of about 2 m observed during this period.

As shown on Figure 36, the most pronounced water level rise was observed at monitoring locations completed
within the elongate highly transmissive zone of the Gasport Formation. Away from this zone, the observed water
level rise was typically less than 0.5 m with a similar rise in the both the Gasport and overlying Guelph
Formations. The start and end times of the peaks in water level as presented on Figure 36 are included in
Appendix G (see Table G.3). It should be noted that the City advised that there were no reductions/shutdowns
at production wells during this time. The magnitude and distribution of this significant water level rise is
indicative of the strong lateral hydraulic connection through the highly transmissive zone within the Gasport
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Formation and the direct connection to a source of recharge where the Gasport is not confined by the Vinemount
Member either to the northwest of the observed strong water level rise or further to the east of the City of
Guelph.

A compilation of the hydraulic conductivity and transmissitivity values estimated from aquifer test results, packer
testing and single well response tests is provided in Table G.4 in Appendix G. This information was compiled
from various key reports in the four well field quadrants of the City of Guelph. Table G.4 summarizes the well
tested, the interval over which the testing was conducted, the formation tested and the estimated hydraulic
conductivity (m/s), transmissivity (m?day) and storativity values. A reference to the source of the information is
provided in the table. Table 5.0 presents a summary of aquifer parameter estimates for the model units from
previous studies and from a compilation of results of bedrock hydraulic tests completed within individual
formations at boreholes with a high level of geologic control/reliability.

Much of the testing has been conducted on open boreholes with pumping from multiple hydrostratigraphic units
which can provide estimates of the bulk transmissivity of the bedrock aquifer system rather than values for
individual formations. Packer testing and slug testing can provide information on the hydraulic conductivity and
transmissivity of the discretely tested intervals and the individual formations, although the interpreted properties
are representative of conditions local to the boreholes only and provide an estimate of the horizontal rather than
vertical hydraulic conductivity. Test data developed on a borehole scale over a large area show a significant
range of calculated values of aquifer transmissivity or hydraulic conductivity; reflecting variation of the rock
properties at the borehole and the variable distribution of secondary permeability features such fractures and
karst dissolution within the formations. Testing over a longer duration and where a greater quantity of water is
moved, such as in a long term pumping test, provide a much more reliable estimate of the bulk properties of a
more extensive portion of an aquifer. Given the three-dimensional variability of the bedrock aquifer system
hydraulic characteristics, the parameters estimated through three-dimensional modelling, including calibration to
transient pumping test data, provide the best estimates of aquifer parameters on a larger or regional scale.

As discussed in Section 2.4, a regionalized approach to model parameterization was used for the Guelph-
Puslinch Study, whereby parameter values are tied to regional hydrostratigraphic units and adjusted globally
during the calibration process to best match observed data. This regionalized model parameterization approach
is also used as part of the Tier Three model. This type of approach is the common industry practice for regional
models of this scale and purpose. In this parameterization approach, although some spatial variations in
material properties for a given hydrostratigraphic unit are considered to match regional trends in error statistics,
small scale local variations (on the scale of an individual property for example) are not considered. With this
type of approach, while the model can be effectively used to evaluate regional scale impacts, it may not be as
effective in its use at the local scale.

As was done with the Guelph-Puslinch Study modelling, the approach taken in this Tier Three Assessment was
to build on the regional hydraulic property distributions developed in past modelling studies (see Table 2.4 and
Golder, 2006a), making adjustments and refinements during the model calibration to match the updated
hydraulic head and baseflow target data.

The following provides a discussion of the hydraulic parameter estimates for the regional hydrostratigraphic
units:
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m Lower Gasport Unit: The lower portion of the Gasport Formation including the underlying Rochester,
Irondequoit, Rockway and Merritton Formations are interpreted as generally a low permeability poor aquifer
in the Study Area. In the Guelph-Puslinch Study the calibrated hydraulic conductivity of this unit (formerly
the Lower Amabel unit) was 1E-5 m/s with a vertical/horizontal hydraulic conductivity ratio of 0.5. Dynamic
flow profiling, packer testing and FLUTe profiling of this unit typically has not shown any significant
producing or permeable zones in this unit in the Guelph area.

m Middle Gasport Unit: A series of hydraulic conductivity zones were assigned to this unit as part of the
Guelph-Puslinch modelling with calibrated hydraulic conductivity values ranging from 1E-4 m/s to
1.7E-3 m/s and a vertical/horizontal hydraulic conductivity ratio of 1. As part of the City of Guelph’s ongoing
SW Quadrant Class EA (Golder, 2011), the distribution of permeable zones in the Middle Gasport unit were
adjusted during model calibration to the results of the 32-day pumping test that was performed in 2008.
The response to pumping was observed over an elongate area extending generally north-northwest south-
southeast. Reference should be made to the supporting documentation for the City of Guelph’'s SW
Quadrant EA for a detailed discussion of the resulting parameterization in this area of the model (Golder,
2011). The parameterization of this unit in the east of the City and in the Arkell area is based on the zones
developed as part of the Arkell Springs Grounds Investigation MODFLOW model calibration (Gartner Lee
Ltd. 2003). Testing on the Tier Three project boreholes drilled as part of this Study has provided some
information on the distribution of the highly permeable zones within the Gasport Formation beyond the City
of Guelph where such information is sparse. The Tier Three borehole testing showed higher permeability
zones within this unit to the south of the City of Guelph at MW08-T3-09 (test 1), MWO08-T3-10 (test 1) and
MWOQ09-T3-01 (test 6), where horizontal hydraulic conductivity values ranged from 2E-4 to 9E-4 m/s,
calculated based on the packer testing (see Table 4.3). Although high quality data regarding vertical
variations in hydraulic conductivity within the Gasport (flow profiling, packer testing and FLUTe profiling) are
available for some boreholes in the Study Area, the distribution of this data across the City of Guelph and
on the more regional scale was not considered sufficient at this stage to warrant moving beyond a three
layer conceptual hydrostratigraphic representation of the Gasport Formation with a middle unit of constant
slope and thickness containing the higher permeability Gasport zones.  Within the interpreted elongate
zone of high permeability Gasport described above the horizontal hydraulic conductivity estimates, as
summarized in Table 5.0, range from 2E-6 to 1E-2 m/s with a median value of 2E-4 m/s. Outside of the
high permeability Gasport zone, the horizontal hydraulic conductivity estimates summarized in Table 5.0
range from 2E-8 to 5E-4 m/s with a median value of 5E-6 m/s.

m Upper Gasport Unit: This unit generally corresponds to the former Upper Amabel unit in the Guelph-
Puslinch Model where the calibrated hydraulic conductivity of this unit was 1E-5 m/s with a
vertical/horizontal hydraulic conductivity ratio of 0.5.

m Goat Island Unit: The Goat Island unit in the Guelph area is generally a poor low permeability aquifer.
This unit was previously included within the Upper Amabel unit where the calibrated hydraulic conductivity
of this unit was 1E-5 m/s with a vertical/horizontal hydraulic conductivity ratio of 0.5. The horizontal
hydraulic conductivity estimates summarized in Table 5.0 for the Goat Island Formation range from 9E-8 to
4E-4 m/s with a median value of 5E-6 m/s. At borehole MWO08-T3-10, the shaley beds of the lower
Ancaster Member are interpreted to behave as a clear aquitard in a similar manner to the Vinemount unit
supporting a head difference of over 13 m across the lower 2 m of the Goat Island.
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m Vinemount Unit: The Vinemount vertical permeability is a key sensitive parameter controlling leakage to
the deeper aquifer. The calibrated vertical hydraulic conductivity of the Vinemount from the Guelph-
Puslinch Study was 1E-9 m/s with a vertical/horizontal hydraulic conductivity ratio of 0.02. A vertical
hydraulic conductivity value of about 1E-9 m/s was also estimated from transient numerical model
calibration to the results of the SW Quadrant 2008 pumping test (Golder, 2011). The horizontal hydraulic
conductivity estimates summarized in Table 5.0 for the Vinemount Member range from 5E-7 to 3E-5 m/s
with a median value of 5E-6 m/s.

m Reformatory Quarry Unit: This unit was not separately represented in the previous model as it was often
previously interpreted as the Guelph Formation. This unit generally has similar variability and similar
hydraulic properties as the Guelph Formation, although because of sequences of lower permeability shaley
beds that may be present, the anisotropy for this unit is interpreted to be higher than the Guelph Formation.
The horizontal hydraulic conductivity estimates summarized in Table 5.0 for the Reformatory Quarry
Member range from 2E-7 to 2E-4 m/s with a median value of 3E-6 m/s.

m  Guelph Unit: The calibrated Guelph-Puslinch model had a regionalized parameter estimate of 1E-5 m/s
for this Formation with a vertical/horizontal hydraulic conductivity ratio of 1.0. The Guelph Formation shows
a high degree of variability, although it is generally a poor aquifer except in some localized areas where it is
highly transmissive. Where the Guelph Formation does behave as an aquifer capable of supporting
municipal supplies, it is often the upper portion of the Formation including the contact aquifer that is the
most transmissive. The horizontal hydraulic conductivity estimates summarized in Table 5.0 range from
4E-7 to 6E-4 m/s with a median value of 4E-6 m/s for the Guelph Formation.

m Contact Aquifer: The calibrated horizontal hydraulic conductivity value for the contact aquifer unit from the
Guelph-Puslinch Study was 1E-4 m/s with a vertical/horizontal hydraulic conductivity ratio of 1.0. Other
modelling based hydraulic conductivity estimates for this unit have ranged from 1E-4 to 1E-5 m/s (see
Table 2.4). This unit is variable in hydraulic properties and locally some municipal wells have shown a high
transmissivity from this zone including weathered and highly permeable portions of the upper bedrock
formations. This is the case at the Burke and Carter wells in the Southeast Quadrant where the majority of
water is drawn from the shallow rock and lower overburden. Some of the municipal wells in East
Cambridge (wells H4 and G5, for example) also draw the majority of their water from a localized highly
transmissive contact aquifer/shallow bedrock zone.

m  Overburden Till: The hydraulic conductivity of the overburden till units in the Guelph-Puslinch Model was
1 E-6 to 1E-5 m/s, with a vertical/horizontal hydraulic conductivity ratio of 0.5. Locally there may be areas
where the tills have a much lower permeability. The range of hydraulic conductivity values for these tills
reported from the quadrant studies was 2E-9 to 1E-4 m/s (Jagger Hims Ltd., 1998b).

m Overburden Sand and Gravel: The hydraulic conductivity of the sand and gravel units in the Guelph-
Puslinch Model was 2.5 E-4 to 5E-4 m/s, within the typical range of permeability for coarse-grained and
gravel materials.

Dynamic flow profiling has been completed in numerous open rock boreholes in the City of Guelph area
including production wells, test wells and monitoring wells. The majority of these tests have been performed by
Lotowater Ltd. These flow profiles provide valuable information on the distribution of flow producing intervals
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vertically within the bedrock. Table G.4 provides a summary of the dynamic flow profiling completed at the
municipal wells and some of the key monitoring wells and test wells.

6.0 CLOSURE

It has been our pleasure working on this challenging and important study. If you have any questions or require
clarification, please contact the undersigned.
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Table 2.1: City of Guelph Municipal Production Wells

08-1112-0021

Quadrant Well Name Easting Northing | Depth (m) Formation Permltsted Rate | 2008 Pumping Es.tlr?ated
(m*/day) Rate (m3/day) | Capacity” (m3/day)
Arkell 1 567944 4822434 20.1 Overburden - Contact Zone 3,273 730 2,000
Arkell 6 567934 4823061 41.2 Upper - Middle Gasport 6,546 3,774 6,500
Arkell 7 567993 4822436 43.3 Upper - Middle Gasport 6,546 3,689 6,500
Arkell 8 568055 4822971 42.1 Upper - Middle Gasport 6,546 3,694 6,500
Southeast Arkell 14 568096 4823126 40.5 Upper - Middle Gasport N/A 4,680 2
Arkell 15 567440 4822878 30.5 Upper - Lower Gasport N/A 4,680 2
Burke 565157 4818701 79.6 Guelph - Middle Gasport 6,546 5,385 6,500
Carter (In/Out) 564870 4820808 20.7 Guelph 7,856 2,004 5,500
Arkell Infiltration Overburden 25,000 6,500 6,900
Galleries
Dean Ave 560997 4819805 57.2 Upper - Middle Gasport 2,300 1,215 1,500
Downey Road 561798 4817015 73.8 Upper - Middle Gasport 5,237 3,940 5,100
Southwest Membro 560293 4819861 73.2 Upper - Middle Gasport 6,050 3,036 6,000
University 561613 4819168 64.3 Upper Gasport 3,300 1,648 2,500
Water Street 560773 4820356 60.0 Upper - Middle Gasport 3,400 1,184 2,700
Edinburgh3 560594 4820066 69.5 Upper - Middle Gasport 0 0
Clythe Creek 564031 4823927 58.9 Reformatory Quarry - Lower Gasport N/A? 3,000 2
Northeast Emma 559931 4823351 46.0 Upper - Middle Gasport 3,100 2,273 2,800
Helmar 560357 4825777 79.6 Upper - Middle Gasport 3,273 500 1,500
Park 1 & Park 2 560430 4823231 57.0 Upper - Middle Gasport 10,300 5,897 8,000
Calico 554602 4819900 64.0 Upper Gasport 5,237 748 1,100
Paisley 558126 4819636 80.2 Upper - Middle Gasport 3,200 762 1,400
Northwest Queensdale 558482 4818297 74.4 Guelph - Upper Gasport 5,237 702 2,000
Sacco 556416 4821929 95.7 Guelph - Middle Gasport N/A? 1,150 2
Smallfield 556748 4820866 102.1 Guelph - Lower Gasport N/A? 1,400 2
NOTES:

1) Estimated Sustainable Rates from Water Supply Master Plan, Earth Tech et al., (2006)
2) Sustainable Rate estimated by City of Guelph Water Services Division

3) No current plans to use Edinburgh Well

4) Wells not pumped during 2008 due to water quality concerns
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May 2011 Table 2.2: Summary of Climate Normals 08-1112-0021
(1971 to 2000) For The Study Area

. Mean Annual Mean Annual
. Elevation Mean Annual | Mean Annual L
Station Name Temperature . Precipitation
(MASL) o Rainfall (mm) | Snowfall (cm)
°C) (mm)
Guelph Arboretum 327.7 6.5 771.4 160.6 923.3
Cambridge Galt MOE 268.2 7.2 787.2 127.2 912.9
Fergus Shand Dam 417.6 6.3 782.5 156 938.5
Waterloo Wellington A 317 6.7 765 159.5 907.9
Georgetown WWTP 221 6.8 743.8 141.5 885
Orangeville MOE 4115 6 731.5 160.2 891.7
Mean* n.a. 6.6 n.a. n.a. 909.9

Notes:

1) Mean of station data is not necessarily representative of the spatial distribution of meteorological data over the Study Area.
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May 2011 Table 2.3: Summary of WSC And GRCA Hydrometric
Data For The Study Area
l\?:i?ggr Station Name Plsgisgrgf Drzlrr%ge Measn Annual Flow
(km?) m°/s mm/yr
02GA033 Lutteral Creek Near Oustic 1953-1991 64.8 0.731 356
02GA040 | Speed River Near Armstrong Mills 1973-2005 167 2.12 400
02GA007* Speed River Near Guelph 1913-1917 180 2.18 382
02GAO031 | Blue Springs Creek Near Eden Mills 1965-2005 44.5 0.568 403
02GA029 Eramosa River Above Guelph 1962-2005 236 2.47 330
02GA020? Speed River Above Guelph 1953-1961 269 2.62 307
02GA032 0O.A.C. Farm No.5 at Guelph 1966-1984 251 0.024 302
02GA015 Speed River Below Guelph 1950-2005 593 5.67 302
02GA008° Speed River at Hespeler 1913-1949 707 6.39 285
02GA047 Speed River at Cambridge 2002-2005 NA 7.83 NA
2GAC19 Mill Creek at Sideroad 10 1990-2005 82.3 0.877 336
Notes:

1) Gauge 02GA007 has incomplete data for 1913 and 1917.
2) Gauge 02GA020 has incomplete data for 1953 and 1961.
3) Gauge 02GA008 is missing data sporadically from 1922 to 1947.
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Table 2.4: Previous Hydraulic Conductivity Values
for Regional Stratigraphic Units

08-1112-0021

Horizontal
Hydraulic
Conductivity (m/s)

Ratio of Vertical to
Horizontal
Hydraulic

Conductivity

Data Source

Overburden (Sand and Gravel)

2.5x10™ to 5x10™ 0.25 Arkell Spring Grounds MODFLOW Model
5x107° to 7x10™ 0.10 Reid's Heritage Homes Groundwater Model
6x10° to 1x10°® - City of Guelph Northwest Quadrant Report
1x10™ 0.10 GRCA FEFLOW Model
9x10™ to 1.2x10™ 0.50 Mill Creek Groundwater Model
2.5x10™ to 5x10™ 1.00 Guelph-Puslinch FEFLOW Model
Overburden (Till)
1x107 0.25 Arkell Spring Grounds MODFLOW Model
5x10° to 8x10” 0.10 Reid's Heritage Homes Groundwater Model
2x10° to 9x10° - City of Guelph Northwest Quadrant Report
1x10° 0.10 GRCA FEFLOW Model
1.4x10™ 0.50 Mill Creek Groundwater Model
1x10° to 1x10°® 0.50 Guelph-Puslinch FEFLOW Model
Contact Aquifer
1x10° to 7x10° Reid's Heritage Homes Groundwater Model
1.2x10™ 0.50 Mill Creek Groundwater Model (Upper bedrock)
1x10™ 1.00 Guelph-Puslinch FEFLOW Model
Guelph Formation
5x10° to 8x10® 0.50 Arkell Spring Grounds MODFLOW Model
7x10° to 8x10° - City of Guelph Northwest Quadrant Report
5x10° 0.10 GRCA FEFELOW Model (Represents combined Guelph,
ramosa and Amabel Formations)
1x10° 1.00 Guelph-Puslinch FEFLOW Model
Eramosa Member
5x10°® to 1x10°® 0.10 Arkell Spring Grounds MODFLOW Model
7x10° to 1x10°® - City of Guelph Northwest Quadrant Report
5x10° 0.02 Guelph-Puslinch FEFLOW Model

Upper/Lower Amabel Formation

5x10° to 1x10® 0.25
1x10° 0.50 Guelph-Puslinch FEFLOW Model
Production Amabel
5x10° to 4x10° 1.00 Arkell Spring Grounds MODFLOW Model
up to 4x107 - City of Guelph Northwest Quadrant Report
Variable ranging
from 1x10™ to 1.00 Guelph-Puslinch FEFLOW Model

1.7x10°
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Table 4.1: Monitoring Well Program Overview

08-1112-0021

WORK PROGRAM BOREHOLE NAME

COMPONENT MW08-T3-01 | MW08-T3-02 [ MW08-T3-03 | MW08-T3-04 | MWO08-T3-05 | MW08-T3-06 | MW08-T3-07 | MW08-T3-08 | MWO08-T3-09 | MWO08-T3-10 | MW09-T3-01
Drilling

Tri-coning v v v v v v v

PQ Coring v v v

HQ Coring v
Hydraulic Testing

Short Pumping Test v v v v v v v v v v v
Packer Testing v v v v v v v v v v
FLUTe K-Profiling v v v v v v v v v v

Geophysics

Natural Gamma v v 4 v v v v v v v v
Apparent Conductivity v v v v v v v v v v v
Optical Televiewer v v v v v v v v v v v
Borehole Video Logging v v v v v

Temperature Logging v v v

Multi-level Construction

Flute Multi-level Installation v v

Solinst Mulit-Level Installation v 4 v

Westbay Multi-Level Installation v v v v v

Shal_low_ Bedrock 1" OD _PVC v v v v
Monitoring Well Installation

Deep Bedrock 1" OD PVC v
Monitoring Well Installation

Number of Bedrock Monitoring

Intervals 9 23 14 28 9 9 9 10 16 18 2
Step-off Overburden Well 4 4 v v v v v

Water Quality and Water Level Monitoring

Number of Data Loggers

Installed in Bedrock Intervals 1 1 1 3 3 2
Data Logger Installed in

Overbur?jgen Interval v v v v v v v
kSN I N2 B B2 B2 B2 B2 B A

Water Quality Sampling (metals,

nutrients, general chemisty, v v v v v

DOC)
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Table 4.2: Borehole Details

08-1112-0021

Ground Borin brilling Casin Casing :::j(err?glke Top of Bottom of
Borehole Name Location Easting Northing Elevation 9 Completion . 9 Depth . Bedrock
Method Diameter (mm) Diameter Hole (mbgs)
(masl) Date (mbgs) (mbgs)
(mm)
MWO08-T3-01 Marden Tract 555101.11 4824026.41 339.25 Air Rotary 08/07/2008 152.4 10.8 152.4 9.8 95.7
MWO08-T3-02 Mill Road 559361.46 4830632.50 367.32 PQ Coring 09/09/2008 152.4 8.5 121.9 8.6 89.9
MWO08-T3-03 Hurkman Tract 563028.55 4835572.20 399.46 Air Rotary 28/07/2008 152.4 43.9 152.4 30.5 97.2
MWO08-T3-04 Hwy 6 - South of Fergus 552653.90 4836466.61 413.95 Air Rotary 06/08/2008 152.4 19.4 152.4 19.2 143.9
MWO08-T3-05 Johnson Tract 562220.26 4845823.57 427.59 PQ Coring 15/09/2008 152.4 19.2 121.9 16.8 104.9
MWO08-T3-06 Everton 568274.08 4834617.39 365.83 PQ Coring 19/09/2008 152.4 1.1 121.9 1.1 57.7
MWO08-T3-07 County Road 29 564581.25 4828348.62 354.29 Air Rotary 30/09/2008 152.4 15.5 152.4 14.9 76.5
MWO08-T3-08 Kaine Hill Drive 560948.78 4826604.45 345.33 Air Rotary 10/07/2008 152.4 16.9 152.4 16 76.2
MWO08-T3-09 Crawford Tract 570645.12 4820064.57 346.47 Air Rotary 12/08/2008 152.4 28 152.4 25.6 84.7
MWO08-T3-10 Vance Tract 563160.90 4812508.87 330.31 Air Rotary 17/07/2008 152.4 39 152.4 38.5 105.4
MWO09-T3-01 Little Tract 560864.18 4810648.97 315.84 HQ Coring 05/06/2009 127 25.6 88.9 23.8 113.1
Step-Off Overburden Boreholes
Ground Borin Drilling Casin Top of Bottom of Top of Bottom of
Borehole Name Location Easting Northing Elevation g Completion . 9 Screen Screen Sandpack | Sandpack
Method Diameter (mm)
(masl) Date (mbgs) (mbgs) (mbgs) (mbgs)
MWO08-T3-03-OB Hurkman Tract 563029.51 4835573.58 399.45 Air Rotary 07-28-2008 38.1 35.4 36.9 34.8 36.9
MWO08-T3-04-OB Hwy 6 - South of Fergus 552651.43 4836461.87 413.70 Air Rotary 08-06-2008 38.1 15.2 16.8 13.1 16.8
MWO08-T3-05-OB Johnson Tract 562220.26 4845823.57 427.59 Air Rotary 09-15-2008 38.1 9.1 10.7 7.6 10.7
MWO08-T3-07-OB County Road 29 564581.25 4828348.62 354.29 Air Rotary 09-30-2008 38.1 12.2 134 104 134
MWO08-T3-08-OB Kaine Hill Drive 560948.78 4826604.45 345.33 Air Rotary 07-10-2008 38.1 14.3 15.9 13.7 15.9
MWO08-T3-09-OB Crawford Tract 570645.73 4820063.83 346.47 Air Rotary 08-12-2008 38.1 10.1 11.6 8.5 11.6
MWO08-T3-10-OB Vance Tract 563160.90 4812508.87 330.31 Air Rotary 07-17-2008 38.1 335 36.6 32.0 36.6
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May 2011 Table 4.3: Packer Testing Results 08-1112-0021

Packer Test Interval Water Level | Water Level
m) Interval Pumping Rate Drawdown at Open Hole in Packer above
Site/Interval Length 3 End of Test Formation Static Water K (m/s) Analysis Method
m) (m°/day) m) Level (mbtop) Interval Packer
Top Bottom (mbtop) (mbtop)
MWO08-T3-01-1 65 75 10 92 15.24 Goat Island 2.55 2.68 - 5.4E-06 Thiem/Dupuis
MWO08-T3-01-2 48 58 10 85 33.22 Reformatory Quarry / Vinemount 2.57 2.78 - 2.6E-06 Hvorslev
MWO08-T3-01-3 35 45 10 92 4.68 Reformatory Quarry 2.57 2.00 - 1.8E-05 Thiem/Dupuis
MWO08-T3-01-4 18 28 10 92 11.73 Reformatory Quarry 2.24 3.46 - 7.0E-06 Thiem/Dupuis
MWO08-T3-02-11 60.3 70.3 10 Gasport 1.3E-06 Hvorslev
MWO08-T3-02-21 50.3 60.3 10 Gasport 2.8E-06 Hvorslev
MWO08-T3-02-3* 40.3 50.3 10 Gasport 1.1E-06 Hvorslev
MWO08-T3-02-4" 29.3 39.3 10 Gasport 6.1E-07 Hvorslev
Stone Road / Reformatory Quarry /
1 -f

MWO08-T3-02-5 19.3 29.3 10 Vinemount 7.5E-06 Hvorslev
MWO08-T3-04-1 114.7 124.7 10 89 1.90 Gasport 9.42 10.47 10.07 inconclusive
MWO08-T3-04-2 60 70 10 82 42.63 Goat Island 9.60 10.24 10.10 1.7E-06 Thiem/Dupuis
MWO08-T3-04-3 26 36 10 85 13.45 Guelph 9.60 10.31 10.07 5.7E-06 Thiem/Dupuis
MWO08-T3-05-1* 61.8 67.8 6 Gasport 6.0E-07 Hvorslev
MWO08-T3-05-21 55.8 61.8 6 Gasport 3.4E-05 Hvorslev
MWO08-T3-05-3* 49.8 55.8 6 Goat Island / Gasport 1.5E-05 Hvorslev
MWO08-T3-05-41 43.8 49.8 6 Goat Island 7.5E-06 Hvorslev
MWO08-T3-05-51 37.8 43.8 6 Goat Island 6.0E-07 Hvorslev
MWO08-T3-05-61 31.8 37.8 6 Vinemount / Goat Island 6.7E-06 Hvorslev
MWO08-T3-05-7* 25.8 318 6 Reformatory Quarry / Vinemount 2.2E-06 Hvorslev
MWO08-T3-05-8 19.8 25.8 6 Stone Road / Reformatory Quarry 3.0E-06 Hvorslev
MWO08-T3-06-11 39.6 45.6 6 Gasport 3.0E-06 Hvorslev
MWO08-T3-06-2* 33.6 39.6 6 Gasport 3.0E-05 Hvorslev
MWO08-T3-06-3* 23.6 29.6 6 Gasport 1.1E-06 Hvorslev
MWO08-T3-06-41 17.6 23.6 6 Gasport 5.2E-07 Hvorslev
MWO08-T3-06-5* 11.6 17.6 6 Gasport 1.0E-06 Hvorslev
MWO08-T3-06-61 5.6 11.6 6 Goat Island / Gasport 2.3E-05 Hvorslev
MWO08-T3-07-1 52 62 10 79 7.66 Goat Island / Gasport 11.05 11.54 11.05 9.2E-06 Thiem/Dupuis
MWO08-T3-07-2 42 52 10 72 11.00 Goat Island 11.05 11.89 7.52 inconclusive
MWO08-T3-07-3 25 35 10 85 1.32 Vinemount 11.44 6.93 6.58 inconclusive
MWO08-T3-07-4 15 25 10 82 5.55 Reformatory Quarry / Vinemount 11.46 6.19 - 2.6E-06 Thiem/Dupuis
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May 2011 Table 4.3: Packer Testing Results 08-1112-0021

Packer Test Interval Water Level | Water Level
‘ m) Interval Pumping Rate Drawdown at - Opgn Hole in Packer above .
Site/Interval Length (mlday) End of Test Formation Static Water Interval packer K (m/s) Analysis Method
Top Bottom (m) (m) Level (mbtop) (mbtop) (mbtop)
MWO08-T3-08-1 52 62 10 92 457 Goat Island / Gasport 11.10 11.39 11.00 1.8E-05 Thiem/Dupuis
MWO08-T3-08-2 41 51 10 92 2.87 Goat Island 11.10 11.56 10.42 2.9E-05 Thiem/Dupuis
MWO08-T3-08-3 25 35 10 79 7.11 Vinemount / Goat Island 11.10 11.66 5.64 9.9E-06 Thiem/Dupuis
MWO08-T3-08-4 15 25 10 79 9.01 Reformatory Quarry / Vinemount 11.12 4,99 11.13 2.0E-05 Hvorslev
MWO08-T3-09-1 67 7 10 85 0.33 Gasport 17.94 18.48 9.19 2.3E-04 Thiem/Dupuis
MWO08-T3-09-2 53 63 10 79 3.31 Gasport 17.94 19.29 8.03 2.1E-05 Thiem/Dupuis
MWO08-T3-09-3 40 50 10 79 0.75 Goat Island / Gasport 18.31 19.62 6.90 9.4E-05 Thiem/Dupuis
MWO08-T3-09-4 29 39 10 82 17.62 Goat Island 18.31 8.35 6.66 4.2E-06 Thiem/Dupuis
MWO08-T3-10-1 89 99 10 79 0.31 Gasport 13.94 25.52 12.42 2.3E-04 Thiem/Dupuis
MWO08-T3-10-2 70 80 10 72 3.49 Gasport 13.94 29.63 12.10 1.9E-05 Thiem/Dupuis
MWO08-T3-10-3 46 56 10 72 30.00 Goat Island - 13.24 11.91 5.1E-06 Hvorslev
MWO08-T3-10-4 36 46 10 88 0.37 Reformatory Quarry - 11.98 14.09 2.1E-04 Thiem/Dupuis
MWO09-T3-01-1 25 28.1 3 7972 6.94 Guelph 11.81 6.97 5.87 3.8E-06 Hvorslev
MWO09-T3-01-2 43 46 3 1512 5.87 Reformatory Quarry 11.09 7.29 5.58 1.4E-06 Hvorslev
MWO09-T3-01-3 50 53 3 722 4.59 Vinemount 12.07 6.51 5.44 7.2E-07 Hvorslev
MWO09-T3-01-4 58.5 61.5 3 169 2 12.00 Goat Island 12.60 12.58 6.27 2.8E-06 Hvorslev
MWO09-T3-01-5 73 76 3 1472 10.86 Gasport 12.03 12.05 7.55 6.4E-05 Hvorslev
MW09-T3-01-6 97 100 3 1422 0.50 Gasport 12.38 12.375 10.86 9.3E-04 Thiem/Dupuis
MW09-T3-01-7 64 113 49 3242 0.32 Gasport to Cabot Head 12.14 12.18 6.48 1.1E-05 Hvorslev
NOTES:

1) Packer testing at Sites MW08-T3-02, MW08-T3-05 and MW08-T3-06 was conducted by the University of Guelph.
2) Pumping rate of injection pumping for a falling head test.
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1) Static water level measured immediately prior to Test.

2) A higher pump rate was used for the first 20 minutes at MWO08-T3-03.
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May 2011 Table 4.4: Open Borehole Specific Capacity Testing Results 08-1112-0021

. Bottom of ) Static Pumping Drawdown Specific
Well D | C25IN9 |i01e peptn | Thickness | Water 1 oo ™| Elapsed | = engor | S22 1 sy | LT Analysis Method
Depth (m) (m) Level 3 Time (min) (m*/day/m (m*/day)
(m) 1| (m°/day) Test (m)
(mbTOC) DD)
MWO08-T3-01 10.8 95.7 84.9 2.66 281 120 13.7 21 4.2E-06 16 Thiem/Dupuis Solution
MWO08-T3-02 8.5 89.9 77.5 12.38 180 120 17.9 10 3.3E-06 8 Thiem/Dupuis Solution
MWO08-T3-03 43.9 97.2 53.3 24.45 742 60 21.0 4 7.7E-06 3 Thiem/Dupuis Solution
MWO08-T3-04 194 143.9 124.5 10.19 273 240 9.1 30 2.3E-06 23 Thiem/Dupuis Solution
MWO08-T3-05 19.2 104.9 85.7 0.67 305 60 8.8 35 5.3E-06 28 Thiem/Dupuis Solution
MWO08-T3-06 1.1 57.7 56.6 0.96 206 60 26.9 8 4.4E-06 6 Thiem/Dupuis Solution
MWO08-T3-07 15.5 76.5 61.0 11.23 295 240 0.7 398 3.5E-05 310 Thiem/Dupuis Solution
MWO08-T3-08 16.9 76.2 59.3 11.81 272 240 6.8 40 5.4E-06 31 Thiem/Dupuis Solution
MWO08-T3-09 28.0 84.1 56.1 18.06 281 270 0.6 440 2.8E-05 342 Thiem/Dupuis Solution
MWO08-T3-10 39.0 105.4 66.4 12.91 290 240 0.4 763 1.3E-04 593 Thiem/Dupuis Solution
MWO09-T3-01 25.6 113.1 87.5 11.86 71 30 0.08 885 1.6E-04 753 Thiem/Dupuis Solution
NOTES:
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Table 4.5: Monitoring Well Completion Details

Ground Monitoring Tube Bottom Top Sand Bottom
Borehole Surface Well . Top Screen . Transducer
- ; Interval ID | Diameter Screen Pack Sand Pack Formation Screened
Name Elevation Installation (mm) (mbgs) (mbgs) (mbgs) (mbgs) Installed
(masl) Date
8-Jul-2008 Cs 25.4 114 11.7 10.7 12.5 Eramosa - Reformatory Quarry Yes
1 6.4 154 15.7 13.9 17.2 Eramosa - Reformatory Quarry
2 6.4 24.4 24.7 224 26.7 Eramosa - Reformatory Quarry
3 19.1 40.2 40.5 39.2 41.6 Eramosa - Reformatory Quarry
MWO08-T3-01 339.25 23-Jun-2009 4 6.4 52.0 52.3 49.8 54.4 Eramosa - Reformatory Quarry
5 6.4 60.0 60.3 58.8 61.4 Goat Island - Ancaster
6 19.1 68.1 68.4 66.8 69.8 Goat Island - Ancaster
7 6.4 78.0 78.3 75.6 80.6 Gasport
8 6.4 92.3 92.6 91.0 94.0 Irondequoit and Rockway
1 N/A N/A N/A 7.8 8.8 Guelph - Hanlon
2 N/A N/A N/A 9.8 11.6 Guelph - Hanlon
3 N/A N/A N/A 13.1 14.6 Guelph - Hanlon
4 N/A N/A N/A 16.2 17.7 Eramosa - Stone Road
5 N/A N/A N/A 19.2 20.7 Eramosa - Stone Road
6 N/A N/A N/A 235 25.1 Eramosa - Reformatory Quarry
7 N/A N/A N/A 26.7 28.5 Eramosa - Vinemount
8 N/A N/A N/A 30.0 317 Eramosa - Vinemount and Gasport
9 N/A N/A N/A 33.2 35.1 Gasport
10 N/A N/A N/A 36.6 38.1 Gasport
11 N/A N/A N/A 39.6 41.1 Gasport
MWO08-T3-02 8-Apr-2010 12 N/A N/A N/A 43.4 45.4 Gasport
13 N/A N/A N/A 46.9 48.5 Gasport
14 N/A N/A N/A 50.0 51.5 Gasport
15 N/A N/A N/A 53.0 54.6 Gasport
16 N/A N/A N/A 56.4 58.2 Gasport
17 N/A N/A N/A 59.9 61.7 Gasport
18 N/A N/A N/A 63.4 65.4 Gasport
19 N/A N/A N/A 68.4 70.7 Gasport
20 N/A N/A N/A 73.6 76.0 Gasport
21 N/A N/A N/A 78.6 81.2 Gasport
22 N/A N/A N/A 82.8 84.3 Irondequoit
23 N/A N/A N/A 86.3 87.8 Cabot Head
28-Jul-2008 OB 50.8 35.4 36.9 34.8 36.9 Eramosa - Stone Road Yes
1 N/A N/A N/A 43.9 45.4 Eramosa - Stone Road and
Reformatory Quarry
2 N/A N/A N/A 16.6 48.2 Eramosa - Re_formatory Quarry and
Vinemount
3 N/A N/A N/A 49.7 51.2 Eramosa - Vinemount
Eramosa - Vinemount and Goat Island -|
4 N/A N/A N/A 53.3 55.0 )
Niagara Falls
MWO08-T3-03 8-Apr-2010 5 N/A N/A N/A 56.5 58.8 Goat Island - Niagara Falls
6 N/A N/A N/A 60.8 62.9 Goat Island - Niagara Falls
7 N/A N/A N/A 64.8 66.8 Goat Island - Niagara Falls
8 N/A N/A N/A 71.0 73.8 Gasport
9 N/A N/A N/A 75.3 76.8 Gasport
10 N/A N/A N/A 78.6 81.1 Gasport
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Table 4.5: Monitoring Well Completion Details

Ground Monitoring Tube Bottom Top Sand Bottom
Borehole Surface Well . Top Screen . Transducer
- ) Interval ID | Diameter Screen Pack Sand Pack Formation Screened
Name Elevation Installation (mm) (mbgs) (mbgs) (mbgs) (mbgs) Installed
(masl) Date
11 N/A N/A N/A 83.7 85.8 Gasport
12 N/A N/A N/A 87.5 89.3 Gasport
MWO08-T3-03 8-Apr-2010 13 N/A N/A N/A 90.8 92.8 Gasport
14 N/A N/A N/A 94.5 96.0 Irondequoit, Rockway and Cabot Head
6-Aug-2008 OB 50.8 15.24 16.76 13.1 16.76 Silty Sand and Gravel Yes
1 N/A N/A N/A 19.2 221 Guelph - Hanlon
2 N/A N/A N/A 26.1 28.0 Guelph - Hanlon
3 N/A N/A N/A 30.0 33.7 Guelph - Hanlon
4 N/A N/A N/A 35.7 38.4 Guelph - Hanlon
5 N/A N/A N/A 41.6 44.2 Guelph - Hanlon
6 N/A N/A N/A 46.6 48.8 Guelph - Hanlon
7 N/A N/A N/A 50.3 52.4 Goat Island - Niagara Falls
8 N/A N/A N/A 53.9 55.9 Goat Island - Niagara Falls
9 N/A N/A N/A 57.6 59.3 Goat Island - Niagara Falls
10 N/A N/A N/A 60.8 63.1 Goat Island - Niagara Falls
11 N/A N/A N/A 65.2 67.5 Goat Island - Niagara Falls
12 N/A N/A N/A 69.6 71.9 Goat Island - Niagara Falls
13 N/A N/A N/A 75.0 76.8 Goat Island - Niagara Falls
MWO08-T3-04 9-Apr-2010 14 N/A N/A N/A 78.5 80.5 Goat Island - Niagara Falls
15 N/A N/A N/A 83.8 86.3 Goat Island - Niagara Falls
Goat Island - Niagara Falls and
16 N/A N/A N/A 87.8 91.0 Gasport
17 N/A N/A N/A 93.3 96.0 Gasport
18 N/A N/A N/A 97.5 99.2 Gasport
19 N/A N/A N/A 102.4 104.4 Gasport
20 N/A N/A N/A 105.9 107.4 Gasport
21 N/A N/A N/A 109.0 111.9 Gasport
22 N/A N/A N/A 113.7 115.7 Gasport
23 N/A N/A N/A 117.3 120.1 Gasport
24 N/A N/A N/A 121.8 125.0 Gasport
25 N/A N/A N/A 126.5 128.0 Gasport
26 N/A N/A N/A 130.5 133.4 Gasport
27 N/A N/A N/A 136.9 139.1 Gasport
28 N/A N/A N/A 141.0 143.3 Merritton and Cabot Head
15-Sep-2008 OB 50.8 9.1 10.7 7.6 10.7 Sand and Gravel Yes
Cs 25.4 23.80 25.3 21.3 25.6 Eramosa - Stone Road Yes
Eramosa - Reformatory Quarry and
1 6.4 338 4.1 s0.3 376 Vinemount, Goat Island - Niagara Falls
MWO08-T3-05 427.59 2 6.4 42.1 42.4 40.4 44.2 Goat Island - Niagara Falls
8-Jul-2009 3 6.4 50.3 50.6 475 53.3 Goat Island - Niagara Falls
4 19.1 58.7 59.0 56.8 60.8 Gasport
5 6.4 67.2 67.5 65.7 69.0 Gasport
6 6.4 72.7 73.0 70.9 74.8 Gasport
7 19.1 90.1 90.4 85.3 95.1 Gasport
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Table 4.5: Monitoring Well Completion Details

Ground

Monitoring

Borehole Surface Well .Tube Top Screen Bottom Top Sand Bottom . Transducer
. ) Interval ID | Diameter Screen Pack Sand Pack Formation Screened
Name Elevation Installation (mm) (mbgs) (mbgs) (mbgs) (mbgs) Installed
(masl) Date 9 9 9
MW08-T3-05 8 6.4 101.2 1015 100.0 1027 | 'rondequoit, Rockway, Merritton and
Cabot Head
cs 25.4 11 20 08 20 Goat Island - Ar'lt;alllzter and Niagara Yes
1 6.4 4.0 4.3 34 4.9 Goat Island - Niagara Falls
2 6.4 6.5 6.8 5.9 7.3 Gasport
3 6.4 10.3 10.6 9.6 11.3 Gasport
MWO08-T3-06 |  365.83 2-Jul-2009 4 19.1 19.8 20.1 17.1 22.9 Gasport
5 6.4 27.1 274 25.1 29.3 Gasport
6 19.1 36.7 37.0 35.4 38.4 Gasport
7 6.4 45.6 45.9 44.3 47.2 Gasport
8 6.4 56.3 56.6 55.6 57.3 Cabot Head
30-Sep-2008 OB 50.8 12.2 134 10.4 134 Silty Sand and Gravel Yes
1 25.4 15.5 17.8 N/A N/A Eramosa - Reformatory Quarry Yes
2 95 20.4 224 N/A N/A Eramosa - Re_formatory Quarry and
Vinemount
3 25.4 30.0 32.3 N/A N/A Eramosa - Vinemount Yes
MWO08-T3-07 354.29 1-Dec-2009 4 95 341 35.8 N/A N/A Eramosa - Vinemount and Goat Island -|
Ancaster
5 9.5 41.9 45.1 N/A N/A Goat Island - Ancaster
6 25.4 48.0 52.0 N/A N/A Goat Island - Ancaster Yes
7 9.5 54.7 57.8 N/A N/A Gasport
8 9.5 66.8 69.6 N/A N/A Gasport
10-Jul-2008 OB 50.8 14.3 15.9 13.7 15.9 Clayey Silt to Sand and Gravel Yes
1 25.4 16.8 18.4 N/A N/A Eramosa - Reformatory Quarry Yes
2 95 20.4 224 N/A N/A Eramosa - Re_formatory Quarry and
Vinemount
3 25.4 26.4 30.3 N/A N/A Eramosa - Vinemount Yes
4 9.5 33.7 36.4 N/A N/A Goat Island - Ancaster
MWO08-T3-08 345.33 -
8-Jul-2009 5 9.5 38.9 411 N/A N/A Goat Island - Niagara Falls
6 9.5 47.9 514 N/A N/A Goat Island - Niagara Falls
7 254 56.2 61.0 N/A N/A Gasport Yes
8 9.5 63.2 65.4 N/A N/A Gasport
9 95 736 76.2 N/A N/A Irondequoit, Rockway, Merritton and
Cabot Head
12-Aug-2008 OB 50.8 10.1 11.6 8.5 11.6 Sand and Gravel Yes
1 N/A N/A N/A 27.9 29.4 Goat Island - Ancaster
2 N/A N/A N/A 31.2 32.8 Goat Island - Ancaster
MWO08-T3-09 346.47 3 N/A N/A N/A 34.9 36.4 Goat Island - Ancaster
' 10-Sep-2009 4 N/A N/A N/A 37.9 39.6 Goat Island - Ancaster
5 N/A N/A N/A 41.3 42.8 Goat Island - Niagara Falls
6 N/A N/A N/A 44.3 45.9 Goat Island - Niagara Falls
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Table 4.5: Monitoring Well Completion Details

Ground Monitoring Tube Bottom Top Sand Bottom
Borehole Surface Well . Top Screen . Transducer
- ) Interval ID | Diameter Screen Pack Sand Pack Formation Screened
Name Elevation Installation (mm) (mbgs) (mbgs) (mbgs) (mbgs) Installed
(masl) Date
7 N/A N/A N/A 47.9 51.2 Goat Island - Niagara Falls and
Gasport
8 N/A N/A N/A 52.7 54.3 Gasport
9 N/A N/A N/A 55.8 57.3 Gasport
MWO08-T3-09 10 N/A N/A N/A 58.8 61.3 Gasport
11 N/A N/A N/A 62.9 65.2 Gasport
12 N/A N/A N/A 66.8 69.5 Gasport
13 N/A N/A N/A 71.3 75.6 Gasport
14 N/A N/A N/A 7.7 79.7 Gasport
15 N/A N/A N/A 81.5 83.5 Rockway and Merritton
17-Jul-2008 OB 50.8 33.5 36.6 32.0 36.6 Sand and Gravel Yes
1 N/A N/A N/A 39.2 40.8 Eramosa - Reformatory Quarry
2 N/A N/A N/A 42.4 44.7 Eramosa - Reformatory Quarry
3 N/A N/A N/A 46.2 47.7 Goat Island - Ancaster
4 N/A N/A N/A 49.4 51.1 Goat Island - Ancaster
5 N/A N/A N/A 52.6 54.1 Goat Island - Ancaster
6 N/A N/A N/A 55.6 57.6 Goat Island - Ancaster
7 N/A N/A N/A 59.3 61.0 Goat Island - Niagara Fallls
8 N/A N/A N/A 63.1 65.2 Goat Island - Niagara Fallls
MW08-T3-10 | 33031 17-Sep-2009 9 N/A N/A N/A 66.8 68.6 Gasport
10 N/A N/A N/A 69.8 71.9 Gasport
11 N/A N/A N/A 73.5 75.1 Gasport
12 N/A N/A N/A 78.9 82.0 Gasport
13 N/A N/A N/A 84.7 87.6 Gasport
14 N/A N/A N/A 89.6 91.4 Gasport
15 N/A N/A N/A 93.3 96.8 Gasport
16 N/A N/A N/A 98.5 100.0 Gasport
17 N/A N/A N/A 102.7 104.5 Rockway and Merritton
MWO09-T3-01 315.84 5-Jun-2009 1 25.4 25.9 30.5 25.0 32.0 Guelph - Hanlon Yes
2 25.4 82.3 97.5 79.2 100.6 Gasport Yes
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Table 4.6: Water Quality Sampling Results

Well ID Units | roL | OPWS-| ODWS- | MWOB-T3-01- | MWOS-T3-01- | MWOB-TS-01- | 1\y/06 73.02 | MW08-T3-02 | MWO8-T3-02 | MWO08-T3-03 | MW0B-T3-03 | MW08-T3-03 | MW08-T3-04 | MW08-T3-04 | Mwo8-T3-04 | MO8 T3-05-| MWOB-T3-05- | MWOS-T3-05-
MAC AO/OG CSs 3 6 Cs 4 7
Sampling Date 07-Dec-09 07-Dec-09 07-Dec-09 15-Dec-09 15-Dec-09 15-Dec-09
: Eramosa- Eramosa- | oo istand - Eramosa -
Formation Sampled Reformatory | Reformatory Ancaster Stone Road Gasport Gasport
Quarry Quarry
Inorganics
Total Ammonia-N mg/L 0.05 0.29 0.79 0.35 0.20 0.23 0.26
Conductivity umho/cm 1 996 804 951 1670 2180 2340
Dissolved Organic Carbon mg/L 0.2 5 11 1.0 1.3 1.2 1.9 1.2
Orthophosphate (P) mg/L 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
pH pH 7.9 7.8 8.0 7.9 7.8 7.6
Dissolved Sulphate (SO,) mg/L 1 500 37 32 96 780 1200 1300
Alkalinity (Total as CaCOs) mg/L 1 30-500 271 333 261 166 174 156
Dissolved Chloride (Cl) mg/L 1 250 140 49 94 9 15 16
Nitrite (N) mg/L 0.01 1 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Nitrate (N) mg/L 0.1 10 <0.1 0.3 <0.1 <0.1 <0.1 <0.1
Nitrate + Nitrite mg/L 0.1 10 <0.1 0.3 <0.1 <0.1 <0.1 <0.1
Calculated Parameters
Anion Sum me/L N/A 10.2 8.71 9.87 19.7 28.1 31.0
E:gg;)“ka"n'ty (cale. as mgiL 1 269 331 259 165 173 155
Calculated TDS mg/L 1 500 543 464 537 1290 1840 2030
gzgéglkahmty (calc. as ma/L 1 2 2 2 1 1 1
Cation Sum me/L N/A 10.7 9.42 10.1 21.6 30.2 317
Hardness (CaCOs) mg/L 1 80-100 470 410 450 1000 1400 1500
lon Balance (% Difference) % N/A 2.61 3.92 1.20 4.60 3.64 1.19
Langelier Index (@ 20C) N/A 0.908 0.923 0.924 0.975 1.01 0.840
Langelier Index (@ 4C) N/A 0.660 0.675 0.677 0.730 0.764 0.597
Saturation pH (@ 20C) N/A 6.5-8.5 7.00 6.92 7.04 6.89 6.79 6.78
Saturation pH (@ 4C) N/A 6.5-8.5 7.25 7.17 7.29 7.14 7.03 7.02
Metals
Dissolved Aluminum (Al) ug/L 5 100 <5 <5 7 <5 <5 <5
Dissolved Antimony (Sb) ug/L 0.5 6 0.7 1.0 0.6 <0.5 <0.5 <0.5
Dissolved Arsenic (As) ug/L 1 25 1 <1 <1 5 2 1
Dissolved Barium (Ba) ug/L 5 1000 20 30 68 8 8 7
Dissolved Beryllium (Be) ug/L 0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Dissolved Bismuth (Bi) ug/L 1 <1 <1 <1 <1 <1 <1
Dissolved Boron (B) ug/L 10 5000 35 17 50 85 110 110
Dissolved Cadmium (Cd) ug/L 0.1 5 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Dissolved Calcium (Ca) ug/L 200 110000 110000 110000 300000 400000 470000
Dissolved Chromium (Cr) ug/L 5 50 <5 <5 <5 <5 <5 <5
Dissolved Cobalt (Co) ug/L 0.5 2.0 4.3 3.7 0.7 <3t <3t
Dissolved Copper (Cu) ug/L 1 1000 <1 <1 <1 <1 <1 <1
Dissolved Iron (Fe) ug/L 100 300 940 7900 350 1500 1800 1100
Dissolved Lead (Pb) ug/L 0.5 10 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Dissolved Magnesium (Mg) ug/L 50 46000 36000 45000 65000 100000 81000
Dissolved Manganese (Mn) ug/L 2 50 22 170 25 29 17 31
Dissolved Molybdenum (Mo) ug/L 1 1 1 <1 3 5 4
Dissolved Nickel (Ni) ug/L 1 <1 2 <1 <1 <5t <5!
Dissolved Phosphorus (P) ug/L 100 <100 <100 <100 <100 <100 <100
Dissolved Potassium (K) ug/L 200 2100 1100 2200 2200 3000 3100
Dissolved Selenium (Se) ug/L 2 10 <2 <2 <2 <2 <2 <2
Dissolved Silicon (Si) ug/L 50 6100 5600 6000 5800 5600 5100
Dissolved Silver (Ag) ug/L 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Dissolved Sodium (Na) ug/L 100 200000 30000 19000 25000 30000 35000 28000
Dissolved Strontium (Sr) ug/L 1 2800 970 25000 4600 7600 8700
Dissolved Thallium (TI) ug/L 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Dissolved Titanium (Ti) ug/L 5 <5 <5 <5 <5 <5 <5
Dissolved Uranium (U) ug/L 0.1 20 1.1 0.7 0.4 1.9 0.9 0.5
Dissolved Vanadium (V) ug/L 1 <1 <1 <1 <1 <1 <1
Dissolved Zinc (Zn) ug/L 5 5000 <5 <5 <5 <30 <30 <30"

NOTES: 1) Detection Limit was raised due to matrix interferences; 2) RDL = Reportable Detection Limit; 3) ODWS - Ontario Drinking Water Quality Standards, Objectives and Guidelines;

4) MAC - Maximum Acceptable Concentration; 5) AO/OG - Aesthetic Objective and/or Operational Guideline.
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Table 4.6: Water Quality Sampling Results

Well ID units | roL | OPWS- | ODWS- | MWO8-T3-06- | MWOB-T3-06- | MWOB-T3-06- | \\\v08 73.07 | Mwo08-T3-07 | Mwog-Ta-o7 | MW08-T3-08- | MWOB-T3-08- | MWOB-T3-08- | /1106 13.09 | MWO08-T3-09 | MWO8-T3-09 | MWO8-T3-10 | MWOS-T3-10 | MWO08-T3-10
MAC AO/OG CS 4 6 1 3 7
Sampling Date 08-Dec-09 08-Dec-09 08-Dec-09 14-Dec-09 14-Dec-09 14-Dec-09
Goat Island - Eramosa -
Formation Sampled Ancaster and Gasport Gasport Reformatory \Eir:;?m:)jjn_t Gasport
Niagara Falls Quarry
Inorganics
Total Ammonia-N mg/L 0.05 0.05 0.09 0.28 4.9 3.1 0.39
Conductivity umho/cm 1 1340 747 1890 614 555 658
Dissolved Organic Carbon mg/L 0.2 5 4.5 11 0.7 9.0 8.3 1.2
Orthophosphate (P) mg/L 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
pH pH 8.1 7.9 7.8 7.8 7.8 7.8
Dissolved Sulphate (SO,) mg/L 1 500 350 140 900 <1 <1 58
Alkalinity (Total as CaCOs) mg/L 1 30-500 295 259 177 296 268 266
Dissolved Chloride (Cl) mg/L 1 250 67 5 22 24 20 22
Nitrite (N) mg/L 0.01 1 0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Nitrate (N) mg/L 0.1 10 1.4 <0.1 <0.1 <0.1 <0.1 <0.1
Nitrate + Nitrite mg/L 0.1 10 14 <0.1 <0.1 <0.1 <0.1 <0.1
Calculated Parameters
Anion Sum me/L N/A 15.2 8.34 229 6.58 5.94 7.16
E'acgg;)A'ka"”'ty (cale. as mgiL 1 291 257 176 294 267 264
Calculated TDS mg/L 1 500 916 466 1510 350 307 374
gzgéglkahmty (calc. as ma/L 1 3 2 1 2 2 2
Cation Sum me/L N/A 15.6 8.92 25.1 7.09 6.01 7.02
Hardness (CaCOs3) mg/L 1 80-100 570 430 1200 300 260 320
lon Balance (% Difference) % N/A 1.15 3.36 4.63 3.78 0.550 0.990
Langelier Index (@ 20C) N/A 1.22 0.904 1.02 0.661 0.613 0.692
Langelier Index (@ 4C) N/A 0.973 0.656 0.779 0.412 0.364 0.443
Saturation pH (@ 20C) N/A 6.5-8.5 6.85 7.02 6.79 7.11 7.22 7.11
Saturation pH (@ 4C) N/A 6.5-8.5 7.10 7.27 7.03 7.36 7.47 7.36
Metals
Dissolved Aluminum (Al) ug/L 5 100 <5 <5 <5 <5 <5 <5
Dissolved Antimony (Sb) ug/L 0.5 6 0.6 <0.5 <0.5 <0.5 <0.5 <0.5
Dissolved Arsenic (As) ug/L 25 <1 <1 1 70 40 3
Dissolved Barium (Ba) ug/L 1000 29 36 21 100 83 110
Dissolved Beryllium (Be) ug/L 0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Dissolved Bismuth (Bi) ug/L 1 <1 <1 <1 <1 <1 <1
Dissolved Boron (B) ug/L 10 5000 130 33 110 16 26 35
Dissolved Cadmium (Cd) ug/L 0.1 5 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Dissolved Calcium (Ca) ug/L 200 170000 110000 370000 70000 59000 80000
Dissolved Chromium (Cr) ug/L 5 50 <5 <5 <5 <5 <5 <5
Dissolved Cobalt (Co) ug/L 0.5 4.3 2.2 <3t 0.5 <0.5 <0.5
Dissolved Copper (Cu) ug/L 1 1000 3 <1 <1 4 1 <1
Dissolved Iron (Fe) ug/L 100 300 <100 310 2000 7700 3900 790
Dissolved Lead (Pb) ug/L 0.5 10 <0.5 <0.5 <0.5 0.6 0.6 <0.5
Dissolved Magnesium (Mg) ug/L 50 39000 39000 61000 30000 28000 30000
Dissolved Manganese (Mn) ug/L 50 200 11 25 42 21 6
Dissolved Molybdenum (Mo) ug/L 8 3 5 10 9 <1
Dissolved Nickel (Ni) ug/L 4 <1 <5t 3 2 <1
Dissolved Phosphorus (P) ug/L 100 <100 <100 <100 <100 <100 <100
Dissolved Potassium (K) ug/L 200 8200 1400 3500 2500 2100 1500
Dissolved Selenium (Se) ug/L 2 10 <2 <2 <2 <2 <2 <2
Dissolved Silicon (Si) ug/L 50 5100 2800 5600 11000 9800 4800
Dissolved Silver (Ag) ug/L 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Dissolved Sodium (Na) ug/L 100 200000 91000 7300 29000 10000 8400 11000
Dissolved Strontium (Sr) ug/L 1 2200 1000 7400 230 160 9000
Dissolved Thallium (TI) ug/L 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Dissolved Titanium (Ti) ug/L 5 <5 <5 <5 <5 <5 <5
Dissolved Uranium (U) ug/L 0.1 20 0.9 0.2 0.2 <0.1 0.1 <0.1
Dissolved Vanadium (V) ug/L 1 <1 <1 <1 <1 <1 <1
Dissolved Zinc (Zn) ug/L 5 5000 8 <5 <30 40 26 <5

NOTES: 1) Detection Limit was raised due to matrix interferences; 2) RDL = Report NOTES: 1) Detection Limit was raised due to matrix interferences; 2) RDL = Reportable Detection Limit; 3) ODWS - Ontario Drinking Water Quality Standards, Objectives and Guidelines;

4) MAC - Maximum Acceptable Concentration; 5) AO/OG - Aesthetic Objective and/4) MAC - Maximum Acceptable Concentration; 5) AO/OG - Aesthetic Objective and/or Operational Guideline.
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Table 4.7: Borehole Geological Summary

08-1112-0021

MWO08-T3-01 MWO08-T3-02 MWO08-T3-03 MWO08-T3-04 MWO08-T3-05 MWO08-T3-06
Formation Top | Bottom | Thickness| Top | Bottom [ Thickness| Top | Bottom [Thickness| Top [ Bottom | Thickness| Top [ Bottom [Thickness] Top [ Bottom | Thickness
(mbgs) | (mbgs) (m) (mbgs) | (mbgs) (m) (mbgs) | (mbgs) (m) (mbgs) [ (mbgs) (m) (mbgs) | (mbgs) (m) (mbgs) | (mbgs) (m)
Overburden 00 | 98 | 98 | 00 | 85| 85 | 00 |441| 441 ]| 00 | 192 192 | 00 | 192 | 192 | 00 | 1.1 | 11
Guelph Formation not present 8.5 | 14.6 6.1 not present 19.2 | 50.0 30.8 not present not present
( ;Li'goésazogﬂ";i'sgr) not present 146 | 206 | 60 | 305 | 441 | 136 not present 192 | 228 | 36 not present
Eramosa Formation
(Reformatory Quarry 9.8 57.9 48.2 20.6 | 25.3 4.7 441 | 474 3.3 not present 228 | 314 8.6 not present
Member)
Eramosa Formation | o7 o | 585 | 06 | 253 | 314 | 61 | 474|543 | 69 not present 314 | 337 | 23 not present
(Vinemount Member)
G(‘X"r:c'zgg? ;Zrmmb"’g'r‘))” 585 | 751 | 166 not present not present not present not present 11 | 15 | 04
Goat Island Formation not present not present 543 | 668 | 125 | 500 | 90.0 | 400 | 337|533 | 196 | 15 | 60 | 45
(Niagara Falls Member)
Gasport Formation 75.1 | 91.1 16.0 31.4 | 82.8 51.4 66.8 | 93.4 26.6 90.0 | 139.0 49.0 53.3 | 99.0 45.7 6.0 50.5 44.5
Irondequoit Formation | 91.1 | 92.3 1.2 82.8 | 84.5 1.7 93.4 | 95.1 1.7 139.0 | 139.9 0.9 99.0 | 100.5 1.5 50.5 | 51.7 1.2
Rockway Formation 92.3 | 93.2 0.9 84.5 | 85.4 0.9 95.1 | 95.7 0.6 139.9 | 140.7 0.8 100.5 | 101.2 0.7 51.7 | 54.0 2.3
Merritton Formation 93.2 | 945 1.3 85.4 | 85.9 0.5 not present 140.7 | 141.4 0.7 101.2 | 101.7 0.5 not present
Cabot Head Formation | 94.5 | 95.7 1.2 85.9 | 89.9 4.0 95.7 | 97.2 | 1.5 141.4 | 143.9 2.5 101.7 | 104.9 3.2 54.0 | 57.7 | 3.7
MWO08-T3-07 MWO08-T3-08 MWO08-T3-09 MWO08-T3-10 MWO09-T3-01
Formation Top Bottom | Thickness | Top Bottom | Thickness| Top Bottom [Thickness| Top Bottom | Thickness| Top Bottom [Thickness|
(mbgs) { (mbgs) (m) (mbgs) { (mbgs) (m) (mbgs) { (mbgs) (m) (mbgs) | (mbgs) (m) (mbgs) | (mbgs) (m)
Overburden 0.0 14.9 14.9 0.0 16.0 16.0 0.0 25.6 25.6 0.0 38.5 38.5 0.0 23.8 23.8
Guelph Formation not present not present not present not present 23.8 | 38.6 14.8
( ;LGgosga?’:ﬂn;i:'sgr) not present not present not present not present not present
Eramosa Formation
(Reformatory Quarry 149 | 20.0 51 16.0 | 21.7 5.7 not present 38.5 | 45.8 7.3 38.6 | 50.2 11.6
Member)
E_ramosa Formation 20.0 | 34.6 14.6 21.7 | 29.3 7.6 not present not present 50.2 | 58.4 8.2
(Vinemount Member)
Goat Island Formation | 5/ ¢ | 518 | 175 | 203 | 383 | 9.0 | 256 | 412 | 156 | 458 | 57.4 | 116 not present
(Ancaster Member)
Goat Island Formation not present 383 | 558 | 175 | 412 | 484 | 72 | 574|667 | 93 | 584|616 | 3.2
(Niagara Falls Member)
Gasport Formation 51.8 | 69.8 18.0 55.8 | 72.8 17.0 48.4 | 79.1 30.7 66.7 | 100.9 34.2 61.6 | 105.2| 43.6
Irondequoit Formation | 69.8 | 72.0 2.2 72.8 | 74.0 1.2 79.1 | 81.6 2.5 100.9 | 102.9 2.1 105.2 | 107.0 1.8
Rockway Formation 72.0 | 73.2 1.2 74.0 | 745 0.5 81.6 | 83.2 1.6 102.9 | 103.5 0.6 107.0 | 108.0 1.0
Merritton Formation 73.2 | 75.0 1.8 745 | 75.2 0.7 83.2 | 84.1 0.9 103.5 | 105.2 1.7 108.0 | 109.2 1.2
Cabot Head Formation | 75.0 | 76.5 1.5 75.2 | 76.2 1.0 84.1 | 84.7 0.6 105.2 | 105.4 0.2 109.2 | 113.1 3.9
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May 2011 Table 4.8: Summary of Stream Baseflow Measurement Methodology 08-1112-0021
Watercourse Location ID Road Crossing Flow Meter/Method® 2
BSC_10 5th Line EM (Jul. 7, Oct. 22)
Blue Springs Creek BSC_20 (Trib.) 28th Sideroad, between 1st and 2nd Lines [Golder],
BSC_30a/ BSC_30b 1st Line EM (Aug. 26) [McQuest]
CC_10 6th Line E EM (Aug. 26, Oct. 22)
Cox Creek CCT_20 (South Trib.) 6th Line E [Golder],
CC_30 Cox Creek Road Impeller (July 7) [Golder]
Ellis Creek EC_10 Wellington Road 32 Bucket
EC 20 Maple Grove Road EM [Golder]
ER_10 3rd Line EM (Jul. 7, Oct. 22)
. ER_20 Wellington Road 125 [Golder],
Eramosa River
ER_30 Evert Street EM (Aug 26) [McQuest]
ER 40 Wellington Road 29 (1st Line)
GLT_10 3rd Li
Guelph Lake Tributary = [ |ne. EM [Golder]
GLT 20 Jones Baseline
HC_10 Highway 6 Hanlon
Hanlon Creek HCT_20 (South EM [Golder
— (Sou Highway 6 Hanlon [ ]
Trib.)
HWC_10 3rd Township Road (Wellington Road 32)
Hopewell Creek EM [Golder]
HWC_20 Greenhouse Road and Hopewell Creek Road
IC_1 Welli R 2
Irish Creek €_10 ° |ngt9n oad 3 EM [Golder]
IC_20 Townline Road
LC_10 Sideroad 20, between 5th and 6th Line EM (Aug. 26, Oct. 22)
Lutteral Creek LCT_20 (Trib.) 6th Line [Golder],
LC 30 3rd Line Impeller (July 7) [Golder]
Marden Creek MDC_10 Wellington Road 30 EM [Golder]
MC_1 Vi iaR Welli R 4
Mill Creek C_10 ictoria oad.and ellington Road 3 EM [Golder]
MC_20 Wellington Road 35
EM (Aug. 26, Oct. 22)
Swan Creek SC_10 Sideroad 4 at Highway 23 (South River Road) [Golder],
Impeller (July 7) [Golder]
SR_10 Wellington Road 26 EM (Aug. 26, Oct. 22)
SR_20 6th Line [Golder],
Speed River . .
SR_30 3rd Line, between Wellington Road 22 and 29| Impeller (July 7) [Golder]
SR_40 Jones Baseline and Wellington Road 22
EM (Jul. 7, Oct. 22)
Torrance Creek TC_10 Stone Road [Golder],

EM (Aug 26) [McQuest]

Notes:

1) Methods correspond to the following: EM (Electro-magnetic flow meter — Valeport Model 801); Impeller (Impeller flow meter — Valeport Model BFM002);  and
Bucket (Bucket and stopwatch measurement).

2) [Golder] refers to equipment owned/maintained by Golder Associates Ltd.; [McQuest] refers to rental equipment from McQuest Marine Sciences Ltd., Burlington,

ON.
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May 2011 Table 4.9: 2008 Stream Baseflow Monitoring Results 08-1112-0021

3
Watercourse Location ID Flow (m/s)
07-Jul-08 26-Aug-08 22-0Oct-08
BSC_ 20 0.025 0.036 0.059
Blue Springs Creek BSC 10 . 0.281 0.238 0.132
BSC_30a 0.210 0.322 0.217
BSC 30b* NA 0.508 0.421
Cox Creek South Tributary CCT_20 0.006 0.028 0.044
Cox Creek CC 10 0.014 0.031 0.084
CC_30 0.065 0.122 0.261
Ellis Creek EC 10 0.005 0.002 0.015
EC 20 0.117 0.215 0.141
ER 10 0.319 0.353 0.399
. ER 20 0.376 0.392 0.372
Eramosa River =
ER 30 0.413 0.551 0.765
ER_40 1.005 1.179 1.151
Guelph Lake Tributary GLT 10 0.037 0.033 0.0512
GLT 20 0.025 0.017 0.935
Hanlon Creek HC 10 0.047 0.068 0.033
Hanlon Creek South Tributary HCT 20 Dry Dry Dry
HWC_ 10 0.023 0.019 0.055
Hopewell Creek =
HWC_20 0.045 0.057 0.083
Irish Creek IC_10 0.008 0.031 0.023
IC_20 0.062 0.106 0.107
Lutteral Creek Trib LCT 20 0.009 0.012 0.038
Lutteral Creek LC 10 0.097 0.189 0.301
LC 30 0.194 0.279 0.525
Marden Creek MDC_10 0.022 0.067 0.052
Mill Creek MC 10 0.018 0.022 0.016
MC_20 0.384 0.383 0.408
Swan Creek SC 10 0.077 0.122 0.233
SR 10 0.061 0.151 0.296
. SR 20 0.083 0.116 0.325
Speed River
SR 30 0.141 0.279 0.676
SR 40 0.127 0.202 0.612
Torrance Creek TC_10 0.030 0.034 0.016

NOTES:

1) Blue Springs Creek forms two channels downstream of BSC_30Db (i.e. a respective north and south branch),
where BSC_30a is located at the south branch and represents a partial flow (relative to BSC_30b); BSC_30b not
measured on July 7, 2008.

2) Flow measurement of Speed River at Jones Baseline downstream of Lutteral Creek.
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May 2011 Table 5.0: Summary of Hydraulic Conductivity Estimates 08-1112-0021

Previous Studies (see Table 2.4)
Unit Horizontal Ratio of Vertical to High Quality Bedrock Borehole Test Results®
Hydraulic Horizontal Hydraulic
Conductivity (m/s) Conductivity®
Overburden (Sand | gg g6 1 7E-04 0.1to1 Horizontal Hydraulic Conductivity (m/s)
and Gravel)
Overburden Till 2E-09 to 1E-04 0.1t0 0.5 Range
Unit No. of 10th 50th 90th
) Tests . percentile | percentile | percentile
Contact Aquifer 1E-05 to 1E-04 05to1 Min Max
Guelph 7E-09 to 8E-03 0.1to1l Guelph 13 4.E-07 | 6.E-04 7.E-07 4.E-06 2.E-05
RefQOLZr?;OW Reformatory Quarry| 15 | 2.E-07 | 2E-04 | 6E-07 | 3.E-06 6.E-05
7E-09 to 1E-06 * 0.02t0 0.1
Vinemount Vinemount 7 5.E-07 | 3.E-05 6.E-07 5.E-06 2.E-05
Goat Island Goat Island 13 9.E-08 | 4.E-04 3.E-07 5.E-06 2.E-05
Ubper/Lower 5E-06 to 1E-05 2 0.25t0 0.5 Gasport (outside
PP high permeability | 45 | 2.E-08 | 5.E-04 | 6.E-07 5.E-06 2.E-04
Gasport 6
zones)
Gasport - (within
Middle Gasport® 5E-06 to 4E-03 1 high permeability | 26 | 2.E-06 | 1.E-02 | 2.E-05 2.E-04 8.E-04
zones)®
Notes:

1) Previously Eramosa Unit

2) Previously Upper/Lower Amabel Unit

3) Previously Production Amabel Unit

4) Values shown in bold are those used in the Guelph-Puslinch Study Model

5) From hydraulic tests within individual formations at boreholes with high level of geologic control/reliability

6) Gasport hydraulic conductivity estimates are summarized separately for boreholes within the interpreted high permeability Gasport zones (model Kx/y > 1E-4 m/s)
These higher permeability zones are shown on the hydraulic conductivity distribution mapping in the Tier 3 Numerical Modelling Report
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MIS-GEO 006 06-1112-032.GPJ GAL-MISS.GDT 6/9/08 MSM/RJ

PROJECT: 06-1112-032 RECORD OF DRILLHOLE: MW 06'01 SHEET 1 OF 2

LOCATION: N 555406.0 ;E 4821490.0 DATUM: Geodetic
4 8
30 S NOTES
B ELEV. | © HYDRAULIC CONDUCTIVITY HYDRAULIC CONDUCTIVITY WELL INSTALLATION
2 DESCRIPTION = CALIPER (cm) F-RESISTIVITY (Ohm-m) FLOW METER (cps) GAMMA (cps) CONDUCTIVITY (mS/m) BASED ON PACKER TESTING | BASED ON RISING HEAD TESTS
Ely DEPTH| Q K, cmisec K, cm/sec WATER LEVELS
E g g
w m | =
e & 15 20 10 20 30 40 20 40 60 80 20 40 60 80 5 10 15 20 10° 10° 10t 10° 10° 10° 10t 10°
GROUND SURFACE 3244 Overburden cB A
E Gravelly Sand, Silt Till 0,00 — Bentontte Seal Y Bentonte Seal E
3 '3 Cement D L 341.60 Cement CEL3148 E
g | Bentonite Seal E
E . Insuffigient Flpw to Run Test Bentonite Seal E
2 BEL337.71 3
3 Sand Grout v E
3 AEL335.18 E
- 0 Screen 0 3
3 220058 J é Bentonite Seal E
3 Guelph Formation ] 1250 Hiootorg Sand E
E 5 | Creamy grey, fine to medium grained, = A342.98 =
3 fresh to slightly weathered at beddings, — L 834305 Screen E
E taining atjoints thick 325 4812 C34312 E
3 beddings, some laminations, moderately | '®97EE= 'y D-343.09 E
= F— Water Level E
20 || POroUS. fossiliferous, some wavy = (. Measurement Date: Bentonite Seal 0
3 ck, DOLOSTONE = Jan. 16, 2007 E
2 Eramosa Member (Unit 2) — L E
E Tan to light brown, fresh, thin to medium = - E
E~ 2| beddings, fine grained, medium strong = = SandBentonite Mix 5
E rock, moderately porous to vuggy, trace — E
3 wavy argillaceous beddings, some = = E
E sulphide crystals in vugs, bituminous, — e E
F- 30| DOLOSTONE = -] =
F = Bentonite Seal E
E = = E
=3 = =t Sand s 3
g = == Soroen E
3 = = E
x = 0 3
= Z— L Bentonite Seal 3
3 = 3 E
3 = £ E
- 45 = 5 —
- 50 = 0
3 = T Sand/Bentonite Mix E
E 267 64— E
F Eramosa Member (Unit 1) 54.80— o =
3 Light hrown_fresh. slightly parou 285 447 E
= laminated, medium strong rock, fine Rl e E
E grained, traces of wavy argillaceous E= E
E- 60| \beddings, locally cherty DOLOSTONE = 0
3 Amabel Formation = E
3 Light grey to grey, fresh to moderately = E
3 weathered, fossiliferous, fine to medium E= E
F~ 65| grained, thick to massive beddings, = Bentonite Seal 5
3 highly porous, some vugs, weak rock, E= E
3 DOLOSTONE E= E
E E= -y 3
: = - E
3 = Sand E
s = 5
= L E
80 — 0
E = ? Screen E
85 = F =
90 T= 0 —f
= Bentonite Seal E
95 = 5
= 4 E
:,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,E,,,,,,,,,,,, NP S U N N N (N I S hoo]
CONTINUED NEXT PAGE
DEPTH SCALE Golder LOGGED: GY
1:500 YA SSOCIALe: CHECKED: SD




MIS-GEO 006 06-1112-032.GPJ GAL-MISS.GDT 6/9/08 MSM/RJ

PROJECT: 06-1112-032
LOCATION: N 555406.0 ;E 4821490.0

RECORD OF DRILLHOLE: MW 06-01

SHEET 2 OF 2

DATUM: Geodetic

Q
w
o
£ = NOTES
Fu ELEV. | © HYDRAULIC CONDUCTIVITY HYDRAULIC CONDUCTIVITY WELL INSTALLATION
T E DESCRIPTION a‘ CALIPER (cm) F-RESISTIVITY (Ohm-m) FLOW METER (cps) GAMMA (cps) CONDUCTIVITY (mS/m) BASED ON PACKER TESTING BASED ON RISING HEAD TESTS
ry DEPTH| @ K, cmisec K, cmisec WATER LEVELS
w (m) s
e & 15 20 10 20 30 40 20 40 60 80 20 40 60 80 5 10 15 20 10° 10° 10*  10° 100 10° 10*  10°
L 100 — CONTINUED FROM PREVIOUS PAGE — Overburden
i = Eg— | E
F 105 | Reynales Formation — [—— o
3 Dark grey. fine to medium grained = 7777 ze— nelfBentonite Mix E
g slightly porous, fresh, thinly bedded to E
E o |\shale interbeds, traces of argillaceous [ '***) BE
E lbeddings, DOLOSTONE E
E Cabothead Formation E
g Grey to blue, fine grained, very weak E
E 115 153
E END OF DRILLHOLE E
E 120 20
; 125 25;
; 130 30%
; 135 35;
E- 110 40
; 145 45;
F- 150 503
E 155 553
; 160 SU;
E— 165 65—5
; 170 70;
175 75
180 BU;
185 35%
190 o0
195 95*5
200 00
DEPTH SCALE Golder LOGGED: GY
1:500 ASsOciddes CHECKED: SD
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PROJECT: 06-1112-032 RECORD OF DRILLHOLE: MW 06-02 SHEET 1 OF 1
LOCATION: N 558089.8 ;E 4821803.9 DATUM: Geodetic
y 8
20 = NOTES
34 Elev. | © HYDRAULIC CONDUCTIVITY HYDRAULIC CONDUCTIVITY WELL INSTALLATION
b= DESCRIPTION DEPTH a‘ CALIPER (cm) F-RESISTIVITY (Ohm-m) FLOW METER (cps) GAMMA (cps) CONDUCTIVITY (mS/m) BASED ON PACKER TESTING BASED ON RISING HEAD TESTS WATER LEVELS
Fu 8 K, cm/sec K, cmisec
Y g ]
w m | =
e & 15 20 10 20 30 40 20 40 60 80 20 40 60 80 5 10 15 20 10° 10° 10t 10° 10° 10° 10t 10°
| |
GROUND SURFACE 33233 cCB A
Sandy Silt Till 0.00) BentonTe Sear 5
— Cement E
328.79) l Measuring Point Bentonite Seal E
5 | Guelph Formation 353 A-33294 =
Creamy grey to grey, fresh, medium to = '? B-332. sand
thickly bedded, highly porous to vuggy = b C33309 E
iron staining on some joints, =
fossiliferous, trace wavy argillaceous = } Screen
10| beddings, moderately fractured — Water Lovel :
throughout, medium strong rock, some = A
sulphide crystals in vugs, DOLOSTONE = oy
5 — 1 Water Level
-~ Measurement Date:
E ___j 1 Jan. 16, 2007
- Bentonite Seal
2 = 3
= E
25 —
— ‘Sand/Bentonite Mix
30 —
35 E
— Bentonite Seal
40 —
= F— Sand
288, sjt T ..
‘Amabel Formation —
45| Dark grey to grey, fresh to moderately = Screen
weathered, fossiliferous, fine to medium =
grained, thick to massive beddings, =
highly porous to vuggy, weak rock, =
50 | DOLOSTONE =
- Large cavity encountered at —
approximately 42.5 m to 43 m = H Bentonite Seal
55 | - Highly weathered zone from 50.9m to = SandBentonite Mix
51.2m —
- Moderately to highly weathered zone = ]
from 67m to 73m — Bentonite Seal
60 —
65 é Sand
70 -
— Screen
s =
80 —
E Bentonite Seal
248, G‘St —
&5 | Reynales Formation 8397/~ —
Dark grey, fine to medium grained, = = =
slightly porous, fresh, thinly bedded to 2047252 — E
laminated, medium strong rock, thin 8761 — T = San
a0 |\ shale interbeds, trace wavy argil 20211
Tbeddings, DOLOSTONE T e022]
Cabothead Formation
Grey to blue, fine grained, very weak
o5 | |rock, slightly porous, fresh, laminated to 5
hinly laminated, SHALE
END OF DRILLHOLE
100 00—
DEPTH SCALE Golder LOGGED: GY
1:500 ASsOciddes CHECKED: SD
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PROJECT: 06-1112-032 RECORD OF DRILLHOLE: MW 06'03 SHEET 1 OF 1

LOCATION: N 559688.0 ;E 4824618.6 DATUM: Geodetic

HYDRAULIC CONDUCTIVITY HYDRAULIC CONDUCTIVITY WELL lmg}fi ATION
CALIPER (cm) F-RESISTIVITY (Ohm-m) FLOW METER (cps) GAMMA (cps) CONDUCTIVITY (mS/m) BASED ON PACKER TESTING | BASED ON RISING HEAD TESTS
K, cmisec K, cmisec WATER LEVELS

ELEV.
DEPTH
(m)

DESCRIPTION

DEPTH SCALE
METRES
SYMBOLIC LOG

15 20 10 20 30 40 20 40 60 80 20 40 60 80 5 10 15 20 10°  10°  10*  10° 10°  10°  10*  10°

GROUND SURFACE
Silty Sand Till

34264
0.00]

— Benfontte Seal

- Measuring Point
Data Not Collcted Dlue to Hple Elevation
Stabilty Issuds A-34285
B-342.77
C-34267

Bentonite Seal

335.02k%"
Clayey Sit Till 762
10 31671 4L Water Level
Guelph Formation 10.97
Creamy grey, fresh to slightly weathered
at bedding, moderately porous, fine to
medium grained, medium to thickly
bedded. medium strong rock, trace 2257507
laminations, some iron staining at joints, | 1669
trace wavy argillaceous bedding,
fossiliferous, DOLOSTONE

Bentonite Seal

B-305.85
C-338.24

Water Level
Measurement Date:
Jarmt7 2007

Screen

Vuggy zone from 18.9m to 22.55m
Eramosa Member (Unit 2)

25 | Tan to light brown, fresh, thin to medium
beddings, fine grained, medium strong
rock porous to vugay. some | 31464
wavy argillaceous beddings, trace 2800
sulphide crystals in vugs, some fossils,

TONE

Bentonite Seal

\M A

‘Sand/Bentonite Mix

Eramosa Member (Unit 1)
Brown to grey, fresh, moderately porous,
shinly. bedded, modim of o 30764
35.00]

Thaty

grained, traces of wavy argillaceous
beddings, traces of vugs, some sulphide
crystals in vugs, locally cherty

40 | |DOLOSTONE

Amabel Formation

Dark grey to grey, fresh to moderately
weathered, highly fossiliferous, trace
45| wavy argillaceous beddings fine to
medium grained, thick to massive
beddings, highly porous to vuggy, weak
rock, DOLOSTONE

Bentonite Seal

Lo
——

- Large Cavity encountered at
approximately 52.6m to 53.5m

- Moderately to highly weathered from
42.9m t0 46.3m , 49.6m to 54m

Screen

ould |Not Log Due Tp Void

i

Could Not Advance Caljper Past
Void

Bentonite Seal

Screen

Bentonite Seal 5

Sand/Bentonite
M

JANANAAANRAMANNANNRRAANNNAANNNRAANNAANNAAANNAANNRAANNAANNRALANNAANNRANANNANNNANANRANNNAANNARA AAAANNAANNRAANRAANNRAAANRAA
I
\vg
P
O e e

Reynales Formation
Grey o light brown, fine o medium
o _slighth fresh.think

grained: freshininly
bedded to laminated, trace wavy
argillaceous beddings, medium strong 5
rock, DOLOSTONE

Cabothead Formation

grey, fine grained, very weak rock,
slightly porous, fresh, laminated to thinly 0
jaminated,

END OF DRILLHOLE

DEPTH SCALE
1:500
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CHECKED: SD

GOl
PASSO i (e
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PROJECT: 06-1112-032 RECORD OF DRILLHOLE: MW 06-04 SHEET 1 OF 1
LOCATION: N 559517.6 {E 4819459.7 DATUM: Geodetic
y 8
20 = NOTES
38 Elev. | © HYDRAULIC CONDUCTIVITY HYDRAULIC CONDUCTIVITY WELL INSTALLATION
T E DESCRIPTION = CALIPER (cm) FLOW METER (cps) CONDUCTIVITY (mS/m) BASED ON PACKER TESTING BASED ON RISING HEAD TESTS
EL DEPTH| Q WATER LEVELS
Y ) K, cmisec K, cmisec
w m | =2
e & 15 20 20 40 60 80 5 10 15 20 10° 10° 10t 10° 10° 10° 10t 10°
‘GROUND SURFACE C B A
2 Medium to Coarse Sand BerTorTe Seat E
- ement 9
F Measuring Point 3
E Readings Ufder 2 GPS Elevation Bentorite Seal E
E ¥ A-307.83 E
E Guelph Formation Bpe= B307.97 p— Y E
E Creamy grey, fresh to moderately 209.065= C-307.96 psivn ] M M CEI 30156 E
3 3t bedding, highty porous to 808 ——— E
E 10 | vugay. fine to medium grained, medium = Mo e ¢ Date: Bentonite Seal BEI 208.86 o3
3 to thickly bedded, medium strong rock, E= Jan. 17,2007 E
F some iron staining at joints, trace wavy = AFEL296.05 E
7 . argilaceous bedding,fosstferous, = Sand/Bentonite Mix . 7
3 Vuggy zone from 5.28m to 7.77m .= > E
3 Eramosa Member (onit 17,9022 Bentorte Seal E
3 Dark brown to blackish grey, fresh, thin = E
201 tolaminated-fine-to-medi 2se4§E~ Screen 0
3 grained, medium strong rock, slightly = E
3 porous, locally cherty, trace wavy = E
E argillaceous beddings, bituminous, E= Bentonite Seal E
- % [||]DOLOSTONE = ° 3
E Eramosa Member (Unit 1) = E
F Brown to grey, fresh, moderately porous, = E
3 thinly bedded to laminated, medium = Sand/Bentorite Mix E
- % | |strong rock, fine to medium grained, = °
E ltraces of wavy argillaceous beddings, = E
3 [Fossiliferous, DOLOSTONE E= Sentonite Seal E
E Amabel Formation = E
E- 35| Dark grey to grey, fresh to slightly = 5
E weathered, highly fossiliferous, trace = E
3 wavy argillaceous  beddings, some E= E
3 laminations, fine to medium grained, = E
F- 40| thick to massive beddings, weak rock, — Sand 0 3
F DOLOSTONE = E
S E s 3
= Screen
- 50 = 0
E s = =
F Z— > 3
3 = 1 E
E ié E Bentonite Seal s 3
3 242222 — E
S v = ——— — =
2 Grey to light brown, fine to medium 65,70 E
E -slightly-porous. fresh, thint 238,97 = E
F bedded to laminated, trace wavy 68.17) E
E- 70 ||argillaceous beddings, medium strong Gl
E fock, DOLOSTONE E
3 Cabothead Formation E
15 ||Grey to biue, fine grained, very to 3
3 extremely weak rock, slightly porous, E
E Imoderately weathered, laminated to E
E hinly laminated, SHALE E
4 | END OF DRILLHOLE o3
85 5 —f
90 0 —f
95 5 —f
100 BD—:
DEPTH SCALE LOGGED: GY
Golder
1:500 A SSO es CHECKED: SD




PROJECT: 06-1112-032
LOCATION: N 559803.9 ;E 4820984.9

RECORD OF DRILLHOLE: MW 06-05

SHEET 1 OF 1

DATUM: Geodetic

DEPTH SCALE

DESCRIPTION

METRES

ELEV.
DEPTH
(m)

SYMBOLIC LOG

CALIPER (cm)

15 20

F-RESISTIVITY (Ohm-m)

10 20 30 40

80

GAMMA (cps)

40 60

CONDUCTIVITY (mS/m)

HYDRAULIC CONDUCTIVITY
BASED ON PACKER TESTING

K, cm/sec

10° 10* 10°

HYDRAULIC CONDUCTIVITY
BASED ON RISING HEAD TESTS

NOTES

WELL INSTALLATION
WATER LEVELS

GROUND SURFACE

Medium to Coarse Sand

Log

Measuring Point

Elevation:
A-331.23
B-331.30
C-331.35

Water Level :
A-314.91

Water Level

Benfontte Seal

Bentonite Seal

Grout

Sand
Screen

Guelph Formation
Creamy grey, fresh to moderately
weathered at bedding, moderately
porous, fine to medium grained, medium
o thickly bedded, medium strong rock,
some iron staining at joints, trace wavy
argillaceous bedding, fossilfferous, trace
Do NE

16,202

30531

Jan. 18, 2007

Bentonite Seal

Sand

Screen

igs-
Eramosa Member (Unit 2)

Dark brown to blackish grey, fresh to
moderately weathered, thin beddings to
laminated, fine to medium grained,
medium strong rock, highly porous,
vuggy, some sulphide crystals, trace
wavy argillaceous beddings, bituminous,
DOLOSTONE

25.30

29311

KA

Bentonite Seal

Eramosa Member (Unit 1)
40 | Brown to grey, fresh, moderately porous,
thinly bedded to laminated, medium
strong rock, fine to medium grained,
traces of wavy argillaceous beddings,

37.50

lvl'

Al

‘Sand/Bentonite Mix

45 | locally cherty, F

284,885

Yol S e

T

DOLOSTONE
Amabel Formation

Light grey to grey, fresh to slightly

50 | weathered, fossilferous, trace wavy
argillaceous beddings, fine to medium
grained, thick to massive beddings,
weak rock, some vugs, DOLOSTONE

45.73]

249.80

Reynales Formation

8081

—

Bentonite Seal

Sand

Screen

Bentonite Seal

Grey, fine fo medium grained, slightly

8204 -

porous, fresh, thinly bedded 1o
laminated, trace wavy argillaceous
beddings, medium strong rock,
IDOLOSTONE

Cabothead Formation

Grey to blue, fine grained, weak rock,
slightly porous, fresh, laminated to thinly
jaminated, SHALE

END OF DRILLHOLE

100

83.59
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PROJECT: 06-1112-032
LOCATION: N 563132.0 ;E 4819826.5

RECORD OF DRILLHOLE: MW 06-06

SHEET 1 OF 1

DATUM: Geodetic

MIS-GEO 006 06-1112-032.GPJ GAL-MISS.GDT 6/9/08 MSM/RJ

Q
w
o
20 = NOTES
34 Elev. | © HYDRAULIC CONDUCTIVITY HYDRAULIC CONDUCTIVITY WELL INSTALLATION
= DESCRIPTION = CALIPER (cm) F-RESISTIVITY (Ohm-m) FLOW METER (cps) GAMMA (cps) CONDUCTIVITY (mS/m) BASED ON PACKER TESTING BASED ON RISING HEAD TESTS
=i} DEPTH| Q K. cmisec K, cmisec WATER LEVELS
&= m | = g g
e & 15 20 10 20 30 40 20 40 60 80 40 60 5 10 15 20 10° 10° 10t 10° 10° 10° 10t 10°
‘GROUND SURFACE 336.90) Overburden
= Sandy STl . (ﬁl —_ Bentonite Seal ‘Bentontte Seal E
- Cement E
E Bentonite Seal E
E Bentonite Seal DEL 33307 el sa24 3
3 Sand E
E o Né Screen Grout E
F BEI 326.96 E
F Measuring Point E
F Elevation: E
ST 321,530 A-337.63 Bentonite Seal 5
7 = 833771 =
F Guelph Formation TSI Ca377a AEL32131 E
3 Creamy grey, fresh, moderately porous, = —T 033753 E
F fine to medium grained, medium to = Water Level Sand E
20 | thickly bedded, medium strong rock, = Megsurement Date: 0 3
some iron staining at joints, trace wavy = Jan. 18,2007 Screen
3 argillaceous bedding, fossiliferous, trace = E
g vugs, DOLOSTONE = E
> 310 @E = N
3 Eramosa Member (Unit 2) 26212 E
3 Dark brown to blackish grey, fresh, thin = Bentonite Seal E
F ;| beddings to laminated, fine to medium = N
3 grained, medium strong rock, slightly E= 1
E porous, trace vugs, trace sulphide = E
F crystals, some wavy argillaceous E= E
E beddings, bituminous, DOLOSTONE E= E
- 35 = ‘Sand/Bentonite Mix 5
E- 4« — — o
3 = N~ Bentonite Seal E
E 292.24[Z—~ E
- %5 | Eramosa Member (Unit 1) 44,66/ Sand E
Grey, fresh, slightly porous, thinly E= Screen
bedded to laminated, medium strong 28805 L
E rock-fine-tomedium grained;traces of Y hr= “Bentonte Seal E
F- 50 |\ wavy argillaceous beddings, = 0 3
3 Fossiliferous, locally cherty, = YBontonie M E
3 IDOLOSTONE = Sand/Bentonite Mix E
3 Amabel Formation E= < E
|- 55| Light grey to grey, moderately to highly = Bentonite Seal 5
3 weathered, fossiliferous, trace wa = E
3 argillaceous beddings, fine to medium = E
3 grained, thick to massive beddings, = sand E
F- 60| weak rock, some vugs, trace sulphide = 0 3
g crystals, DOLOSTONE — E
3 - Moderately to highly weathered zone = E
E 65 | from 56m to 61.3m = 5
3 E= Screen E
E = P E
= E= 0
E == sand E
75 E= s
F £ é Bentonite Seal E
80 E= g 0 3
254432 ,_f < I E
Reynales Formation = ‘Sand/Bentonite Mix E
Grey, fine to medium grained, slightly 252,002 7 = E
E porous, fresh, thinly bedded to 84.90F — A — 4 = 3
Iaminated. trace wavy E
beddings, medium sfrong rock. 8717 E
IDOLOSTONE 3
% |\ Cabothead Formation °
Grey, fine grained, weak rock, slightly E
porous, fresh to moderately weathered, E
45 | laminated to thinly laminated, SHALE s
END OF DRILLHOLE E
100 Dﬂ—:
DEPTH SCALE Golder LOGGED: GY
1:500 ASsOciddes CHECKED: SD




RECORD OF DRILLHOLE: MW 06-07

Tan to creamy grey, fresh to slightly
weathered, moderately porous, fine to
medium grained, medium to thickly

40 | bedded, medium strong rock, some iron

296,53

PROJECT: 06-1112-032 SHEET 1 OF 2
LOCATION: N 565685.4 ;E 4813871.7 DATUM: Geodetic
©
w
o]
20 Y NOTES
Qu ELEV. | © HYDRAULIC CONDUCTIVITY HYDRAULIC CONDUCTIVITY WELL INSTALLATION
2 DESCRIPTION 3 CALIPER (cm) F-RESISTIVITY (Ohm-m) FLOW METER (cps) GAMMA (cps) CONDUCTIVITY (mS/m) BASED ON PACKER TESTING | BASED ON RISING HEAD TESTS
Ey DEPTH| & K, cmisec K, cmisec WATER LEVELS
w m | =
e & 15 20 10 20 30 40 20 40 60 80 20 40 60 80 5 10 15 20 100 105 10t 10° 10° 105 10t 10°
GROUND SURFACE 33737 Overburden cB A
= i i 0.00 Bentonite Seal ‘Bentontte Seal E
g Silty Sand Till 1’> Cement E
F All Flow Readings Ufider 1 ¢PS Bentonite Seal Bentonite Seal 3
E E
3 4 Grout E
S k] =
E 325,18 o E
3 Medium Sand E
3 Bentonite Seal Grout CEL32465 E
F- 15 Sand 5
; Screen 1v4 ;
- y AEIL319.51 =
7 Clayey Silt Till Measuring Point BEL317.82 ol
Elevation:
A-338.17
833824
C-338.29
* D-338.11 Bentonite Seal 5
Water Level Sand
Measurement Date:
Jan. 19, 2007 Screen
30 0
7
Bentonite Seal
302.63)
Guelph Formation 34.75]

Sand

Screen

staining at joints, some wavy

argillaceous bedding, fossilferous, trace

\vugs, locally cherty, DOLOSTONE

45 | Eramosa Member (Unit 2)

Dark brown to blackish grey, moderately

weathered to fresh, thin beddings to

laminated, fine to medium grained,

50 | medium strong rock, slightly porous,

some vugs, trace sulphide crystals,

some wavy argillaceous beddings,
LOSTONE

40.84]

28312

Bentonite Seal

%
Moderately weathered to vuggy from
0.84m to 36.57m

Amabel Formation
Light grey to grey, slightly weathered to
fresh, fossiliferous, trace w:

argillaceous beddings, fine to medium
grained, thinly bedded to thick beddings,
some laminations, weak rock, trace
vugs, DOLOSTONE

54.25

- WWW

A

Grout

Bentonite Seal

Sand

Screen

Bentonite Seal

MIS-GEO 006 06-1112-032.GPJ GAL-MISS.GDT 6/9/08 MSM/RJ

S BN LA LA LR AR AL N L LR L

Grout
E __J 5
E ~
M —— e e ] — F [ T P p—— 7J77777777 F—t g ——]——1 - s e e L = —_——)——f—t -]} ———— —_— hoo-
CONTINUED NEXT PAGE
DEPTH SCALE Golder LOGGED: GY
1:500 ASsOciddes CHECKED: SD




MIS-GEO 006 06-1112-032.GPJ GAL-MISS.GDT 6/9/08 MSM/RJ

PROJECT: 06-1112-032
LOCATION: N 565685.4 ;E 4813871.7

RECORD OF DRILLHOLE: MW 06-07

SHEET 2 OF 2

DATUM: Geodetic

u 8
20 = NOTES
38 Elev. | © HYDRAULIC CONDUCTIVITY HYDRAULIC CONDUCTIVITY WELL INSTALLATION
T E DESCRIPTION a‘ CALIPER (cm) F-RESISTIVITY (Ohm-m) FLOW METER (cps) GAMMA (cps) CONDUCTIVITY (mS/m) BASED ON PACKER TESTING BASED ON RISING HEAD TESTS
Y DEPTH| @ K, cmisec K, cmisec WATER LEVELS
w m | =2
e & 15 20 10 20 30 40 20 40 60 80 20 40 60 80 5 10 15 20 o s gt s o s gt s
1 1 1 1 1 1 1 1
| 100 — CONTINUED FROM PREVIOUS PAGE — Overburden CcC B A
- Reynates Formatiorn 6. Lﬁ‘l, -
g Grey, fine to medium grained, slightly 101.20) E
E porous, fresh, thinly bedded to E
E s | laminated, trace wavy argilaceous 053
E~ "% ||\beddings, medium strong rock, =
3 OLOSTONE E
E Cabothead Formation E
E_ 1| |Grey. fine grained, weak rock, slightly o
3 lporous, fresh to moderately weathered, E
g [aminated to thinly laminated, SHALE E
g END OF DRILLHOLE E
- 115 15
E 120 Zu;
E 125 255
; 130 30%
f— 135 35—f
E- 110 40
; 145 45%
- 150 50
E 155 553
f— 160 su—f
E— 165 65—5
f— 170 m—f
15 753
180 Bn—f
185 as—f
190 su—f
195 es—f
200 BD—:
DEPTH SCALE LOGGED: GY
Golder
1:500 A SSO es CHECKED: SD




PROJECT: 06-1112-032
LOCATION: N 565946.2 E 4817134.5

RECORD OF DRILLHOLE: MW 06-08

SHEET 1 OF 1

DATUM: Geodetic

MIS-GEO 006 06-1112-032.GPJ GAL-MISS.GDT 6/9/08 MSM/RJ

Q
Y o]
20 = NOTES
3 Elev. | © HYDRAULIC CONDUCTIVITY HYDRAULIC CONDUCTIVITY WELL INSTALLATION
T E DESCRIPTION = CALIPER (cm) F-RESISTIVITY (Ohm-m) FLOW METER (cps) GAMMA (cps) CONDUCTIVITY (mS/m) BASED ON PACKER TESTING BASED ON RISING HEAD TESTS
R DEPTH| Q K, cmisec K, cm/sec WATER LEVELS
&= m | = g g
e & 15 20 10 20 30 40 20 40 60 80 20 40 60 80 5 10 15 20 10° 10° 10t 10° 10° 10° 10t 10°
|
‘GROUND SURFACE 337.91 Overburden C B A
2 Silty Sand and Gravel 0,00 Bentontte Seal Bentonte Seal E
3 Cement E
E Bentonite Seal E
S =
= — Bentonite Seal E
; * sand Sand/Bentonite Mix ° é
E Screen E
E . 32267 Sand =
3 Clayey Silt Till 1524 B E
F 319.02pf] Measuring Point E
3 Guelph Formation 17,982 Elevation: Bentonte Sear E
20| Tan to creamy grey, fresh to slightly = g-ggg g; =
weathered, moderately porous, fine to E= o]
3 medium grained, medium to thickly — D.338.80 sand E
3 bedded, medium strong rock, trace iron — E
E 25 | staining at joints, trace wavy argillaceous — Water Level : 5 3
F bedding, fossiliferous, trace vugs, locally — A-331.42 Screen E
3 cherty, DOLOSTONE = B-331.44 E
F — C-333.50 E
F 308.41F5— D-334.24 -
= 30| Eramosa Member (Unit 2) 295012 0
3 Dark brown to blackish grey, moderately = ‘;X:;’u 5;:% Date: Bentonite Seal E
E weathered to fresh, thin beddings to E= Jan.22,2007 E
3 laminated, fine to medium grained, = ) E
|- 35| medium strong rock, slightly porous, [ 5 —
F some vugs, trace sulphide crystals, trace = E
= wavy argillaceous beddings, = Sand/Bentonite Mix E
3 fossiliferous, ituminous, DOLOSTONE = L E
20 == p— 0
3 - Moderate weathered zone from 33.5 to = = E
3 2Em 2 E
3 - Highly weathered zone from 39.3m to 2a5— Benome Sear E
E 5| \¢14m E= 5
3 Eramosa Member (Unit 1) = Sand E
Grey, fresh, slightly porous, thinly =
bedded to laminated, medium strong =
E 50| rock fine to medium grained, traces of = 0 3
g wavy argillaceous beddings, — K Screen E
3 fossiliferous, locally cherty, traces of — E
3 stylolites, DOLOSTONE 283,07 = E
F 55 | Amabel Formation RUE= Benonite Seal =
3 Light grey to grey, slightly weathered to = E
3 fresh, fossiliferous, trace wa — E
3 argillaceous beddings, fine to medium E= Sand/Bentonite Mix E
F o, | grained thick beddings to massive, some E= 0 3
3 laminations, trace stylolites, weak rock, E= Benonite Seal E
3 trace vugs, DOLOSTONE = E
E 5 | - Highly to moderately weathered zone E= | s 3
3 from 74.7m to 80.8m E= E
: = + - ]
E o = L 0
15 = 3 5
= Screen E
80 — Sand o
E Benonite Seal E
= L E
L 252,06 2= 5
Reynales Formation 85 85— ‘Sand/Bentonite M E
Grey, fine to medium grained, slightly = . L ™ e Mix E
porous, frest, thinty bedded to 5870 E
Tamiated, trace wa 3991 E
beddings, medium sfrong rock, E
IDOLOSTONE E
Cabothead Formation E
95 || Grey, fine grained, weak rock, slightly 5 3
porous, fresh to moderately weathered, E
jaminated to thinly laminated, SHALE E
100 BD—:
DEPTH SCALE Golder LOGGED: GY
1:500 ASsOciddes CHECKED: SD




MIS-GEO 006 06-1112-032.GPJ GAL-MISS.GDT 6/9/08 MSM/RJ

RECORD OF DRILLHOLE: MW 06-09

PROJECT: 06-1112-032 SHEET 1 OF 1
LOCATION: N 566130.2 i 4818503.0 DATUM: Geodetic
Q
=} e}
20 = NOTES
38 Elev. | © HYDRAULIC CONDUCTIVITY HYDRAULIC CONDUCTIVITY WELL INSTALLATION
T E DESCRIPTION = CALIPER (cm) F-RESISTIVITY (Ohm-m) FLOW METER (cps) GAMMA (cps) CONDUCTIVITY (mS/m) BASED ON PACKER TESTING BASED ON RISING HEAD TESTS
Ely DEPTH| Q K, cmisec K, cm/sec WATER LEVELS
E ] ]
w m | =2
e & 15 20 10 20 30 40 20 40 60 80 20 40 60 80 5 10 15 20 10° 10° 10t 10° 10° 10° 10t 10°
‘GROUND SURFACE 335.87) Overburden C B A
E Silty Sand and Gravel 0.00) = et el ‘BentonTte Seal E
F — Flow Reading|of Zer CPS flom v Bentonite Seal E
- 5 21 mbgs to bgttom of hole DEI 332.29 CEI.331.98 -
= Bentonite Seal E
E AEL 328.46 E
3 BEL 328.46 E
S Sand/Bentonite Mix °
E sand E
E Screen E
- 15 5 3
g 7 E
g Sasl A Measuring Poit E
E ;| Eramosa Member (Unit 2) 187222 A-336.64 BertonTe Sear .~
Dark brown to blackish grey, moderately = L~ 8-336.71
E weathered to fresh, thin beddings to E= c3%79 E
3 laminated, fine to medium grained, = - sand E
E . | medium sirong rock, slightly porous, = L ater Level  bate: s 3
E some vugs, trace sulphide crystals, trace = F o Date: Soroen E
E wavy argillaceous beddings, = E
3 fossiliferous, locally cherty, bituminous, = E
3 DOLOSTONE = :
- E= Bentonite Seal 0
3 - Moderately to highly weathered zone = r. E
g with some vugs from 22.86m to 28m = Sand/Bentonit Mix E
F- 35 3002122 [ 5
F Eramosa Member (Unit 1) 3566 2= Bentonte Sear E
3 Grey to dark grey, fresh, slightly porous, = E
3 thinly bedded to laminated, medium = l_ E
E- 40 | strong rock, fine to medium grained, = Screen =
= traces of wavy argillaceous beddings, — Sand E
g traces of fossil, locally cherty, races of | o, = | Sontonie Seal E
E- 45 | Amabel Formation BR= 4 o
Light grey to grey, moderately weathered = L
to fresh, fossilferous, trace wavy = Sand/Bentonite Mix
argillaceous beddings, fine to medium =
E 50| grained, thick beddings to massive, = =
3 some laminations, trace stylolites, weak = b E
3 rock, trace vugs, DOLOSTONE = 4 Bentonite Seal E
F 55 | - Moderately weathered zone with vugs = 3 s
3 from 63.39m to 67.1m = b E
= E— 4 Sand E
E o E= 0
: z 3 ]
; . é L_ E Screen " é
E- 70 = Sand 0
75 T= Bentonite Seal 5 —3
30 | Reynales Formation E= —— b 0 3
Grey. fine to medium grained, slightl = 77| E
porous, fresh, thin beddings = 3
laminated, trace wavy argillaceous E
45 [|beddings, medium strong rock, trace s 3
|shale interbed; E
Cabothead Formation E
Grey, fine grained, weak rock, slightly E
a0 | |porous, fresh to slightly weathered, 0 3
jaminated to thinly laminated, SHALE E
END OF DRILLHOLE E
95 5 é
100 00
DEPTH SCALE LOGGED: GY
Golder
1:500 A SSO es CHECKED: SD




MIS-GEO 006 06-1112-032.GPJ GAL-MISS.GDT 6/9/08 MSM/RJ

PROJECT: 06-1112-032 RECORD OF DRILLHOLE: MW 06-10 SHEET 1 OF 2
LOCATION: N 567678.8 ;E 48174808 DATUM: Geodetic
Q
w
o
20 = NOTES
38 Elev. | © HYDRAULIC CONDUCTIVITY HYDRAULIC CONDUCTIVITY WELL INSTALLATION
= DESCRIPTION a‘ CALIPER (cm) F-RESISTIVITY (Ohm-m) FLOW METER (cps) GAMMA (cps) CONDUCTIVITY (mS/m) BASED ON PACKER TESTING BASED ON RISING HEAD TESTS
Ey DEPTH| & K, cmisec K, cmisec WATER LEVELS
o m =
e & 15 20 10 20 30 40 20 40 60 80 20 40 60 80 5 10 15 20 10° 10° 10*  10° 100 10° 10¢ 10°
| ‘GROUND SURFACE 346,55, Overburden C B A
g Silty Sand Till o@l E=— Benonte Seal "BentonTte Sear E
3 Flow Reading of Zerd CPS for Bentonite Seal E
E s 3
E Bentonite Seal E
E 0 q o
E Sand E
E Screen E
39192
F=T5 [ Clayey Sit Tl o] V =
3 7 Measuring Point Sand/Bentonite Mix E
F Elevation: E
A-346.98
2 B-347.17 03
- C-347.23 E
F D-347.30 3
E Water Level : =
F A-332.26 3
E bt B-332.11 E
= 5 C-332.14 E
o D-331.82 E
F- %0 0 3
o 314.85) i Water Level B
g Guelph Formation 3170 e E
g Tan to creamy grey, fresh to slightly = Jan. 23, 2007 Sentonte Seal E
E 35 | weathered, moderately porous, fine to = n E
E medium grained, medium to thickly = Screon E
E bedded, medium strong rock, trace iron = E
g staining at joints, trace wavy argilaceous — E
E | bedding, fossiliferous, trace vugs, trace = 0 3
E uiphide crystals in vugs. traces of 4 E
3 stylolites, DOLOSTONE R= ) ?- E
E Eramosa Member (Unit 2) — Bentonite Seal E
E 5 | Dark brown to blackish grey, slightly = s 3
E weathered to fresh, thin beddings to — E
laminated, fine to medium grained, =
medium strong rock, slightly porous, = SandfBentonite Mix
E ;| some vugs, trace suiphide crystals, trace = o 3
E wavy argillaceous beddings, E= E
E fossiliferous, locally cherty, bituminous, = | E
g DOLOSTONE = L E
E Eos — i
g Eramosa Member (Unit 1) 548612 Bentonite Seal E
E Grey to dark grey, fresh, slightly porous, = Sand E
E thinly bedded to laminated, medium — E
E strong rock, fine to medium grained, — Soreen 3
E- 60| traces of wavy argillaceous beddings, = 0
g occassional fossils, traces of stylolites, = E
g DOLOSTONE = - E
E~ 5 | Amabel Formation 6401 Bentontte Seal s 3
g Light grey to grey, slightly weathered to = E
E fresh, fossiliferous, trace wavy = 3
g argillaceous beddings, fine to medium = Sand/Bentonite Mix E
E | grained, thick beddings to massive, = 0
E some laminations, trace stylolites, weak = E
g rock, trace vugs, locally cherty, = E
DOLOSTONE = Bentonite Seal
75 — s —
80 — Sand o
8 = o=
= Screen E
% = 0
o = =
T= Bentonite Seal E
270522 E
- —————————— —— B B R R R R e e e P S S —" e —— F o —————————————— oo
CONTINUED NEXT PAGE
DEPTH SCALE Golder LOGGED: GY
1:500 PA Ssociate: CHECKED: SD




MIS-GEO 006 06-1112-032.GPJ GAL-MISS.GDT 6/9/08 MSM/RJ

PROJECT: 06-1112-032

LOCATION: N 567678.8 ;E 4817480.8

RECORD OF DRILLHOLE: MW 06-10

SHEET 2 OF 2

DATUM: Geodetic

Q
w o
R} Y NOTES
Qu ELEV. | © HYDRAULIC CONDUCTIVITY HYDRAULIC CONDUCTIVITY WELL INSTALLATION
E DESCRIPTION = CALIPER (cm) F-RESISTIVITY (Ohm-m FLOW METER (cps) GAMMA (cps) CONDUCTIVITY (mS/m) BASED ON PACKER TESTING BASED ON RISING HEAD TESTS
T 2 P
Fy DEPTH| @ K, cmisec K, cmisec WATER LEVELS
w m | =2
e & 15 20 10 20 30 40 20 40 60 80 20 40 60 80 5 10 15 20 s 10° 10° 10t 10°
|
— CONTINUED FROM PREVIOUS PAGE — Overburden C B A
F~ ' ["Reynales Formation 5550 — E
E Grey. fine to medium grained, slightl 244291 4 Mix E
E porous, fresh. thin beddings to 10226[=— E
F o, [| laminated, 103.63) E
3 trace wavy argillaceous bedding: =
3 medium strong rock, locally cherty, trace E
F hale interbed: STONE E
E_ 10 || Cabothead Formation o
3 Grey, fine grained, weak rock, slightly E
3 lporous, fresh to slightly weathered, E
3 jaminated to thinly laminated, SHALE E
E_ 15| END OF DRILLHOLE N
E 120 20
E- 125 25
; 130 30%
; 135 35;
E- 140 403
; 145 45%
- 150 503
E 155 553
; 160 SU;
E— 165 65—5
; 170 70;
175 757
180 BU;
185 35%
190 o0
195 95*5
200 00
DEPTH SCALE Golder LOGGED: GY
1:500 ASsOciddes CHECKED: SD




MIS-GEO 006 06-1112-032.GPJ GAL-MISS.GDT 6/13/08 MSM/RJ

PROJECT: 06-1112-032 RECORD OF DRILLHOLE: Clair Well SHEET 1 OF 1
LOCATION: N 564875.6 (E 4815908.6 DATUM: Geodetic
©
w
o]
20 = NOTES
B ELev. | © HYDRAULIC CONDUCTIVITY HYDRAULIC CONDUCTIVITY WELL INSTALLATION
o DESCRIPTION = CALIPER (cm) F-RESISTIVITY (Ohm-m) FLOW METER (cps) GAMMA (cps) CONDUCTIVITY (mS/m) BASED ON PACKER TESTING | BASED ON RISING HEAD TESTS
=3} DEPTH| Q K. cmisec K, cmisec WATER LEVELS
&= m | = g g
e & 15 20 10 20 30 40 20 40 60 80 5 10 15 20 10° 10° 10t 10° 10° 10° 10t 10°
GROUND SURFACE 33371 cB A
3 Gravel, Cobbles and Boulders 0.00) S E
- ement E
3 Measuring Point Bentonite Seal E
3 levation: E
E ¢ 334, E
F B-334.23 E
g C-3341 E
3 32471 E
10 | Sandy SitTil 9.00) . =
g Water Lovel Sand/Bentonite Mix E
- B-328.51 E
E C-329.86 E
F Water Level E
- 15 Measurement Date: 5
F Apr. 25, 2007 3
3 w61 E
3 Guelph Formation [E= Bentonite Seal E
E ;| Light brown, rock, DOLOSTONE = 0 3
3 - Water bearing zone at 19.8m, 29m, = g E
2 32.61m, and 37.19m — Sand E
E- 2 — 5
E — Screen E
S = 3 =
E 300812 E
E Eramosa Member (Unit 2) 32 ait = ol 3
E- 35 | Dark brown, rock, DOLOSTONE = Bentonite Seal 5
E . = =
E 288,71 E
3 Eramosa Member (Unit 1) 45002 E
E Dark grey, rock, DOLOSTONE = E
= 284.71[Z—= E
F— 50 | Amabel Formation 19002 =
3 Light grey, DOLOSTONE = E
g - Water bearing zone at 57.91m, 63.7m, = E
F 55| and 762m = Bentonite Seal 5
E = Sand E
E o = Screen e
E- £ é Bentonite Seal =
3 = Sand/Bentonite Mix E
E- 70 = 0
= E— Bentonite Seal E
75 = Sand 5
— Screen E
80 = =
250. gf — E
END OF DRILLHOLE 83.26] E
85 5 —
Note: E
1. Well log based on description E
90 | provided in MOE Well Record No. 0 3
670-0932 E
95 5 —f
100 UD—:
DEPTH SCALE LOGGED: KS
Golder
1:500 A SSO es CHECKED: SMD|




MIS-GEO 006 06-1112-032.GPJ GAL-MISS.GDT 6/9/08 MSM/RJ

PROJECT: 06-1112-032 RECORD OF DRILLHOLE: Eastview Well SHEET 1 OF 1
LOCATION: N 561281.9 E 4823857.3 DATUM: Geodetic
Q
=} Q
20 = NOTES
38 Elev. | © HYDRAULIC CONDUCTIVITY HYDRAULIC CONDUCTIVITY WELL INSTALLATION
T E DESCRIPTION = CALIPER (cm) F-RESISTIVITY (Ohm-m) FLOW METER (cps) GAMMA (cps) CONDUCTIVITY (mS/m) BASED ON PACKER TESTING BASED ON RISING HEAD TESTS
R DEPTH| Q K, cm/sec K, cm/sec WATER LEVELS
&= m |2 g g
e & 15 20 10 20 30 40 20 40 60 80 20 40 60 80 5 10 15 20 10° 10° 10t 10° 10° 10° 10t 10°
GROUND SURFACE 34319 cB A
= Clay Till 0.00 Cement E
F Measuring Point Bentonite Seal E
F Elevation: E
F 5 A-34375 -
F B-343.69 E
- C-343. 3
E o Water Level : Sand/Bentonite Mix 0 3
F A-316.93 E
F B-317.73 3
= C-331.64 3
F Water Level E
- 15 Measurement Date: 5
3 32569 Apr. 25, 2001 Bentonite Seal E
E Guelph Formation L= E
40 | Light brown, rock, DOLOSTONE = Sand 0 3
g z Screen E
- Z : 3
E = Bentonite Seal E
ak 312,002 ° 3
3 Eramosa Member 3110/ E
3 Black, rock, DOLOSTONE = E
E- 35| - significant fracture at 40.1m = - SandBentonite Mix 5
g 299,70/ Bentonite Seal E
3 ‘Amabel Formation R F E
F~ 45| Grey, rock, DOLOSTONE = Sand 5
— } Screen
E- 0 — 0 3
E = = Bentonite Seal E
E- 55 — 5 3
E = sand E
3 E= ~— E
-« = - — 0 3
g = Screen E
E- o = 5] =
E = =
7 = 5 3
80 — 0 —f
261.79F= = E
Formation =
Blueish grey, rock, SHALE 8200 E
85 | END OF DRILLHOLE s 3
Note: E
g0 | 1. Well log based on description 0 3
provided in MOE Well Record No E
670-0888 E
95 5 é
100 BD—:
DEPTH SCALE Golder LOGGED: KS
1:500 ASsOciddes CHECKED: SMD)|




MIS-GEO 006 06-1112-032.GPJ GAL-MISS.GDT 6/9/08 MSM/RJ

PROJECT: 06-1112-032 RECORD OF DRILLHOLE: Fleming Well SHEET 1 OF 1

LOCATION: N 563298.6 ;E 4826047.0 DATUM: Geodetic

o
Y o]
20 = NOTES
3 Elev. | © HYDRAULIC CONDUCTIVITY HYDRAULIC CONDUCTIVITY WELL INSTALLATION
2 DESCRIPTION 3 CALIPER (cm) F-RESISTIVITY (Ohm-m) FLOW METER (cps) GAMMA (cps) CONDUCTIVITY (mS/m) BASED ON PACKER TESTING | BASED ON RISING HEAD TESTS
R DEPTH| Q K, cmisec K, cm/sec WATER LEVELS
&= m |2 g g
e & 15 20 10 20 30 40 20 40 60 80 20 40 60 80 5 10 15 20 10° 10° 10t 10° 10° 10° 10t 10°
|
GROUND SURFACE 4303
2 OVERBURDEN 0.00f8 E
3 Measuring Point Bentonite Seal E
F Elevation: E
E A344.78 E
- B-344.74 E
g C344.70 E
E Sand/Bentonite Mix E
= Water Level =
F — A-344.00 E
= K B-343.99 E
3 320953555 C.34386 Bentonite Seal E
F- 15 | Guelph Formation 1400 Measurement Date: Sand 5
3 Brown, rock, DOLOSTONE = Apr. 25, 2007 Screen E
E a25.63/ 2= E
3 Eramosa Member (Unit 2) 183022 Bentonite Seal E
20| Black, rock, DOLOSTONE = 0
3 - Significant fracture at 28.3m, 30.5m = E
= and 31.2m = — E
- 2 = 5
E = Sand/Bentonite Mix E
3 = =3 E
- 30 E= p— 0 —4
3 31093 — E
3 Eramosa Member (Unit 1) 33,0022 - Bentontte Seal E
E 35| Grey, rock, DOLOSTONE = L RE
= 30643 Sand E
3 ‘Amabel Formation 37 50— s E
£, | Grey. rock, DOLOSTONE = L creen NE
g - Major fractures 38.3m, 38.7m, 40.2m, = E
3 45.2m, 47.1m, 56.5m, 56.8m, and 57.2m = Bentonite Seal E
3 - Significant fractures at 45.8m, 47.8m, E= T E
F~ 5| and 60.7m = — 5
= Sand
E- 0 = 0 3
F — Screen E
- % - 5
-« = 0
- Z— Bentonite Seal 3
E o E é Sand/Bentonite Mix 5 3
E 275,30 3
3 END OF DRILLHOLE 68,63 E
- 70 0
3 Note: E
1. Well log based on description
[~ 75| provided in MOE Well Record No. 5
E 670-1127 E
80 0 é
85 5 —f
90 o é
95 5 é
100 BD—:
DEPTH SCALE Golder LOGGED: KS
1:500 ASsOciddes CHECKED: SMD)|




AL-MISS.GDT 6/9/08 MSM/RJ

MIS-GEO 006 06-1112-032.GPJ

DEPTH SCALE
1:500

LOGGED: KS
CHECKED: SMD)

PROJECT: 06-1112-032 RECORD OF DRILLHOLE: Hauser Well SHEET 1 OF 2
LOCATION: N 555554.8 ;E 4819528.3 DATUM: Geodetic
Q
w
o
20 = NOTES
B ELev. | © HYDRAULIC CONDUCTIVITY HYDRAULIC CONDUCTIVITY WELL INSTALLATION
= DESCRIPTION a‘ CALIPER (cm) F-RESISTIVITY (Ohm-m) FLOW METER (cps) GAMMA (cps) CONDUCTIVITY (mS/m) BASED ON PACKER TESTING BASED ON RISING HEAD TESTS
Fy DEPTH| @ K, cmisec K, cmisec WATER LEVELS
w m | =
e & 15 20 10 20 30 40 20 40 60 80 20 40 60 80 5 10 15 20 10° 10° 10t 10° 10° 10° 10t 10°
| |
|, | GRouND suRFacE 52400 cCB A
3 Clay Till 0.00) Cement E
3 Measuring Point Bentonite Seal E
F Elevation: E
S 324, =
F B-324.86 E
- C-324.80 3
= ‘Sand/Bentonite Mix 3
= Water Level : =
- 312.40] A-322.48 3
3 Guelph Formation 1,602 B-32256 Bentonite Seal E
3 Light brown, rock, DOLOSTONE = C-32263 E
- 15 = o Water Level 5
3 - Major fractures at 14.6m and 18.6m = Measurement Date: Sand E
= - Significant fractures at 15.8m, 17.1m, — Apr. 25, 2007 E
E 20.7m, 22.9m, 23.8m, 31.4m, and 34.4m — E
2 — =
3 = Screen E
- = s
E == Bentonite Seal E
E- % = o 3
g = 3 Sand/Bentonite Mix E
E 288 gﬂt — 3 E
3 Eramosa Member 3510 E Bentonite Seal E
3 Light brown, rock, DOLOSTONE = 3 sand E
3 = b= S E
E | - Significant fracture at 37.2m = 3 creen 53
3 = 3 Bentonite Seal E
3 279. @t — 3 E
3 Amabel Formation 45,0012 = ‘Sand/Bentonite Mix E
Light grey to blue, rock, DOLOSTONE = 3
E . | - Significant fractures at 45 4m, 46.6m, = B N
= 56.7m, 71.6m, and 86.9m = 4 Bentonite Seal =
- - = 3
3 = 3 E
E 55 = B =
E « = . sond 0 3
F = = E
x = 3 s
E = =
E = Screen E
3 = E E
s = 3 =
80 — E 0 —f
8 = =
= Bentonite Seal E
% = 0 3
23175/ 2= E
Reynales Formation 92.25[5—=2 — =_1_ E
22900 T 3
BlUe- green, DOLOSTONE 95.00F — E
Cabothead Formation 96.10 E
Blue, SHALE E
100 | ENDOFDRILLHOLE _ _ _ _ _ _| O e e o e e I koo
CONTINUED NEXT PAGE




MIS-GEO 006 06-1112-032.GPJ GAL-MISS.GDT 6/9/08 MSM/RJ

PROJECT: 06-1112-032 RECORD OF DRILLHOLE: Hauser Well SHEET 2 OF 2
LOCATION: N 555554.8 ;E 4819528.3 DATUM: Geodetic
Q
Y o]
3o = NOTES
3 Elev. | © HYDRAULIC CONDUCTIVITY HYDRAULIC CONDUCTIVITY WELL INSTALLATION
T E DESCRIPTION = CALIPER (cm) F-RESISTIVITY (Ohm-m) FLOW METER (cps) GAMMA (cps) CONDUCTIVITY (mS/m) BASED ON PACKER TESTING BASED ON RISING HEAD TESTS
R DEPTH| Q K, cmisec K, cm/sec WATER LEVELS
&= m | = g g
e & 15 20 10 20 30 40 20 40 60 80 20 40 60 80 5 10 15 20 10° 10° 10t 10° 10° 10° 10t 10°
| 100 | CONTINUED FROM PREVIOUS PAGE — CcB A
E Note: E
E 105 | 1 Welllog based on description 05
3 provided in MOE Well Record No. E
3 670-0954 E
E- 110 10
; 115 15%
E 120 20
; 125 25;
; 130 30%
; 135 35;
E- 140 403
; 145 45%
|- 150 50—
E 155 553
; 160 SU;
E— 165 65—5
; 170 70;
175 757
180 80
185 =
190 su—f
195 953
200 00
DEPTH SCALE Golder LOGGED: KS
1:500 ASsOciddes CHECKED: SMD)|




PROJECT: 06-1112-032
LOCATION: N 563539.4 ;E 4817510.2

RECORD OF DRILLHOLE: McCurdy Well

SHEET 1 OF 1

DATUM: Geodetic

y 8
20 = NOTES
B o HYDRAULIC CONDUCTIVITY HYDRAULIC CONDUCTIVITY WELL INSTALLATION
2 DESCRIPTION 3 CALIPER (cm) F-RESISTIVITY (Ohm-m) FLOW METER (cps) GAMMA (cps) CONDUCTIVITY (mS/m) BASED ON PACKER TESTING | BASED ON RISING HEAD TESTS
] WATER LEVELS
FY a K, cmisec K, cmisec
I s
e & 15 20 10 20 30 40 20 40 60 80 20 40 60 5 10 15 20 100 10° 10t 10° 10° 105 10t 10°
|
GROUND SURFACE cB A
E Gravelly Sand Cement E
3 Measuring Point Bentonite Seal E
F Elevation: E
- 5 A-324.55 3
F B-324.50 E
E | C-32446 E
3 Silt Til 7 E
3 " E
E Guelph Formation T A-321.61 E
3 Creamy grey, rock, DOLOSTONE = B-321.98 E
E = C32182 E
F = o Water Level E
- 15 = Measurement Date: 5
- Z— Apr. 25, 2007 3
F = ~ Bentonite Seal E
E = Sand E
2 = Screen 0 3
3 Eramosa Member * = Bentorite-Seat e
|- 25| Black, rock, DOLOSTONE = 3
F - Water bearing zone from 30.18m to é ‘Sand/Bentonite Mix E
3 31.09m = E
¥ — Bentonite Seal °
E = sand E
F 35 = Screen 5 —
E = ; Bentonite Seal E
3 Amabel Formation = E
3 Dark grey, rock, DOLOSTONE E= Sand/Bentonit Mix E
E ;| - Water bearing zone from 48.16m, = .
3 54.86m to 55.17m, 60.66m to 64.01m = Bentonite Seal E
- 50 = [ 0 3
3 — sand E
E 55 = — — s 3
3 = Screen E
-« = 0
;— 65 E E Bentonite Seal s 7;
E- 0 = =
g = Sand/Bentonite Mix E
7 = 5

NINANAY

Br DOLOSTONE

£l
Cabothead Formation

MIS-GEO 006 06-1112-032.GPJ GAL-MISS.GDT 6/9/08 MSM/R.

80 0 3
Grey, rock, SHALE Sediment Filed E
&5 | END OF DRILLHOLE wof 5 3
Note: E
40| 1. Well log based on description N
provided in MOE Well Record No. E
670-2434 E
95 5 —f
100 BD—:
DEPTH SCALE LOGGED: KS
Golder
1:500 A SSO es CHECKED: SMD|




MISS-ROCK-2 041112032AARCK.GPJ GAL-CANADA.GDT 13/12/05

PROJECT: 04-1112-032

LOCATION: Hanlon Rd., opposite #727

RECORD OF DRILLHOLE: CH

DRILLING DATE: June 15 - 19, 2004
DRILL RIG: MOBIL B57

SHEET 1 OF 2

DATUM: Ground

INCLINATION: -90° AZIMUTH: —
DRILLING CONTRACTOR: LANTECH
g wo|oF -;’*LIT -éomlt Eg- IE:feldding gb-g\anard PO- Polished BR - Broken Rock
(O] 5| - Fault - Foliation - Curve K - Slickensided )
Y4 g o] £ |g2] sHr-Shear CO- Contact UN-Undulating  SM- Smooth e o N st
Sal 3 - s |z _|a/#| VN -vein OR- Orthogonal ST - Stepped Ro - Rough of abbreviations & NOTES
op | DESCRIPTION S | ELEV. | 2 [9F|Ole| CJ -Conugate  CL- Cleavage R - Iregular MB- Mechanical Break _symbols. WATER LEVELS
T m e Q |pEPTH 5 3 gl RECOVERY [ oo Flﬁsg; DISCONTINUITY DATA HYORAULIC | Dlametra INSTRUMENTATION
=13 s L i o DPwWrt oint Load|RuC
8 z % ™ z 19 core | comew| DER |ange ['core | vpe aNDSURFACE [ < omisee | ndex [ o
a o | @ |ggee|agec]|asec| cwe| o888 _oso DESCRIPTION [=X=R=R=} "
239R] 3898|2898 | 022R| o825 | o388 == |avo
GROUND SURFACE 32089
I -
B OVERBURDEN 0.00 ]
L 5 3 ]
[ || 311.29 | L
— 10 Guelph Formation E 9.60 F 9 1
L
B & BDW, Sa sand s
- [~ . BD,PL,Ro g
R Fresh to moderately weathered on [~ HH T = 1111 ]
B bedding, joints with iron staining, light = o BD,W,Ro 5 ] ]
R creamy grey to greyish white, fine to B - ggvgtvsg cl 4144
- medium grained, moderately porous to |2 BDPL.UESM ClI 9 ]
B vuggy (1-50 mm), thickly bedded with [ ; 4
B moderately fossiliferous (crinoid, coral), £ BD,W-UE, | ]
[ DOLOSTONE - R .
— 15 [~ o BD,W-UE, E 1]
B > 4 [~ BD,W-UE, ]
B > JN,PLRo — M
< 4 4
B - BD,W, ]
- = ] [ PLRo ] ]
> >~ BD,W, T
B > ]
B E & . E 47
s w 1. BD,W, — .
- = JN,PLRo MM
= < BD,W, g 4]
- 2 Z i BDPLRo || ]
> — BD,UE,Ro MM
B 2 ) 14
B > ]
[~
B = h o BD,PL,Ro ]
= < [~ BD,W-UE, Screen .
[
B = || ]
B > ]
[~
B & ]
— 25 = JN,UERo — sand —
B > i
L > - BD,PL,Ro ]
B = 9 [==BD.PLRo ]
N - 293.76| L BD,W,Ro | ]
- Upper Eramosa Member » 2713 BD.,PLRo E
[
B > - —] Hole Plug ]
B <] " . . & BD,PL,PO ]
B I Fresh, light to medium brownish grey, < I~ BD.PL.UE,SM ]
B ] fine to medium grained, slightly porous, £ BD,UE,Ro ]
L 30| vuggy (1-50 mm) with sphalerite and & T \SBg?'SS 1 ]
- § dolomite crystals in vugs, medium 5 ' BD.PL.SM B
B 3 ]
i bedded DOLOSTONE e b INCUSM | ]
B & [~ BD,PL,SM ]
[
B & ]
- > 287.67, | R
B Lower Eramosa Member [ 3322 ]
B 2 ]
[~ |
B [ ]
L 35 Fresh, medium to dark brown, fine > _
L grained, slightly porous, thinly to medium E .
o bedded, laminated texture, argillaceous, [ Sand -
B DOLOSTONE, occasional chert nodules E ]
B [ — ]
>
B [ ]
>
B [ ]
>
B [ — ]
>
B [ ]
>
_— -~ -
B 2 — ]
>
B [ ]
>
B [ ]
>
B 2 m of JN,PLRo | ]
B E o JINPLRo ]
>
B [ — ]
B [ ]
R & BD,PL-CU, ]
>
— 45 [ 275.47 o JN,PLRo [ Hole Plug —
B < 45.42 . BD,PL,SM T
B = ]
[
B s BD,UE,SM | ]
n Z *| [~ BDUESM 7]
B & ]
>
B > | ]
B [ L BD,PL-UE, .
B > 9 [—BD.UERo ]
B [~ L 1Sand p
- s5o}b--+- - - ] < —_—-4 4 -+ +H+H+H 4 +H+HH A H - - — — — — 4+-+H4 1 —
CONTINUED NEXT PAGE
DEPTH SCALE LOGGED: MR
1:250 CHECKED:




MISS-ROCK-2 041112032AARCK.GPJ GAL-CANADA.GDT 13/12/05

PROJECT: 04-1112-032

LOCATION: Hanlon Rd., opposite #727

RECORD OF DRILLHOLE: CH

DRILLING DATE: June 15 - 19, 2004
DRILL RIG: MOBIL B57

SHEET 2 OF 2

DATUM: Ground

INCLINATION: -90° AZIMUTH: —
DRILLING CONTRACTOR: LANTECH
g wo|oF -F"\LIT-éomlt Eg- IE:feldding gb-g\anard PO- Polished BR - Broken Rock
(0] 5| - Fault - Foliation - Curve K - Slickensided )
uj: 8 ot £ Q| str-shear CO- Contact UN-Undulating  SM- Smooth e o N st NOTES
0 5 |z VN -Vein OR- Orthogonal ST - Stepped Ro - Rough i
w o —~ Ol g PP g of abbreviations &
8 I&J L4 DESCRIPTION % ELEV. g 8 E Ole| CJ_-Conjugate CL - Cleavage R - Irregular MB- Mechanical Break  symbols. WATER LEVELS
il ) Q |pEPTH| S [E € RECOVERY FRACT DISCONTINUITY DATA HYDRAULIC | Diametral INSTRUMENTATION
ons < 2 x|z - R.EJ.D INDEX BEwTT CONDUCTIVITY [Point Loadrmc
a = s m 2 | 8 |cores|coren| FER | Bangee | CORE | TYPE AND SURFACE K, emisec (‘,\’;I‘,’,ea") Q
[} w o o . AXIS © 9 Y 7 JAVG.
g & | @ |sges|ssss|sse]Lo0s| -388] oaes DESCRIPTION 2222 |avo
50 — CONTINUED FROM PREVIOUS PAGE —
[ Lateral equivalent to Goat Island Member =2 570 14 BDJRRo i
R 1 5075 BD,PL-UE, i
. -— .
B Fresh, light to moderately grey, fine 1 ]
B grained, moderately porous, thin to =z ]
B medium bedded argillaceous < — ]
B DOLOSTONE with numerous chert [ ]
. [
- nodules (5-40 mm), wavy argillaceous - b 80.UE Ro - E
- bedding partings, occasional vugs with » T ]
— % ldolomite crystals z X INWARRo =
B Unsubdivided Amabel Formation » T — ]
| < Sand i
- Fresh to moderately weathered, light = | E
- grey, fine to medium grained, partly > ]
B crystalline, very porous and vuggy, highly 5 ]
B fossiliferous (crinoids), occasional [ ]
| stylolite, thickly bedded to massive [~ FR,PL-UE,Ro — E
>
— 60 DOLOSTONE = lo| JN,PL,Ro —
B » o [ BD,PL-UE, | ]
K s JN/BD,UE Ro 1
L » ]
B = o JN, FR,UE,Ro | ]
- [~ [~ BD,UE,Ro ]
»
L » ]
=
- ¢ g | ]
B » ]
i E 2 Hole Plug ]
< —1
o5 | z BD, FR,IR,Ro —
B 2 ]
n o > u
B > — ]
>
B » Sand 9
L [ ]
< —1
B = ]
L [ ]
>
B > ]
» - 4 —1
B > ]
I - ]
i Z AN HEE BD,UE,Ro — 1
>
L [ ]
B > ]
[ - BD,UE,Ro Screen ]
B & BD/FR,UE,Ro ]
[ [— BD/FR,UE,Ro
B [~ [~ BD/FR,UE,Ro ]
- = BD/FR,UE,Ro 1
B > BD/FR,UE,Ro 1
L [~ ]
L 75 Less vuggy - z —
B F|rst_appearance of gypsum in fillings = — sand ]
- fossils = BD,UE,Ro ]
- & BD,PL-UE,SM E
B [ BD,PL-UE, ]
B z [~ BD.PL-UE, Hole plug i
- > BD,PL-UE, 1
- | < 1 -
>
- > 241.49 ey Sand ]
[ o End of Drillhole 79.40 o _
— ]
— ]
— ]
— 100 —
DEPTH SCALE LOGGED: MR
1:250 CHECKED:




MISS-ROCK-2 041112032AARCK.GPJ GAL-CANADA.GDT 13/12/05

PROJECT: 04-1112-032

LOCATION: N 4818044.9 ;E 561360.0

RECORD OF DRILLHOLE: TW1

DRILLING DATE: August 9 -10, 2004
DRILL RIG: Air Rotary

SHEET 1 OF 2

DATUM: Ground

INCLINATION: -90° AZIMUTH: — ) -
DRILLING CONTRACTOR: Gerrits Well Drilling
g o E o % é’l\_‘T - éomlt Eg- IEelc_id‘ing EID- g\anard EO- glgliihed_d g BR - Broken Rock
- Faul - Foliation - Curve - Slickenside .
4 g o] 2 32| srr- shear CO- Contact UN-Undulaing  SM- Smooth NOTE: For addiional
6 ﬂ ] 8 S |z log] VN - Vein OR- Orthogonal ST - Stepped Ro - Rough of abbreviations & NOTES
ox | « DESCRIPTION S |ELEY. | Z |Q£[Olef CJ -Conugate  CL-Cleavage R - Iregular MB- Mechanical Break _symbols. WATER LEVELS
il ) Q [oePTH E3FE RECOVERY FRACT! DISCONTINUITY DATA HYDRAULIC | Diametral INSTRUMENTATION
o= | 5 s 3 v S RQ.D. | INDEX WL CONDUCTMITY [Point Load Rvic
a = s m 2 | 3 |dorew|comen] % | PER [Bange | come | rvpeanDsuRFAcE | Komsee | ndex |
& @ 8 | 2 |aaos |smes | ases| S| csg| &S| oescremion [SLLT [ M e
239R| 3898|2389 | 022R| o825 o388 ceeR |avo
[, GROUND SURFACE 328.04
| Brown CLAY, matrix brown gravel and 0.00 ]
- cobbles -
B 326.44 ]
R Brown sandy CLAY, matrix gravel and 1.80 ]
B boulders ]
— S 32274 ]
B Brown CLAY, some gravel 5.50 ]
B 321.54) ]
B Brown CLAY, matrix gravel and cobbles 6.70 ]
B 320.34, 1
R Grey CLAY TILL, large angular stones ¥ 7.90 ]
[ " ]
— 10 —]
B 317.54) ]
B Dark grey CLAY, massive, some small 10.70; ]
B stones, rounded ]
- " 312.74 ]
L Grey silty CLAY, soft some small 15.50; .
- rounded gravel -
K 308.74) ]
L 20 Light brown DOLOSTONE, soft, 19.50 Seal _]
- fractured, traces of white gypsum -
- (GUELPH FORMATION) 1
[ 5 MMM
R Sand MMM
— 30 ‘ _
: Screen ‘ :
- 295.00 1 B
B Black DOLOSTONE, strong petroliferous 3324 '
B odour Sand 7]
I (ERAMOSA MEMBER) ]
B Seal ]
_— -
R Sand 1]
L 45 ]
: Screen :
B Sand 1
K Seal ]
- s} — - - - - ] - — -+ 4 -+~ - - — — — — ] 4+ +~44+-+4 -1 — — -
CONTINUED NEXT PAGE
DEPTH SCALE LOGGED:
1:250 CHECKED:




PROJECT: 04-1112-032 RECORD OF DRILLHOLE: TW 1 SHEET 2 OF 2

LOCATION: N 4818044.9 ;E 561360.0 DRILLING DATE: August 9 -10, 2004 DATUM: Ground
DRILL RIG: Air Rotary

MISS-ROCK-2 041112032AARCK.GPJ GAL-CANADA.GDT 13/12/05

INCLINATION: -90° AZIMUTH: —
DRILLING CONTRACTOR: Gerrits Well Drilling
g o E o % é’l\_‘T - éomlt Eg- IEelc_id‘ing EID- g\anard EO- g?liihEdd g BR - Broken Rock
- Faul - Foliation - Curve - Sli i
u o) o) £ (3P| sr-shear CO- Contact UN-Unduang  SM- Smooth Mo For addiional
Zal| S = s |z o] vN -vein OR- Orthogonal ST - Stepped Ro- Rough of abbroviations & NOTES
of | DESCRIPTION g ELEV. g SE Ole| CJ_- Conjugate CL - Cleavage IR - Irregular MB- Mechanical Break  symbols. WATER LEVELS
il ) Q |pePTH| S [E € RECOVERY FRACT DISCONTINUITY DATA HYDRAULIC | Diametal INSTRUMENTATION
o= | 5 s (m) 257 £ [Fom Tsom R.g.D. INDEX WL CONDUCTMITY [Point Load e
u = > Z | & |corew|coren| PER | Bangle | CORE | TYPE AND SURFACE | cmisee (\’\r;lté'e; v
& ? & | 2 |acoslosos oo | Lol oge] XS DESCRIPTION [=X=R=R=} Ve
239R| 3898|2889 | 022R| o825 o388 e |avo
. — CONTINUED FROM PREVIOUS PAGE — |
L Black DOLOSTONE, strong petroliferous ]
- odour -
- (ERAMOSA MEMBER) 1
B 274.50 ]
- Grey DOLOSTONE (Lateral equivalent 53.74 Seal b
. to Goat Island Member) ]
L 268.04, Sond ]
- Grey DOLOSTONE (AMABEL 60.20] 1
R LIMESTONE ) ]
L 65 -
B Productions zone identified by 6 7]
R fracture at 66.3 m depth Screen ]
B Production zone from 66.3 mto 71.2 m ]
- depth E
L 70 ]
- Sand B
B 245.94) ]
[ Light blue LIMESTONE, fractured and 82.30 ]
[ broken (REYNALES FORMATION) ]
. -
L Seal u
B Sand ]
— 90 an —
B 237.44) ]
B End of Borehole 90.80 ]
_— ]
— 100 —
DEPTH SCALE LOGGED:
1:250 CHECKED:




MISS-ROCK-2 041112032AARCK.GPJ GAL-CANADA.GDT 13/12/05

PROJECT: 04-1112-032

LOCATION: N 4818015.9 ;E 560339.4

RECORD OF DRILLHOLE: TW2

DRILLING DATE: August 11 -12, 2004
DRILL RIG: Air Rotary

SHEET 1 OF 2

DATUM: Ground

INCLINATION: -90° AZIMUTH: — ) .
DRILLING CONTRACTOR: Gerrits Well Drilling
g o E o % é’l\_‘T - éomlt Eg- IEelc_id‘ing EID- g\anard EO- glqli:hed_d g BR - Broken Rock
- Faul - Foliation - Curve - Slickensiae .
Y4 g o] 2 32| srr- shear CO- Contact UN-Undulating  SM- Smooth o e st
zal 9 p s |z |al] VN - Vein OR- Orthogonal ST - Stepped Ro- Rough of abbreviations & NOTES
Dy x DESCRIPTION g ELEV. | 2 gg Ol¢| CJ - Conjugate CL - Cleavage IR - Iregular MB- Mechanical Break ~ symbols. WATER LEVELS
il ) Q |pEPTH ZlsE RECOVERY FRACT DISCONTINUITY DATA HYDRAULIC | Diametral INSTRUMENTATION
ons < 2 x|z 1z R.EJ.D. INDEX BEwTT CONDUCTIVITY [Point Loadrmc
a = s m 2 | 3 |dorew|comen]| % | PER [Bange | come | rvpeanD suRFAcE | Komsee | ndex |
E @ B2 [omanome ) aea| 22m | ee| 2| Toescremon | 2B | M e
2339R| 8898 383R| 022R| o825 | o388 ceer |avo
L, GROUND SURFACE as.08|
| Brown, coarse SAND and GRAVEL, 0.00 i
- some white gypsum cemented -
- 5 —]
B 318.08] ]
| Biege, CALY TILL, angular stones, lots of 7.00 i
- stoney -
-_ 10 Seal —-
- 313.78] 1
K Stratified SAND and CLAY 11.30 ]
- 310.78] 1
B 15 Biege DOLOSTONE, fractured and 14.30; ]
[ broken in top 2 m ]
L (GUELPH FORMATION) ]
L 20 ]
B Sand N
B Screen T
- 297.88| ]
- Black DOLOSTONE (ERAMOSA 27.20 1
[ MEMBER) ]
[ 5 Sand ]
: Seal :
I -
B Sand ]
— 40 Screen —
: Sand :
L 45 -
: 278.38 Seal ]
B Grey DOLOSTONE (Lateral equivalent to 46.70 1
R Goat Island Member) ]
[ Grey from 49.7 m to 53.4 m ]
- 50—} — - - ] -4 -+~ +H+H+HHHHHH A H - - — — — — ] 4+ 4 4++4H4 -] — —
CONTINUED NEXT PAGE
DEPTH SCALE LOGGED:
1:250 CHECKED:




PROJECT: 04-1112-032 RECORD OF DRILLHOLE: TW 2 SHEET 2 OF 2

LOCATION: N 4818015.9 ;E 560339.4 DRILLING DATE: August 11 -12, 2004 DATUM: Ground
DRILL RIG: Air Rotary

MISS-ROCK-2 041112032AARCK.GPJ GAL-CANADA.GDT 13/12/05

INCLINATION: -90° AZIMUTH: —
DRILLING CONTRACTOR: Gerrits Well Drilling
2 . IR BEGE RO P Lo
w o o) = 3R] shr- shear CO- Contact UN-Undusting  SM- Smodth NOTE: For additonal
Zo Q 3 S|z s R OR- Orthogonal ST - Stepped Ro- Rough of abbroviations & NOTES
(2} o DESCRIPTION =t ELEV. g o< Ole| CJ_- Conjugate CL - Cleavage IR - Irregular MB- Mechanical Break symbols. WATER LEVELS
il ) Q |pePTH| S [E € RECOVERY FRACT DISCONTINUITY DATA HYDRAULIC | Diametal INSTRUMENTATION
o= | 5 s ™) Z 157 = [Fom Tsom R-g-D- INDEX DPWiT CONDUCTVITY [Point Load|Ruic
u = s Z | 8 |corew|coren| ™ | PER |BAnge| CORE'| TYPE AND SURFACE Komseo | imdex | Q
& @ & | 2 | agoslsses sses| oan| ose| So|  DESCRIPTION 2oL% (M pe
2898|8898 8898] w298 o528 | o888 S22 oo
I, — CONTINUED FROM PREVIOUS PAGE — |
[ EIE 274.00 ]
- LIMESTONE 51.08 -
- (AMABEL FORMATION) L] E
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SHEET 1 OF 2
DATUM: Ground

OW05-92

DRILLING DATE: December 15, 1992

DRILL RIG:

DRILLING CONTRACTOR:

RECORD OF DRILLHOLE
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-90°
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PROJECT: 04-1112-032 RECORD OF DRILLHOLE: 0W05'92 SHEET 2 OF 2

MISS-ROCK-2 041112032AARCK.GPJ GAL-CANADA.GDT 12/8/05

LOCATION: N 4819044.7 ;E 560223.1 DRILLING DATE: December 15, 1992 DATUM: Ground
DRILL RIG:
INCLINATION: -90° AZIMUTH: -
DRILLING CONTRACTOR:
g o E o % é’l\_‘T - éomlt Eg- IEelc_id‘ing EID- g\anard EO- glqli:hed_d g BR - Broken Rock
- Faul - Foliation - Curve - Slickenside: .
u o o) £ (3P| sr-shear CO- Contact UN-Undulating  SM- Smooth Mo For addiional
Zal| S = s |z _|al¥] VN -Vein OR- Orthogonal ST - Stepped Ro- Rough of abbreviations & NOTES
of | DESCRIPTION g ELEV. g SE Ole| CJ_- Conjugate CL - Cleavage IR - Irregular MB- Mechanical Break  symbols. WATER LEVELS
z g 9 Q |oepTH = 3 gl RECOVERY [_ oo Flsgg DISCONTINUITY DATA HYORAULIC | Dlametra INSTRUMENTATION
& 3 = oz LD DP Wik oint RVC
il = S ™ |2 | & [ |emm| % [ PeR [emoe [k | rvee psureace | Kemsee | e |
g ? £ | 2 |sgos|esos|ases | oam| ose| &S DESCRIPTION ccoo Ve
3898|3898 | 8898 w22 o825 | 888 S22 |avo
50 — CONTINUED FROM PREVIOUS PAGE -
| Hard, black ROCK i
B 279.57 _ 1
N Hard, grey ROCK 51.82 Bentonite ]
B Grout 1
: Sand :
B Screen N
N 267.38 ]
s End of Borehole 64.01 -
— 65 Sand —
L 70 ]
_— ]
_—) ]
L o5 ]
— 100 —
DEPTH SCALE LOGGED:
1:250 CHECKED:
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DEPTH BELOW GROUND SURFACE (m)

+5 —

20 =

30 —

40 —

50 —

60 —

70 —

80 —

90

100 —

DRILLER'S LCG

30.5 ¢cm —~‘

SAND SILT,
CLAY STONES

BLACK LIMESTONE

SROWN /WHITE
LIMESTONE

WHITE LIMZSTONE

LIGHT BROWN
LIMESTONE

BLUE—-GREY
LIMESTONE

LIGHT BROWN
LIMESTONE

-

NR) -2
mo om
L] oW

35.6
38.6

45.7

61.0
64.0

BEOTTOM OF
CASING

BOTTOM COF
VIDEO LOG

VIDEQ LOG

DEPTH BASED ON DRILLER'S LOG

SPONTANEQUS POTENTIAL {mv) GAMMA (CPS)

o 150 300 0] 15 30
! )

1 L ) ] ]

RESISTIVITY (chms)

200 400 600
I S|

LEGEND
------ OVERBURDEN/BEDROCK CONTACT
——————— SIGNIFICANT FRACTURE/SOLUTION CAVITY
MAJOR FRACTURE/FRACTURE ZONE/
SOLUTION CAVITY
¥ WATER LEVEL
NOTES

1. DRILLER'S LOG BASED ON DESCRIFTION PROVIDED
IN WATER WELL RECORD No. LOG 67-6298.

2. WATER FOUND AT 18.3 m, 20.7 m, AND 21.3 m
AS REPORTED IN WELL LOG.

3. WELL FLOWED AT 4.6 m® ON COMPLETION.

4. GEOPHYSICAL LOG OF SPONTANEOUS POTENTIAL,
GAMMA, AND RESISTIVITY HAVE BEEN PROVIDED
BY INTERNATIONAL WATER SUPPLY LIMITED,
APRIL 25, 1994,

5. VIDEO LOG DERIVED FROM DOWNHOLE CAMERA
WORK COMPLETED BY INTERNATIONAL WATER
SUPPLY UMITED, APRIL 25, 19%4.

6. INMAL ELEVATION 322.50 m.
FLOOR ELEVATION 324,14 m.
MEASURING POINT ELEVATION 325.32 m.

CALICO PRODUCTION WELL

AQUIFER PERFORMANCE EVALUATION
NORTHWEST QUADRANT

{CITY OF GUELPH

| DATE: 'OCTOBER 23, 1995 SCALE:  AS SHOWN
PROJECT: 194081 FILE NO.: BOB1—1950234
FIGURE
my JiccEr Hms Beam
=8 e Piemes| PRB1-2
Emdronmental Conmudting Enginsers m




VIDEO LOG REFERENCE ELEVATION 326.75 m a.s.l.
FLOOR ELEVATION 326.30 m a.s.l.

\ Environmental Consulting Engineers

WELL VIDEO
LOG LOG
— =—30.5 cm
O N,
6.1 m
4
= 7.4 m BOTTOM OF CASING
10 — BROWN 11.7 m
22 m C———"—"71 126 m
@ — -8 M
W 121 — 147 m
o
)
o | L ___ 19.3 m
20 — L DARK === 77 19.7 m
3 BROWN
Y
& 245 — 248 m
~ F————1 %g.g m
. m
g 28.0 m
> 30 —
|
o)
=z
>}
o GREY TO
& 40 — x GREY/WHITE
= 2
S a8 443 — 452 m
% m _
T 50 — 47.7 — 52.2 m
o
) 59.4 m = 54.4 — 55.0 m
56.8 — 58.0 m
E——_—_—1 586 m
60 — BLUE SHALE 58.9 m BOTTOM OF WELLBORE
lL_____! SEDIMENT FILLED
64.0 m
— ~—30.5 cm
70 —
80 —
NOTE LEGEND
SIGNIFICANT FRACTURE/SOLUTION
90 —— WELL LOG BASED ON DESCRIPTION - == CAVITY
PROVIDED IN DRILLER’S LOG 67—6103. MAJOR FRACTURE/FRACTURE
VIDEO LOG DERIVED FROM DOWNHOLE CAMERA —— ZONE/SOLUTION CAVITY
WORK COMPLETED BY INTERNATIONAL
WATER SUPPLY LIMITED, AUG 16, 1993.
I= JAGGER Hims FIGURE 95—6
= LIMITED

CLYTHE CREEK PRODUCTION WELL
CITY OF GUELPH — NORTHEAST QUADRW




{ L . UVRDR IR SO Lo SR P, loss & { 1 R U SR S .
DALLEA'S LOG VIDEQ 1.OG SPONTANEOUS POTENTIAL (mV) GAMMA (CPS) RESISTIVITY {chma)
10 20 30.40 50 80 70 BO 90100 -240 ~200 —-160 -120 [1] 4 1] 12 16 20 24 0 200 400 600 BOD 1000
5 — aa.n:m—l ‘ I T e O T T Y Y | | | 1 I S AU N PO | [ | | [
0~ TOPSOIL o
CLAY T
10— = .
. a s fer— e —_— OTTORFSGRS AR TR T R S R P AR R e e e e e
CASING
20 —
DARK ROCK
E —
< _
B a0 iy
< s——
© ¢+ *+r+ 0 pZ=TT + - =
5 344 ggé L
. VERTICAL | ] y
v FRACTURE 354 =
[&)
=z -
D 40— -
(1
(0] . H
= LIGHT ROCK
9 - 46.9 i
& 47.5
-« 50~ -
= K
o s
o .
a 5
BDTTOM OF
57.2 VIDED, LOG
60 —
70—
NOTES:
1. LOG CHARTS OF SPONTANEOUS POTENTIAL, GAMMA AND RESISTMTY
80— HAVE BEEN PROVIDED, BY INTERNATIONAL WATER SUPPLY LTD.,
APRIL 25, 1995.
2. WELL tOG BASED ON DESCRIPTION PRCVIDED IN DRILLER'S LAG
671429
LEGEND ' SCALE:  AS SHOWN
3. VIDEO LOG DERIVEC FROM DOWHHOLE CAMERA WORK COMPLETED )
—— %mgg?UEN/ﬂEUROCK BY INTERMATIONAL WATER SUPPLY LTD., APRIL 28, 1995. DEAN AVENUE PRODUCTION WELL

SIGNIFICANT FRACTURE/
SOLUTION  CAVITY

MAJOR §RACVURE/FRACTURE
ZOME/SOLUTION CAVITY

WATER LEVEL {m B.G.S.)

6.

7.

. WATER FOUND FROM 51.2 m TO 51.B m AS REFORTED ON
ORILLER'S LOG. ’

. STATIC WATER LEVEL AT COMPLETION WAS 12.9 m.
MEASURING POINT ELEVAZION 323.73 m.

FLOOR ELEVATION 323.33 m.
VIDEO AND GEOPHYSICAL LOGS ALIGNED WITH DRILLER'S 10G ON
THE BOTTOM OF CASING.

P Y =

GmEs naTHE AR CBIC 1A

REF. NO.. AQ76—1960167

DATE: FEBRUARY 25, 1997

AQUIFER PERFORMANCE EVALUATION FIGURE

PROJECT: 195076 SOUTHWEST QUADRANT |
{E] Vot R, | CITY OF GUELPH IB1— 3
= LIpITED Conulting

A=y L
Emdronmentol Consulting Enginesrs




SIGNIFICANT FRACTURE/
SOLUTION CavilY

MAIOR FRACTURE/FRACTURE
20ME/SOLUTION CAVITY

¥ WATER LEVEL {m BC.S)

5 WATER FOUND FIROM 53.0 m 10 66.8 m AS RCPORIED IN

6. STATIC WATER LEVEL AT COMPLETION WAS 4.4 m.
7. MEASURING POIMT ELEVATION 3172.76 m.

B.

! a = T N [T A e A L Ll G o L L
DRLLER'S LOG VDEQ LOG ] SPONTANEQUS POTENTIAL {mV} GAMMA (CPS) RESISTIVITY (chme)
—40 020 60 100 140 18D 02 6 10 14 18 22 28 0 200 400 500 BOO 1000
5 105 cm Lkt 1 | 1 [ I O S A I 1 | | 1 | |
TOPSOIL ! l‘ —
0 SAND, CLAY
aND STONES —— X 15
GRAVEL AND T
L STOHES 5.5 .
10— =
BOTTOM OF
12,8 149
BROWN ROCK CASING ==
173 =] —
HUMEROUS VUGS z
20 — 21.6 . S
1 213 .
————— 4.7 —
T BLACK ROCK =
E =
W30 —
Q -
L i
i =
a 35.1 -.
(@] — S
=
o 40— =
1
[ ==
= =
Z ;
~ - -
% 51 .=
CK . -~
50— GREY RO 5B z
i
. Ld 55.7
) VERTICAL FRACTURE 557 =T
VERTICAL OPENING 234
60 —
LARGE VERTICAL 3.1 z
FRACTURE 65.2 .
£8.3
§9.5 -
70 70.1 i
BOTTOM COF =
BLUE ROCK - T ;45; =
NOTES: 1. LOG CHARTS OF SPONTANEQUS POTENTIAL, GAMMA AND RESISTMTY
HAVE BEEN PROVIDED BY INTERNATIONAL WATER SUPPLY LTD.,
80 - APRIL 27, 1995,
2. WELL LOG BASED ON DESCRIPTION PROVIOED It DRILLER'S LOG
67046,
LEGEND 3. VIDEO LOG DERIVED FROM DOWNHOLE CAMERA WORK COMPLETEC SCALE:  AS SHOWN
@Y INTERNATIONAL WATCR SUPPLY LTO., APRIL 27, 1985. : .
L e MERIATO, WATTR sUPrLY 0, A B — DOWNEY ROAD PRODUCTION WELL
CANTACTY REF. NO.: AQ76—-1960163 '

ORILLER'S 10G.

DATE: FEBRUARY 25, 1997

FLOOR ELEVATION 317.35 m.

PROJECT: 195076

AQUIFER PERFORMANCE EVALUATION
SQUTHWEST QUADRANT

VIDEO AND GEOPHYSICAL £0CS ALIGMED WITH DRILER'S LOG ON
THE BOTTOM OF CASING.

NERTIE &CALF ANGNEN wiTH DRINTFR'S 106G

l E Jageern Hiws
LiMITED

Emronmentl Conzuling Enginsers

P e

CITY OF GUELPH

FIGURE

B1-5




VIDEO LOG REFERENCE ELEVATION 343.16 m a.s.l.
FLOOR ELEVATION 342.96 m a.s.l.

WELL VIDEO
LOG LOG
——| |——3o.5 cm
0
=z
J
[m]
[h'
10 =
[h'
[T ]
>
(@]
_1;6 m 18.2 m BOTTOM OF CASING
20 X ——— 19.5 m WATER CASCADING INTO WELL
R N 23.3 m
& BROWN  ————- 238 m
o
————— 29.2 m
o 30 MAm  ——— 30.9 m
1
(&)
=z
S
BLACK
% 40— | | bFe=—— 401 m
_____ 42.3 m
% 43.3 m
= | | L___] 12':8 o NUMEROUS VUGS AND
e Y N 484 m SOLUTION CAVITIES
50
= I S pe—— 51.8 m
o O
Ll [
o 2
& GREY = [ ———- 56.8 m
60 POOR VISIBILITY AND HIGH
TURBIDITY LIKELY IRON
BACTERIA FOULING
68.1 m BOTTOM OF WELLBORE
70 | |
| |
| |
6.8 m | | SEDIMENT FILLED
SLUE | I HIGH TEMPERATURE (14.4 C') IN
80 814 | | TEMPERATURE LOGS INDICATIVE
BLUE SHALE '————1 OF BIOLOGICAL ACTIVITY)
82.0 m
—] —30.5 cm
LEGEND
NOTE
SIGNIFICANT FRACTURE/SOLUTION
90 WELL LOG BASED ON DESCRIPTION - == CAVITY
PROVIDED IN DRILLER'S LOG 67—888. MAJOR FRACTURE/FRACTURE
VIDEO LOG DERIVED FROM DOWNHOLE CAMERA —— ZONE/SOLUTION CAVITY
WORK COMPLETED BY HYD—ENG
GEOPHYSICS INC, MAY 4, 1993.
=18 JAGGER HIMS FIGURE 5—7/
[ |
I- LIMITED

Environmental Consulting Engineers EASTVIEW ROAD PRODUCTION WELL
CITY OF GUELPH — NORTHEAST QUADRANT




GAMMA (CPS)

RESISTIVITY {ohma)

350 400 450 500 S50 600

i I I l | | I S J

DRLLER'S LOG VDEQ LOG SPONTANEQUS POTENTIAL {mVY}
. —350 -250 —150 -50 o
+5 — 30.5 cm -’ l—— [ | | | |
0— BLACK MUCK o6
CLAY AND GRAVEL e
COARSE GRAVEL .
AND BDULDERS F—— 3.7
A Wi < .
E_E‘ZJT'L.EAI 7.3 porroM oF RY!L.6 12.5
78 CASING -
10 —
BROWN LIMESTONE |} p=—=A 17.4
7. LARGE SOLUTION 219
GAVITY
20 -
BLACK LIMESTONE
5 29.6
£
E
w30 30,1
b
o
)
K N 40.5
cz: 42.1
3 40— 44.5
5 188
MAJOR OPENING
g 49,4
o GREY LIMESTONE 51.5
m R
* 50— DEBRIS 1IN HOLE
&
& 57.3
a
SERIES OF FRACTURES o
60 —
BOTIOM OF
VIDEQ LOG 7.4
66,9 73.5
70—
80—
NOTES:
LEGERO SCALE:  AS SHOWN
— - OVERBURDEN/BEDROCK 1. WELL $0G BASED ON DESCRIPTION PROVIDED IN DRILLER'S LOG
67-B73.
CONTACT 873 REF. NO.: AQ076-1960168

SAGNIFICANT FRACTURE/
SOLUTION GAVITY

HAJOR FRACTURE/FRACTURE
ZONE/SOLUTION CAWITY

WAFER LIVEL {m B.CS.)

2.

VIDEQ LOG DERVED FROM DOWNHOLE CAMERA WORK COMPLETED
BY INTERNATIONAL WATER SUPPLY LTD., APRIL 28, 1995,

3. STATIC WATER LEVEL AT COMPLETION YAS 5.6 m.
4. MEASURING POINT ELEVATION 315,98 m.

5.

FLOOR ELEVATION 313.64 m.

VIDED ANC GEOPHYSICAL LOGS ALIGNED WiTH DRILLER'S LOG ON
THE BOTTGM OF CASING,

. DEPTH SCALE ALIGNED WITI: DRILLER'S LOG.

EDINBURGH ROAD PRODUCGCTION WELL

DATE: FEBRUARY 25,

1997

PROJECT: 195076

myg JacGeR IlimMs
l:l LIMITED

Erironeyalol Consuiling Enginesrs

FIGURE

B1-2

AQUIFER PERFFORMANCLE EVALUATION
SOUTHWEST QUADRANT
CITY OF GUELPH




/ VIDEO LOG REFERENCE ELEVATION 328.41 m a.s.l.
FLOOR ELEVATION 328.16 m a.s.l

WELL VIDEO
LOG LOG
——| |——45.7 cm
O N,
\ 6.0 m
A 4 g4 m BOTTOM OF CASING
—=———6.5m
——=——82m
| =z | EZIZZZI 88 m
10 o) 9.8 m
[h'
o]
m
v
3 159 — 189 m
(@]
20 —
204 — 22.3 m
° < 21.0 m
N o 241 — 26.8 m
. = GREY
o L 28.7 m
o Oo0r/— = 1 hbe—e—d 30.5 m
1
[
=z
>}
<
o 40— 424 m INCREASED TURBIDITY, IRON DEPOSITS
= 427 m : AND IRON BACTERIA
o
| BLUE 46.0 m BOTTOM OF WELLBORE
Ll 470 m  l———— PIPE, WIRE, DETRITUS
o —] |—30.4 cm
|_
o
Ll
()]
60 —
70 —
80 —
NOTE LEGEND
SIGNIFICANT FRACTURE/SOLUTION
90 —/ WELL LOG BASED ON DESCRIPTION - —= CAVITY
PROVIDED IN DRILLER’S LOG MAJOR FRACTURE/FRACTURE
VIDEO LOG DERIVED FROM DOWNHOLE CAMERA —— ZONE/SOLUTION CAVITY

WORK COMPLETED BY INTERNATIONAL
WATER SUPPLY LIMITED, AUG 16, 1993.

I- JAGGER Hims FIGURE 5—3

[ |
- LIMITED EMMA STREET PRODUCTION WELL
Environmental Consulting Engineers
K CITY OF GUELPH — NORTHEAST QUADRW




/ VIDEO LOG REFERENCE ELEVATION 344.69 m a.s.l.
GROUND LEVEL ELEVATION 343.08 m a.s.l.

WELL VIDEO

LOG LOG
v WATER LEVEL ABOVE GROUND SURFACE

—| |—3o.5 cm =
O N,
Z
[T ]
()]
[h'
3
10 — o
>
(@]
BROWN POOR VISIBILITY, HIGH
183 m } 19.0 — 22.0 m TURBIDITY, UNABLE TO DISCERN
20 — : BOTTOM OF CASING
s
E
- BLACK
o _ | ! | A 28.3 m
> 30— | | Lo——__ 305 m
S 0 1 | F====A 31.2 m
A 35m  F———— 34.0 m
=
) 38.7 m
e 383 m
E 40 — < 40.2 m
(@]
Z 4 452 m
S = T Y S 458 m
m o 47.1 m
o« | | | FF==A 478 m
r %0 o £
o 572 m
Ll
(o]
eO— | | b __ 60.7 m
64.0 m
%I;E1Y/BLUE
. m
g7lm, o 67.1 m BOTTOM OF WELLBORE
70 — —] |—30.5 cm
80 —
LEGEND
NOTE
SIGNIFICANT FRACTURE/SOLUTION
90 —/ WELL LOG BASED ON DESCRIPTION -—= CcAVITY
PROVIDED IN DRILLER’S LOG 67—1127 MAJOR FRACTURE/FRACTURE
VIDEO LOG DERIVED FROM DOWNHOLE CAMERA ——  ZONE/SOLUTION CAVITY

WORK COMPLETED BY HYD—ENG
GEOPHYSICS INC, MAY 4, 1993.

J5] Jacor Hivs FIGURE 5-8

Envi : .ITEI.) FLEMING TEST WELL
nvironmental Consulting Engineers
CITY OF GUELPH — NORTHEAST QUADRW




DEPTH BELOW GROUND SURFACE (m)

20 —

30 —

40 —

50 —

&0 —

70 —

80 —

90

100 —

10—

CRILLER’'S LOG

30.5 em —7 [—

CLAY AND
BOULDERS
S U Sy —— 11.6
GREY ROCK 12.8
LIGHT BROWN ROCK
35.1
DARK GREY ROCK 354
LIGHT BRCWN ROCK
50.3
LIGHT GREY ROCK
50.4
BLUE ROCK
95.5
BLUE SHALE G6.1

BOTTCM OF

VIDEO LOG

BOTTOM OF
CASING

VIDEO LOG

SEDIMENT  vorere. :
FILLED

[P
B o
(=)} N

PR b
G O BN
0w ~J h—=m

31.4
34.4
37.2

56.7

71.6

86.9

92.7

SPONTANEQUS POTENTIAL (mv) GAMMA (CPS)  RESISTVITY (ohms)

-—

LEGEND

| —-—-—  OVERBURDEN/BEDROCK CONTACT
—————— SIGNIFICANT FRACTURE/SOLUTION CAVITY

MAJOR FRACTURE/FRACTURE ZONE/
SOLUTION CAVITY

Y WATER LEVEL

NOTE:

'. DRILLER'S LOG BASED ON DESCRIPTION FROVIDED
IN WATER WELL RECORD No. 67-954.

} 2. GEOPHYSICAL LOG OF SFONTANEQOUS POTENTIAL,

GAMMA, AND RESISTIVITY HAVE BEEN PRCVIDED
BY INTERNATICNAL WATER SUPPLY LIMITED,
APRIL 28, 1994.

3. VIDEQ LCG DERIVED FROM DOWNHOLE CAMERA
WORK COMPLETED BY INTERNATIONAL WATER
SUPPLY LIMITED, APRIL 28, 1994.

4. MEASURING POINT ELEVATION 324.20 m.

HAUSER MUNICIPAL TEST
WELL

AQUIFER PERFORMANCE EVALUATION
NORTHWEST QUADRANT

CITY OF GUELPH

‘DATE: OCTOBER 3Q, 1985 SCALE:  AS SHOWN

PROJECT: 194061 FILE' NO.: BO61—-1950240

IS Doom Bus FIGURE

i~ B | B1-9

v




VIDEO LOG REFERENCE ELEVATION 345.16 m m
FLOOR ELEVATION 344.54 m a.s.l.

WELL VIDEO
LOG LOG
—| |—30.5 cm
0
Z
LJ
()]
[h's
-]
m
[h's
L
10 3
12.2 m BOTTOM OF CASING
LIGHT BROWN[17.1 m | 13-4 M CASCADING WATER
16.8m 4 171 m <
20
s
E
1
Y 30 NO LOG, OBSCURED VISIBILITY
L . ATTRIBUTTED TO IRON BACTERIA
FOULING
S
BROWN
>}
O TO
& GREY
o 40
=
% 448 m
E |
0 m
[a)
60 61.3 m
68.2 m
70 SR 713 m
GREY
77.7 m BOTTOM OF WELLBORE
7925 m ————- ! SEDIMENT FILLED
80 — |—30.5 cm
\ BLUE SHALE AT
BOTTOM OF WELLBORE LEGEND
NOTE SIGNIFICANT FRACTURE,/SOLUTION
920 WELL LOG BASED ON DESCRIPTION - == CAVITY
PROVIDED IN DRILLER’S LOG 67—1132. MAJOR FRACTURE/FRACTURE
VIDEO LOG DERIVED FROM DOWNHOLE CAMERA —— ZONE/SOLUTION CAVITY
WORK COMPLETED BY INTERNATIONAL
WATER SUPPLY LIMITED, AUG 12, 1993.
|: JAGGER Hims FIGURE 95—4
= LIMITED

Environmental Consulting Engineers HELMAR PRODUCTION WELL
CITY OF GUELPH — NORTHEAST QUADRANT




+5 — 25.4 cn—
00— TOPSOIL
GRAVEL AND CLAY
GRAVEL
|_STONE_AND GLAY
10— WHITE LIMESTONE
BROWN ROCK
20—
T BLACK ROCK
<
1w o
W30
<
B
¥
>
7]
g GREY ROCK
3
2 40—
o
@)
z
(=]
i}
Ll
m
£ 50|
rs BLUE ROCK
o
L
(&}
60 —
GREY ROCK
70—
BLUE SHALE
a0 -~
LEGEND
- — QVERBURDEN,/BEOROCK
CONTACT
----- SIGNIFICANT FRACTURE/
SOLUTION CAWTY
———— MAJOR FRACTURE/FRACTURE
Z0RE/SOLUTION CAWTY
Y WATER LEVEL (m B.G.3.)

DRLLER'S LOG

VDEO LOG SPONTANEQUS POTENTIAL {mV) GAMMA {(CPS) RESISTIVITY {chms}
-100 i3 100 200 0 10 20 30 40 50 012 13 1.5
| I ] | | ! ] I | | ] | | i
0.9 )
1.8 = =
34
BOTTON OF B
5.2 e 7.0 =z
LARGE DPENING 9.1 =
13 mm ¢ | ___| 2
PVC PIPE  [w (4.0 2.5 =
14.6
19,3 D 20.4 -_; —
L___4 32.3 =
[ T ¥ =
36.3 pes—"
13 mm ¢
PvC PIPE [~-7 105 =
411 LARGE OPENING 427
TREE BRANCH |——-—- 47.2
TREE BRANCH |———1 50.0
TREE BRANCH [—--] 530
13 mm & |——— 543
PYC PIPE
BOTIOM OF
VIDEG LOG 57.9
62.5
DEBRIS
73.2
ME T e 75.0
NOTES:
1. LOG CHART OF SPONTANEOUS POTENTIAL, GAMMA AND
RESISTMITY HAYE BEEN PROVIDED BY INTERMATIONAL WATER
SUPPLY LD, SEPTEMBER 8, 1994, :
. . SCALE: AS SHOWN .
2. WELL LOG BASED OM DESCRIPTION PROVIDED IN ORILLER'S :
s MEMBRO PRODUCTION WELL
3. VIDEC LOG OERVED FROM DOWNIOLE CAMERA WORK REF. NO.. AQ76-1960018
COMPLETED BY INTERNATIONAL WATER SUPPLY LD, T
SEPTEMBER B. 1924. DATE: FEBRUARY 25, 1997 FIGURE

4, STATIC WATER LEVEL AT COMPLETION WAS 14.0 m.
5, MEASURING POINT ELEVATION 315.08 m.

6. VIDED ANO GEOPHYSICAL LOGS ALIGNED WITH DRILLER'S LOG
THE BOTTOM OF CASING, .

7. DEPTH SCALE ALIGRED WiTH DRILLER'S LOG.

Invironmantol Consuiting Enginesra

PROJECT: 195076
NS H JaccER Hius Braun
I:I LINITED E&mﬂw
Eﬂgilﬁtl‘s.

AQUIFER PERFORMANCE EVALUATION
SOUTHWEST QUADRANT
CITY OF GUELPH

B1-6
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-
i

ptrmioad ) ¥

| S

7 F““‘“*?qu A

DEPTH BELOW GROUND SURFACE (m)

+10 —

10 —

20 =

30

A

40 —

50 =

60 —

70 —

80 —

90 —

100 —

DRILLER'S LOG

30.5 cm 4—[

INTERBEDDED GRAVEL,
SAND CLAY AND TILL

GREY LIMESTONE

Snowls UMESTONE

GREY LIMESTONE

WHITE LIMESTONE WITH®
BROWN STREAKS

WHITE LIMESTONE

GREY LIMESTONE

WHITE LIMESTONE

GREY LIMESTONE

CURRENT DEPTH

DEPTH AT TIME OF DRILLING

-

5.8 (13.3)
8.6 (14.1)

26.9 (34.4)

37.6 (45.1)
40.7 (48.2)

45.8 (53.3)

50.4 (57.9)

58.0 (65.5)

BOTTOM OF
CASING

BOTTOM OF
VIDEO LOG
SEDIMENT
FILLED

VIDED LOG

¥ 5oMgs

-
4
[t}

R —s

SOOONGO OO0
PURITRY. SNTNYS W NI T S

CALHCARIRINRY

37.5

53.3

SPONTANEOUS PCTENTIAL (mV) GAMMA (CPS)

0 150 300 0 15 200
I | =

RESISTIVITY (ohms)

400 800
L !

800
1

-

CURRENT DEPTH

LEGEND

————— OVERBURDEN/BEDROCK CONTACT
—————— SIGNIFICANT FRACTURE/SOLUTION CAVITY
MAJOR FRACTURE/FRACTURE ZONE/
SOLUTION CAVITY
¥  WATER LEVEL
NOTES:

1. DRILLER'S LOG BASED ON DESCRIPTION PROVIDED
IN WATER WELL RECORD Noc. 67-1380.

Z. POOR CRILLING RETURNS BETWEEN 37.8 m —
445 m. WATER PRODUCED FROM THIS ZONE.

3. 7.5 m OF CASING CUT OFF IN 1966. STATIC
LEVEL AT 0.05 m BELOW TOP OF PIPE.

4. GEOPHYSICAL LOG OF SPONTANEOUS POTENTIAL,
GAMMA, AND RESISTVITY PROVIDED BY
INTERNATIONAL WATER SUPPLY LIMITED,

APRIL 26, 1984.

5. VIDEO LOG DERIVED FROM DOWNHOLE CAMERA
WORK COMPLETED BY INTERNATIONAL WATER
SUPPLY LIMITED, APRIL 286, 1994

8. GENERALLY POOR VISIBILITY DUE TO
. HIGH SEDIMENT LOAD.

7. DEBRIS AT 31.7 m — 71.9 m (PIPE).

8. FLOOR ELEVATION 322.18 m. :
MEASURING POINT ELEVATION 322.67 m.

PAISLEY ROAD
PRODUCTION WELL

AQUIFER PERFORMANCE EVALUATION
NORTHWEST QUADRANT

[ CITY OF GUELPH

DATE:  OCTOBER 30, 1995 SCALE:  AS SHOWN
PROJECT: 194061 FILE NO.: B061-1950236
FIGURE

!E I JacerR Hims

Ernvironmental Covasilting Eagineers

2. Conmuiing
St S

B1-4




DEPTH BELOW GROUND LEVEL (m)

VIDEO LOG REFERENCE ELEVATION 328.48 m m

FLOOR ELEVATION 328.26 m a.s.l.

WELL VIDEO
LOG LOG
—] |-—50.8 cm
O e =z
L
[a)
o
)
m
; 10.4 m
10 |— 3 \ 4
12.4 m BOTTOM OF CASING
13.2 m
16.9 m
20 —
26.6 — 26.9 m
28.8 m
30 —
315 m
s
(@]
o
[0’
[m)
L 385 — 42.2 m
40 — POOR VISIBILITY ATTRIBUTED TO
BOREHOLE ENLARGEMENT,
43.1 — 45.2 m >pPOTENTIAL PRESENCE OF
SOLUTION CAVITIES AT INTERVALS
46.4 — 48.3 m | DESIGNATED.
50 —
54.9 m 54.7 m BOTTOM OF WELLBORE
——| |——50.8 cm
60 —
70 —
80 —
NOTE LEGEND
90 L DRILLER'S LOG NOT AVAILABLE. DEPTHS ___ SIGNIFICANT FRACTURE/SOLUTION
OBTAINED FROM INFORMATION PROVIDED BY CAvITY
THE CITY OF GUELPH. MAJOR FRACTURE/FRACTURE
VIDEO LOG DERIVED FROM DOWNHOLE CAMERA —— ZONE/SOLUTION CAVITY

WORK COMPLETED BY INTERNATIONAL
WATER SUPPLY LTD., AUG 13, 1993.

I: JAGGER Hims FIGURE 5—1

= LIMITED

CITY OF GUELPH — NORTHEAST QUADR

Environmental Consulting Engineers PARK #1 MUNICIPAL PRODUCTION WELLW




/ VIDEO LOG REFERENCE ELEVATION 328.55 m a.s.l.
FLOOR ELEVATION 328.26 m a.s.l.

WELL VIDEO
LOG LOG
—| |—50.8 cm
0O — =
(]
[m]
[ag
o)
m
&
= 10.4 m 8.2 m BOTTOM OF CASING
10 — h 4
16.8 — 17.4 m
20 — 20.7 m
&
— 26.2 m
o
> 30 — I 257 - 30.2 m BOREHOLE ENLARGEMENT
1
(&)
=z
3
40 |— S
© 2 DEBRIS @ 37.2 — 48.5 M PIPE
= o
3 m
] 46.0 — 47.3 m BOREHOLE ENLARGEMENT
s} 48.5 m BOTTOM OF WELLBORE
T S0 — | | NOT DEBRIS @ 47.9 — 48.5 m CABLE
o | | VIDEO
L LOGGED
I | |
57.9 m P —
60 — —] |—50.8 cm
DRILLER'S LOG NOT
AVAILABLE. DEPTH TO
BEDROCK 9.14 m
70 — OBTAINED FROM
INFORMATION PROVIDED
BY THE CITY OF GUELPH
80 —
NOTE LEGEND
90 L DRILLER'S LOG NOT AVAILABLE. DEPTHS ____ SIGNIFICANT FRACTURE/SOLUTION
OBTAINED FROM INFORMATION PROVIDED BY CAVITY
THE CITY OF GUELPH. MAJOR FRACTURE/FRACTURE
VIDEO LOG DERIVED FROM DOWNHOLE CAMERA —— ZONE/SOLUTION CAVITY

WORK COMPLETED BY INTERNATIONAL
WATER SUPPLY LIMITED, AUG 12, 1993.

I: JAGGER Hims FIGURE 5—2

- LIMITED
Environmental Consulting Engineers PARK #2 MUNICIPAL PRODUCTION WELL
CITY OF GUELPH — NORTHEAST QUADRANT




e -,

DRALLERS LOG VDEQ LOG SPONTANEQUS POTENTIAL (mV) GAMMA (CPS) RESISTIVITY {ohma) TEMPERATURE (°C) WELL BADRIS {em)
(millons)
0 4 B 12 16 20 24 2B B - 0 i 2 57 69 11 73 75 12 14 16 18 20
LIII!IIJIIlliIIIIIIEF I T U N AN B |
+5-]
0 DROWH SANDY
Clav, GRAVEL |~ -3 1B
COBBLES 2.7
GREY LIMESTONE
{LAYERED) 6.8 1.';
1 85 %Bo
0 10.6
GREY LIMESTONE tHE
(HARD) .
GREY LUAESIONE 18,3 Vo gl RACTURE
20— (LAYERED) 200 b
=
et
. L(-JJ 30—
2
®
i)
w
(=]
5
3 40—
v
(&)
x
S
(1)
[11]
T 50
E
0.
id
(=]
60 —
70—
80— HOTES:
1. WECLL LOG BASED OM DESCRIPHON PROVIDED IN DRILLER'S
LEGEND Lo6. ‘ : SCALE: ~AS SHOWN ]
2. VIDEQ AND GEOPHYSICAL LOGS DERWED FROM WORK COMPLETED -
—-—— QVERBUROEN/HEDROCK BY IMTERNATIONAL WATER SUPPLY L7D., FEDRUARY 19, 1996 CARTER' OUT [PW1/89(COG)
CONTACT H10.. FEOR REF. NO.: A00-0B6A2—02
3. UEASURING POINT ELEVATION 124.15 m ASL. :
***** SIGNIFICANT FRACTURE/ FLOOR ELEVATION NOT APPLICABLE ‘ - :
SOLUTION CAVITY DATE: FEBRUARY 3, 1998 FIGURE
4. WATER D AT 8 AN 1w ROING T AQUIFER PERFORMANCE EVALUATION
- MAJOR FRACTURE/FRACTURE ATER FOUN B m AND 10.1 m ACCORDING TO
ZOHE /SOLUTION CAVITY DRILLER'S L0G. PROJECT: 196086 SOUTHEAST QUADRANT
5. VIDEO EOPHY GNEC WITR DRILLER'S LOG -
T WATER LEVEL {m B.GS) VIDEQ MID GEORHITIGAL LOGS ALIGNED wiTrt DRILER'S LO [ Javern M CITY OF GUELPH Al12-2
5. DEPTH SCALE AUGNED WITH DAWLER'S LOG. E,EM'CTT:EI%F




‘F5

20 -

DEPTH BELOW GROUND SURFACE (m)

60 —

70

80—

LEGEND

30

40 —

50 =

DRLLERS LOG VDED LOG SPONTANEOUS POTENTIAL (mv)- GAMMA {CPS) RESISTIVITY {ohma} TEMPERATURE (°C) WELL RADIUS {em)
228 2 8 8 2 2 {mlllons)
@R @ ¥ NN T g5 45 510121416182022 224 226 228 230 232 234 7.3 72 7.3 12 14 16 18
TN N R OO Y | N T A T B | | | [ | | 1 I R B

BROWH LIMESTONE

DIRTY SAND §-0.15
AND GRAVEL

GREY LIKESTONE

OVERBURDER/BEDROCK
CONTACT

SIGNIFICANT FRACTURE/
SOLUTICH CAVITY

MAJOR FRACTURE/FRACTURE
ZOHE /SOLUTION CAVITY

WATER LEVEL (m BC.S}

x2.1
2.7 -
4.6 E 4.6
8.2 gig
a.8 9] === 88
o4 g4 -
a8 10.3
108 115
20.7
NOTES:

I

WELL, LOG BASED OH DESCRIPTION PROVIDED IN DRILLER'S
LOG 67-2696.

VIDEQ AND GEOPHYSICAL LOGS DERWVED FROM WARK COMPLETED
BY INTERNATIONAL WATER SUPPLY LTD., FEBRUARY 19, 1996.

MEASURING POINT ELEVATION J24.73 m ASL.
FLOOR E£LEVATION 323.97 m ASL.

WATER FOUND AT 3.3 m ACCORDING TO DRILLER'S LOG.

VIDEO AND GEOPHYSICAL LOGS ALIGNED WITH DRILLER'S LAG
AT DOTTOM OF CASING.

GEPTIS SCALE AULIGNED WiTil DRILLER'S LOG.

SCALE: AS SHOWN

REF. NO.: AQ0-086A2-01

CARTER-IN [PW2/62(COG)]

DATE: FEBRUARY 3, 1998

PROJECT: 196086

E"'I JageEr Hius
LIMITED Cormdum;

Ermiammtntol Convulling Crglatere

AQUIFER PERFORMANCE EVALUATION
SOUTHEAST QUADRANT
CITY OF GUELPH

FIGURE

A1.2-1




= f
Al

— - pr
DRLLER'S LOG VIDEO LOG SPONTANEOUS POTENTIAL (mV) GAMMA (CPS) AESISTIVITY (ohms) TEMPERATURE {°C) WELL HADMS_/F/QM’)
{miffona)
-400 —200 0 200 o 4 a8 17 I6 20 24 —1.0 —~0.5 4] & a i0 2 14 11 13 15 V7 1)
L | I A TR TR I TN S SN 1 | i D IO W S 1 1 & 1
+5 -
7 - : 3
craver ¥ 3.0 X5.1 -
—R 73
10— .
CLAY, SAND AND
GRAVEL
20 9.8 —F 27
LIGHT BROWN
ROCK 1 271
E
~ 29.0
w30
<
L, —
[+ -
S OARK GROWH AND =
n BLACK ROCK =
z 38.7 i l
8 40~ ’ | w02 =
¥ 405 e
] — 427 i
; i —
o . =
1
Lt -
m ) _;T,'
- 50— =
E
o s
Ll = s
(=] =
DARK GREY ROCK : L=
60— =
: 63.1 —
70— —
747 76.3 3
OARK BLUE ROCK . o6 ==
L—1 784 - B0
80 —
HOTES:
LEGEND 1. \ngLL LOG BASED ON DESCRIPTION PROVIDED IN DRILLER'S SoALE R
G 67-933. . ALE: A
- QVERBURDEN/BEOROCK 2. VIDEO AMD GEOPHYSICAL LOGS DERWED FROM WORK COMPLETED BURKE WELL [PW2/66(COG)]
CONTAC BY IMTERNATIONAL WATER SUPPLY LTD., OCTOBER §7, £966. REF. NO.. AQ0-0B6A2-03 .
“““““ SIGNIFICANT FRACTURE/ 3. MEASURING POIMT ELEYATION 336.37 m ASL
_SOLUTION CAVITY . : . DATE: FEBRUARY 3, 1998 FIGURE
AdoR YURE /FRACTURE FLOOR ECEVATION 333.6L1 m ASL. AQUIFER PERFORMANCE EVALUATION
——— MAJOR FRAC .
ZONE /SOLUTION CAWITY 4. WATER FOUMD AT 41.4 m ACCORDING TO DRILLER™S LOG. PROJECT: 196086 SOUTHEAST QUADRANT 1 2 4
5. VIDEO AND GEOPHYSICAL LOGS ALIGHED WITH DRILLER'S LOG -
X WATER LEVEL {m B.G.S.) AT DOTTOM OF CASING, i:l J (:IGER s Bmxr‘tﬂﬁn CITY OF GUELPH A .
- n ED Cong!
5. DEPTH SCALE ALIGNED WIIH OHWLER'S LOG. L—‘_""f““!ﬂ!!‘ﬁgﬂm.u Bngin:mE
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o
[ o

.
Wares

O R e

.

(1L A

DEPTH BELOW GROUND SURFACE (m)

10 —

20 —

30 —

40 —

50 —

60 —

70 —

80 —

90 —

100 —

110 ~—

DRILLER'S LOG

s

GREY CLAY

AND GRAVEL
e 8.2
DARK BROWN ROCK Py

BROWN /WHITE
22.9

LIGHT GREY ROCK
43.6

DARK GREY ROCK
56.1

LIGHT GREY ROCK
70.1

BLUE ROCK
74.3

BOTTOM OF
CASING

VERTICAL
OPENING

BOTTOM OF
VIDEQ LOG
SEDIMENT
FILLED

VIDES LOG

| S—

431

443
44.6
46.1

48.9

51.9

54.7
35.6

59.8
62.7

67.8
70.2

SPONTANEQUS POTENTIAL (mV)

200 350 500
[

GAMMA (CPS)

15

30

RESISTIMITY {ohms)

200 400 800
O E—

LEGEND
—-—-—  (UVERBURDEN/BEDROCK CONTACT

 —————— SIGNIFICANT FRACTURE/SOLUTION CAVITY

MAJOR FRACTURE/FRACTURE ZONE/
SOLUTION CAVITY

Y  WATER LEVEL

NOTES:

1. DRILLER'S LOG BASED ON DESCRIPTION PROVIDED

IN WATER WELL RECORD MNo. 87~-3649.

2. LOOSE BROKEN RQOCK AND LARGE HOLES NOTED
- BETWEEN 70.1 m AND 74.3 m IN WELL LOG.

3. GEOPHYSICAL LOG OF SPONTANEQUS PCTENTIAL,
GAMMA, AND RESISTIVITY PROVIDED BY
INTERNATIONAL WATER SUPPLY LIMITED,

APRIL 27, 1994.

4. VIDEO LCG DERIVED FROM DOWNHOLE CAMERA
WORK CCMPLETED BY INTERNATIONAL WATER
SUPPLY LIMITED, APRIL 27, 1894,

2. FLOOR ELEVATION 325.93 m.
MEASURING POINT ELEVATION 326.43 m.

6. GENERALLY POOR VISIBILITY.WITH DCWNHOLE
CAMERA DUE TO TURBIDITY AND PARTICULATE
LOAD IN WATER.

QUEENSDALE PRODUCTION

WELL

‘AQUIFER PERFORMANCE EVALUATION
‘NORTHWEST QUADRANT
CITY OF GUELPH

CATE: QCTOBER 30, 19895 SCALE:  AS SHOWN
. PROJECT: 194081 FILE NO.: BO&1-1850237
i " | FIGURE

E:! Jiccrm Hds
=

Beam




i 'LEGEND
. DRILLER'S LOG VIDEG LOG POTENTIAL (mvV ‘ GAMMA (CPS RESISTMTY (oh
! - SPONTANEOUS (mV) (CPS) (ohms) ~--——-— OVERBURDEN/BEDROCK CONTACT
3 _ ‘
1100 ? ' 190 290 '? f '1:‘:’ _255 3?0 490 590 6_?0 790 —————— SIGNIFICANT FRACTURE/SOLUTION CAVITY
I 30.5 em MAJOR FRACTURE/FRACTURE ZONE/
3 +5 — ' SOLUTION CAVITY |
Y WATER LEVEL {m B.G.S)
: 0— -
I SAND, CLAY,
GRAVEL
] NOTES:
BOTTOM OF _
3 10 - CASING 1. DRILLER’S LOG BASED ON DESCRIPTION PROVIDED
i IN WATER WELL RECORD No. 57—-1333.
6. ‘
-, 55 2. STATIC LEVEL AT WELL COMPLETION WAS
o 0.9 m.
B 20 — 3. GECPHYSICAL LOG OF SPONTANEQUS POTENTIAL,
estone | | 07T 23.8 GAMMA, AND RESISTM{TY HAVE BEEN PROVIDED
4 GREY UMESTONE (| | 05 4 BY INTERNATIONAL WATER SUPPLY LIMITED,
! . APRIL 28, 1994.
= 1 4 1 1 e——d 33.3 4. VIDEO LOG DERIVED FROM DOWNHOLE CAMERA
& 30 = WORK COMPLETED BY INTERNATIONAL WATER
E """"" 34.3 SUPPLY LIMITED, APRIL 28, 1994.
0 —_ 5. FLOOR ELEVATION 339.15 m.
A £ 37.2 '@%%ER%S “““““ 40.8 . MEASURING POINT ELEVATION 339.7S m.
L
E s 40 — BROWN LIMESTONE CAVITES L ___ | 30
& & 436 FTTTT 44.0
2
2 50—
o
(]
=
(w]
—
(8]
m
=
a
L GREY/DARK 'GREY
N '
LIMESTONE 71.6-84.8
HIGH .
70 — TURBIDITY, . o ,
POOR
ViSIBILITY SACCO PRODUCTION WELL
80 —
o oE i e AQUIFER PERFORMANCE EVALUATION
: ' NORTHWEST QUADRANT .
30 SERMER |CITY OF GUELPH
BLUE/BLACK 630 :
LIMESTONE o5
BLUE SHALE 957 e 95.7 S SN
DaTE: OQCTOBER 30, 1985 A'S_ SHOWN
100 — . ~ PROJECT: 194081 - ' B061—1950233
: . . R -FICURE
EE JAGEER Hms ~
\\ Environnante! Coinau ";.’. .E:'zs. -. i
1) o "




i

DRILLER'S LOG

30.5 cm
+5 —
o — COARSE GRAVEL, -
SAND AND CLAY I l
—_——————— —— 51
GREY LIMESTONE
10 —
BROWN LIMESTONE H.Z?
BLACK LIMESINE 18.3
20— BLACK AND GREY 20-7 VIDEOQ LOG OF
LIMESTONE : SILYERCREEK PARKWAY WELL
NOT OBTAINED (SEE
TEXT FOR EXPLANATION)
DARK GREY
30 — LIMESTONE
33.2
€
W 40 —
2
o GREY LIMESTONE
& ;
17s]
o 50 —
=
2
=}
&
o
=
S 50 —
i 625
< WHITE LIMESTONE
B &7.1
w
(=] 70 —
80 —
80 —
100 —
110 —

LEGEND

— - —— OVERBURDEN/BECROCK CONTACT SILVERCREEK PARKWAY WELL

¥ waTER LEVEL

AQUIFER PERFORMANCE EVALUATION
NORTHWEST QUADRANT
CITY OF GUELPH

NOTES; 1. DRILLER'S LOG BASED ON DESCRIFTION -

PROVIDED IN WATER WELL RECORD No. DATE: CCTOBER 30, 1993 SCALE: AS SHOWN
87=-1377.

2 WATER FOUND AT 46.33 m AS PROJECT: 194081 REF. NO.: A061-18950522
REPORTED IN WELL LOG. ORIGINAL STATIC —_ - - FoURE
LEVEL REPORTED AS 1.4 m. my JaceER Hius Beam

3. FLOOR ELEVATICN 318.31 m. I-I LMyrED gmg B-!_ 8
MEASURING POINT ELEVATION 313.50 m. Enviranmental Consulting Enginesrs Engiocers.




DRILLER’S LOG VIDED LOG
5 — j F— 30.5 em
o :
CLAY AND GRAVEL D
e o e — 53 BOTTOM COF 5.2
LIGHT GREY ROCK CASING | g0
_ 9.8
10 BLUE/GREY ROCK 1.5 ====3 107
LIGHT BROWN ROCK
e T e N ohtily 205
250 T 24.5
30 — £
>0 LIGHT GREY ROCK 5
[as)
@
8 36.6 Z ————— 37.3
w0 S —— 40.9
g @
g DARK GREY ROCK . F———1 435
7 x
= 50 - =]
g 51.8 z
= =
© I
= &
S 60 — T
[Tv]
[aa]
X
=
o8
)
5 70—
DARK GREY ROCK
WTH BROWN SeaMms | | L___] 259
----- 76.5
80 —
" 90 —
————— 4.0
7.5 BOTTOM OF
LIGHT BLUE VIDEO LOG . 980
100 — SHALE S
1021 SEDIMENT  Srovieereeest 102.1
FILLED
110 —

LEGEND

—— - — QVERBURDEN/BEOROCK CONTACT
————— SiGNIFICANT FRACTURE/SOLUTION CAVITY

MAJOR FRACTURE/FRACTURE ZONE/SCLUTION
CAVITY

¥ WATER LEVEL
NOTES: 1. DRILLER'S LOG BASED ON DESCRIPTION

PROVIDED IN WATER WELL RECORD No.
§7—1414,

2. WATER FOUND AT 24.7 AND 73.2 m AS

REPORTED IN WELL LOG. ORIGINAL STATIC
LEVEL REPORTED AS 7.3 m.

3. VIDEO LOG DERIVED FROM DOWNHOLE CAMERA

WORK COMPLETED BY HYD-ENG GEOPHYSICS
MAY 4, 1694~

4, INITIAL ELEVATION 342.90 m.

FLOCR ELEVATION 343.98 m.
MEASURING POINT ELEVATION 34423 m.

SMALLFIELD PRODUCTION WELL

AQUIFER PERFORMANCE EVALUATION
NORTHWEST QUADRANT
CITY OF GUELPH

DATE: OCTOBER 30, 18985 SCALE: AS SHOWN

PROJECT: 194061 REF. NO.: A061-1950239

FIGURE

B1-7

EEI JAG{.ER Hus

EnviFranmonital Consulting Engineers




Feet LITHOLOGIC LOG CONSTRUCTION DETAILS Metres Geophysical Logs Feet

] Top of Pipe (334'543mASL)\ J Metal Plate Welded on Top Caliper (cm) Natural Gamma (cpm) Apparent Conductivity (mS/m)
0 Ground Surface (334.313mASL) 0.23m stickup 0 15 20 30 40 50 2000 4000 5000 6000 7000 8000 10 15 20 25 30 0
<—Cement Grouted
Brown Stones
& Gravel
10
———————————————— 1Z.om{(s£1.015 MASL)
50 Eramosa >0
member of
Amabel
Formation 20
Water Level Measured at 22.8m below
(311.734 mASL) top of pipe on July 19, 2000
________________ 25.6m (308.713 mASL) —
»
\ Bottom of
Casing 26.52m
™.
100 30 3 100
Amabel +/- 410mm diameter borehole —»
Eormation
Unsubdivided
= gz
T
40
Total Depth 40.54m (293.773mASL)
150 150
50
200 200
BOREHOLE # PW14a (Deep)
Lithologic Log, Construction Details, Geophysical Logs Map ID#
10
Gartner Arkell Spring Grounds
; Groundwater Supply Investigation Project 99-415.9
k (Revised Feb 26/03) pp y g L (99\4115\415-9\A.3-7.cdr) Jj




Feet LITHOLOGIC LOG CONSTRUCTION DETAILS Metres Geophysical Logs Feet
i Top of Pipe (320.636mASL) \ J Metal Plate Welded on Top Caliper (cm) Natural Gamma (cpm) Apparent Conductivity (mS/m)
0 Ground Surface (319.746mASL) 0.89m stickup 0 15 20 30 40 50 0 1000 2000 3000 4000 5000 10 15 20 25 30 0
Brown Stones
& Gravel
——————————————— 2.13m (317.616mASL)
+/- 410mm diameter borehole \S/gg:llay Bentonite
Eramosa
member of
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SOLUTIDN CAVITY

MAJOR FRACTURE/FRACTURE
ZONE/SOLUTION CAMITY

¥ WATER LEVEL (m B.GS}

7.

8.

. STATIC WATER LEVFL AT COMPLELION WAS 22.6 m.

MEASURING POINT ELEVATION 330.01 m.
FLOOR ELEVATION 329.45 m.

VIDED AND CEOPHYSICAL LOGS AUGHED
THE BOTTOM OF CASING.

. DEPTH SCALE ALIGNED WITH DRILLER'S LOG.

WITH DRILLER'S LOG OH

PROJECT: 195076
JageEr Hins

i=l
=l
= LIMITED

P s

AQUIFER PERFORMANCE EVALUATION
SQUTHWEST QUADRANT
CITY OF GUELPH

DRLLEA'S LOG VDEO LOG SPONTANEOUS POTENTIAL {(mV) GAMMA (CPS) RESISTIVITY (obma)
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70—
HOTES:
1. LOG CHARTS OF SPONTANEQUS POTENTIAL, GAMMA AND RESISTMTY
HAVE BEEN PROVIDED BY INTERNATIONAL WATER SUPPLY LID.
APRIL 25, 1995,
80— 2. WELL LOG BASED ON DESCRIPTION PROVIDED IN DRILLER'S LOG
67-1439. -
3. VIDEO |£_oc; OFRWEQ FROM DOWNHOLE CAMERA WORK COMPLETED . :
LEGEND BY WNTERNATIONAL WATER SUPPLY LT0., APRIL 25, 1995. S
. ALE:  AS SHO
OVERAURDEN /BEDROCK 4. PODR ;ﬂSlBILIT‘( FROM 20.7 m TO 25.9 m DUE TQ IRON C S WN UNIVERSITY OF GUELPH
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CONTACT : - —~
5. WATER FOUND AT 27.4 m AMD 625 m AS REPORTED N REF. NO.: AD76 196;0166 PRODUCTION WELL
————— SIGNIFICANT FRACTURE/ DRILLER'S LOG. ) :
DATE: FEBRUARY 25, 1997 FIGURE
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SIGNIFICANT FRACTURE/
SOLUTION CavITr

HAJOR FRACTURE/FRACTURE

TONE /SOLUTION CATY

WATER LEVEL (m B.G.5.)

3. VIDEQ LOG DERNMED FROM DOWNHHOLE CAMERA WORK COMPLETED

AY INTERMATIONAL WATER SUPPLY LID., APRIL 24, 1995,

4. STATIC WATER LEVEL AT COMPLETION wAS 5.0 m.

5.

5. MEASURING POINT ELEVATION 315.42 m.

FLOOR ELEVATION 315.02 m.

VIDEO AND GEOPHYSICAL LOGS ALIGNEO WITH DRULER'S LOG ON
THE DOTIOM OF CASING,

i il O L [ S [ | i |
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1. LOG CHARYS OF SPONTANEOUS POTEMTIAL, GAMMA AND RESISTMIY
HAVE BEEN PROVIDED BY (NTERNATIONAL WATER SUPPLY LTO.,
LEGEND APRIL 24, 1995.
SCALE:  AS SHOWN
. OVERDURDEN/DEGROCK 2. \;;l-'jllla?ts{?c BASED ON_DESCRIPTION PROVIDED IN DRILLER'S LOG : WATER STREET PRODUCTION WELL
- CONTACT REF. NO.: AD76--1960165
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HOTES:
- |. WELL LDG DASED ON DESCRIPTION PROVIDED IN DRILLER'S
LEGEND LOG 67-2789.
i OVE“EU“DE”/BEUROCK 2. VIDEO AND GEOPHYSICAL LOGS DERIVED FROM WORK COMPLETED
CONTACT BY INIERNATIONAL WATER SUFPLY LTO., OCTOBER 1, 1296,
““““ SIGHIFICANT FRACTURE/ 3. MEASURING POINT ELEVATION 330.79 m ASL.

FLOOR ELEVATION 330.24 m ASL
WATER FOUND AT 3.96 m ACCORDING 70 DRILLER'S LOG.
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SCALE:
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DRLLER'S LOG
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ZONE/SOLUTION €AMTY
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NOTES:
f.  WELL LOG BASED DM DESCRIPTION PROVIDED iN DRILLER'S
LOG 67-2B08.

2, WVIDEQ AND GECPHYSICAL LOGS DERWED FROM WORK COMPLETLD

BY INTERHATICNAL WATER SUPPLY LTD., DCTODER 9, 1996.

AS SHOWN

PW6/63(COG)

AD0—-086A1-02

SCALE:
3. MEASURING POINT [LEVATION 330.70 m ASL.
FLOOR ELEVATION 330,27 m ASL.
REF, NQ.:
4. WATER l;‘DUND FROM 30.5 m TO 44.2 m ACCOROING TO
DRILLER'S 1OG. DATE: MAY 2,

1997

_ | AQUIFER PERFORMANCE EVALUATION

5. DRILLER'S REPORTED A LOSS OF CUTTING AND A RAPID
DECLINE N WATER LEVEL BETWEEN 33.2 m AND 34.7 m.

PROJECT: 196086

SOUTHEAST QUADRANT
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. VIDEG AHD GEOPHYSICAL LOGS ALIGNED WiTH DAILLER'S LOG

PW7/63(COQG)

WELL LOC BASED ON DESCRIPTION PROVIDED IN DRILLER'S

LOG 67-2766.

VIDEQ AND CEOQPHYSICAL LOGS DERIVED FAROM WORK COMPLETED

BY INTERNATIOMAL. WATER SUPPLY LID,, OCTODER 15, 1996, SCALE:  AS SHOWN
MEASURING POINT ELEVATION 330,79 m ASL.

FLOOR ELEVATION 330.21 m ASL. REF. NO.. ADO—-0BG6A1-03
A I9) K g .

WATER FOUND FROM 39.0 m ACCORDING TO DRILLER'S LOG DATE: MAY 2, 1997

DRILLER'S REPORTED A LOSS OF CUTTSNG AND A RAPID
DECLIME IN WATER LEVEL BETWEEN 39.3 m AND 42.7 m. PROJECT: 196086

AT BOTTOM OF CASING. i: JAGfEE Hius %Eﬂm ,
= IMITED Consulting
Enginecers.
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STRATIGRAPHY
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5 MEDIUM HARD; BROKEN; SLIGHTLY WEATHERED.
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GEOLOGY &

STRATIGR
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GROUND SURFACE

MONITOR

INSTALLATION DETAILS

FRACTURES

RQD VALUES

ESTIMATED

VISUAL POROSITY

-21.3

(xxxxx mASL)

BEDROCK SURFACE

(xxxxx mASL)
CASING

SET 1.3m INTO BEDROCK

ERAMOSA MEMBER OF AMABEL FORMATION
DOLOSTONE: DARK BROWN TO DARK GREY;
ARGILLACEOUS; APHANITIC; MEDIUM— TO
THICK—BEDDED WITH THIN SHALE LAMINATIONS,
OCCASIONAL ZONES OF THIN— TO THICK—BEDDED
SHALE; MEDIUM HARD; BROKEN; SLIGHTLY
WEATHERED; OCCASIONAL CALCAREOUS BLEBS.

UNSUBDIVIDED AMABEL

DOLOSTONE: LIGHT— TO MEDIUM—GREY; APHANITIC;
FOSSILIFEROUS; MASSIVE; MEDIUM HARD; BROKEN
TO BLOCKY; SLIGHTY WEATHERED.

FOSSIL HILL / MERRITTON FORMATION
DOLOSTONE; GREY TO GREENISH GREY, GREYISH
BROWN; APHANITIC, CRYPTOCRYSTALLINE,

ARGILLACEOUS; NO FOSSILS; MEDIUM BEDDED WITH
COMMON SHALE LAMINATIONS; MEDIUM HARD;
SLIGHTLY WEATHERED.

N CABOT HEAD FORMATION
SHALE: DARK GREEN; APHANITIC; MEDIUM HARD;

VERY BROKEN; SLIGHTLY WEATHERED; COMMON
DISSEMINATED PYRITE ALONG FRACTURES.
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Acoustic Borehole Televiewer

Active Temperature Impeller Flow Meter Interpretation GLL Packer Test Results
Interpreted Structure
Passive (no pumping) Active (pumping 10L/min) Flow
Apparent Conductivity Passive Gradient (Passive Temperature) Normalized Temperature (Cooling) down 5m/min down 3m/min
7 (mS/m) 110 11 °C) 125 -4 °Cim) g 2 T 5 (CPS) 0 5 (CPS) 0
Natural Gamma Response Active (heating) Normalized Temperature (Heat Added) Passive (no pumping) - up 5Sm/min _ Active (pumping 10L/min) - up 5m/min _ Active (pumping 10L/min) - up 3m/min Lithology Fractures
GEOLOGY & MONITOR FRACTURES RQDVALUES ., E5TIMATED 2 (cps) 240 1 (C) 125 - 5 5 (CPS) 0 5 (CPS) 0 5 (CPS) major major arrows indicate flow
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Acoustic Borehole Televiewer

Interpreted Structure

CABOT HEAD FORMATION

Checked By: PJAM

Approved By: GHF

Active Temperature Impeller Flow Meter Interpretation
Passive (no pumping) Active (pumping 10L/min)
Apparent Conductivity Passive Gradient (Passive Temperature) Normalized Temperature (Cooling) down 5m/min down 3m/min
1 (mS/m) 110 10.3 (°C) 117 -4 (°C/m) 12 1 0 5 (CPS) 0 5 (CPS) 0
MONITOR Natural Gamma Response Active (heating) Normalized Temperature (Heat added) Passive (no pumping) - up 5m/min  Active (pumping 10L/min) - up 5m/min  Active (pumping 10L/min) - up 3m/min Lithology Fractures Flow
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Eﬂ Gartner Lee

GEOLOGY & MONITOR ESTIMATED
RQD VALUE
STRATIGRAPHY INSTALLATION DETAILS FRACTURES Q UES VISUAL POROSITY
GROUND SURFACE
—-32.6 (xxxxx mASL) q‘; 4.I —32.6
Borehole Acoustic Televiewer
/é - /xé /é /&4 Active Temperature Impeller Flow Meter Interpretation
. ﬁ 7¥/ Interpreted Structure
Passive (no pumping) Active (pumping 12L/min)
4 a " ; Gradient (Passive Temperature) Normalized Temperature (Cooling) down 5m/min down 3m/min
5 A t Conductivit Passive
. o ey 0 115 ) 16 -2 (°C/m) 40 6 5 (CPS) 0 5 (CPS)
i N Natural Gamma Response Active (heating) Normalized Temperature (Heat added) Passive (no pumping) - up 5m/min  Active (pumping 12L/min) - up 5m/min  Active (pumping 12L/min) - up 3m/min Lithology Fractures Flow
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Feet LITHOLOGIC LOG CONSTRUCTION DETAILS Geophysical Logs Feet
i Top of Pipe (336.72mASL) \ ¢ Lockable Cap Caliper (cm) Natural Gamma (cpm) 7.6cm Electrode (ohm-m) 76¢m Electrode (ohm-m)
0 Ground Surface (335.86mASL) ] [ 0.86m stickup 15 20 30 40 50 0 100 000 4000 5000 0 500 1000 1500 2000 0 2500 5000 7500 10000 0
+/- 203mm diameter borehole —» 158.7mm I.D. Steel
<— Casing (4.8mm casing
thickness) =
1? )
Sand : _
& < Volclay Bentonite
Seal
Gravel
3
S0 resmmammaad s 15.54m (320:32MASL) Bottom of Casing g 50
17.07m (319.65mASL) Pr—
<«— (2 gal/min.) < i
Eramosa Water Level-Measured at < P—
Member of 22.66m below top of pipe | ¥ | 314 05 maSL S C
on Feb. 17,2000 ' -
Amabel <= >
Formation I ] —
= =
———————————————— 27.1m_(308.76mMASL) (2-gal/min.) —
<— (15 gal./min.) ~——_
100 100
+/-150mm .
diameter open hole (15 gal./min.)
<— (15 gal./min.)
Amabel |
Formation <—(40-gal/min;) -
Unsubdivided /
—————— 43.28m (292.58mASL) <«—(120-gak/min:) . ]
i Cavity Zone CS—

L 46.33m (289.53 MASL) <— (200 gal-/min;) == —= 150
<« (250 gal./min.) L o ?=,
<—-(300-gal./min.)
<— (300 gal./min.)

56.39m (279.47m)Total Depth
(2 gal./ min.)-Estimated flow from well during drilling (February 8, 2000)
200 200
BOREHOLE # 11/2000 (Deep)
Lithologic Log & Construction Details, and Geophysical Logs Map ID#
19
pagtner Arkell Spring Grounds _
(Revised 26 Feb 03) Groundwater Supply Investigation L Project 99-415.9 J
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Geophysical Logs

Feet LITHOLOGIC LOG CONSTRUCTION DETAILS Feet
i Top of Pipe (337.82m) \ ¢ Lockable Cap Caliper (cm) Natural Gamma (cpm) 7.6cm Electrode (ohm-m) 76¢m Electrode (ohm-m)
0 Ground Surface (337.21m) ] [ 0.61m stickup 15 50 0 100(ﬁ000~3@00?4000 5000 0 500 1000 1500 2000 0O 2500 5000 7500 10000 0
+/- 203mm diameter borehole —» 158.7mm I.D. Steel 2
Gravel «— Casing (4.8mm casing
& thickness)
Clay
< Volclay Bentonite 2
———————————————— 8.23m (328.98MASL) Seal
Bottom of l
Casing 10.67m
(327:1mASL)
Guelph
P —
50 Formation 50
<—(2-gak/min.) §(
———————————————— 20.14m (317.05mASL) i
Water Level Measured at £>
24.:75m below top of pipe (313.07mASL) 2
Eramosa on Feb. 17, 2000 -
Member of {
Amabel =
Formation _ =
100 <—(2-gat:/min) H— = y /"/‘/ 100
+/-150mm —_— —
diameter open hole ‘_>> =4
L g
———————————————— 35.15m (302.02mASL) =
« 76705 \ \
(5 gal./min.) g’ T
A
Amabel A
Formation
Unsubdivided « 794
(25 gal./min.)
150 X j 150
A L —
. [— ———— 49.68m (287.53MASL) <— (100 gal./min.)
Voids — =2 T 50.00M (287.21MASL) E\l [\
(200-gal./min:) }
435 [
-«
431 s I =
57.91m(279.25mASL)Total Depth (200 gal./min:) 2 < (
794 [
(25 gal./min.) Flow/ Conductivity from well during drilling (February 15, 2000)
200 200

&
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Lee
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Arkell Spring Grounds
Groundwater Supply Investigation

—

Map ID#
22

T

Project 99-415.9
(99\415\415-9\A.3-3.cdr)

)




Geophysical Logs

Natural Gamma (cpm) 7.6cm Electrode (ohm-m) 76cm Electrode (ohm-m)

0 1000 20’0& 3000 4000 5000 0O

~~——V

VY

AT A T AN
.

JV(VAV WA

W

v‘f"

MV

7

Feet LITHOLOGIC LOG CONSTRUCTION DETAILS
Top of Pipe (335.518mASL)\ ¢— Lockable Cap
0 Ground Surface (334.748mASL) ] [ 0.7m stickup
+/- 203mm diameter borehole —» 158.7mm |.D. Steel
«¢— Casing(4.8mm casing
thickness)
Sand
&
Gravel < Volclay Bentonite
Seal
< (2 gal./min.)
(20 gal./min.)
________________ 14.33m (320.418mASL) < Bottom of casing
50 14.94m (319.808mASL)
<— (2. gal./min.)
Eramosa
Member of
Amabel
Formation Water Level Measured at v < 1090.[s
24.94m below top of pipe (2 gal./min.)
________________ 26.82m on Feb. 17, 2000 (310.58mASL)
(307.928mASL)
+/-150mm
diameter open hole
Amabel «— 50905
Formation (75 gal./min.)
Unsubdivided
505 s
(100 gal./min.)
511 [
< :
150 45.72m (289.028mASL)Total Depth (100 gal./min.)
511 [ - . -
(100 gal./min.) Flow/ Conductivity from well during drilling (February 9, 2000)
200
Eﬂ BOREHOLE # 14/2000 (Deep)

(Revised Feb 26/03)
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Geophysical Logs

Feet LITHOLOGIC LOG CONSTRUCTION DETAILS Feet
] Top of Pipe (320.836mASL) \ ¢ Lockable Cap Caliper (cm) Natural Gamma (cpm) 7.6cm Electrode (ohm-m) 76cm Electrode (ohm-m)
0 Ground Surface (319.896mASL) ] [ 0.94m stickup 16 20 30 40 50 0 100 00 3000 4000 5000 0 500 1000 1500 2000 0 2500 5000 7p00__ 10000 0
——cltPeat __ . 0.91m 158.7mm I.D. Steel =
SRS R N S —— 2.13m (317.865mASL) o %?csllrr]lggg)zamm s g’
+/- 203mm diameter borehole—> Volclay Bentonite = —
Seal
Eramosa <« "Bottom of 2"\
Water Level Measured at ;
Member of 7.73m below top of pipe [—X%. Casing 6.22m > z
Amabel on Feb. 15, 2000 (313.106mASL) =z, 53
Formation ;’? =_ \
vg \
———————————————— 12.50m (307.396m) l T
50 ) 50
Amabel +/-150mm {
Formation diameter open hole 569 s
Unsubdivision (10 gal /min.) q
<—(25-gal:/min:) !
526 s g q
(150 gal/min.) ¢ >
C <<J i/
519 (s ' 5 .
100 D i > N “ 100
Total Depth 30.48m (289.416mASL) (200 gal./min.)
150 150
519 s
(200 gal./min.) Flow/ Conductivity from well during drilling (February 11, 2000)
200 200
BOREHOLE # 15/2000 (Deep)
Lithologic Log, Construction Details, Geophysical Logs Map ID#
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Geophysical Logs

Feet LITHOLOGIC LOG CONSTRUCTION DETAILS Feet
] Top of Pipe (318.954mASL) \ ¢ Lockable Cap Caliper (cm) Natural Gamma (cpm) 7.6cm Electrode (ohm-m) 76cm Electrode (ohm-m)
0 Ground Surface (318.294mASL) ] [ 0.66m stickup 15] 20 30 40 50 0 10 3000 4000 5000 O 500 1000 h500 2000 0 2500 5004 7500 10000 0
Silt/ Peat 1.52m 158.7mm 1.D. Steel J—— )
—————————— ——=" (316.774mASL) «<— Casing(4.8mm casing —
Sand +/-203mm thickness)
& Gravel 4.88m diameter borehole > —L < Yolclay Bentonite )
__________ T (313.414mASL) Seal . |
<« Bottom of Casing ——
Water Level Measured at- 6-18”‘ T = <D z
3.77m (315.184mASL) below , 410 us
Eramosa top-of pipe-on-Feb.-17;-2000 (25-gal:/min:) P —d
member of _ )
Amabel —r—
Formation ’ = 3>> —5
476 Os |
50 <20 gal./min.) - — 50
+/-150mm =3 P
diameter open hole > > <
<—(25-gal./min:) : §> .>\
—————————— ————20.73m (297.564mASL 47405 j T
( ) (25 gal./min.) w
427 [
Amabel (50 gal/min.)
Formation
Unsubdivided <«— (50-gal./min.)
423.s
100 <« : 100
Total Depth 30.48m (287.814 mASL) (50 gal./min.)
150 150
423 s
(50 gal./min.) Flow/ Conductivity from well during drilling (January 26, 2001)
200 200
BOREHOLE # 16/2000 (Deep)
Lithologic Log, Construction Details, Geophysical Logs Map ID#
26
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Feet LITHOLOGIC LOG CONSTRUCTION DETAILS Geophysical Logs Feet
h Top of Pipe (317'749mASH\ J Lockable Cap Caliper (cm) Natural Gamma (cpm) 7.6cm Electrode (ohm-m) 76cm Electrode (ohm-m)
0 Ground Surface (317.19mASL) ] [ 0.66m stickup 15, 20 30 40 50 0 10802000 3000 4000 5000 0 500 1000 1500 2000 0 2500 5000 7300 10000 0
Sa”%@fave' ST I P 1.22m v 158.7mm I.D. Steel 3)
___SitPeat | | ______ «— Casing(4.8mm casing
p—— 4.88m (312.19mASL) thickness) 3
ueip +/- 203mm diameter —» ;
. Volclay Bentonite
borehole <
Formation 7.01m (310.129mASL) SeaB' f i
———————————————— <— Bottom 0
Water Level Measured at ;
1.83m (315.90mASL) below ] Casing 6.40m 3 \>
top.of pipe.on.Feb..17,.2000
= <
=
50 Eramosa = ~ 50
member of . +/-150mm — | i —
Amabel diameter open hole 572 s i
. <« : —
Formation (<5 gal./min.) é r
410 s g = dz
< (50-gal./min.) <
5 \>
———————————————— 23.77m (293.37mASL) . ' \
Amabel “— (50 gal./min.)
Formation
Unsubdivided
417-s
> .
100 Total Depth 30.48m (286.66mMASL) (67 gal./min.) 100
150 150
417 s
(67 gal./min.) Flow/ Conductivity from well during drilling (January 24, 2000)
200 200
BOREHOLE # 17/2000 (Deep)
Lithologic Log, Construction Details, Geophysical Logs Mag ID#
1
pagtner Arkell Spring Grounds
: Groundwater Supply Investigation Project 99-415.9
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Feet LITHOLOGIC LOG

CONSTRUCTION DETAILS

Geophysical Logs

Feet
] Top of Pipe (336.451mASL) ¢ Lockable Cap Caliper (cm) Natural Gamma (cpm) 7.6¢cm Electrode (ohm-m) 76cm Electrode (ohm-m)
0 Ground Surface (335.811mASL) ] [ 0.64m stickup 1 20 30 40 50 0 1000 2000 3000 4000 5000 0 500 1000 1500 2000 0 2500 5000 7500 10000 0
+/- 203mm diameter —> =
borehole =
158.7mm I.D. Steel <>
<— Casing(4.8mm casing — |
thickness) (\5
=
Sand <§
& £
=
Gravel =,
< Volclay Bentonite 3
Seal ;
50 : 50
=
>
3
Water Level Measured at z
23.77m below top of pipe ——
________________ 94.38m on. Feb..17,.2000 [—Y—| (312.681mASL) !
(311.431mASL) 1 %
JE
Hardpan }
100 100
+/-150mm
diameter open hole P
———————————————— 35.05m (300.761m) }
< Bottom of Casing 2 I
36.51m % N
< 480 [
(100 gal./min.)
Amabel §
Formation -
eh < 543.[k o
1501 Unsubdivided (100 gal./min.) : 150
518 [
(150 gal.imin.) q x
< 500 s g
(150 gal./min.) =?
« 51005 ]
Total Depth 54.86m (280.951m) (150 gal./min.)
510 Os
(150 gal./min.) Flow/ Conductivity from well during drilling (February 15, 2000)
200 200
BOREHOLE # 18/2000 (Deep)
Lithologic Log, Construction Details, Geophysical Logs Map ID#
23

Gartner
Lee

(Revised Feb 26/03)

Arkell Spring Grounds
Groundwater Supply Investigation

L
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f
Feet LITHOLOGIC LOG CONSTRUCTION DETAILS
7 Top of Pipe (318.381mASL) 102mm Steel Protective Lockable Cap
Casing . ¢ i
0 silt Topsoil ~ Ground Surface (317.481mASL) ] 0.90m stickup
________________ 0.17m (317.311mASL)
4—Holeplug
Water Level Measured at v
10 3:28m (315.101MASL) below
top of pipe on Mar. 22, 2000
4.57m —>»
20
Eramosa
member of
Amabel
Formation +/- 96mm borehole —»|
30
52.5mm |.D. schedule
40 threaded PVC Casing
40
———————————————— 13.00m (304.481mASL)
50
4—Benseal Grout
60 Amabel
Formation
Unsubdivided
70
80
90 Bottom-of Grout-27-57m ===
4—Holeplug
Bottom of Holeplug 28.35m —»
Total-Depth Top-of Screen-29.05m ——
30.57m Machine slotted Silica Sand
100 (286.911mASL) PVC Screen.(#10.slot)
( BOREHOLE # 19/2000 (Deep)
Lithologic Log & Construction Details Map ID#
25
Eeetner Arkell Spring Grounds :
Groundwater Supply Investigation Project 99-415.9
(Revised Feb 26/03) \_ (99\415\415-9\A.3-13.cdr)
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fFeet LITHOLOGIC LOG CONSTRUCTION DETAILS
7 Top of Pipe (318.341mASL) 102mm Steel Protective ¢— Lockable Cap
Casing . i
0 silt Topsoil ~ Ground Surface (317.741mASL) | 0.60m stickup
———————————————— 0.25m
v
Water Level Measured at
Eramosa 1.21m (317.131mASL) below 1e—Holeplug
10 member of top-of pipe-on-Mar.-9,- 2001
Amabel
Formation
20
ol———m—m—— |- 8.94m (308.801m)
+/- 96mm borehole —» 52.5mm |.D. schedule
40 threaded PVC Casing
40
50
Amabel
Formation
Unsubdivided 4—Benseal Grout
60
70
80
90 Bottom of Grout 27.74m —
4—Holeplug
Bottom of Holeplug 28.96m —3»
Top of Screen 29.41m —»-E| —Silica Sand
Total Depth Machine slotted
100 31.05m PVC Screen (#10 slot) i
(286.691mMASL)
( BOREHOLE # 20/2001 (Deep)
Lithologic Log & Construction Details Map ID#
28
Eeetner Arkell Spring Grounds :
Groundwater Supply Investigation Project 99-415.9
(Revised Feb 26/03) \_ (99\415\415-9\A.3-15.cdr)
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0.6  Stick-up

DEPTH BELOW GRADE
Metres  (mASL)

18.77  (331) —

Overburden

32 @1 —

34.85 (315) —

Guelph Formation

47 (303} —

Eramosa Member

52 (208) —

58 (292} —_

Amabel Fermation

1021 (248) ——

FIGURE 4
VICTORIA PARK GOLF COURSE

Top of Casin
T HYDROGEOLOGICAL REPORT
v Top of ‘Casing TW 1 _0 5

v & AS CONSTRUCTED DRAWING
a2 ————  Static Water Level

1 {March, 2005)

¢ ) ,‘ 212mm (8.35") Outside Diameter x 200mm (8") Inside Diameter

s -. “. E Steel Welded Jaint Casing to 34m (316mASL)

v S,

(S Pumping Water Level at 7.6L/s {100 Igpm)

162mm {6.63") Outside Diameter x 150mm (6.13") Inside Diameter

Steel Welded Joint Casing to 58m {292mASL)

200mm (8") nominal size hole drilled te 58m using air rotary
drilling technalogy

A2 (asing sealed with Portland Cement

150mm {6") nominal size hale drifled using air rotary drilling
technology

May 2006
N.TS.
FILE NO.: PGN 09069

BURNSIDE

PGNOS069 WELL DETAILS.DWG



PROJECT. 07-1112-0058

LOCATION: N 4817482.0 ;E 560930.0

RECORD OF DRILLHOLE: MW08-01A

SHEET 1 OF 2

DATUM: Geodetic

Y 8 NOTES
2 S
28 2} HYD HYD) WELL INSTALLATION
; E DESCRIPTION g BASED ON PACKER TESTING BASED ON RISING HEAD TESTS WATER LEVELS
£l S 06/16/2008.
&= 2
° 5
GROUND SURFACE

medium SAND. some gravel (TitL)

Loose, moist to wet. brown. silty fine to

very coarse SAND and GRAVEL

Compoct, salurated, brown, medium to
El

CLAYEY SILT. some gravel (TILL)

Sl to very hard, saturated, groy/brown,

member)

s | slightly weathered. odourous.
DOLOSTONE

GOAT ISLAND FORMATION
Brown to grey, medium hardness,
slightly weathered, DOLOSTONE

ERAMOSA FORMATION {Vinemount

Black to dark brown, medium hardness,

GASPORT FORMATION

moderately weathered, porous.
DOLOSTONE

Grey to white, saft to medium hardness.

Bonionita Seat

A S

'

Sand/Bsntonite
) Mix

Lo g lagaeaaaoa ooy s o0

¥

CONTINUED NEXT PAGE

MIS-GEQ 603 0711120059.GPJ GAL-MISS.GDT 2/12/09 JFC

DEPTH SCALE
1250

LOGGED: KS
CHECKED:




PROJECT: 07-1112-0059

LOCATION: N 4817482.0 ;E 560890.0

RECORD OF DRILLHOLE: MW08-01A

SHEET 2 OF 2

DATUM: Geodetic

I
E S NOTES
g8 e, | © HYDRAULIC CONDUCTIVITY. HYDRAULIC CONDUCTIVITY WELL INSTALLATION
2 OESCRIPTION 2 CALIPER (om} F-RESISTIVITY (Ofem) FLOW METER (cps) GAMMA (cps) CONDUCTIVITY (msim) BASED ON PACKER TESTING | BASED ON RISING HEAD TESTS WATER LEVELS
g5 D?PIH 2 K, cmisec fsac 06/16/2008
5= m | E
e & 15 20 o 0 0 0 o 0 20 40 60 30 25 s 75 100 w0 100 10t 107 0t 10t 100 0
| g |m-conmmuED FrOM PREVIOUS PAGE
[ ™ [ GASPORT FORMATION E
L Grey to white, Soft to medium hardness. Sang/Benlonite 3
+ moderately weathered, paraus. Seal Mix 1
DOLOSTONE — ]
= Bentonite Soal ]
- 55 = -
I = ¢ ]
[ e = o —§
[ = Sctean p
_ — -1
L = - ' i
[ E= 9 Bentonite Seal
[ = nonite: Seal
= — 3
RONDEQUOIT FORMATION =
Grey to white, soft to medium hardness, — Sona/Bentonite
moderately weathered, porous, = - Mix
DOLOSTONE -

75| CABOT HEAD FORMATION
Grey to green, soft hardness. slightly
woathercd, SHALE

END OF DRILLHOLE ]

L w 7
- o5 5~
- <

5 —
— 100 00—

DEPTH SCALE LOGGED: KS

1:250 CHECKED:

%
2
o
b
2
gl
3
g
g
g
8
3
g
g
O
2
Q
S
=




PROJECT: 08-1112-0098

LOCATION: N 4819482.9 :E 560096.3

RECORD OF DRILLHOLE: MW08-02

DRILLING DATE: July, 2008
DRILL RIG: Dual Rotary

SHEET 1 OF 2

DATUM: Geodetic

INCLINATION: -90° AZIMUTH: - o
DRILLING CONTRACTOR: Gerrits Drilling Ltd.

[a]
Y o9 8 GEOPHYSICAL RECORD
oo ° £ NOTES
Fui g g P > WATER LEVELS
EI DESCRIPTION ) gluwig INSTRUMENTATION
BE| 2 @ £-02 GAMMA (cps) CONDUCTIVITY (mSfm)

=l > o
° |8 A 0w s o w

GROUND SURFACE B A

MIS-GEOQ 001 0811120098.GPJ GAL-MISS.GDT 25/8/09 JFC

1:250

- ° Loose, moist, brown, SAND and Bentonite Seal ]
- GRAVEL Cement .
— -
i Stiff, moist, brown, silty SAND, trace % Bentonite Seal ]
B gravel (TILL) < ]
B ) ]
B *1-'“' =
[ TR ]
N 4 4
X Stiff, moist, grey, SILTY CLAY ]
[ 07/18/2008 (8) ]
i GUELPH FORMATION e ]
[ Biege, DOLOTSTONE, platty chips, = ]
R medium hardness e ]
Fo—4]
— 15 E= r/-( sand ]
3 2] E
5 o ]
W 4
- 52 = -1
| s cai .
o 1
- H=— Fu i
i = ]
- = B
- 55% Screen E —
. = H J
[ S, LM M
[ = ’
F = ]
- —a s I
- T il ]
- = |
N ERAMOSA FORMATION = -
A Tan/ Black, DOLOTSONE, == Bentonite Seal B
- bituminuous, platty chips, medium 1 _
- hardness = E
» i ]
= F— R
- =2 3
B == ]
- = ]
M- = ]
| E= i
i = 1
[ = v ]
B o] 07/18/2008 (A) ]
=z
- e~ ]
- —:45 .
i = ;
|- 35 W —]
N i ]
X = 1
- = ]
- —:‘E .
- EE Sand/Bentonite E
i GOAT ISLAND FORMATION =2 Seal Mix 1
[ % Grey, DOLOTSONE, bituminuous, E— i
5 platty chips, medium hardness, cherty 5% |
| s i
‘ = ]
- = ]
B GASPORT FORMATION — B
- Grey/White, DOLOSTONE, ;’;:':; b
[ fossiliferous, platty chips, soft to ro— i
45 medium hardnes EE; ]
n — 1
i = 1
B i ]
[ = ]
to—
- :;:“; 4
- -_:;‘; =
- :“r—‘; -
[ oL = e ] e, L e Ll ]
CONTINUED NEXT PAGE
DEPTH SCALE LOGGED: KS

CHECKED: SMD




PROJECT: 08-1112-0098 RECORD OF DRILLHOLE: MW08-02 SHEET 2 OF 2

LOCATION: N 4819482.9 ;E 560096.3 DRILLING DATE: July, 2008 ) DATUM: Geodetic
DRILL RIG: Duatl Rotary

INCLINATION: -90° AZIMUTH:
DRILLING CONTRACTOR: Gerrits Drilling Ltd.
u 2 o SAMPLES
N 3 s} GEOPHYSICAL RECORD NOTES
2y | = DESCRIPTION g | e E WATER LEVELS
th| ¢ O lpeptH| @ [ B | & INSTRUMENTATION
as i 5 g ™ § ri2 GAMMA (cps) CONDUCTIVITY (mS/m)
w = > o]
" 15 G ] T O N T
. - CONTINUED FROM PREVIOUS PAGE --- B A
. GASPORT FORMATION = 4
- Grey/White, DOLOSTONE, = ]
B fossiliferous, platty chips, soft to F— 1
i medium hardnes . . 7
[ Water bearing fractures at 52.12 m, = éigfﬁi’“""“e ]
5 55.93-56.24 m, 57.91-59.44 m i |
N = ]
[-o—4)
B = r
[ 55 = ]
[ = ]
5 :5; _ |
L i Bentonite Seal E
Fo—
B = E
B = ]
Fo—
- (o 1
. EE: ]
B = ]
| EE Sand -
- &0 = -]
[ = i
X = ]
|- o h
N P ]
| o ]
| ;E 4
: EEE Screen :
| EE’ i
- 6 =
X E= 3
5 = ]
- ] 25814 E
- END OF DRILLHOLE 66.75 .
N Top of casing 1
5 elevation: 4
5 A=32577m e
- B =325.77m .
- 70 ]
L -
[ &0 ]
[ o5 ]
- ]
L o5 ]
L 100 —

MIS-GEQ 001 0811120098.GPJ GAL-MISS.GDT 25/9/09 JFC

;"ﬂ:::]
DEPTH SCALE G LOGGED: KS$
é “Golder
1:250 IV JAssociates CHECKED: SMD




PROJECT: 07-1112-0059

LOCATION: N 4817910.0 :E 561758.0

RECORD OF DRILLHOLE: Tw08-01(Davidson)

SHEET 1 OF 2
DATUM: Geodetic

SS.GDT 2/12/08 JFC

w aQ
N S NOTES
gl Elev. | @ HYDRAULIC CONDUCTIVITY, HYDRAULIC CONDUCTIVITY. WELL INSTALLATION
2E DESCRIPTION 2 GALIPER (om) FLOW METER (cps) BASED ON PACKER TESTING | BASED ON RISING HEAD TESTS WATER LEVELS
Y D?P;H 2 . emisec K, cmisoc 07/1772008 (B)
& m | =
s % 15 20 ° o o © e 108 © o g
GROUND SURFACE -
Loose. moist to wel, brown, fine (o a.c0k: Bentonits Seat
medium sandy SILT, some gravel {TILL) Cement

Bentonlie Seat

RN WS RN WA

‘Sand/Bentonite
Soat Mix

4
[}
2|
5
&
2
H
g
o
3
P
8
g
=)
Il
Q
2
=

bo
L H ]
|- 25 [GUELPH FORMATION = s
I Biege, DOLOTSTONE. platty chips, = E
N medium hardness — Bonlonio Sead b
s = S 3
b~ 30 E —
[ — Screen b
- s
[ = Bonlonita Seai b
L = 0 —
ERAMOSA FORMATION (Reformatory = ]
member) = 3
Tan, DOLOTSONE, bituminuous, platty = E
chips. medium hardness = 3
~ SandlEvenlnrllc 4
ERAMOSA FORMA TION (Vinemount = Soal Mix 3
45| member) = s -
Black to dark brown, medium hardness, T ]
slightly weathered, odourous, ]
3 DOLOSTONE ]
S IR __ I I S Y S U :
CONTINUED NEXT PAGE
DEPTH SCALE LOGGED: KS
1:250 CHECKED:




MIS-GEQ 003 0711120059.GP) GAL-MISS.GDT 2/12/09 JFC

PROJECT: 07-1112-0059

LOCATION: N 4817910.0 :E 561758.0

RECORD OF DRILLHOLE: TW08-01(Davidson)

SHEET 2 OF 2
DATUM: Geodetic

[u3
N S NOTES
S ELEv. [ © HYDRAULIC CONDUCTVITY HYDRAULIC CONDUCTIVITY WELL INSTALLATION
; E DESCRIPTION -DJ CALIPER (cm) F-RESISTIVITY (Ohmem) FLOW METER {cps) GAMMA (cps) CONDUCTNITY (mSim) BASED ON PACKER TESTING BASED ON RISING HEAD TESTS WATER LEVELS
Y Df";“ @ K, emisoc K, csec 0711772008 (B)
5= m | £
e % 15 20 0 0 0 o o 0 [ 208 40 €0 80 25 50 75 100 9% 10% 10 19" 10% 10° 107 107
’
. CONTINUED FROM PREVIOUS PAGE —
1™ " [[ERAMOSA FORMATION (Vinemount ]
- member) ]
F Black lo dark brown, medium hardness. — b
I slightly weathered. odourous, ]
o DOLOSTONE i
[ o5 | GOAT ISLAND FORMATION ts
L Brown to grey. medium hardness, p
3 slightly weathered. DOLOSTONE = Sond/Bentonic E
L Soal Mix 3
N GASPORT FORMATION ]
I Grey/White. DOLOSTONE, fossitiferous. ]
[ | Pty chips. soft to mediurm harcnes N
. 3
I Bontonile Soal h
[ e b5
: Sand 3
o ]
Screon 3
s 5
" 80 E —
X - ]
I = 4
[ Bentonite Seal ]
— 5 5 3
3 IRONDEQUOGIT FORMATION ]
Grey fo while, soft to medium hardness, SondiBontonilo 3
moderately weathered, porous, Soal Mix 1
DOLOSTONE ]
CABOT HEAD FORMATION ]
Grey to green, soft hardness, slightly i
20 Hweathered, SHALE -
END OF DRILLHOLE ]
95 ps -:
Lo oo
DEPTH SCALE LOGGED: KS
1:250 CHECKED:




PROJECT. 07-1112-0059 RECORD OF DRILLHOLE: Tw08-02 SHEET 1 OF 2

MIS-GEQ 003 0711120059.GPJ GAL-MISS.GDT 2/12/09 JFG

LOCATION: N 4818420.0 :E 562092.0 DATUM: Geodetic
o
3 2 NOTES
38 Eev.| © HYDRAULIC CONDUCTIVITY. HYDRAULIC CONDUCTIVITY WELL INSTALLATION
2e DESGRIPTION = = CALIPER (em) F.RESISTMVITY (Chr-m) FLOW METER (cps) GAMMA (cps) CONDUCTNITY (mS/m) BASED ON PACKER TESTING | BASED ON RISING HEAD TESTS WATER LEVELS
Ty DEPTH| R K, emvsec K. emisec 07/1772008 (8)
&= m | E
° & 15 20 o 0o o o 6 o 0o 0 20 40 60 8D 25 50 75 100 00 1 100 0 w0t 1t
1
GROUND SURFACE
[ °[Toose. moist o wet, brown, fine 1o 3 Bontoriia Soal
L medium sandy SILT. some gravel (TILL) Goment
3 H- Benlonfe Seal 3
F E
s 315.50] Jot Sand/Bentonitc 1
[~ 0 [ GUELPH FORMATION 9201 2 °
N Biege. DOLOTSTONE, platty chips. = ]
5 medium hardness — 3
5 = 3
- — Bentonite Sea 5
N = Sand 4
- = Seroon bo
3 = Benlonite Seal
— =
296.13] E b
ERAMOSA FORMA TION (Reformatory 22 o -}
30| member) = 3
3 Tan, DOLOTSONE, bituminuous, platty = 3
X chips, medium hardness — 3
L 5 = 5 -]
- 268,83 ]
ERAMOSA FORMATION (Vinemount EX5E= ]
member) = SondiBontonito ]
Black to dark brown, medium hardness, = Soal Mix ]
slightly weathercd, odourous, = ]
DOLOSTONE =
-« = 0 —
[ P ]
GOAT ISLAND FORMATION = ]
Brown 1o grey, medium hordness, — b
slightly weathcred, DOLOSTONE = 1
GASPORT FORMATION 7,552 1
Grey/White, DOLOSTONE, fossiliferous, = ]
platty chips. soft to medium hardnes = ]
50 [ = e o e — — — — — — b s e e — — — — e _—— i e e e e e e e e B e B ke . Fe—
CONTINUED NEXT PAG!
DEPTH SCALE LOGGED: KS
1:250 CHECKED:




MIS-GEO 003 0711120059.GPJ GAL-MISS.GDT 2/12/09 JFC

PROJECT: 07-1112-0059

LOCATION: N 4818420.0 ;E 562092.0

RECORD OF DRILLHOLE: TWwW08-02

SHEET 2 OF 2

DATUM: Geodetic

o
u
=1 =}
S g ELEV. d HYDRAULIC CONDUCTIVITY HYDRAULKC CONDUCTIVITY WELL INSTALLATION
2c DESCRIPTION = CALIPER (cm) F-RESISTIVITY (Ohm-m) FLOW METER (cps) GAMMA (cps) CONDUGTNITY (mS/m) SASED ON PACKER TESTING | BASED ON RISING HEAD TESTS WATER LEVELS
DEPTH| § K, cmsee jsoc 0774772008 (8)
= m | Z
& 15 20 o o o o 0 o 0 40 60 80 25 50 75 100 e et o1 10¢ w0t ot 1t 10°
B -~ CONTINUED FROM PREVIOUS PAGE —
[ % "BASPORT FORMATION T ]
[ GreyMhite. DOLOSTONE, fossiferous. ]
t platly chips, soft o mediurn hardnes ]
E Sand/Bentonite 4
N g Soal Mix 4
55 =
[ Benlonite Seal ]
[ C - ]
- 0 ]
o iy CO— Screon g
[ - ]
i =1
[ g
t B
[ e=
: Bentonite Seaf 4
. =
: % ) :
3 Sand/Bentanite b
- s z Soal Mix 5
3 o ]
- END OF DRILLHOLE 7808 -
L. & o —
o 5
I 5
[ =
[ o ]
25 =4
00—
100
DEPTH SCALE G LOGGED: K3
I 7 Lder GHEGKED:
1250 'ASsociates




Production Well: Smallfield

Project: Clyth Sacco & Smallfield Wells Drilling method:
Client: Lotowater Technical Services Date started/completed: Oct-30-1995
Location: Guelph, Ontario Ground surface elevaiton: 343.98 m AMSL
Number: 160900504 Top of casing elevation: 344.23 m AMSL
Field investigator: Easting: 556776.2
Contractor: Northing: 4820865.2
Elevation
) . - (m AMSL)
Depth Lithologic Description Depth
(m BGS)
(ft) (m) Ground Surface
o CLAY AND GRAVEL 343.98
o0 0.00
>c i
L9 [C
ol (b 338.68
ROCK 5.30
light grey
334.18
ROCK 9.80
blue grey 332.48
ROCK 11.50
light brown
318.98
ROCK 25.00
light grey
=+ 307.38
120 ROCK 36.60
125 _::_ dark grey
130 _E:_ 40
185 —4—
292.18
ROCK 51.80

dark grey with brown seams

80

O 0000 Hn0nOpnOn0nOpnlnOnOnlnOnOnOpnlOnOnO P O nOnOpnOnOnhHO OO O ndOHO OO HOHIHIHOn
PHOMHNO MO MO MO MO MmO MO MO MmO MO MO MmO MO MO MO MO MO MHO MO MO MO MO MO MO O YO NOP MO HO O O HYOHOHYO m O

246.48
SHALE 97.50
light blue

241.88
End of Borehole

10210

Client/Project
SMALLFIELD AND SACCO PRODUCTION WELLS
WELL REHABILITATION AND HYDROGEOLOGIC ASSESSMENT
PROGRESS REPORT FOR THE PERIOD DECEMBER 2008 TO MARCH 2009

Figure
4

Title
Well Logging Results - Smallfield Well Sheet 1 of 1




Project:
Client:
Location:
Number:

Field investigator:

Contractor:

Clyth Sacco & Smallfield Wells
Lotowater Technical Services
Guelph, Ontario

160900504

Production Well: Sacco

Drilling method:

Date started/completed:
Ground surface elevaiton:
Top of casing elevation:
Easting:

Northing:

Oct-30-1995
339.15 m AMSL
339.79 m AMSL
556466.1
4821931.7

Depth

Lithologic Description

Elevation
(m AMSL)
Depth
(m BGS)

W w n n - -
a o a o (9] o (9]
I|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

'S
o

@ =N
o o

©
o

o
a
II|IIII|IIII|IIII|IIII|IIII

©
a

)
~
o

IIII|III

n
8
I

285

290 —
295
300

w
o
a

310 5

315 —

320

325 —

330 —

335 —

(m) Ground Surface

o

| SAND, CLAY AND GRAVEL

339.75
0.00

333.35

-
o

-
(9]

n
o

n
o

w
o

W
a

LIMESTONE
grey

5.80

301.95

N
o

LIMESTONE
brown

37.20

295.55

IS
a

o0
o

D
o

»
a

~
o

~
al

@
o

oo}
a

©
o

LIMESTONE
grey, dark grey

43.60

245.25

©
a

a
o

LIMESTONE

\blue

93.90

24405

J LIMESTONE

|SHALE

End of Borehole

-
o
o

/ 9510
243.45
B

95.90

Client/Project
SMALLFIELD AND SACCO PRODUCTION WELLS
WELL REHABILITATION AND HYDROGEOLOGIC ASSESSMENT
PROGRESS REPORT FOR THE PERIOD DECEMBER 2008 TO MARCH 2009

Figure
5

Title

Well Logging Results - Sacco Well Sheet 1 of 1
















Project Number

#MARSHALL MACKLIN MONAGHAN LIMITED .
LOG OF BOREHOLE NG-! 1"‘"1 Observation Well 1 ;

b

. 14-81008-103 Prepared by 1S, Mo
Project Description : HANLON CREEK Checked by * A Zilans
location : McCurdy Road Rig Type ! CME 75 TRACK MOUNTED
Installation Date(s): October 22, 1991 Drilling Equipment : SEE ATTACHED DRILLING
Field Inspector :S. Mo METHODOLOGY FOR DETAILS
: Piezometer Size : 2"L.D. SCH 40 PVC PIPE
Elev. | Depth Samples Penetration | Probe
Soil S - Resistance Detail
m m Description 3| o Lab, en/sl ¥ A N"blows/.3m
i A . No.&size
: 0T | Rec. Type | 5o ot core| rop | 20 40 80 80100
323.77| 0.00
0.50 Poorly sorted, sand, gravei, l
. cobbles, (FU!) . L,
1.00~ B 9%
L
- 1.50— ;/f,//
% 66 s 2
321.79| 1.98 R 7% | SST ° n P A
PP sg %%
250~ GRAVELLY SAND trace of sitt, poory Ends — | > 4%
to moderately sorted, some cobble Fin4s ' N //%j///;
3.00 gize clasts ool 79% | SS3 32 -,{//5/}‘:
> o 16 ok
3.50— 2 10 L A
3 100% | SS4 41 /;'; {////
4.00— : ////A///
a3x | SS5 54 }//'/ 22
4.50— GAT
' /,//-/,//-
5.00— » o
| | 7
550 X
; S
317.68 5_09__1 Fine SAND, some silt, moderately ///;%/
1 . - X
well sorted, non--stratified o e o 160 4 AN
6.55 bmerry o 2 e e e o e T o 0% | S58 o 4 X
317.221 8. Sift, traces of sond and clay 167 r‘/%;/%;
316.76| 7.01-|-tel sorted. non-strotified son | SS7 13 % ///;
Medium SAND, well sorted, non— - /;‘//}
7.50 stratified Tl wx | ssB 11 X
315.85{ 7.92 A ZIX
' " -5 oA
.. Phy i roos | SS8 10 5 s
8.50— SILT with traces of sand and clay, 1 (//}//
50— Ron—stratified ta weakly laminated, |!j'y! ;,///5’///
reddish brown, wet, (Lacustrine) 11 100 | SS10 6 ///;’,r/;
314.63] 9.14 v L. A
SANDY SILT, some clay, a trace of |: . g //f,//
8.50— gravel, non—sorted, non—stratified ////,////
i) s
313.74110.03 21 ViA Y2
50— Very porous, highly fractured
1050 (hite qrey DOLOSTONE 17 it E}{r
11.00— , _ii
25 1
312.18{11.58- - — ————— = —
59%
NOTES:
1. LOG OF BOREHOLE ‘No. 1—1 CONTINUED ON FOLLOWING PAGE

2. WATER LEVEL ELEVATION 321.704m MEASURED ON FEBRUARY 06, 1992




MARSHALL MACKLIN MONAGHAN LIMITED
| LOG OF BOREHOLE No. 1—1
Project Number  :14-31008-103 Prepared by 8. Mo
Project Description : HANLON, CREEK Checked by T A Zilans
Location > McCurdy Road Rig Type : CME 75 TRACK MOUNTED
Instaliation Date(s): October 22, 1991 Drilling Equipment : SEE ATTACHED ODRILLING
g &quip
Field Inspector :S. Mo METHODOLOGY FOR DETALS
Piezometer Size :271.D. SCH 40 .F¥C PIPE
Elev. |Depth| ) Samples Penetration | Probe
Soil Resistance Detail
m m Description g 3 N"blows/.3m
Type | G F | roo | 20 40 80 80100
. Q. jpieces ] )
12.50— ne i
13.00— fEi
13.50 raz S
. 8
14.00—
14.50— s
15.00— Greyish—white, porous, DOLOSTONE, HQ3 Jiden | 85X
) highly fossiliferous, abundant
15,50 Yugs with calcite crystals; highly
: fractured, becoming grey _towcrds e
16.00 bottom as shale content increases 1:'2;%"
HQ4 i | 7sx
16.50 : g
17.00- WS
17.50 e
it
18.00— HQs R B
=
18.50
Vx5 8em
19.00-] o
’ Tx16em
19.50— HQ8 e | o
20.00~ by
20.50— :;gég
x7.sen
21.00— HQ7 g | v
21.50 ; i
22,00 = o r e — e B=
93,50 Grey, DOLOSTONE with shale HQS bier | a3%
: laminae increasing in abundance 12eem
23.00— downward; vugs and fractures
¥~ become fewer; no fossils xinsem
2350 Hag -
ixaten
NOTES:
1. LOG OF BOREHOLE No. 1—1 CONTINUED ON FOLLOWING PAGE-




MARSHALL MACKLIN MONAGHAN LIMITED
LOG OF BOREHOLE Noa 1-1

Project Number  :14-81008-103 Prepared by :S. Mo _
Project Description : HANLON CREEK Checked by ;A Zilans :
Location - : McCurdy Road Rig Type ‘ : CME 75 TRACK MOUNTED ?{
Installation Date(s): October 22, 1981 Drilling Equipment : SEE ATTACHED DRILLING )

Field Inspector :S. Mo METHODOLOGY FOR DETAILS .
Piezometer Size :2"1.D SCH 40 PVC PIPE !

Elev. | Depth _ Samples Penetration
Soil i) “RQSIS"LC\H}ZES
Description % X omrs] - |A N blows/.2m
m m = % Lab. Ne.&sze
N | Ree. Type | <4, of core| Rap 29 40 80 amcl)o
123,06 1
Yz15cm
g B | TR
24.50 HQ e
25.00 \x2em
25.50 HQ10 | eex
Hn
26.00—
26.50— e
113.5am
27.00 HQ11 I‘,.‘j‘ig“““ .92%
27.50 i
- hamn 1zlien
28.00— e
gy
28.50— HQ12 B | e
e
29.00—
29.50— WEBn
=y
30.00"" HO -1 3 \:;\'%.‘é:m 77:
T
30.50—] froffas
31.00
oy
31.50~ HQ14 26z | 8s®
H!zla.‘&:m
32.00
32.50- Fivicu
HQ15 W | eex
33.00 e
Ixldem
et . . 1aitSem
33.53——— END OF BOREHOLE
34,00 '
34.50—
35.00—
35.50




MARSHALL MACKLIN MONAGHAN LIMITED

|
!
LOG OF BOREHOLE No. 3—1
Ob i
. . , servatio
Project Mumber  ©14-91008-103 Prepared by 1S, Mo n Well 7
: Project Oescription : HANLON CREEK _ Checked by { A Zilans !
Location 1 OLD HANLON ROAD Rig Type : CME 75 TRACK MOUNTED
Installction Date(s): November 04, 1931 Drilling Equipment : SEE ATTACHED DRILLING
Field Inspector ¢S, Mo METHODOLOGY FOR DETAILS
Piezometer Size :2"1.D. PVC PIPE
Elev. | Depth Samples Penetration | Probe
Soil 8 : Resistance Detaj
m m Description 28l . Lop, ool WA N"blows/.3m 1
(30 | Ree. | P8 | 5q. [ohcore| Roo | 20 40 60 80100
318.34 0.00 T = '
Gravelly - sand, organic rich - six | SS1 10
TOPSOIL D2
317.73| 0.81 : =5
. LS &
1.00~| GRAVEL with some sand ond o 8% | 552 3
cobbles: most cobbles dolomite, ore
1.50— few granitic; at 3.65 to 3.75m Coog 7s% | SS3 40
infilling of pore space between K20 &0 i
2.00~ gravel by silty sand. mud 53 em | ss4 45
2.50— 56 &3
coxer 00% | SS5 682
3.00- oy
v 0
307 gg-g:: 86% | SS6 3
4,00 R ]
“EUEY x| 857 1 B4 A
4.50— 5B
2. .
5,00 3% | SS8 ‘ 43 A
5.50— 2569 00z | 559 21
SILTY SAND, with traces of clay and 3’55’
%}%?7, g%;:J gravel clasts, non—sorted, non~— T . o 10|24
- - | stratified, moist, beige brown, (Till) [FET jgem
6.50— , ggx | HQ1 ';;‘{g‘:%g 50%
7.00- e
7.50~] f‘,,'._"_'.f J sex | HQ2 iE | sex
8.00—
8.50— DOLOSTONE — Greyish white with s
some vugs with calcite crystals; HQ3 Wiz | 9%
9.00— few fossilis, becoming muddy
(shale) at 24.7m
.9.50--
el x27em
10.00 HQ4 i P
10.50-] WE
11.00 iggem
1ajem
1% 28.5em
11.50 Has e -

1. LOG OF BOREHOLE No. 3—1 CONTINUED ON FOLLOWING PAGE
2. WATER LEVEL ELEVATION 317.507m MEASURED ON FEBRUARY 08, 1992



MARSHALL MACKLIN MONAGHAN LIMITED
LOG OF BOREHOLE No. 3—1
Project Number @ 14-91008—I03 Prepared by 1S, Mo
Project Description : HANLON CREEK " Checked by T A Zilans
Location’ 1 OLD HANLON ROAD Rig Type : CME 75 TRACK MOUNTED
Installation Date(s) : November 04, 1981 Driliing Equipment : SEE ATTACHED DRILLING
g cquip
Field Inspector :S. Mo METHODOLOGY FOR DETAILS
Piezometer Size :271.D. PVC PIPE
Elev. | Depth ) Samples Penetration | Probe
; Sail Resistance Detail
. g s 1w etal
m m Description o g U M N'blows/.3m
Rec. | P8 Sa. [ohze| Ro | 204060 80100
12.50—
13.00’- 5 i:ﬁ
| 100% | HQG e | 4%
13.50 ' 132d-5m
14.00—
14.50— g sem
i 100% | HQ7 i 81X
15.00— tasem
15.50—
16.00— B
HQ8 W | 7ex
i
17.00—
17'507‘ 101 6.5em
x22em
18.00— HQ3 bhgn | 89%
* 117'.::::
18.50—
19.00~
1xi3cm
19.50— HQ10 e §1%
" ey
20.00—
20.50-
HO1 1 1%‘3}55;-"‘ 95%
21.00~ e,
21.50—
22.00— wssan
23.50— HQ12 B | oex
‘ ‘ T 4em
23.00
.5emn
23.50— iz
HQ13 e | 78%
NOTES:

1. LOG OF BOREHOLE No. 3—1 CONTINUED ON FOLLOWING PAGE




Froject dumber

MARSHALL MACKLIN MONAGHAN LIMITED

LOG OF BOREHOLE No. 3-1

1 14-31008—{03

Project Zescription : HANLON CREEK
Locaticn

Installciion Date(s): November 04, 1991

1 OLD HANLON ROAD

Prepared by
Checked by
Rig Type :
Drilling Equipment:

CME

: S. Ma
A Zilans

75 TRACK MOUNTED 2

SEE ATTACHED ORILLING

Field inspector ©S. Mo . METHODOLOGY FOR DETAILS
Plezometer Size : 2"LD. FVC PIPE )
Elev. | Depth ) Samples Pengtrotion Probe-
: Soil Resistance Detail
Description X om/sl N AN blows/.3m ,
" m Type | 'So' (53| noo | 2040 60 80100
24.50 1
25.00— Sy
25.50~ HQ14 e | 87X
s
26.00 Txdam
29213 225 '528~ ————————————————— e
ol e
Ix32cm
1 DOLOSTONE — Grey, shaley, Ha15 s | p3x
27.00 lomingted with few large vugs s ey
97 50— containing abundant calcite crystals ,}:;,3,\
28.00—
2B8.50 HQ18 “:‘aﬁ; 83%
1222em
txidem
29.00—
29.50— e
i
30.00"' HQ17 1{,51:?:: 8%
' i
1215.5cm
30.50“‘ “:6‘.-‘5::
287.58 g?.gg-———- END OF BOREHOLE ~
31.50
32.00—
32.50—
33.00—
33.50—
|34.00
134.50—
35.00

35.50




MARSHALL MACKLIN MONAGHAN LIMITED

LOG OF BOREHOLE No.t 4—1 opservation Well 9

Project Number I 14-§1008-103

Prepared by IS, Mo
Project Description @ HANLON CREEK Checked by T A. Zilans i
LOCG‘UOI’} . I CLAIR ROAD ng .Type : CME 75 TRACK MOUNTED i
Installation Date(s): November 08, 1991 Drilling Equipment : SEE ATTACHED DRILLING
Field Inspector :'S. Mo METHODOLOGY FOR DETAILS )
Piezometer Size : 2"1.D. FVC PIPE |
Elev. {Depth ) Samples Penetration | Probe
Soil B . Resistance | Detq?
. . O+ o e 1y a.
Description °% A7 AN blows/.3m |
m m +o - 7 T Lab. No.&sizel .
nao Rec. Ype Sa. o;iecéoerse RQD 20 40 60 80100 | IO
333.67| 0.00————— et . B
rganic rich dark brown —>—1 sax | SST § SR
333.08] 0.61202k = ’-7/;%} :
- / //,
1.00—{ SAND, trace gravel, orange brown, sex | 582 1 /////; i
generally massive (Fill) G,
e
1.50— 204 7s% | SS3 22 M s
2.00 X
: §7% | SS4 47 A //////’//1
331.24| 2.43 (A
. 7
100% | S5 87 X
3.00—{ GRAVEL, COBBLES and BOULDERS, N
poorly sorted, some sand - /// )
350 21% | SS6 67 57’7/1//1
' 2
4.00— ,//;f’//
Y
4.50- 5,///? j
5.00— s6% | SS7 34 /4///;;
5,50 83x | SS8 66 A ’%7//;//’,
S
2
327.88 598 F o1 medium SAND, moderately 75x | SS9 37 7///;{2
6.50— Sorted. generally non-stratified, _a /Vy/LfVE
wet; coarsening upward < 10 A
i 100% | SS10 / ///
7.00—}] SILT with some fine sand and_trace /'///;’;
clay, well sorted, weakly stratified; 100% | SS11 98 - 25
396.16] 7.51— gradational lower contact with {ill— : ///f,«///
: fike sediment. and grodgtional upper ; —4 {////
225.60| 8.07 contact with gravelly cogrse sand 100% |$S12 10 20 /;;/
; : SAND with frace sit, few granule % f//f}
_ ﬂa.ad,ggov_eLcl_r:s;stI:Jiggi__w %5 7 50% }SS13 GV
325.14| B.53 : , - AL
SILTY SAND, with some gravel; non—{ ;" | 0% 15514 7 '/%ﬁ//
- with A oY
39453 914 |sorted, pon-stratified (W) 1,2 7%
9.50— g 0] 5% |SS15 14 A 7
. . L. b - AP U
SANDY ‘SILT with trace clay and G : . ////;f/
10.00—] gravel; some cobble clasts; oY, 75% |SS16 7 '4 /.///‘«{'/
10.50 non-—sorted, non—stratified (Tilk) % 10“5 7///%
: s 4| 7ox |ss17 26 4
11.00— A A
b - '////-‘
o VY
g ,////;j
b) /// g
1. LOG OF BOREHOLE No. 4—1 CONTINUED ON FOLLOWING PAGE

2. WATER LEVEL ELEVATION 328.783m MEASURED ON FEBRUARY 06, 1992




L.

Location

MARSHALL MACKLIN MONAGHAN LIMITED
LOG OF BOREHOLE No. 4-1

Project Number  :14-91008-103
Project Description : HANLON CREEK

: CLAIR ROAD

Installation Date(s): November 08, 1991

Prepared by :

Checked by

Rig

Drilling Equipment

Type

S. Mo

» A, Zilans
1 CME 75 TRACK MOQUNTED

SEE ATTACHED ORILLING

Field Inspector S, Mo METHODOLOGY FOR DETAILS
Piezometer Size : 2"1.D. PVC PIPE
Elev. {Depth ) Samples Pengtrction Probe
Soil S Resistance | peatal
. St O -+ K em/s] "N\ A”N"b1 3
m m Descripticon Lol 4 Lab. b ows/.3m
D | Rec. | 7P| sa. [dcoe] Reo | 20 40 60 80100
TET 7
> -
12.50 o
e
13.00— 0%
A
13.50— R
]
. A
14.00~ v,
R
14.50 b
15.00—
15.50—
16.00—
16.50-
17.00~
— 1x32em
316.2517.42 ,%%g
s8x | HQ1 I | 3z
18.00— B
1e18.5cm
18.50'— ‘f;f?“é::"\n,
19.00 i
: ‘g | pgy
19.50 so% | HQz W
1x51.2¢m
20.00~] DOLOSTONE ~— Grey white, =
moderately abundant vugs with
20.50— calcite crystals, few fossils; mud 2050
content increasing downward ssx | HQ3 S | gsx
21.00"" 1?!‘6“:“:»
{xbem
21.50— :
128 Sem
22.00—" b=y
] g8z | HQ4 T | 95%
23.50 ';nggm
23.00 =y
23.50_ I‘usz.zcm
gsx | HQS ’ﬁ{%’“ 95%

1. LOG OF BOREHOLE No. 4—1 CONTINUED ON FOLLOWING PAGE




Project Number

MARSHALL MACUALIN MONAGHAN LIMIIED

LOG OF BOREHOLE Nou 4—1

1 14-91008~103

Project Description ! HANLON CREEK

Location

. CLAIR RCAD

Installation Date(s): November 08, 1991

Prepared by ©S. Mo
Checked by A, Zilans
Rig Type : CME 75 TRACK MOUNTED

Orilling Equipment : SEE ATTACHED DRILLING

Field Inspector 1S Mo METHODOLOGY FOR DETAILS
‘ Piezometer Size :2"L.D. FVC PIPE |
Elev. | Depth <ol Samples l;en?t{otion Probe
ol u §SIS ance Detai”
m m Description Lop, e ] TN blows/.3m |
: Type | 'S0 RP48A7 moo | 20 40 60 80100
« | pieces |
24.50—
25.00— .
25,50 HQS6 R sex
26.00— j
26.50~—
Mg
27.00 RHQ7 TS | 04x
k 1x28cn
27.50—
28.00—
1‘1‘:}{3‘7.’“
28.50— HQB S | 89R
i
29.00—
238,50
1x?1cm
30.00 RQ9 piE. | 89%
tadlem
30.50—
31.00~
31.50— HQ10 e | 100%
32.004 ‘
301.36| 33~ F——————————— —— — o
£ i
, ey
33.00- HQ11 fHe | 83X
1xi4.5em
33.50— DOLOSTONE — Grey finely laminated JEE
with laminae of shale; few large - he-tl
34.00- (3em) vugs with calcite crystals .
. 113, Sem
| i
34.50 HQ12 FiEm | 95X
35.00 W,
| 123 2em
35.50 HQ13 B2
1%12.5%m
1. LOG OF BOREHOLE No. 4-1 CONﬂNUED ON FOLLOWING PAGE




MARSHALL MACKLIN MONAGHAN LIMITED
LOG OF BOREHOLE No. 4—1

Project Number  :14—31008-103 Prepared by ©S. Mo

Project Description: HANLON CREEK Checked by < A. Zilans

Location I CLAIR ROAD Rig Type : CME 75 TRACK MOUNTED
Installation Date(s): November 08, 1991 Drilling Equipment : SEE ATTACHED ORILLING
Field Inspector ©S. Me METHODOLOGY FOR DETAILS

Piezometer Size :27.D. PVC PIPE

Elev. |Depth Samples | Penetration | Probe
Soll _Resistance | petgil
Description Kerm7s ~n_|A° N blows/.3m

Type | '85- [%2d wop | 20 40 60 80100

m m

Plot
N

_p93.86 | 39.81=— END OF BOREHOLE

1-H Strota

.ET’:
3
e
h
3

36.50—
37.00-

Ty
i)
93

ey
33

37.50-

>
T
3

70%

ggx jHQ14

£3
o
33

I
™.
b3
3

g

38.00-

138.50~

39.00~

13,
2Eem | BO%

gax 1HQ15 i
38.50— ’

40.50

41.00

41,50

42.00-

42.50

43.00

43.50—

44,00

44,50

45.00—

45.50—

48.00—

46.50

47.00—

47.50




Project Number
Project Description: HANLON CREEK
Location :
Installation Date(s): November 15, 1391
Field Inspector 1S, Mo

MARSHALL MACKLIN MONAGHAN LIMITED
LOG OF BOREHOLE No. 5-1

. 14-91008~103

. CENTRAL WETLAND

Prepared by :S. Mo
Checked by : A Zilans
Rig Type CME 75 TRACK MOUNTED

Drilling Equipment

Piezometer Size

SEE ATTACHED DRILLING
METHODOLOGY FOR DETAILS

: 27LD. PVC PIPE

2. WATER LEVEL ELEVATION 322.969m MEASURED ON FEBRUARY 06, 1992

Elev. | Depth ) Samples Pengtrotion Probe
Soil b ,Resistance Detail
m m Description g5l 4 Lab, o[ T A N"blows/.3m
o Type of core] Rop | 20 40 60 80100
Rec. Sa. [Gieces [
324.36 | 0.00
Organic rich sand, trace gravel,
TOPSOIL 50% | SS1 10
323.75] 0.61
1.00~] GRAVEL and COBBLES with some s 9% | 552 17 S
sand; poorly sorted; some sand and | s»  s» J‘ L, 24
1.50—1 silt mud in matrix between 1.98 to 50% | SS3 14 5% V5,
2.13m depth /// ///
2.00+ 58x | SS4 26 s /////
2.44 ’//// ////
Fine to coarse SAND, some gravel 92x | SS5 2| 35 s
3.00— and a trace of silt, moderately {10 ////// ////;
sorted, few cobbles, moist to wet s3x | ss6 13 f/// /{//;
S20T0 | S el sorted fme SAD 7%
ell sorted fine -3 | | A 2L
320.10 | 4 98- | ¥ith_some_silt, orange brown _ _ il R L %7
Moderately sorted SAND and some 75x | SSB 19 HA f// /////,
fine gravel, wet //// //%
319.28 | 5.08 o2x | ss9 11 ;/// ‘ /////,
5.50 {/// %
6.00—] SANDY SILT some clay, trace 83x 15510 4 7,
gravel and cobble clasts, non— WA 1o2A
6.50—] stratified, non—sorted; grey brown, 66X 1 SS11 23 {/// /////’
’ moist (Till) /// ////
-] 5.08 to 5.25m gradational from s
7-0071 4l to moderately sorted sond and il 32 {///// ////’
_} fine gravel iy 2
7.50 g s3x |SS13 52 * X
7 YA
8.00~ L SN
] 1oox |SS14 55 %/ //,
B.50— % /////
96x [SS15 38 AL
9.00— //// ///
- 50 16 _s| 80 9 224
9.50 * 1> e 167 7 ////;
10.00— ;// 77,
%2 %
10.50- 25% |SS17 ,/// ////
11.00 77 ///
70% {SS18 X
11.50 : G
X
NOTES:
1. LOG OF BOREHOLE No. 5-—1 CONTINUED ON FOLLOWING PAGE




Project Number  :14-91008-103
Project Description: HANLON CREEK
Location : CENTRAL WETLAND
Installation Date(s) : November 15, 1991
Field Inspector :S. Mo

MARSHALL MACKLIN MONAGHAN LIMITED
LOG OF BOREHOLE No.: 51

Prepared by 1S, Mo
Checked by : A. Zilans
Rig Type : CME 75 TRACK MOUNTED

Drilling Equipment : SEE ATTACHED DRILLING
METHODOLOGY FOR DETAILS

Piezometer Size :2"1.D. PVC PIPE

Elev. | Depth ) Samples Penetration | Probe
Soil Resistance Detail
m m Description ” g S i N"blows/.3m
Rec. | YP®| sq. [ohoore] rao | 20 40 60 80100
12.50
13.00—
13.50—
310.47 {13.88 .
1x5em
ix3cm
Yrdem
] 1x3.3cm
14.50 75% | HQ1 :wfzs%"m* 47%
15.00—] DOLOSTONE -~ Grey white, abundant ::g%’g’"ﬁ
small (<lem) vugs with colcite Jxem
15.50~ crystais; few fossils in upper
) part; mud content increasing
16.00- at 26.1m Ix10em
100x | HQ2 ‘1‘3:5’%"5‘ 92X
16.50-
17.00—
17.50— L
97x | HQ3 yxiEm | 83%
18,00——' 1x26.5cm
18.50
19.00— e
99x | HQ4 e | 5%
19.50- RN
20.00
20.50 117, 5em
o8% | HQ5 “.“s:g;% 94%
21.00"“ Tx42cm
21.50—
22.00— 1x27em
88X | HQE haiZn | eBx
23.50_ ixidcm
23.00—
1x73cm
1x20cm
23.50 B
88X | HQ? Wi | p2x

1. LOG OF BOREHOLE No. 5~1 CONTINUED ON FOLLOWING PAGE




Project Number
Project Description: HANLON CREEK
Location
Installation Date(s): November 15, 1991

MARSHALL MACKLIN MONAGHAN LIMITED

LOG OF BOREHOLE No. 5-1

. S. Mo

. 14-91008~103

< CENTRAL WETLAND

Prepared by
Checked by
Rig Type

. A Zilans
: CME 75 TRACK MOUNTED
Drilling Equipment : SEE ATTACHED DRILLING

Field Inspector ¢S. Mo METHODOLOGY FOR DETAILS
Piezometer Size : 2"1.D. PVC PIPE
Elev. | Depth Soi Samples Penetration | Probe
(?| . e ”RESIStOnCE DetO”
Description KomZs w |A'N blows/.3m
m m 4 Type Lab. FNo.&size 20 40 60 8
Rec. Sa. [Pt RP 0100
24.50—
25.00 _’H:ggm
¥4 97x% | HQB Bl IR
25.50— = ° b )
I W,
26.00
o
26.50— - i
27,00 7] sox | Hag T | 1%
l 1x5.5cm
27.50 f‘i':
28.00— 3 '_I':: e
wivid  gax 10 ':xmﬁﬂ 84%
28.50-] T Ha =
1x25em
285.22 129.14-
29.50— 1x9em
bk
30.00— ggx { HQ11 ,*;,;:é 81X
. 1x23.5cm
1x15.8em
30.50—] DOLOSTONE — Laminated with -
shaley lamince; some vugs with 1.5
31.00—} calcite crystals; no fossils Timer
Fetem
1x10em
31.50— pex 1HQ12 ;i%m 8%
32.00— Rt
- s
32.50 o
Jxlcm
33.00 gox 1HQ13 1%‘:9‘?5?-1 61X
1x23.5¢m
1xZem
tx3em
290.83{33.53—}—— END OF BOREHOLE ew cororos
34.00—
34.50
35.00
35,50




l .

i

MARSHALL MACKLIN MONAGHAN LIMITED
LOG OF BOREHOLE Nou 6—1 Gycervation well 12

i, Project Number  :14—31008-103

i Project Description : HANLON CREEK

-+ Location : KORTRIGHT
Installation Date(s): November 21, 1991

i Field Inspector 1 S. Mo

Prepared by =

Checked by
Rig Type
Dnlling Equi

Plezometer Size

pment;

DA Zilans

1 2"1.D. PVC PIPE

S. Mo - .

CME 75 TRACK MOUNTED
SEE ATTACHED DRILLING
METHODOLOGY FOR DETAILS

| Elev. | Depth |

\ ) Samples Penetration | Probe
Soil Resistance Detail
T m Description o Lob, et ¥ A’N'blows/.3m
| m Ree. | 9°° | So. [BE] oo | 20406080100 -
. 323.33| 0.00 Organic rich silty sand, trace grovel; %
323.03 0~30:'[TOF’SOIL 50% | SS1 21 LA
1.00— sox | $S2 44 ,///////////;
< LA
l 1.50—] Orange brown oxidized siity SAND 75% | SS3 7 A ///}////;//;
.. with traces of clay and gravel, non-— /%;/;//
2.00- sorted, non-stratified, damp to 5 XS]
t 79% | SS4 Y
e maist r;///’ {//
l 2507 71% | 555 11 X
o NIt
3.00 s 7
»-l .50 sax | SS6 10 8 %j’/ ;
el : 4
55) 3.78 ' AN
1318 258 g2z | SS7 15 | //////,;'///;
. 4 B K
— s i’ ’//(;< /,///
l 4.30~1 GRAVEL and COBBLES, poorly sorted, Fro&d 50% | SS8 25 //f///;//;
. 5.00— With sand ond silt mud, wet RS ;%'/ A
o ) _ 75% | SS9 18 5/// ///,
- — w7 AreA
‘ =50 _!F" : 5 el l 75% | SS10 26 4 ////;/fj{///
L Jelel Sves 5
L 316.93] 6.40— generally well sorted, wet : sax | SS11 26 77
| GRAVEL and COBBLE, bouider size N
( 1316.35] 6.88-T1 dolestone clasts; weathered 48% | 8512 41 {////A/;;
', - 50 1doiostone bedrock, wet e . Vs
] 7802 Har | o Sl
8.00—
i 1x47em
o Ry
— 8.50— DOLOSTONE — Grey white abundont HO2 %;?Iﬁim 75%
1 vugs with caicite crystals; b
e 9.00— obundant fossils; laminae of mud Taiem
i begin at 24.7m
— 9.50— 14170m
. .. 1xicm
teidem
. ‘ 10.00"’" HQ3 Jgg?:‘" 90%
i | g |
u 11.50 HQ4 e | e
3
. i
L NOTES:

:I 1

LOG OF BOREHOLE Nec. 6-—1 CON'I‘"INUED ON FOLLOWING PAGE
2. WATER LEVEL ELEVATION 319.720m MEASURED ON FEBRUARY 06, 1992




MARSHALL MACKLIN MONAGHAN LIMITED. -
LOG OF BOREHOLE No. 6—1
FZroiect Number ' :14-81008—103 Prepared by i S. Mo
Project Description: HANLON CREEK Checked by . A Zilens
l.ocation . . KORTRIGHT Rig Type ! CME 75 TRACK MOUNTED
Installation Date(s) : November 21, 1991 Drilling Equipment : SEE ATTACHED DRILLING
Field [nspector :S. Mo METHODOLOGY FOR DETAILS
Piezometer Size :271.D. PVC PIPE
Elev. | Depth Soi Samples Penetration Probe
Descﬁ;[)ﬁon K em/s| "N ‘,iﬁglét\s;‘f%m Detail
m m T Lab. No&sizd
ype Sa. o;ie(‘::%rse RQD 20 4!0 60 80100
: L e
12.50
e
13.00 =8
HQS e | ax
13.50— ity
14.00— ‘
111'225" m
14.50—] e,
HQ6 P | aax
15,00 i
15.50
16.00— g
HQ7 “L'xxf?u'n 70%
16.50—] i
i
17.00~
17.50~ -
HQ8 i | 81%
18.00— g
18.50—
e
19,00 iy
19.50— HQS ‘:‘lj‘;gf gox
it
20.00~-] e
20.50~]
21,00 HQ10 AFE | a7x
21.50—
22.00—" irélbem
1x20em
23.50— Hat B
23.00—
23.50— “fi’?_.ﬁ:
HQ12 S| aax
NOTES:
1. LOG OF BOREHOLE No. 6-—1 CONTINUED ON FOLLOWING PAGE




MARSHALL MACKLIN MONAGHAN LIMITED
LOG OF BOREHOLE No. 6—1

Project Number  :14-91008-103 Prepared by © 3. Mo
Project Description : HANLON CREEK Checked by : A, Zilans
Location . KORTRIGHT Rig Type T CME 75 TRACK MOUNTED
Installation Date(s) : November 21, 1891 Drilling Equipment : SEE ATTACHED DRILLING
Field Inspector :S. Mo METHODOLOGY FOR DETAILS
Piezometer Size : 27.D. PVC PIPE
Elev. { Depth i Samples Penetration | Probe
Soi Resistance Detas
.- wiow etail
Description R cm7s] ¥ |A'N blows/.3m
m m Lab. No.&sizd
Type | 5, fof core| map | 20 40 60 80100
. pieces N — |
24.50
25.00~ .
-
25.50 HQ13 Gaem | eax
=
26.00—
286.50— 1228.9am
1{30&.‘:#\
27.00 HQ14 Higr | e
27.50- b
285.83|27.76- - ——————————— — — — —
28.001 DOLOSTONE — Grey, laminated with |t S~
_| shaley laminae; vugs with 2
28.507% cqicite crystals HQ15 ‘1-::’,25?" 9z%
29.00 e
29.50—
s
30.00 HQ16 nHER | sax
$x4Bbem
30.50 _
292.55 3(13 gg~-—— END OF BOREHOLE
31.50—
32.00
32.50
33.00—
33.50
34.00—
34.50—
35.00
35.50—




Project Number

MARSHALL MACKLIN MONAGHAN LIMITED
LOG OF BOREHOLE No.; 8—1

1 14—31008—-103

Project Description : HANLON CREEK
Location
Installation Date(s): December 24, 1591

. VICTORIA AND CLAIR

Prepared by $S.. Mo
Checked by : A Zilens
Rig Type

Drilling Equipment

MW8~1/91(MMM)

SEE ATTACHED DRILLING

: CME 75 TRACK MOUNTED

2. WATER LEVEL ELEVATION 331.650m MEASURED ON FEBRUARY 06, 1992

Field inspecter 1S, Mo METHODOLOGY FOR DETAILS
Piezometer Size : 2" LD. PVC PIPE
Elev. |Depth ) Samples Pem_etrction Probre
Soii 2 ”RES?S'EOHCE Detai
: Description Co Rem/s "~ A" N blows/.3m
m m e 7o T Lab. [o.&size .
DD Ree, | YP®| 5q, el goe| Ao | 304080 80100 |
340.27| 0,00 ————— : |
rganic ric san an graves -
5081 0.1l TOPSOL 551 a8 1 2%
! - . ' [ ,/- ?:’]7.—‘
1.00— ss2 48 } /;/_'//; 7’;
Lt
1.50— GRAVEL and COBBLES, scme sand, $S3 o '{,’//ff/{/
poorly sorted ' sz
2.00— I
' 28 S
2.50 - ’//.//{f
34 - A%
3.00 ! v
. %
3.50— 20 | 7
' | T
4,00 44 A ,}{/4"//;
AR AY,
4,50 {?’:’/-f;/’;/
v
5.00—] 35 //////;//;
e
5.50— 102 N LA
Bl %
6.00— NI
' =% 7
//////
6.50— ,///./“'/f/
83 A LA
VAL
7.00— Lt
| 54 N
7.50~] | 7
8.00— sg Y
- ) ////,/
332.04| 8.23 o — L
8.50— GRAVELLY SAND with troce of silt, - 63 Py
T poorly sorted, occasional cobble sizey: | ’7/7@//7/
g.00—| closts, wet 2 1 /.:///;w_/}
: Ss15 1071 38 oA
330.97| 9.30 _ - X
3.50— Fine SAND with some silt, well j//j._;/;
gorted, crange beige brown, non— 3515 18 ,./%;//
10.00— strotified, non—sorted, wet; some :;’//:';’
‘ fine grovel with sand from 10 ic s : L/
— 10.36m depth ‘ SS1% -5t 77 A
1328.60}10.67—— 10 ] %47
11.00— SILT, trace of sond and clay, SS18 25 A
massive, moderctely weil sorted, /{,’/7/;//
11.50 gradational with overlying sand ss1g 35 N f/{/j;‘;
) (//A{/
NOTES:
1. LOG OF BOREHOLE No. 8—1 CONTINUED ON FOLLOWING PAGE



g MARSHALL MACKLIN MONAGHAN LIMITED
B LOG OF BOREHOLE No. 8—1

'raject Number 1 14-91008-103 . Prepared by 1S, Mo :
'r.iect Description : HANLON CREEK Checked by : A. Zilans :
octiion I VICTORIA AND CLAIR Rig Type : CME 75 TRACK MOUNTED
1staiiation Date(s) : December 24, 1991 Driiling Equipment : SEE ATTACHED CRILLING
e § Inspector . 1S, Mo METHODOLOGY FOR DETALLS
4 , Piezomeler Size :2° LD. PVC PIPE
1 Soll =  Resistance Deiail
- * Description °o <em/s_ v A N blows/.3m
m m ﬁE = Type Lab. Rodsizs
Rae. Sa. [ocere RQO 20 40 680 80100
T 112,504
7. 51321
S o il 2% | 5521 18
Silty fine SAND, moderately
% 114.00— to well sorted, gradaticnal with sex |SS22 110
% averlying silt
T 14S0 § 100% |SS23 107
- 115.00— & LI 1(3_3
: 87x |S524 33
— |15.50 :
. |16.00 ; 1cax |5525 49
o 16.50— 7sx | S5286 63 -'l-l
3511676 = ———— — — — .
3 117.00 : 100% | 5527 28 A
¢ SAND, fine, with some silt, well ' i
— 117.30-7 sertec, orange brown 7sx lss28R 38 A
-2.79|17.38 o
: L o s4x | 3528 42
— 1830 SILTY SAND, cbundant gravel cnd »v H
149 .00 cobble size clasts; non—soried, non— _"A,_q. x| 5330 45
T stratified (Till) P
1116.50 From 17.98m to 13.53m Icoser A sax 13331 >120
till with more water--deposited > H '
; 20.00— cppecrénce to sediment ; sex | SS37 FEEEER 10"" g2
g Compoct till between 18.81m to
20.50—
! 20.38m; 7% |SS33 49
. 12100+
%. BX | 3534 100
Lod]21.54
22.00— . .
s DOLOSTONE — Grey white, massive,
? 23.50 few vugs, no fossils; mud content
-5 increases and becomss dark grey .
23.00— at 28.83m
i|23.50

1. LOG OF BOREHCLE No. 8—1 CONTINUED ON FOLLOWING PAGE




MARSHALL MACKLIN MONAGHAN LIMITED
LOG OF BOREHOLE No.: 81

Project Number [ 14-31008-103
Project Description: HANLON CREEK
Location I VICTORIA AND CLAIR
Installation Date(s): December 24, 1991

Prepared by
Checked by

Rig Type

: S, Mo
A Zilans

Drilling Equlpment

! CME 75 TRACK MQUNTED

SEE ATTACHED ORILLING

Field inspector ' 5. Mo METHODOLOGY FOR DETAILS
: Piezometer Size :Z I.D. PVC PIPE
E]ev. Depth 5 ‘l Scmples F};en.eté‘qﬁon P[‘obe.
Ol " ES[S ance Detail
m m Description - o, N"blows/.3m
» . No.dsize ;
Rec. TYPe Sa. cgie%ocge RQD 2|0 40 6C 801 C]]O
24.50—
Wi
! xilicm
25.00 4 sox | HQT .?3.?3. B1%
25507 =
26.00—
e
2650"" P ::lg
sox | HQ2 iem | 81
27.00 fircas
27.50— rersemm
el
28.00— : :'-_: q0% HO3 1%59% g1%
28.50- . NIz sem
311.30{28.97
s
9.50_ . 12&”9-
2 1 s0x | HQ4 ",*_g:f‘; 61%
30.00—] POLOSTONE ~ Lemincted, with T 1riiam
’ shaley lemince, moderate number e
30.50— Of vdgs (1—3cm) with caicite
: crystais 1“’“5“’“
31.00 . 5y
' gox | HQS uissem | §1X
. 1233 5em
31:"50 =
32-00_ N 1xi%4cm
1x. ch,‘.:'
32.50 TaTa En
| sox | HQE Jrem | B1%
Ix)ldaem
33.00 e
u¥ion
33.50 W,
x4
34.00— ‘z{ﬁ"
{ so=% | HQ7Y Mo | 81%
34.50~ ] ‘,13-‘62"““
. 2 5o
ol
305.22 |35.05———— END OF BOREHOLE
35.50~




Caliper 1000 Natural Gamma RESISTIVITY 75cm
(cm) (counts per minute) (Ohm~Metres)
0 0 20 40 0 2000 4000 O 2000 5000
L. - b -
B B [
- 20 F » B
[ } i
C | i S
— 40 + - -
r_ » B -
—~ - L
b |— .
i
q) ] —
E - -
T - 60 | e ——— -
E: = =
L
W = =
| ! »
- 80 |- -
B Lr_—:::
_ - N
3
[ ¢ i (
- 100 |- - "}
B " Off scale ™
B ~ 96.6 — 99.1Tm |
— : -~ 100.3 -~ 101.2m [~
- 120 :

Note: Logging completed before instailation of liner.

- CITY OF GUELPH

ADMIRAL WELL AT SLEEMAN BREWERY
Bedrock Geophysical Logs

Lotowater LTD. FIGURE 2
Reference: 033-011 89/03/09




Ministry of
,e Environment c/-(p, &2 -1éu

Ontario- and Energy

Print only in spaces provided.

Mark correct box with a checkmark, where applicable.

Al Vrse

The Ontario Water Resources Act

WATER WELL RECORD

County or Dlslncl
“hik o, L *
P L LiRie e nt

Township/Borough/City/Town/Vilage
Clre ‘e Geoeweprr!’

ot

Con block tract survey, elc. | Lot

Owner’s surny i S L’oﬁEusl name Addiess ! 1o fipl e 5<y CRROEN, Ss7 o yiau| Date. .. 24 n oy
- 5 3
@’L @ . PRS- == e &2t Clarr C completed da; month rear |
' TR PRE IS - i ' FATR
widn bt ovAlat. rmt o . ... LOG OF OVERBURDEN AND BEDROCK MATERIALS (see instructions)
Géheral calour | " ‘Most common material "Other materials ® '*- General description - = Depth - feet
w L . — o
Brownrt | . Graerse St s Recr s o (=) 2 2
Preen| Eppvnie I AE 22l gqg
PRI ST O e ¢ - .
Pecichs | gpave, Lo s L ey
SREE |GRALEL ce A 5 |lgc
AR
Rover | btimsz 7o s o |137
R O o
ELRE Lt o & p e = 137 |74+ 3
GRIZ ¥ [FRoder .
&G L 7o 5 C 7 ORI /‘+5" {54
wla i i : -
O FRUT //:nt"’rr,tr!“ /545 | t€F
DARK .
SRIT Z/Mfframr- ! /€& | 17¢
LrGH T PRI .
GRE & //Luﬁ’zonf /9¢ | 377
(s b !
Kb eepn Serng o Lovirsp 3,7 | 334
WATER RECORD CASING & OPEN HOLE RECORD 1 (s" !s of opening Diameter Length |
; Inside Wall Depth - | (Sletie
gﬂl‘;’e&’“"d Kind of water diam Material ihickness ot - feet w inches feet -
inches inches From To w
TS T 0 Fresh O Sulphur Steel €} Material and type "] Depth attop of screen
{1 Minerals eel R (3]
ﬁ & 0 salty O Gas g Gc::/am(zed N -+ * (7]
crete
oreEsE O Fesny, B al;lpf‘: g 124 Cl Cpenhole .450 2 G ¥ -
o inecals - :
O say 5 M g :"“" PLUGGING & SEALING RECORD !
toel
- -0 Fresh B ;‘;r:pe'::{s R [u} Gel:anized . ’ Depth se‘mumspace O Abandonment 3
0 sally . 0 Gag - Z i76‘ a cm:::e 5/ ¥ ? 3 [ From Yo Material and type.(Cement grout, bentonite, etc} .
, 0O Fresh Q Sulphur Plastic - !
: O say 3 Mo O steal O\ FE | Crmprir Lroey |
o 2 8 Galvanized
O Fresh Sulphur Concrete Ty '
O Minerals 13 Open hale
O Saty . O gas 0 Plastic !
Pumping test method Pumping rate Duration ot pumping e
O PFVE R BMOI'\ lel &7 7 6PN RS Houts ..., Mins ‘\ LOCATION OF WELL
In diagram below show dis f
Smﬂc level :vni::ztlg\‘.l:r:ping +. Water levels during O Pumping » -0 Recovery 'Rdl::aag‘; north by :"gw istances of well from mad and lot line.
Pu-; Ly , B 15 minutes 30 minutes 4S minutes 60 minutes “
wig2 ¢ ,
Io] feet feet feet feet feet feet
= | i flowing give rate Pump intake setat Water at end of test
g GPM feat O Clear O Cloudy '
2' Rncommended pump type + | Recommended Recommended / . ’ a
D Shallow ‘a Deep pump setiing - jeump rate \ “¥o } (\\/
test GPMm A (44
FINAL STATUS OF WELL - % :
_ G-Water supply Ab Insufficient supply O L 4 ~ i
[0 Observation well O Abandoned, poor quality 0 Replacement well & g t
O Testhala {0 Abandoned (Other)
& Rechargewsit ., . . ( O Dewatering . \‘:
WATER USE . : . l , : i
0 Domestic . : O-Commercial O Notused .
0 Stock O Municipal O Other HAapicor RD
'O Imigation  ° -0 Public supply :
O Industrial O Cooling & air conditioning
METHOD OF CONSTRUCTION ,
a le toal © O Air percussion 0 Driving Do
otary (conventional} ,. O Boring “ 0O Digging i '
Rotary {reverse) g Di d . i
0O Rotary éail) «0 J.‘,;:‘\:n, £ o _Olhef ; - 1 9 9 O 8 8

Name of Well Contractor o

Well Contractor's Licence No.
6 ¥c s

PP YN | LIYPPN S Eorsiv e
Address

Boy u/c ftf‘A’/’ JAU

ALerE 15 &

Name of Well Technician

T e /)/éa,q/),rf-n £

‘Weli Technician’s Licence No.
T e 7eo

jgnature of Tsdmiclen/ﬁonﬁacw

Submission date

day mo yr

MINISTRY USE ONLY

i

J

Y e e e e 04

Q508 (07/34) Front Form 9



Page 10F3

AW

PROJECT: . = 508 GD1
LOFATIOOE thbllbolme(mm'y
BORIIG DATE: May 8, 2605 DATUM:  295.328 m AMSL [ 1) LOGGED:  SD /AW
oA = SOIL PROFLE SAMPLES ‘ CONCEITRATION (%)
= = HISTALLATION MFORMATION
* E ; z 53 a LEL *
Eie E< w | E |l OfHosIsE .
g|= DESCRIPTION ﬁE"iesgnﬁmm
& s la < > GAS
g o < CONCENTRATION
& w GD1
Lo 20_d0_ 6o__80_100
LT R Y | T X
s o 285.328 m AMSL by l ] ‘ STICKUP Omtn 1.88m
T 5.00
i DOLOSTONE, (Guelph Formation),
| 2 tan/light grey, vuggy, some vugs lined
with calcite crystals. Run1]Core| 85 | 67
1 4 0.814
- 4
] ¥ 1.48m, Mey 20, 2005
- 6
z —-
DOLOSTONE, (Upper Transition Zone), run2| core] 100 | 81
- 8 grey, stylolites with 4 to 20 cm Note: No final installation. 15
L separation, colour darkens with depth, cm casing installed to 5.5 metres.
3 4 40 large open vugs, possible void at 1.5 Remainder is open hole.
metres and loss of return water at 1.5 Depending on conditions, well
[ metres, crinoid stem fossils common, cor may be flowing artesian.
- 12 breaks occur at stylolites or vugs.
Run3jCore| 100 | 73
<+
- 14
- 16
5 -
48 Rund|Core| 88 | 68
6 - 5 —
- 22
7 4 RunS{Core} 100} 77
- 24
w
-4
3 S T
o
s 2|2
1 DOLOSTONE, (Eramosa Member),
, > Runé|Core| 100 82
- 28 black, layered, layers are 5 to 10
centimeters thick, horizontal bedding,
L 30 numerous thinly separated, stylolites, fine
grained.
- 32
10 - Run7|Core| 98 | 86
- 50 centimeter layer of fossils,some
- 34 pyrite mineralization. .
11 |- 36
3 - sulphurous odour
Rung|Core| 100 { 94
- 38
12
- 40 : . _—
- large calcite filled vug
- 42 . stylolite banding 5 to 8 centimeter wide
13- 1y g Rung] core | 100 | 100
- 44 . .
-some crinoid stem fossils
14 - 46
I Rn10]Core| 100 | 100
- 48
15
whad Continued on next page
Harden Env. CHECKED: _ SD




PROJECT: o508 GD1 Page 20F 3

LOCATION: Guelph Dolime Quaity

BORNIG DATE: May 9, 2085 DATUM: 255.328 m AMSL. ow: ”° LOGGED: SD AW

snamm 28 SOIL PROFILE SAMPLES CONCENTRATION (%)

E g - z Al * IHSTALLATION RIFORMATION
& £ = MOISTURE
£ Bie < E 4l a z | O contenr *
E W= DESCRIPTION g (&&) e g & cas

3 g | S O COHCENTRATION

. & & 601

| 20_40_ S0_30_108
il e e e o e 8

DOLOSTONE, (Eramosa Member), [Rn10| Core| 100 | 100

black, layered, layersare 5to 10
centimeters thick, horizontal bedding,
numerous thinly separated, stylolites,
fine grained.

- vuggy

Rn11|Core| 97 | 67

Rn12|Care| 95 | 100

1763
DOLOSTONE, (Lower Transition
Zone), grey, alternating grey and
brown rock. Grey rock is medium
to coarse grained whereas brown
rock is finer. 15 cm silt-filled Rn13|Care| 100 | 80
opening in rock.

1881
DOLOSTONE, ( Un-subdivided
Amabel Formation), blue/grey
alternating to white, heavily
fossilized, varies from coarse to
fine grained, vuggy:

Rn14|Core| 100 | 92

Rn1§|Core} 100 | 100

HQ CORE

Rni6|Care| 100 | 100

Rm7(Core| 100 § 100

Rn18|Core| 100 | 100

Rn19{Core| 87 | 93

Rn20fCore| 100 { 100

Conti on hext page

Harden Env. CHECKED:  SD




PROJECT:

LOCATION: Gueiph Bolime Quanty

GD1

Page30F3

LOGOED:  SD/AW

BORRIGDATEE  May,2005 DATUM:  295.328 m AMSL [
o 18 SOIL PROFILE SAMPLES CONCENTRATION (%)
- E .g - o I T . HISTALLATIOH RIFORMATION
w ' X > =) OISTURE
(L) < -4 *
E & (2] DESCRIPTION 2 Eg 2 § EOE::“M
=3 219 51 & coticanrration
& [ - [~}
20__d0_ 60_ 30_100
ol et e i o i
30 -
100 DOLOSTONE, ( Un-subdivided Rn20{ Core) 100 | 100
Amabel Formation), blue/grey
alternating to white, heavily
3 1 402 fossilized, varies from coarse to
fine grained, vuggy. Rn21iCore{ 87 | 91
- 104
32 END OF HOLE @ 32.00m 32.00 END OF HOLE
- 106
33 - 108
- 110
“ =
- 112
- 114
35
- 118
% 118
- 120
ar
- 122
w
8
- 124 g
38 z
- 126
39 4128
- 130
40 -4
F132
- 134
41 5
- 136
42 4 138
- 140
13
- 142
g
- 146
¥ 1
BRAVAE AW Harden Env. CHECKED: _ SD




PROJECT:  #503 GD2 Page10F2

LOCATION: Gueiph

BORING DATE: May 11, 2005 DATUM: GROUIWSIRFM;E DiP: » LOGGED: ° SD AW
e o SO PROFILE SAMPLES | COUCENTRATION (%)
E S| = = - HISTALLATION UIFORMATION
& zjzs = || 2 |mostume
Elg a i o &1 Q| conent .
W= DESCRIPTION 2 i15%1¢e & ca
L -4 g |og > S
S @ [ CONCEUTRATION
® Z & 602
20 60_88_140
o 2l Bl bl Bl e
297.18 m AMSL STICKUP 0mto 6.82m
o+ o
- 2 DOLOSTONE, (Guelph Formation),
tan/flight grey, vuggy, some vugs lined Runt|{Core| 95 | 67
1 with calcite crystals. Minor
- 4 stylolites, core breaks occur at
stylolites or vugs. Vertical fractures —
L 6 occur between 1.5 mand 3 m. No
2 major fossilized zones although large
(2 cm) brachiopod impression at 3 Run2| care| 100} 33
- 8 metres. Some sphalerite infilling of
1 vugs.
3110 —
- 12
Run3fCoref 98 | 53
4 -
~ 14

s 41 DOLOSTONE, (Upper Transition
Zone), grey, stylolites with 4 to 20 cm
- 18 separation, colour darkens with depth,
large open vugs, crinoid stem fossils
common, core breaks occur at

Run4[Core{ 98 | 88

- 20 stylolites or vugs.
- 22
. Run5|Core} 100 | 77
|- 24 w'
-4
8
s L %18
- DOLOSTONE, (Eramosa Member), Run6| care | 100 | 100

- 28 black, layered, layers are 5 to 10

| centimeters thick, horizontal bedding,
9 - numerous thinly separated, stylolites,
fine grained. Some angled bedding.

] Bituminous, large coral fossil at 8.5

- 32 metres. Generally fossiliferous
10 4 throughout and few vugs. Run7} Care} 100 | 83
- 34
Silt filled fracture at 11.8 metres. il omm
1 - 36
| Run8| Core{ 100 | 62
12
I 40 —
- 42
13 4 Rung| Core| 100 | 85
- 44

Vertical fracture containing
144 45 calcite and sphalerite crystals

Rn10| Core| 100 | 100

Continued on next page

DRAWIE AW Harden Env. CHECKED: D




PROJCT:  #583 GD2 Page 20F 2
LOCATION:  Guelph
BORNIG DATE: May 11, 2005 DATURE  GROUIID SURFACE oiP: 30 LOGGED:  SD /AW
gﬁ’l‘lﬂ g SOIL. PROFILE SAMPLES COUCENTRATION (%)
E S - Z e . BISTALLATION MIFORMATION
[ = £ > | £ ] morstore
. w | & *
E 2 PESCRIPTION 2 |EY| 2 E g | Of courenr
[ g |e < 2| g¢|sas n
S -] (%3 CONCENTRATION
2 7 o 602
|- 0. 20_ 48 6o_ 30 00
Lo DOLOSTONE, (Eramosa Member), rn10| core | 100 ‘1‘ou
- 50 black, layered, layers are 5 fo 10 —
centimeters thick, horizontal bedding,
| 52 numerous thinly separated stylolites, fi
16 - grained. Some angled bedding. Rn11{Core f 100 | 100
Bituminous, Generally fossiliferous
- 5 throughout and some vugs.
7 1356 17.00
DOLOSTONE., ( Lower Transition rn2 core| 100 | 100
- 58 Zone), alternating brown and blue
1 grey, fossiliferous, vuggy, Silt-
. 60 filled fracture at 20.5 metres, Silt
is sulphurous.
- 82
19 1 Rn13|Core{ 100 | 100
- 64
2 e 1988
| oo DOLOSTONE, ( Un-subdivided Rni4fcore| 100] 84
Amabel Formation), blue/grey
A alternating to white, heavily
- 70 fossilized, varies from coarse to ]
fine grained, vuggy.
2 472
Rnts]Core| 100 | 87 SCREEN 21.34mT0 22.98m
= 1,. a
g
23 - g END OF HOLE @ 22.96m 2286 END OF HOLE
- 76
- 78
24
- 80
25 - 82
- 84
26
- 86
- 88
o7
- 90
28+ 02
- o4
20 ~
e ‘
- 98
30 ~4
DRAWIE AW Harden Env. CHECKED:  SD




PROJCT: 9508 GD3 Page 10F5
LOCATION:  Guelph Dolime Quarty
BORNIG DATE: May 12, 2005 DATUM:  GROUHD SURFACE (L] » LOGGED:  SDZAW
sl | SOIL PROFILE SAMPLES COICENTRATION (%)
SCALE = - = MSTALLATIN HFORMATION
E § = ) N .
£ > MOISTURE
mb¢ < |Ea| o B8] &l B courar .
gz DESCRIPTION Elas| 2] fF g Ol cas .
“1g g |%a S| I coucamranion
2 i & GD3
L 0_20_20_00_t0_100
T T[T
302,293 I ] | STICKUP Om ta 0.27m
oo FEFEEY 0.00 "
! FILL, sand and gravel é i1
-2 i
1 1 . i i Note: Steel casing
| 137 i installed to 6 metres. Open
| 6 DOLOSTONE, (Guelph Formation), hole below.
e tan/light grey, vuggy, some vugs lin
with calcite crystals, minor stylolites. Run1|Core 88 | 53
- 8
273
S 1w DOLOSTONE, (Upper Transition
Zone), grey, stylolites with 4 to 20
| 12 cm separation, colour darkens with aunzl
. . depth, large open vugs. un2) Core | 100 { 63
4 Lo
4 Some vugs calcite lined.
s o L] Fossiliferous, numerous crinoid
stems.
Run3|{ Core| 100 | 60
- 18
512 —
- 22
7 4 2 mm fracture filled with siit at 7.6 Rund | Core} 100 | 63
. m.
&
g | ¥ 7.63m, Mey 20, 2005
s %8
" Runs| Core| 100 | 55
Becoming bituminous below 9.14
s - m, iron staining at 9.19 m.
- 30 a—
- 32
10 DOLOSTONE, (Eramosa Run | Core] 100 | &5
Member), black, bituminous,
- 34 some iron staining,
argillaceous, finely spaced .
stylolites, thinly bedded,
"% bedding at 70 ° from
b horizontal.
Run7|Core| 100 { 82
- 38
12 +
L 40 ——
I 42
13 Run8|Core| 98 | 85
- 4
“ 25 mm fracture filled with silt
el at143m Rung|core| 83 | 54 -
- 48
Rn10|Core| 100 | 75
15
[ % Continued on noxtpage
DRAWMIE AW . Harden Env. CHECKED: _ SD




PROJECT: 9508 GD3 o Page 20 &
LOCATION:  Guelph Dolime Quarty
BORMIGDATE:  May 12,205 DATUM:  GROUIID SURFACE ") LOGGED;  SD /AW
m 2 SON. PROFILE SAMPLES COHCENTRATION (%) )
- = HSTALLATION IFORMATION
@ E g .z 21 2| motsrone *
= MOIS
Elkile < |Edl o z | O fowan A
Eaa DESCRIPTION Eigs e S &
[ =] =3
-3 o o COICEITRATION
* E & GD3
20_40_ 64_ 80180,
Ty T T T
15— DOLOSTONE, (Eramosa ]
- 50 Member), black, bituminous, Rnt0; Care( 100 [ 75
some iron staining,
argillaceous, finely spaced
1% 52 stylolites, thinly bedded, Rnt1|core] 100 { 100
I bedding at 70 © from
L 54 horizontal. Fossiliferous
50 mm fracture filled with silt —
17 - g5 at 17.1 m. Three smaller silt-
filled fractures to 18.5 metres.
Rni2|Core| 100 | 75
- 58
18
- 50 st
| 62 16.663
18 1 DOLOSTONE, ( Lower Transition Rn13| Core{ 100 | 100
Zone), alternating brown and blue
- 64 grey, fossiliferous, vuggy.
Bedding at 30 ° from horizontal, ]
20 < 66
68 Rn14|Core} 97 | 85
20.73
21
- 70 . ]
DOLOSTONE, ( Un-subdivided
Amabel Formation), blue/grey
2 + T2 alternating to white, heavily .
fossilized, varies from coarse to Rn15] Core| 100 | 100
Y fine grained, vuggy. Core
- T4 S| breaks mainly at vugs.
23 - ! ]
- 76
Vertical fracture at 23.75 m
R
78 n16}Core| 100 | 100
24 + Very fossiliferous at 24.3 m
- 80 Very competent core between ——
24.4 and 25. 8 metres ( no core
& breaks). Notable change in
25 -+ 82 . .
porosity at 24.5 metres. Core rn17|core] 100} 100
exhibits open porosity possibly
- 84 co-incident with increase in
coarseness.
26 4 |
- 86
Rock is very porous, can blow AmE
. 88 thr ough core. n18{ Core{ 95 | 100
27
- 90 Very fossiliferous. 1 cmto 3 cm 1
long crinoid stems.
28 + g2
Rn18|{Core| 100 | 95
Porous rock.
- 94
29 - L. 1
Porous and large crinoid stem
- 96 - -
traces and fossils.
. Rn20|Core| 100 87
. Where lighter colour, less porous
30 - and finer grained.
Continued on naxt page
ORAWIE AW Harden Env. CHECKED: _ SD




PROJCT: o508 - : GD3 ’ Page JOF 5
LOCATION: . Gueiph Dolime Ouasry
BORMGOATE:  May 12,2005 DATUM:  GROUIND SURFACE P LOGGER:  SD/AW
em o 1g SOR PROFILE SAMPLES CONCENTRATION (%)
= = MISTALLATION RIFORMATION
E g - & [1-8 *
& E > MOISTURE
glkle < |Eu 2! Qi comenrr .
5&5 DESCRIPTION :wde %Om
8 € |°%s 31 || concamparion
@ 13 ¥ GD3
20__WN__50___109
{ =T T T T
30 - DOLOSTONE, ( Un- -
subdivided Amabel Rn20 Core 100 § 97
Ll Formation), blue/grey ] ’
alternating to white, heavily
31 402 fossilized, varies from coarse
to fine grained, vuggy. Rn21|Core| 100 [ 95
Core breaks mainly at vugs.
104
Closed vertical fracture at 32
32 4 m —
-106 L. .
Large crinoid fossils.
Porous. Rn22{ Core| 100 | 100
33 108
110 F—
1
Rn23{ Core | 100 100
114
35 - I
116 Ver}.' porous, vuggy and
fossiliferous.
Rn24{Core| 100 | 92
36 - 118
8 cm void at 36.3 m.
120 —
37
122 .
w Some closed vertical Rn25{ core| 100 ] 82
€1 fractures. Becoming less
-124{ 2 | porous. Decreasing
38 T | coarseness and fewer fossils.
126
Rn26(Core| 100] 95
33 1-128
4130 Large calcite lined vug.
Increased porosity and
40 S fossils.
-132
Rn27|Care| 100 | 100
-134
41 -
-136
Transition to darker grey.
4 Rn28|Core| 100 | 100
42+ 138 fine grained dolostone at
423 m.
140 -
43 - Alternating dark and light
-142 grey dolostone.
Fossiliferous Rn28)Core| 100 | 98
a1
146 Crinoid fossifs. Coarse Rn30|Core | 100 | 100
pe grained. Small vugs.
148
Continusd on next page
DRAWIE AW Harden Env. CHECKED: S




PROJECT:

o GD3

LOCATION: Guelph Dolime Quatty

Page 40F 5

LOGGED: 5D {AW

BORNIGDATE:  May 12,2005 : DATUWE  GROUIID SURFACE [
oAV SO PROFILE SAMPLES CONCEIMRATION (%
b3 (g ALLA’ IFORMA
= WISTALLATION TioH
(=] pe
o ¥ 2| .2 do|m ¢
& MOISTURE
E 4 DESCRIPTION s |Eafo| &8 O|| cowam ¢
w |2 AEM LG & cas
g & o b CONCENTRATION
@ & Go3
20_#__60_30_100
I fnad e e i e
| ES—
ST DOLOSTONE, ( Un-
subdivided Amabel Rnan| cors | 100 { 100
Formation), blue/grey
150 alternating to white, heavily —
46 ¢ fossilized, varies from coarse
152 to fine grained, vuggy. Core
breaks mainly at vugs. Rn3t{cCore| 100} 92
a7 4154
- 156 Gypsum filled vug.
48 Light grey dolostone with pink n32| core ! 100 | 87
-158 hue. i
Small gypsum filled vugs.
160 —
49
152 Alternating between coarse
grained an fossiliferous and Rna3| core| 100 | o7
medium grained with fewer
50 164 fossils.
- 166
Competent core between 50.5
51 4 and 52 m. No breaks. ru3e| core] 100 | 100
-168 Gypsum filled vugs.
170 —
52 -4
-172 W
& Rn35(Core{ 100 | 95
Q
53114 2
-176
54 - Competent core between 53.5 Rn38] core | 100 | 100
-178 and 56.5 m. Grey ;rock with
pinkish hue. Few stylolites.
-188 —
55
-182 . .
Stylolite spacing 0.30 m or Rn37|Core{ 82 | 108
more.
56 1164
- 186
57 -+
108 Rn38] Core | 100 | 78
cg 190 L
192 Fossiliferous, colour variations
from dark grey to light grey in rn3glcore| 95 | 45
59 - distinct layers, regular stylolite
-194 occurrences, Some vugs,
1196 Rndd|Core 87 | 76
60 ~
Continued on next page
DRAWIE AW Harden Env. CHECKED: 5D




PROJECT: 508 GD3 Page 50F 5
LOCATIONE: Gueiph Dolime Ouany
BORNGDATE:  May12. 2005 DATUM:  GROUID SURFACE bk % LOGGED:  $DJAW
by AL T ] SO PROFILE SAMPLES CONCEITRATION (%)
E § - z - oL - MSTALI_ATION DIFORMATION
4] a £ > MOISTURE
ot =
E 2 DESCRIPTION g |E4|a g § O| courenr .
o = (Ee 2| & ocas .
S & o b CONCENTRATION
e 7 & D3
| 8__20__30_ 6e__0_100
S kT o e 2N e 4
0 DOLOSTONE, ( Un-subdivided :
198 Amabel Formation), blue/grey,
1 heavily fossilized, varies from Rnd0|Core} 87 | 76
coarse to fine grained, vuggy.
§1 200 |
- 202
— 77|~ | core[ 100 | 23
62 DOLSTONE, (Fossil Hill / .
204 Reynales), green/grey, pyrite
ineralization, ndi
[ END OF HOLE @ 62.46m 5248 |END oF HoLe
-206
63
- 208
64 ~-210
212
65
214
216
66 -
-218
67 1220
4
—-222 8
e |€
224
g9 | 226
-228
70 230
232
n -
-234
72 -|~236
238
73 4
240
242 -
74
244
75 -I-246 -
mm AW Harden Env. CHECKED:  SD




DRAWIE AW

PROJECT: »n GD 4 Pags10F 4
LOCATION:  Guelph Dolime Ouany
BORMIGDATE:  May 19,2005 DATUM:  GROUID SURFACE [T LOGGED:  SD/AW
DEPTH 8 SOK. PROFILE SAMPLES — CONHCENTRATIOH (%)
E s - ER-10 Py RISTALLATION HIFORMATION
gl |2 E |2 g‘ MOISTURE .
=z DESCRIPTION g Y] e g 5 CONTENT
oz s |88 GAS : =
=3 o 9 COHCENTRATION
@ i ¥ GD4
| 20_40_60_85_100
L T e T T
¢ =0 303.403 m AMSL B STICKUP Orto 0.74m
|, FILL, sand and gravel
‘ -
- 4
-
2 —
- 8
3110
- 12
4 =
- 14 DOLOSTONE, (Guelph Formation), runt|core| 87 | 75
tan/light grey, vuggy, some vugs lined
with calcite crystals, minor stylolites. 1
s " Some crinoid stems visible. Stylolite
spacing generally less than 30 cm.
- 18 Run2|Core{ 100 § 94
6 - 5 .
- 22
7 Run3{Corg} 98 | 90
a w | DOLOSTONE, (Upper
8 Transition Zo.ne),. VUuggy, vugs -
| 6 || are often calcite lined, not
2 | bituminous, bedding 5 to 15 cm ¥ 8.02m, May 20,2005
thick. Rund|Care| 100 | 88
- 28
9 =
- 30 -
- 32
1 - Run5|Core}{ 100 | 78
- 34 -
Fossiliferous, some large vugs.
1 3
RunB{Core| 100 | 82
- 38
12 Colour transition to black,
- 40 numerous stylolites. —
a2 DOLOSTONE, (Eramosa
13" AL Run7{Core| 100 | 92
H Member), black, bituminous,
L 44 some iron staining,
| argillaceous, finely spaced
stylolites, thinly bedded.
11 4 g5 v » Ty
Fossiliferous
Run8{Care| 87 | 100
~ 48
15 -
whad Continued on next page

Harden Env.

CHECKED:  sp




" proscE: 598 GDh4 Page 20F 4

LOCATIONE  Guelph Dolime Ouarty

BORIIG DATE: May 19, 2005 DATURE:  GROUND SURFACE [ ] LOGGED:  SD /AW
gél’ﬂ g SOIL PROFILE SAMPLES CONCEHTRATION (%)
E g = z LeL Py WSTALLATION HIFORMATION
@ £ > MOISTURE
£ E £ DESCRIPTION g lE4d] a & § 8’ corar °
v |g s (8% Fl 21 | u
= o 5 COHCENTRATION
a & > GD4
20_a0_ 68_8e_100
uet Ml e o e i e
DOLOSTONE, (Eramosa
18- 50 Member), black, bituminous, Runs|Core| 97 | 700
some iron staining,
[ argillaceous, finely spaced
- |52 stylolites, thinly bedded.
16 Fossiliferous. Rund|Core) 100 85
- 54
Vertical fracture with caicite -
17 -1 56 and pyrite mineralization at
15.5 metres.
58 Rn10|Cors | 100 | 85
18 Some layers of thinly spaced
L. 50 stylolites. Some large vugs. L]
1q €2
19 ~ Rn11{Core| 100 | 100
L
Void at 19.5 metres.
- 64 Approximately 5 cm thick.
- Loss of return water. bt
20 56
o Rn12|Core] 100 | 83
21
- 70 —
72
2 Rn13|core| 100 | 33
L 74 | B
=}
23 2
| 76 DOLOSTONE, (Lower Transition
Zone), alternating grey and brown
rock layers, vuggy, generally Rn14|core| 100 | 88
- 78 argillaceous, some gypsum filled
24 vugs.
- B0 ]
25 - 82
Rn15{Core| 100 | 89
- 84 DOLOSTONE, (Un-subdivided
26 I Amabel Formation), blue/grey, -
. 86 fossiliferous.
RnigjCore| 160 | 88
- 68 Increased open porosity at 26.8
27 m
L 30 -
Numerous stylolites. Increased
28 1 92 crinoid stem fossilization.
. Rn17tCore] 98 | 85
- 94 .
Dark grey and light blue/grey
29 colouring in distinct layers. _—
- 96
Rn1B8[Core} 100{ 93
98 Increasing open porosity.
30
i Continued on next page
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PROJECT:

LOCATION:  Guelph Dolime Quarty

DATUM:  GROUND SURFACE

GD4

Page30F 4

LOGGED: S0 iAW

Continued on next page

BORING DATE: May 19, 2605
-DEPYH 2 SOiL. PROFILE SAMPLES CONCENTRATION (%)
- E = = a . WSTALLATION BIFORMATION
- L
» - =& > M
il BT < |Eul o ¥| B Qo .
Eu"'"é DESCRIPTION '532"&5‘: -
@ & & GD4
190
.
30 - .
DOLOSTONE, (Un-subdivided Rn18] core] 100
L 100 Amabel Formation), blue/grey, I
fossiliferous.
N e Rma| core| 10
Openly porous. Coarse grained. 8| Core 180
-104
32 Competent core between 32 and [
-106 33.5 m. Distinct colour layering
between light and dark grey.
Rn20| Core} 100
33 108
Some large vugs.
110 —
M1
Rn21]{Core| 100
114
116
| 7 cm void at 36 metres. . Rn22! core| 92
-118
-120 S
Porous, fossilized.
122 )
| w Rn23| Care| 100
= Vuggy. Some transition to fine-
124 g grained low-open-porosity
= dolostone. Some colour |
126 variability to light grey/white.
Rn24| Core| 100
-128
~-130 o]
[
132
Rn25 Core] 100
134
136 Coarse grained, crinoid fossils,
vuggy and openly porous.
Rn26{ Core{ 100
-138
140 —
~142
] Rn27|Core| 98
_F144 SAND 42.08mTO 45.72m
- CREEN 42.67mTO 45.72m
- 146
Rn28| Core| 100
148

DeAwtE  Aw

Harden Env.

CHECKED:  SD




PROJECT: 9508 GD4 Page10F 4
LOCATION:  Guelph Doline Quarry
BORMIGDATE:  May19,2605 DATUM:  GROUIID SURFACE [ LOGGED:  SDIAW
OEPTH g SOIL PROFILE SAMPLES CONCEITRATION {*%)
E g - z ™ Y MISTALLA TIOH WIFORMATION
a = > MOISTURE
w B wlZ| 2 ®
E 'g" DESCRIPTION = EV: a E g o CONTENT
v & a |82 ol ¢ GAS
S g o 3 CONCENTRATION
“ 2 GD4
| o__20_s0_ 60_30_180
T YT T T
DOLOSTONE, (Un-subdivided
45T Amabel Formation), blue/grey,
fossiliferous. Openly porous. Rn28|Core} 100 | 88
150 END OF HOLE G 45.72m “END OF HOLE
46 ¢
—-152
a7 154
156
48 <
158
160
49 -
162
50 164
-166
514
168
170
52 4
=172 w
3
534474 €
-176
54 <
-178
480
55 -1
182
56 1 104
—-186
57
~108
5g 190
192
59
—-194
196/
60 -
DRAWIE AW Harden Env. CHECKED: SO
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