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EXECUTIVE SUMMARY

The Hydrogeology Existing Conditions report provides a detailed description of the
geology and groundwater conditions present at the proposed Cardinal Creek Village
lands.  The descriptions provided are based on published mapping and regional
reports and augmented with detailed field investigations as part of a comprehensive
geotechnical investigation carried out, to date, on the subject lands.

The Cardinal Creek Village consists of a 225 hectare tract of land proposed to undergo
urban development east of Cardinal Creek and spanning north and south of Old
Montreal Road. Physiographically, the subject property is dominated by low permeable
silty clay and marine glacial till surficial soils.  Surficial drainage is generally towards
the Ottawa River, but drainage is bisected by two (2) tributaries of Cardinal Creek
directing surface water and shallow overburden groundwater into the Creek system.

The overburden found on the subject property consists of stiff silty clay and glacial till
of marine origins overlying Paleozoic limestone bedrock.  Overall estimated saturated 
hydraulic conductivities of the overburden soils are considered to be low and generally
unsuitable for the infiltration of surface water as part of an overall stormwater
management plan for the subject property. 

The bedrock which underlies the subject property consists of generally flat-lying
carbonate sedimentary rock composed of layers of Paleozoic bedrock from the Middle
and Upper Ordovician and Oxford Formations.  Bedrock contours reveal that surficial
topography is dominated by the presence of the bedrock beneath the site.  

Karst features were identified on lands in excess of 400m to the west of the subject
property and situated along Cardinal Creek.  These features are contained within the
Bobcaygeon Formation limestone and consist of a tunnel valley system with a unique
set of geologic features which comprise an Area of Natural and Scientific Interest
(ANSI).  Karst features were not identified on the subject property and proposed
development activities on the subject property are not anticipated to impact the Karst
within the ANSI area.  Potential areas for Karst features on the subject lands will be
investigated as part of the detailed site investigation program.

Infiltration rates of between 13 mm/year and 126 mm/year can be expected from the
existing surficial soils, based on estimated hydraulic conductivities for silty clay and
marine glacial till, respectively.  The subject property is not considered to be a
groundwater recharge area and no continuous overburden groundwater aquifer is
defined on the site.
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The surficial drainage patterns, identified on the subject property, are such that shallow
overburden groundwater can discharge into the bisecting drainage tributaries of
Cardinal Creek and may contribute to base flow within these watercourses.  However,
no evidence of lateral seepage was noted along the upgradient or downgradient faces
of the drainage courses at the time of preparation of this report.

The groundwater flow systems present beneath the site consist of an upper and lower
bedrock aquifer system.  This aquifer system is contained, for the most part, within the
Middle and Upper Ordovician Formation bedrock and both aquifer systems are utilized
by privately serviced properties abutting the subject property.  The upper aquifer
system is utilized by water wells constructed to the west of the subject lands and the
lower aquifer system is utilized by water wells constructed to the east of the subject
lands. 

The preferential pathway for groundwater flow is limited to shallow overburden
groundwater movement, where present, towards the drainage tributaries and ultimately
the Ottawa River.

The upper and lower aquifer systems are not considered to be vulnerable based on
DRASTIC analysis.  Construction related activities involving blasting of bedrock have
been identified as possibly resulting in temporary impact to neighbouring water wells
intercepting the upper aquifer system, on a isolated and localized basis.  Limits on
ground vibrations of 12.5 mm/s have been set on measurements made at offsite
neighbouring wells for blasting operations.  A comprehensive water well baseline study
of neighbouring wells has been recommended to establish baseline water quality and
quantity data prior to the construction phase of the development.

Existing water wells have been identified within the limits of the subject lands and have
been identified as requiring decommissioning in accordance with existing legislative
requirements. 
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1.0 INTRODUCTION

1.1 Terms of Reference

Paterson Group (Paterson) was commissioned by Tamarack Homes Ltd. (Tamarack)
to complete an existing conditions assessment from a hydrogeological perspective for
a large tract of land (225 ha) proposed to undergo urban development located east of
the City of Ottawa’s existing urban boundary and spanning to the north and south of
Old Montreal Road.

The purpose of this study has been to combine available background information from
numerous literature sources with site specific fieldwork data to prepare a report which
summarizes the existing hydrogeological conditions at the site which can be utilized
to address potential groundwater impacts on existing adjacent rural development and
provide recommendations on proposed development activities.

1.2 Background

The study area, hereafter referred to as the subject property, is identified in Drawing
No. PH1890-FIG.1 - Site Location Plan, contained in Appendix 4.  Regional Road 174
and the Ottawa River border the northern limits of the site, with Ted Kelly Drive and
Frank Kenny Road to the east, and the Cardinal Creek corridor to the west.  

Agricultural lands extend to the south beyond the subject property.  Rural estate lot
development is located beyond the proposed eastern limits of the subject property
beyond Frank Kenny Road/Ted Kelly Drive.  Moreover, a medium density residential
development, also on private services, is located to the west of the subject property
beyond Cardinal Creek.  A series of low density residential, institutional and
commercial land uses are present along Old Montreal Road both adjacent to, and
inside the proposed subject property development area.

It is understood that the subject property will be developed as a combination of
residential and commercial uses and will be serviced by municipally supplied water and
sanitary sewer services.  It is further understood that stormwater management will
consist of a series of stormwater management facilities ultimately outletting to the
Ottawa River and it’s tributary, Cardinal Creek.

Report: PH1890-REP.01
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Paterson has previously completed a Phase I Environmental Site Assessment on the
subject property under separate cover.  Reference should be made to Paterson Report
No. PE2392-1. In addition, Paterson has completed a geotechnical investigation
concurrent with this study report.  The findings and recommendations of the
geotechnical investigation are contained within Paterson Report No. PG1796-1R,
dated November 7, 2012.  This report draws on the findings of the geotechnical
investigation as it relates to the site specific delineation of the thickness and areal
extent of the surficial soils within the site boundaries and utilizes the test hole and
borehole information obtained from that study. 
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2.0 PHYSIOGRAPHY

The subject property is primarily dominated by agricultural lands with some remnant
forest parcels present along the edges of the property to the south, west and east. 
The physiography of the site is largely controlled by the underlying rock structures and
overlying unconsolidated materials (overburden).  The subject property exists as a
series of plateau areas separated by defined vertical elevation displacements
consistent with escarpment formations.

Drainage on the subject property is considered to be discontinuous to poor within the
flat-lying areas within the plateau areas.  Most surficial drainage moves towards two
(2) drainage tributaries which bisect the direction of surficial flow.  Generally the
surficial drainage and shallow overburden groundwater flows towards the Ottawa River
following the sloping topography, or to the Cardinal Creek network which ultimately
outlets into the Ottawa River.  Cardinal Creek and its’ two (2) related tributaries present
on the subject property, are delineated on the Site Location Plan, Paterson Drawing
No. PH1890-FIG.1 located in Appendix 4.  
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3.0 GEOLOGY

The geology of the site is separated into the surficial geology and the bedrock geology. 
The surficial geology pertains to the unconsolidated material (overburden) present at
the ground surface and extending to the face of the underlying bedrock.  The bedrock
geology pertains to the solid rock forming part of the earth’s crust.

3.1 Surficial Geology

The surficial soils in the vicinity of the subject area generally consist of series of silty
clay and marine till, generally consistent with marine deposits associated the
Champlain Sea. 

Based on the borehole program, overburden thickness across the site varies between
1.2 m and greater than 10 m across the site. Using well recognized techniques for the
field identification of soils, three (3) unique stratigraphic units were identified in the
areas investigated.  The soils were classified using the Unified Soil Classification
System (USCS) and percolation rates were estimated based on published data
correlating soil types to permeability while accounting for variability in the consistency
of the soil as identified by the soil morphology.  The stratigraphic units are summarized
in Table 1, and a detailed description of our findings at each of the test locations is
provided on the Soil Profile and Test Data Sheets which appear in Appendix 1.

Based on the findings of the geotechnical investigation, the subject property is
generally overlain by two (2) dominant stratigraphic units of marine origin: silty clay and
a marine glacial till. A third stratigraphic unit, a silty sand with trace clay was noted in
several test holes, but is discontinuous throughout the site and is present in isolated
pockets only.  The silty sand, where encountered, was present in a thin veneer near
the ground surface and was underlain by a stiff to very stiff silty clay.  Reference
should be made to Paterson Drawing No. PH1890-1 - Test Hole Location Plan in
Appendix 4, which has been reproduced from the geotechnical investigation.  

A review of the available surficial soils mapping for the area, obtained from the Ontario
Geologic Survey reveals that the actual site specific soil conditions compare well with
the published mapping.  Reference can be made to Paterson Drawing No. PH1890-
FIG.2 in Appendix 4 in which the relevant portion of the published mapping as been
reproduced. 
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TABLE 1: SUMMARY OF UNIQUE STRATIGRAPHIC UNITS ENCOUNTERED ON
SUBJECT PROPERTY BASED ON FINDINGS OF THE
GEOTECHNICAL INVESTIGATION WITHIN THE STUDY AREA

TERRAIN
UNIT

USCS
CLASSIFICATION

GENERAL
THICKNESS

 (m)

ESTIMATED
PERC.
RATE2

 (min/cm)

IN SITU
SATURATED
HYDRAULIC

CONDUCTIVITY
(cm/sec)

1
SW-SC- silty
sand trace clay

 0.2 to 0.6 25 to 35 4 x 10-5

2
CH- Silt clay with
high plasticity
(i.e.”fat clay”)

0.8 to more
than 9.0

40 to 100
4 x 10-8

3 GC- Glacial Till
1.0 to more

than 5.0
30 to 40 4 x 10-7

1. Maximum depth of test hole excavation of 10 m below ground surface.
2. Estimated percolation rate based on a cross-referencing of the measured insitu hydraulic

conductivity of the soil in each terrain unit against a corresponding percolation rate as
summarized in SG6 of the Ontario Building Code (1997). 

3.2 Bedrock Geology
  

A review of the available borehole information reveals that bedrock is present at
variable depths across the subject lands.  In the southern quadrant of the subject
lands, the overburden thins and bedrock outcrops along a southern ridge line where
a significant elevation transition occurs.  Similarly, the overburden thins again in the
northern quadrant along a second ridge line defining another abrupt elevation transition
downwards towards the Ottawa River.

A cursory review of the reported bedrock elevations, as depicted in the Preliminary
Bedrock Contour Plan- Drawing No. PH1890-2, reveals that the bedrock surface
topography strongly influences the surficial topography throughout the site.  Moreover,
the depth to bedrock varies significantly from the south to the north, with the shallowest
areas of overburden cover being limited to the vertical escarpments where bedrock
outcrops slightly.

A description of the bedrock geology of the subject property is advanced in the
following sections:

Report: PH1890-REP.01
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3.2.1 Paleozoic Bedrock

The subject property is underlain by generally flat-lying carbonate bedrock of
sedimentary origin.  Most of the bedrock present beneath the site consists of layers of
limestone and similar sedimentary rock of varying thicknesses.  These layers of
bedrock form part of the sequence of Middle and Upper Ordovician limestone with
interbeds of dolostone, shale and quartz sandstone, generally referred to as Ottawa
Group. 

A thin sliver of the northern most portion of the subject property is underlain by
limestone of the Oxford Formation, a Lower Ordovician limestone of the Beekmantown
Group.  The Oxford transitions from the Middle Ordovician layers by way of a vertical
fault.  Relevant sections of the bedrock mapping for the immediate vicinity of the
subject property have been reproduced from available Ontario Geologic Survey
Graphical Information Service data and is presented in Paterson Drawing No. PH1890-
FIG.3 in Appendix 4.  A brief description of each of the three (3) dominant limestone
formations is provided below.

Oxford Formation - Lower Ordovician - Beekmantown Group

The Oxford Formation is the youngest of the Lower Ordovician bedrock strata and
consists mainly of brownish grey to green-grey, very fine to medium crystalline
dolostone, present in thin to very thick layers.  Localized interbedding of shale, quartz
sandstone and shaley dolostone is common towards the base of the formation.

Gull River and Bobcaygeon Formations - Middle Ordovician - Ottawa Group 

The Gull River Formation is characterized by fine grained light grey to brown
limestones with variable and sparse fossil content.  Greenish grey to tan-weathered
silty dolostone beds become more prevalent towards the base of the formation.  Minor
shales and thin sandstone beds are also present in localized areas.  

The Bobcaygeon Formation is characterized by brown to grey-brown fossiliferous
limestone.  Thin shale interbeds or partings are prevalent in the upper parts and
calarenites and nodal textures are common in the lower part.  The Formation was laid
down in a shallow, marine, inland sea environment. The Bobcaygeon Formation
limestone can be observed at the ground surface as a weathered bedrock outcrop
feature along the top of the southern ridge line.

Report: PH1890-REP.01
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3.2.2 Karst Features  

The term karst is generally used to describe a geologic formation shaped by the
dissolution of a layer, or layers of soluble bedrock, typically carbonate rock such as 
limestone or dolostone. 

The area to the southwest of the subject property situated at the crossing of Cardinal
Creek under Watters Road which is in excess of 400 m beyond the nearest edges of
the subject lands, has been identified as an Area of Natural and Scientific Interest
(ANSI) due to the presence of Karst Features observed at that location.  The primary
reference for the detailed description of this ANSI is the Earth Science Inventory
Report prepared by the Ontario Ministry of Natural Resources (MNR) in 1991.  This
document has been appended to this report in Appendix 3.  Other references in the
summary, below, are summarized in Section 7.0.

The Cardinal Creek Karst represents a karst tunnel valley system by which surface
water disappears beneath the surface into an entrance cave, and re-appears at several
waterfalls along Cardinal Creek as springs. The main karst features which occur in this
system include surface etching and pooling of waters (karren), sink holes, dry stream
beds, artesian springs and sinks.  A “breakdown collapse” feature was identified in
2008 which is believed to be unique to the Province.  This particular feature is
described as a large sinkhole (doline) present above the central portion of the cave
structure which has been largely sealed by clay.

At the Cardinal Creek Karst, the exposed bedrock was confirmed to be that of
Bobcaygeon Formation of the Ottawa Group.  Documentation reference in the
preparation of the Earth Science Inventory Report suggests that the east-west trending
joint sets of the Bobcaygeon Formation were one of the primary factors in the
development of the karst system as groundwater was able to flow through these joint
sets.  It is further opined in these references that the localized nature of the Cardinal
Creek valley drainage system is also a critical component in it’s development.

The approximate area of the Karst formation was accurately delineated by Golder
Associates Ltd. (Golder) and presented in a hydrogeological study report for an urban
development located to the west-southwest of the subject property (September 2009). 
The limits of the Karst formation which were presented in the Golder report are
reproduced on Paterson Drawing No. PH1890-FIG.3 for reference purposes.  It is
noted that these delineated limits are located a considerable distance away from the
western limits of the subject property and development within site limits is not expected
to impact the Karst features contained within that area.

Report: PH1890-REP.01
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While a segment of the southern quadrant of the subject property is underlain directly
by Bobcaygeon Formation limestone, for the most part, the thickness and composition
of surficial soils are not conducive to vertical infiltration to any significant extent both
directly under or upgradient of the site.  Where bedorck outcrops on the site, a cursory
assessment by Paterson indicates that the rock is weathered, blocky, with soil filled
fractures which do not penetrate vertically to any significant depth below the surface
of the ground.  As such, based on the understanding of karst development and
geohydrology, and based on the extensive visual site investigations carried out by
Paterson, the subject property is not considered to be karstic or contain karst features.
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4.0 HYDROGEOLOGICAL SETTING

The hydrogeologic conditions for the subject property cover the following critical areas:

• infiltration potentials of surficial soils;
• groundwater recharge and discharge potentials; and
• groundwater flow systems within site boundaries.

The sections provided below reflect the site specific data obtained from the site during
the field investigations and from the available information obtained from groundwater
impact studies completed by Paterson and others on neighbouring sites.

4.1 Infiltration Potential and Groundwater Recharge

Within the context of hydrogeology, infiltration can be defined as the entry of surface 
water into the soil together with the associated flow of groundwater away from the
ground surface within the unsaturated zone.  In a similar context, groundwater
recharge is the entry into the saturated zone of water made available at the phreatic
surface (i.e. water table surface) together with the associated flow of groundwater
away from the phreatic surface within the saturated zone.  Moreover, infiltration is only
one part of the overall water budget and, as such, surface water which infiltrates into
the subsurface does not necessarily become a net addition to the groundwater
reservoir which would result in groundwater recharge.

The infiltration potential on the subject property is considered to be low given the
nature of the surficial soils described, in detail, in Section 3.1.  Surface water infiltrating
into the ground surface generally encounters the low permeable silty clay directly
beneath the topsoil layer (and silty sand veneer in some locations) which, in turn is
underlain by a glacial till of marine origins.  Generally speaking, this watershed, like
most of those within the Ottawa area, obtain the bulk of groundwater recharge to
bedrock aquifers from areas with exposed bedrock with favorable fracturing (ie.
interconnected downward strikes) and where overburden deposits consist of thin/thick
layers of permeable sands, gravels and thin layers of non-cohesive glacial till. 
Exposed bedrock in which the surface is massive and unfractured is considered to be
relatively impermeable, from a bedrock aquifer recharge perspective.  Although the
exposed bedrock area, present along the top of the south ridgeline (reference should
be made to the Test Hole Location Plan-Drawing No. PH1809-1 for the bedrock
location), consists of a weathered, fractured zone at the near surface, the fractures
were visually noted to be soil filled and probe results suggest the  fractures are limited
to the upper few metres of the bedrock.  As such, the bedrock, at a depth below the
weathering zone, is considered to be competent and of low permeability.

Report: PH1890-REP.01
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Based on the estimated hydraulic conductivities presented in Table 1 of Section 3.1,
the silty clay and glacial till have corresponding infiltration rates of approximately 13
mm/year and 126 mm /year respectively.  Where exposed bedrock consists of vertical
faces, infiltration potential into the fractured bedrock is considered negligible.  Bedrock
outcrops which contain compact, cohesive soil filled fractures are typically underlain
by competent bedrock of low permeability.   As a result, the site is not conducive to the
best management practices for stormwater infiltration and recharge on this site should
be avoided where possible.

 4.2 Groundwater Discharge and Baseflow

Groundwater discharge areas are considered to be the end points of groundwater
discharge flow systems.  Groundwater discharge areas generally provide baseflow to
the surface water courses, which then requires protection and maintenance of
groundwater recharge and discharge areas.

Based on the detailed surficial soils information for the subject property, and building
on Section 4.1, above, the subject property is not considered to contribute any
significant volumes of overburden groundwater recharge and no bedrock aquifer
recharge.  The direction of topographic relief is northwards towards the Ottawa River,
as detailed in Section 2.0, and two (2) tributaries bisect this direction of flow in an east-
west direction.  

The most northerly tributary, based on the visual observations by Paterson, and from
the information obtained from Muncaster Environmental Planning Inc. (Muncaster), has
a wetted width of approximately 1.6 m on average with a corresponding average depth
of 8 cm.  As such, the tributary generally lacks sufficient width to intercept significant
overburden groundwater flow throughout most of it’s alignment.  In situ probing within
the centre-line of the northern tributary along it’s alignment suggests that the eastern
portion of the tributary has a minimum of 300 to 600 mm of silty clay overlying bedrock. 
Moving west along the central portion of the alignment, the tributary shallows
significantly while the thickness of the underlying silty clay/glacial till overburden
increases to more than 2 m.  No evidence of upward discharge of groundwater was
noted at any portion of the northern tributary along the eastern and central portions of
the northern tributary alignment.  

It is noteworthy to point out that the outlet of the north tributary cascades downward
along boulders and some exposed bedrock at Cardinal Creek.  Careful observation of
the bedrock layers and temperature measurements taken at the cascade area did not
indicate the presence of groundwater discharge through the upper bedrock layers.

Report: PH1890-REP.01
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The south tributary, based on similar visual observations and ancillary information
provided by Muncaster, flows over the silty clay and glacial till surficial layers only.  As
it was detailed in the previous paragraph, Paterson completed probing of the insitu soil
beneath the centre-line of the southern tributary.  Based on the findings of the insitu
works, the southern tributary is underlain by glacial till along the eastern portion of the
alignment.  Several hundred metres downstream of the start of the southern tributary,
the underlying insitu soil transitions to a soft silty clay having a thickness in excess of
2 m.  No evidence of upward discharge of groundwater was noted within the tributary
during these works.

The surficial topography within the southern tributary identifies it residing within a
modest ravine having a differential elevation of approximately 4 m to 5 m to the base
of the tributary along the steeper portion of the alignment nearest to Cardinal Creek. 
As such, the southern tributary acts to intercept most of the overburden groundwater
flow originating from the southern lands and may act as a localized discharge area for
shallow overburden groundwater.  There was no evidence of lateral seepage along the
upgradient or downgradient faces of the ravine sidewalls at the time of the field
investigation by Paterson.  It was noted that the tributary is receiving runoff from both
sides of the tributary through channelized drainage corridors. Several of these
corridors were noted to have experienced extensive erosion and were included in the
limit of hazard lands detailed in the geotechnical investigation (Paterson Report
PG1796-1).   

4.3 Flow Systems

Based on Paterson’s experience in neighbouring sites, combined with the existing
information contained within the AECOM (2009) Subwatershed Study, there are two
(2) main groundwater flow systems: one flow system in the overburden and another
in the bedrock.

Groundwater flows from areas of higher hydraulic pressure to areas of lower hydraulic
pressure.  The local flow system within the overburden groundwater follows the
topographic relief of the site, as does the bedrock groundwater located within the upper
portions at, and just below the face of the bedrock.

However, based on the information obtained from numerous hydrogeolgical studies
prepared by Paterson in conjunction with the regional groundwater flow information
contained within the J.E. Charon report (Charon, 1974), the direction of flow within the
lower bedrock aquifer system is towards the southeast beneath and beyond the
subject property.
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With respect to hydraulic connection between the overburden groundwater and the
lower bedrock aquifer system, the lower bedrock aquifer system is present at
considerable depth below the bedrock surface at the southern and eastern quadrants
of the subject property.  Similarly, based on the published Ontario Ministry of
Environment (MOE) Water Well Records (WWR’s) for the bedrock wells located along
the west of the property, the preferred water supply aquifer intercepted by this group
of wells is at a depth of approximately 18 m to 20 m below ground surface.

East of the subject property, the water supply wells intercept the deeper water supply
aquifer located within the Middle Ordovician limestone.  The depth of aquifer
interception in the lower aquifer varies from 25.9 m to more than 99.1 m with the bulk
of the water wells intercepting the lower aquifer between 35 m and 75 m below ground
surface. A detailed summary of the regional hydrogeology and water well assessment
appears in Section 5.3.

Based on the water well record information, previous studies, and on the low
permeable surficial soils on the site, it is opined that the overburden groundwater is not
capable of infiltrating deep enough into the bedrock to recharge or be hydraulically
connected to the lower bedrock aquifer systems due to the existence of such a strong
localized direction of groundwater flow to the Ottawa River.

4.4 Preferential Pathways for Groundwater Flow

Given the information provided in the earlier sections of this report, the preferential
pathway for groundwater flow is northwards within the overburden groundwater flow
system.  This flow system is interrupted within the reach of the two (2) bisecting
tributaries where the overburden groundwater flow is altered and directed to the
tributaries as surface water.
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5.0 AQUIFER AND GROUNDWATER USE

5.1 Aquifer Delineation

An aquifer is defined as a geologic formation which are able to hold, transmit and yield
enough water to supply production wells completed into them.  Based on the published
MOE WWR’s for the wells located in the immediate vicinity of the subject property
(Refer to Paterson Drawing No. PH1890-FIG.3 for water well locations and to the
individual water well records located in Appendix 3), there are two (2) usable aquifer
systems located within the bedrock in which the water wells intercept.  These are the
Middle Ordovician bedrock aquifer and the Lower Ordovician bedrock aquifer.

Middle Ordovician Bedrock Aquifer

Based on the reported depth of aquifer intercepts of these wells, an upper bedrock
aquifer is present at depths of between 19 m and 30 m below ground surface within
the Middle Ordovician Group of both the Gull River and Bobcaygeon Formations. The
wells located to the west of the site, along Old Montreal Road, appear to utilize this
upper aquifer system.  The upper aquifer system has an interpreted direction of
groundwater flow towards the Ottawa River, based on works completed by Paterson
and Golder Associates Ltd.  (Golder) in this area.

To the immediate east and southeast of the subject property, the neighbouring water
wells appear to intercept the Middle Ordovician bedrock aquifer at a significantly lower
elevation.  In this area, the lower aquifer system appears to be present at depths
ranging from 35 m below ground surface (bgs) to more than 130 m bgs surface.  The
upper aquifer appears to be discontinuous throughout the south and east of the subject
property.

Lower Ordovician Bedrock Aquifer

Several wells are present, based on the available MOE WWR`s, within the Oxford
Formation limestone present beyond the fault running along the northern portion of the
site and adjacent to the Ottawa River.  Several water wells report intercepting a water
supply aquifer within the Oxford Formation limestone after first passing through
upwards of 30 m of silty clay overburden.  
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5.2 Aquifer Vulnerability

Given the depth of low permeable surficial soils present within the subject area,
combined with the thickness of competent bedrock overlying the confined aquifer
systems of both the Middle Ordovician and Lower Ordovician aquifer, these bedrock
aquifer systems are considered to be of low intrinsic vulnerability.

It is prudent to note that the works carried out by Paterson on the adjacent estate lot
subdivision known as Camelot Estates, where the water wells intercept the lower water
supply aquifer system, that the hydraulic pressure exerted on the lower aquifer is such
that  the aquifer is considered to be confined and hydraulically isolated from the
overburden groundwater, where present.

Using the well established DRASTIC methodology to scope the intrinsic vulnerability
of the aquifer systems present below the site, one can assess the vulnerability score
for each of the aquifer systems.  The DRASTIC methodology employs multipliers for
each of the categories within the DRASTIC model and gauges the vulnerability of an
aquifer system based on the following scores:

• High ( >160)
• Moderate ( 101 to 160)
• Low (<101)

The DRASTIC score for the upper and lower Middle Ordovician bedrock aquifers are
of the order of 58 and 73, respectively.  Similarly, the Lower Ordovician bedrock
aquifer scores of the order of 60.  As these scores are well below the score of 101, the
bedrock aquifer systems are considered to be of low intrinsic vulnerability.

5.3 Water Supply Wells

Water supply wells constitute the primary source of drinking water for the neighbouring
properties located immediately adjacent to the subject property.  The available
published water wells for the immediate area are plotted on Paterson Drawing No.
PH1890-FIG.3 in Appendix 4.  

A review of the regional hydrogeology defined by the neighbouring water well records
clearly reveals that approximately 18 of the 64 available published MOE WWR’s are
in the upper bedrock aquifer and these wells are located either beyond the subject
property to the west, or along the western edges of the site boundaries.  The
remainder of the water well records report intercepting the lower aquifer as the primary 
water supply aquifer.   A summary of the regional hydrogeology is provided in the
charts provided below:
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It is noted that there are a handful of recorded water wells present within the subject
property limits.  These wells appear to presently/formerly service the existing
residences and commercial operations located along Old Montreal Road.  It is of
critical importance that all existing drilled wells be located and decommissioned in strict
accordance with Ontario Regulation 903 (Wells) made under the Ontario Water
Resource Act.  This will ensure that the water wells do not allow for the potential of
short circuiting of contaminants into the upper and lower bedrock aquifer systems.

5.4 Construction Precautions for Protecting Existing Offsite Wells

It was noted in the geotechnical investigation that rock removal is anticipated during
the construction phase of the development.  Blasting within the shallow bedrock could
potentially have a localized impact on the neighbouring water wells utilizing the upper
aquifer.  Notwithstanding the above, the discontinuous nature of the upper bedrock
aquifer, combined with the topographic relief towards the Ottawa River within the site
boundaries, will result in only temporary and localized disturbance where encountered.
No long term adverse impacts to the upper bedrock aquifer is expected as a result of
the proposed development.

A baseline water quality program implemented prior to the start of construction
activities is a prudent measure to employ for the neighbouring residences.  The
baseline water quality and potentiometric head elevations collected from representative
wells located in the upper water supply aquifer system will allow for a clear
comparative analysis in the event that offsite well users report adverse water quality
or quantity issues during the construction phase.

In addition, peak particle velocity limits can be implemented for blasting operations to
minimize the potential to adversely affect offsite wells.  In most instances, a peak
particle velocity of 12.5 mm/s for ground vibrations is specified in accordance with the
Noise Pollution Control publication 119 of the Model Municipal Noise Control By-law
published by the MOE.  Data collected from various sources indicates that a ground
vibration limit of 50 mm/s peak particle velocity is adequate to protect wells from any
significant damage.  There is a possibility, at this limit, that temporary turbidity may be
caused, however.
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6.0 NEXT STEPS

It is understood that this hydrogeologic assessment will be used in conjunction with
other existing conditions reports to develop a constraints and opportunities plan for the
proposed development.  The following steps are recommended to assist in the long
term protection of groundwater quality and groundwater discharge functions:

1. The potential groundwater discharge to the tributaries outletting to Cardinal
Creek should be further studied to determine the contribution to base flow
conditions.  Maintaining natural streambed conditions along the two (2)
tributaries on the site may assist in the preservation of baseflow through these
features, or augmentation through stormwater management structures, may be
prudent.

2. The extent of the vertical limits of fracturing within the exposed bedrock present
along both the south and north ridgelines should be subjected to further study. 
The study methodology should include the coring of the bedrock at depth to
further assess the competency of the underlying bedrock and insitu hydraulic
conductivity analysis.

3. Existing water wells located on the subject property should be decommissioned
in accordance with the governing legislation in order to prevent unconfined and
rapid contamination of the upper and lower Middle Ordovician bedrock aquifer
systems.  The decommissioning should be undertaken prior to the start of the
construction phase of the development and under the direct supervision of a
qualified Professional Engineer of Ontario or Professional Geoscientist.

4.  A comprehensive water well baseline study should be undertaken for all wells
located within the immediate vicinity of the subject property.  The study should
establish representative baseline conditions for water quality and quantity and
should accurately identify the well construction methodology of each well and
aquifer system it intercepts. 
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5. A blasting program should be set up where bedrock is to be drilled and blasted
as part of the construction phase.  The blasting program should act to
compliment the water well baseline study and should set monitoring limits on
ground vibrations to offsite wells.

Prepared by:

PATERSON GROUP INC.

Robert A. Passmore, P.Eng.
Senior Environmental Engineer
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- grey by 4.3m depth
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End of Borehole

Practical refusal to augering @ 3.96m
depth
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Practical refusal to augering @ 9.27m
depth

(GWL @ 0.47m-April 13, 2012)

GLACIAL TILL:  Grey silty clay with
sand, gravel, cobbles and boulders
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- grey by 3.0m depth

TOPSOIL

9.27

5.11

0.30

SS

Geotechnical Investigation

Water Content  %

GROUND SURFACE

SS

patersongroup

SS

5

13

6

16

22

15

50+

2

SS

SS

SS

SS

8

7

6

5

15

3

Remoulded

1

50

100

100

100

100

58

100

100

4

T
Y
P
E

154 Colonnade Road South, Ottawa, Ontario K2E 7J5

SOIL PROFILE AND TEST DATA

PG1796

20 40 60 80

Engineers

P
ie

z
o

m
e

te
r

March 28, 2012

50 mm Dia. Cone
ELEV.

Ottawa,  Ontario

%

(m)

SAMPLE
DEPTH

0

1

2

3

4

5

6

7

8

9

S
T
R
A
T
A
 
P
L
O
T

71.00

70.00

69.00

68.00

67.00

66.00

65.00

64.00

63.00

62.00

DATUM

Proposed Residential Development - Queen Street

Pen. Resist.  Blows/0.3m

SOIL DESCRIPTION

Shear Strength (kPa)

FILE NO.

R
E
C
O
V
E
R
Y

N
 
V
A
L
U
E

20 40 60 80 100

DATE BH12-12

C
o

n
s
tr

u
c
tio

n

o
r
 
R
Q
D

HOLE NO.

N
U
M
B
E
R

Undisturbed

BORINGS BY

REMARKS

Ground surface elevations provided by Stantec Geomatics Ltd.

CME 55 Power Auger

Consulting

(m)



TOPSOIL

Water Content  %

Remoulded

End of Borehole

Practical refusal to augering @ 4.85m
depth

(GWL @ 0.59m-April 13, 2012)
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Practical refusal to augering @ 3.96m
depth

(GWL @ 1.24m-April 13, 2012)
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GLACIAL TILL:  Brown silty sand
with gravel, cobbles and boulders
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GLACIAL TILL:  Brown silty sand
with gravel, cobbles and boulders
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depth
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Dynamic Cone Penetration Test
commenced at 10.21m depth.  Cone
pushed to 24.4m depth.  Practical
cone refusal at 24.41m depth.

(BH dry - April 13, 2012)

Very stiff to stiff, brown SILTY CLAY

- grey by 4.3m depth
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BEDROCK:  Black shale

End of Borehole

Practical refusal to augering @ 4.82m
depth

(GWL @ 0.61m-April 13, 2012)
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Practical refusal to augering @ 2.97m
depth

(GWL @ 2.50m-April 13, 2012)
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with gravel, cobbles and boulders
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(GWL @ 5.80m-April 13, 2012)
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- grey by 2.8m depth
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End of Borehole

Practical refusal to augering @ 5.16m
depth

(GWL @ 0.72m-April 13, 2012)

GLACIAL TILL:  Very dense, brown
silty sand with gravel, cobbles and
boulders
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Dynamic Cone Penetration Test
commenced at 10.21m depth. Cone
pushed to 26.4m depth. Practical
cone refusal at 26.39m depth.

(GWL @ 8.55m-April 13, 2012)
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Practical refusal to augering @ 2.23m
depth

(BH dry upon completion)

BEDROCK:  Black shale

GLACIAL TILL:  Brown silty sand
with gravel, cobbles and boulders
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Practical refusal to augering @ 9.20m
depth

(GWL @ 2.12m-April 13, 2012)

GLACIAL TILL:  Grey silty sand with
gravel, cobbles and boulders

Very stiff to stiff, brown SILTY CLAY

- grey by 4.3m depth
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Shear Strength (kPa)
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E
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DATE

Geotechnical Investigation
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49.50
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C
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c
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R
Q
D

HOLE NO.
BH23-12

Undisturbed

CME 55 Power AugerBORINGS BY

N
U
M
B
E
R

Ground surface elevations provided by Stantec Geomatics Ltd.

Consulting

(m)

REMARKS



GLACIAL TILL:  Grey silty clay with
sand, gravel, cobbles and boulders
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V
A
L
U
E

Water Content  %

20 40 60 80 100

DATE

Geotechnical Investigation

GROUND SURFACE

Very stiff to stiff, brown SILTY CLAY

- firm and grey by 3.6m depth

Remoulded

patersongroup

End of Borehole

Practical refusal to augering @ 8.81m
depth

(BH dry - April 13, 2012)

100

15

9

16

21

100

100

AUBrown SILTY SAND,  trace clay

8.81

6.63

0.20

SS

TW

SS

SS 100
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7
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2
1
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SS

April 2, 2012
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E

154 Colonnade Road South, Ottawa, Ontario K2E 7J5
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R
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20 40 60 80

Engineers

P
ie

z
o

m
e

te
rELEV.

Ottawa,  Ontario

SOIL PROFILE AND TEST DATA
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DEPTH
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BORINGS BY

DATUM
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Proposed Residential Development - Queen Street

HOLE NO.

Pen. Resist.  Blows/0.3m

87.44

86.44

85.44

84.44

83.44

82.44

81.44

80.44

79.44

SOIL DESCRIPTION

Shear Strength (kPa)

FILE NO.

C
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u
c
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n

Ground surface elevations provided by Stantec Geomatics Ltd.
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Undisturbed

CME 55 Power Auger
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BH24-12



Remoulded

Geotechnical Investigation

Water Content  %

20 40 60 80 100

patersongroup

GROUND SURFACE

HOLE NO.

81.91
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79.91

78.91

DATE

SOIL DESCRIPTION

Shear Strength (kPa)

FILE NO.
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V
E
R
Y

N
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A
L
U
E

50

50+

50+

50+

25

71

SS

End of Borehole

Practical refusal to augering @ 3.35m
depth

(GWL @ 0.66m-April 13, 2012)

GLACIAL TILL:  Brown silty sand
with gravel, cobbles and boulders

TOPSOIL

3.35

0.20

SS

20SS

67

AU

5

4

3

2

1

Proposed Residential Development - Queen Street
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Pen. Resist.  Blows/0.3m
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SOIL PROFILE AND TEST DATA

154 Colonnade Road South, Ottawa, Ontario K2E 7J5

DATUM

50 mm Dia. Cone
ELEV.

Ottawa,  Ontario
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DEPTH

0
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2

3

BH25-12

(m)(m)

N
U
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E
R

Consulting

CME 55 Power Auger

Ground surface elevations provided by Stantec Geomatics Ltd.

REMARKS

BORINGS BY

20 40 60 80

Undisturbed

April 2, 2012
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Shear Strength (kPa)

SOIL DESCRIPTION

DATE

GROUND SURFACE

DATUM FILE NO.

patersongroup
Proposed Residential Development - Queen Street

HOLE NO.

Pen. Resist.  Blows/0.3m

89.45

88.45

87.45

SS

2

1

100

100

Water Content  %

18
1.45

50+SS

0.30

End of Borehole

Practical refusal to augering @ 2.16m
depth

(GWL @ 0.97m-April 13, 2012)

GLACIAL TILL:  Brown silty clay with
sand, gravel, cobbles and boulders

Very stiff, brown SILTY CLAY,  trace
sand

TOPSOIL

2.16

Remoulded

T
Y
P
E

50 mm Dia. Cone

S
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O
T
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2

154 Colonnade Road South, Ottawa, Ontario K2E 7J5

REMARKS

ELEV.
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DEPTH

Ottawa,  Ontario

(m)

Undisturbed

BH26-12
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D

Consulting

CME 55 Power Auger

Ground surface elevations provided by Stantec Geomatics Ltd.

Engineers

SOIL PROFILE AND TEST DATA
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FILE NO.

Shear Strength (kPa)

SOIL DESCRIPTION

96.23

95.23

Pen. Resist.  Blows/0.3m

HOLE NO.

DATUM

BORINGS BY

REMARKS

CME 55 Power Auger

GROUND SURFACE

Proposed Residential Development - Queen Street

50+60

1

2

AU

SS

0.20

1.45

TOPSOIL

End of Borehole

Practical refusal to augering @ 1.45m
depth

(BH dry upon completion)

Geotechnical Investigation
patersongroup

Remoulded

Water Content  %

GLACIAL TILL:  Brown silty sand
with gravel, cobbles and boulders

154 Colonnade Road South, Ottawa, Ontario K2E 7J5

Ground surface elevations provided by Stantec Geomatics Ltd.

T
Y
P
E

%

S
T
R
A
T
A
 
P
L
O
T

0

1

DEPTH
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Ottawa,  Ontario
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(m)
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patersongroup

Remoulded

DATE

Water Content  %

SOIL DESCRIPTION

Proposed Residential Development - Queen Street

HOLE NO.

GROUND SURFACE

Geotechnical Investigation

Shear Strength (kPa)

FILE NO.

R
E
C
O
V
E
R
Y

N
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L
U
E
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End of Borehole

Practical refusal to augering @ 2.82m
depth

(GWL @ 0.40m-April 13, 2012)

89.10

88.10

87.10
100

100

49

15

23

1

2

Pen. Resist.  Blows/0.3m

GLACIAL TILL:  Brown silty sand
with gravel, cobbles and boulders

Very stiff, brown SILTY CLAY

TOPSOIL

2.82

2.21

79SS

SS

SS
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3

0.30
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SOIL PROFILE AND TEST DATA

154 Colonnade Road South, Ottawa, Ontario K2E 7J5

50 mm Dia. Cone
ELEV.

Ottawa,  Ontario
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DEPTH
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CME 55 Power Auger BH28-12
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Ground surface elevations provided by Stantec Geomatics Ltd.
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BORINGS BY

DATUM
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Undisturbed

April 3, 2012
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TOPSOIL

FILE NO.

End of Borehole

Practical refusal to augering @ 5.54m
depth

(Piezometer damaged - April 13,
2012)

GLACIAL TILL:  Grey silty clay with
sand, gravel, cobbles and boulders

Very stiff to stiff, brown SILTY CLAY

5.54

5.26

3.73

0.25

SS

SS

SS

SS

GLACIAL TILL:  Brown silty sand
with gravel, cobbles and boulders
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DATE

Geotechnical Investigation

GROUND SURFACE

SS

Water Content  %
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patersongroup
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Shear Strength (kPa)
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154 Colonnade Road South, Ottawa, Ontario K2E 7J5
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(m)
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ELEV.

Ottawa,  Ontario
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50 mm Dia. Cone

Ground surface elevations provided by Stantec Geomatics Ltd.

BORINGS BY

Proposed Residential Development - Queen Street

DATUM

CME 55 Power Auger

SOIL DESCRIPTION

REMARKS

87.20

86.20

85.20

84.20

83.20

82.20

Pen. Resist.  Blows/0.3m

HOLE NO.

April 3, 2012
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Undisturbed



234

139

Remoulded

169

Geotechnical Investigation

SOIL DESCRIPTION

Shear Strength (kPa)

FILE NO.

GROUND SURFACE R
E
C
O
V
E
R
Y

20 40 60 80 100

patersongroup

Water Content  %

169

DATE

1

100

75

83

50+

12

18

139

4

TOPSOIL

234

End of Borehole

Practical refusal to augering @ 5.16m
depth

(Piezometer damaged-April 13,2012)

2

Hard to very stiff, brown SILTY
CLAY

3

5.16

4.34

0.25

SS

SS

SS

AU

GLACIAL TILL:  Brown silty sand
with gravel, cobbles and boulders

%

T
Y
P
E

Engineers

50 mm Dia. Cone
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L
U
E

88.74

87.74

86.74

85.74

84.74

83.74

(m)

PG1796
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154 Colonnade Road South, Ottawa, Ontario K2E 7J5
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Ottawa,  Ontario
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SOIL PROFILE AND TEST DATA

DATUM

CME 55 Power Auger

Ground surface elevations provided by Stantec Geomatics Ltd.

BORINGS BY

REMARKS

Proposed Residential Development - Queen Street

HOLE NO.

Pen. Resist.  Blows/0.3m
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April 3, 2012
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Undisturbed
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patersongroup

Remoulded

DATE

Water Content  %

SOIL DESCRIPTION

Proposed Residential Development - Queen Street

HOLE NO.

GROUND SURFACE

Geotechnical Investigation

Shear Strength (kPa)

FILE NO.

R
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C
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V
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R
Y

N
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A
L
U
E

20 40 60 80 100

Very stiff to stiff, brown SILTY CLAY

86.70

85.70

84.70

83.70

End of Borehole

Practical refusal to augering @ 3.76m
depth

(GWL @ 1.12m-April 13, 2012)

50+

19
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100

100

SS

Pen. Resist.  Blows/0.3m

TOPSOIL

3.76

2.97

0.28

SS

100

SS

GLACIAL TILL:  Brown silty clay with
sand, gravel, cobbles and boulders
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SOIL PROFILE AND TEST DATA

154 Colonnade Road South, Ottawa, Ontario K2E 7J5

50 mm Dia. Cone
ELEV.

Ottawa,  Ontario
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DEPTH
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CME 55 Power Auger

(m)
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(m)

BH31-12

Ground surface elevations provided by Stantec Geomatics Ltd.
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- firm by 4.3m depth

189

110

189

End of Borehole

(GWL @ 4.6m depth based on field
observations)

Geotechnical Investigation

121

GROUND SURFACE

Remoulded

Very stiff to stiff, brown SILTY CLAY

121

110

GLACIAL TILL:  Grey silty clay with
sand, gravel, cobbles and boulders

50+

50+

38

2
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6.60
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Ottawa,  Ontario

Undisturbed
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(m)
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D

Ground surface elevations provided by Stantec Geomatics Ltd.

June 26, 2012CME 55 Power Auger
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84.94

83.94
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81.94
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79.94

78.94

77.94

(m)

PG1796
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Engineers

DEPTH

Proposed Residential Development - Queen Street

BH32-12

SOIL PROFILE AND TEST DATA

Pen. Resist.  Blows/0.3m
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Shear Strength (kPa)
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FILE NO.

Shear Strength (kPa)

SOIL DESCRIPTION

91.15

Pen. Resist.  Blows/0.3m

HOLE NO.

Proposed Residential Development - Queen Street

DATE

20 40 60 80

PG1796

(m)

SOIL PROFILE AND TEST DATA

DATUM

50 mm Dia. Cone

GROUND SURFACE

50+33

1

2

AU

SS0.86

GLACIAL TILL:  Brown silty sand
with gravel, cobbles, boulders

End of Borehole

Practical refusal to augering at 0.86m
depth

(BH dry upon completion)
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patersongroup

Remoulded

Water Content  %

Geotechnical Investigation

154 Colonnade Road South, Ottawa, Ontario K2E 7J5

BORINGS BY

Ottawa,  Ontario

ELEV.
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Ground surface elevations provided by Stantec Geomatics Ltd.

CME 55 Power Auger
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Geotechnical Investigation
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88.99
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Engineers

GROUND SURFACE

Proposed Residential Development - Queen Street

DATE

Pen. Resist.  Blows/0.3m

249

SOIL DESCRIPTION

Shear Strength (kPa)

FILE NO.
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V
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Y

HOLE NO.

3

2

1

33

100

50+

249

SS

17

249

AU

SS

End of Borehole

Practical refusal to augering at 3.28m
depth

(GWL @ 2.8m depth based on field
observations)

GLACIAL TILL:  Brown silty clay with
sand, gravel, cobbles, boulders

Hard to very stiff, brown SILTY
CLAY

3.28

2.82

249
N
U
M
B
E
R

Ottawa,  Ontario

ELEV.
(m)
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R
Q
D

Undisturbed
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June 26, 2012CME 55 Power Auger

Ground surface elevations provided by Stantec Geomatics Ltd.
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SOIL PROFILE AND TEST DATA

154 Colonnade Road South, Ottawa, Ontario K2E 7J5
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Geotechnical Investigation
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GROUND SURFACE

SOIL PROFILE AND TEST DATA

PG1796

SOIL DESCRIPTION

Engineers

Proposed Residential Development - Queen Street

HOLE NO.

Pen. Resist.  Blows/0.3m

Water Content  %

20 40 60 80
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1
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SS

23

1.90 50+

Remoulded

patersongroup

SS

End of Borehole

Practical refusal to augering at 2.00m
depth

(GWL @ 1.9m depth based on field
observations)

GLACIAL TILL:  Brown silty clay with
sand, gravel, cobbles, boulders

Hard, brown SILTY CLAY

2.00

o
r
 
R
Q
D
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Ottawa,  Ontario

June 27, 2012
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Ground surface elevations provided by Stantec Geomatics Ltd.
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Geotechnical Investigation
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patersongroup
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90.15

89.15

88.15
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Engineers

GROUND SURFACE

Proposed Residential Development - Queen Street

DATE

Pen. Resist.  Blows/0.3m

End of Borehole

Practical refusal to augering at 3.81m
depth

(BH dry upon completion)
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Shear Strength (kPa)
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SS

GLACIAL TILL:  Brown silty clay with
sand, gravel, cobbles, boulders

Brown SILTY SAND  with clay
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54

AU

5

4

3

2

1

SS

HOLE NO.

N
U
M
B
E
R

Ottawa,  Ontario

ELEV.
(m)

o
r
 
R
Q
D

Undisturbed

P
ie

z
o

m
e

te
r

June 26, 2012

C
o

n
s
tr

u
c
tio

n

CME 55 Power Auger

Ground surface elevations provided by Stantec Geomatics Ltd.
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154 Colonnade Road South, Ottawa, Ontario K2E 7J5
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Shear Strength (kPa)

Water Content  %

Geotechnical Investigation
Proposed Residential Development - Queen Street

SOIL PROFILE AND TEST DATA

(m)

GROUND SURFACE 20 40 60 80

FILE NO.

HOLE NO.

Pen. Resist.  Blows/0.3m

89.42

88.42

87.42

SOIL DESCRIPTION
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100
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50+

16

Remoulded

3

22Hard, brown SILTY CLAY 1

GLACIAL TILL:  Brown silty clay with
sand, gravel, cobbles, boulders

2

2.87

2.21

SS

SS

SS

PG1796

End of Borehole

Practical refusal to augering at 2.87m
depth

(GWL @ 2.6m depth based on field
observations)

Ottawa,  Ontario

Undisturbed
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June 26, 2012
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CME 55 Power Auger

Ground surface elevations provided by Stantec Geomatics Ltd.
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Remoulded
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Water Content  %

SOIL DESCRIPTION

Proposed Residential Development - Queen Street

GROUND SURFACE

Pen. Resist.  Blows/0.3m

Geotechnical Investigation

Shear Strength (kPa)
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GLACIAL TILL:  Brown silty clay with
sand, gravel, cobbles, boulders

50+

50+

20
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100

100

SS
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APPENDIX 2

‘ PUBLISHED MOE WELL DATA
 



































































































































APPENDIX 3

‘ REFERENCES AND SUPPORTING DOCUMENTATION























APPENDIX 4

DRAWINGS & FIGURES

‘ PH1890-1 - TEST HOLE LOCATION PLAN
‘ PH1890-2 - PRELIMINARY BEDROCK CONTOUR PLAN
‘ PH1890-FIG.1: SITE LOCATION PLAN
‘ PH1890-FIG.2: SURFICIAL SOILS DELINEATION
‘ PH1890-FIG.3: REGIONAL BEDROCK MAPPING AND

WATER WELL DELINEATION














