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1 Introduction

The City of Brantford is a rapidly growing population center located by the Grand River west of the
City of Hamilton. With a 2021 census population of 104,688, it is politically separate with a
municipal government of its own that is fully independent of Brant County’s municipal
government. The North Brantford and Tutela Heights Subwatersheds are located within the 2,720
hectares annexed from the County of Brant Boundary Adjustment Lands in 2017.

In 2017, the City of Brantford retained PLAN B Natural Heritage to prepare a Comprehensive
Environmental Impact Statement (EIS) for the Boundary Adjustment Lands including the North
Brantford and Tutela Heights Subwatersheds. The EIS, published in November 2020 by PLAN B
Natural Heritage, was completed as part of the Municipal Comprehensive Review (MCR) for the
City of Brantford to inform a new Official Plan and the Subwatershed and Master Servicing Plan
studies. Meanwhile, the City had also retained GM BluePlan Engineering to complete a Phase 1
Subwatershed Study as part of the MCR and the City of Brantford’s Official Plan review process.
Since the preparation of these documents, the City of Brantford was able to define the Expanded
Urban Settlement Area, map proposed land uses, define a long-term infrastructure plan, and
provide guidelines and policies to frame growth and mitigate impacts.

The new City of Brantford Official Plan — Envisioning Our City: 2051 — expanded the City’s
Settlement Area with designating approximately 900 hectares of urban land uses. The settlement
area expansion includes almost 400 hectares for new Employment Areas and 500 hectares for
Community Areas, which gives a total of 525 hectares of Employment Areas and 730 hectares of
Community Areas within the Boundary Adjustment Lands. The North Brantford and Tutela Heights
Subwatershed Study is the beginning of a multi-staged approach to fully characterize, evaluate,
and implement recommendations for this subwatershed.

This document constitutes the Phase 1 Update of the North Brantford and Tutela Heights
Subwatershed Study Update (SWS), which investigates and inventories the natural resources which
could potentially be impacted by future urban development. Along with characterization of natural
resources this document identifies constraints and opportunities which will be considered for block
plans being developed within the Study Area. The findings documented in this report will be used
to develop a comprehensive Subwatershed Management Plan, including stormwater management
and natural heritage strategies, which will protect, rehabilitate and enhance the environment
during the planning process to ensure that any urban development will not negatively impact the
natural heritage and water resource systems in the area.

The Subwatershed Study will fulfill the requirements of the City of Brantford Official Plan -
Envisioning Our City: 2051 (OP) and also inform future development plans by guiding development
in a manner that respects the local natural heritage system, natural hazards and supports long-
term environmental sustainability.
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1.1 Study Area and Land Uses
1.1.1 Subwatershed Study Area

The Study Area for this subwatershed study encompasses two geographical areas within the City
of Brantford; i.e., the North Brantford lands and Tutela Heights subwatershed. Each of these
subwatersheds has primary, secondary and tertiary Study Areas, which are described in Sections
1.1.2 and 1.1.3, respectively. However, efforts have been focused on the portions of the
watersheds that fall within the primary Study Area, shown outlined in red on Figure 1.1 and Figure
1.2

Existing land use within the North Brantford and Tutela Heights subwatersheds is mainly rural in
character and includes existing agriculture, residential, and highway commercial land uses. The
Grand River is found at the Northeastern boundary of Tutela Heights subwatershed.

1.1.2 North Brantford

The North Brantford lands, as illustrated in Figure 1.1, are located north of Powerline Road and
Paris Road along the north side of the city, and east of Garden Avenue to the municipal boundary
between the City of Brantford and the County of Brant, with an approximate area of 2,123
hectares. Historically, the land use within the North Brantford Subwatershed was predominately
agricultural with some forest and wetlands. Presently, the westernmost and easternmost portions
of the subwatershed are designated primarily for Employment purposes with the rest of them for
Core Natural Areas. Meanwhile, the central part of the North Brantford Subwatershed is mainly
planned for residential purposes, south of Core Natural Areas along Jones Creek and a large
portion of rural area within the subwatershed.

The Primary Study Area for the North Brantford Area is roughly 2,123 hectares, including the lands
east of Garden Avenue. Approximate 2,100 hectares of municipal Boundary Adjustment Lands
obtained from the County of Brant in the North Brantford Area is the Secondary Study Area. The
Tertiary Study Areas include lands of great significance to the subwatershed study, which are
outside of the municipal boundary, including the catchment areas of Jones Creek and Fairchild
Creek and their tributaries.

Jones Creek is a tributary of Fairchild Creek which drains much of the North Brantford Area and
flows generally from west to east before discharging to Fairchild Creek.

Fairchild Creek drains an area of approximately 401 km?, running north to south and flows into the
Grand River downstream of Brantford. A short section of the middle portion of Fairchild Creek is
located along the eastern limit of the North Brantford boundary expansion area.

1.1.3 Tutela Heights

Tutela Heights subwatershed, as displayed in Figure 1.2, is bounded generally by Mt. Pleasant
Road, Tutela Heights Road, and Phelps Road.

In the Tutela Heights area, the Primary Study Area is roughly 581 hectares, which is also the actual
Boundary Adjustment Lands in Tutela Heights, and includes the same lands as the Secondary Study

Aqguafor Beech Limited Ref. No. 66955 2
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Area. The Tertiary Study Area is defined as the lands that form catchments of the tributaries to the
Grand River, namely Phelps Creek.

Historically, the land use within the Tutela Heights Subwatershed was predominately agricultural
with some forest and wetlands. Presently, community areas, rural areas and core natural areas
comprise the whole subwatershed. No employment land use is designated within this area.

Phelps Creek is a relatively small third-order channel located in the southeastern portion of the
Boundary Expansion Area. The watercourse flows east to discharge to the Grand River.

Aqguafor Beech Limited Ref. No. 66955 3
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1.2 Existing Policy Framework

The following subsections outline the NHS policy framework relevant to the North Brantford
and Tutela Heights subwatersheds.

1.2.1 Provincial Policy Statement

The 2020 Provincial Policy Statement (PPS), promulgated under the Planning Act, directs
municipal land use planning activities related to matters of provincial interest. Section 2.1.2 of
the PPS states that:

The diversity and connectivity of natural features in an area, and the long-term
ecological function and biodiversity of natural heritage systems, should be
maintained, restored or, where possible, improved, recognizing linkages between
and among natural heritage features and areas, surface water features and ground
water features (Ministry of Municipal Affairs and Housing, 2020).

The PPS supports not only the protection of individual natural heritage features (woodlands,
wetlands, watercourses, valleylands, wildlife habitat, etc.) but also the linkages that connect
them into a broader Natural Heritage System (NHS). The NHS approach is effective because it
acknowledges that natural heritage features have strong functional ties to one another, and
that this functionality may be compromised when individual features become isolated within a
predominately agricultural or urban matrix.

A NHS is defined by the Province of Ontario as:

A system made up of natural heritage features and areas, and linkages intended to
provide connectivity (at the regional or site level) and support natural processes
which are necessary to maintain biological and geological diversity, natural
functions, viable populations of indigenous species and ecosystems. These systems
can include natural heritage features and areas, federal and provincial parks and
conservation reserves, other natural heritage features, lands that have been
restored or have the potential to be restored to a natural state, areas that support
hydrologic functions, and working landscapes that enable ecological functions to
continue. The Province has a recommended approach for identifying natural
heritage systems, but municipal approaches that achieve or exceed the same
objectives may also be used” (Provincial Policy Statement, MMAH 2020).

The NHS approach is a useful method for the protection of natural heritage features and areas
because it reinforces an understanding that the elements of the system have strong ecological
ties to each other, as well as to other physical features and areas in the overall landscape. The
NHS approach also addresses a number of important land use planning concerns, including
biodiversity decline, landscape fragmentation and the maintenance of ecosystem health. The
Natural Heritage Reference Manual (NHRM) describes these planning concerns in greater detail
and outlines the potential benefits of a NHS (MNR 2010).
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Section 2.1 of the PPS provides specific requirements for the protection of natural features and
the restrictions that apply to development and site alteration in association with those
features. For example, Section 2.1.5 of the PPS states that development and site alteration shall
not be permitted in significant woodlands, significant valleylands, and significant wildlife
habitat unless it has been demonstrated that the proposed activities will not result in negative
impacts to these features and their functions. The clauses in Section 2.1 of the PPS support the
detailed NHS policies and constraints to development that are present in the municipal Official
Plan, which is discussed in Section1.2.4.

1.2.2 Growth Plan for the Greater Golden Horseshoe

The portion of Ontario termed the Greater Golden Horseshoe includes most municipalities in a
broad band around the shore of Lake Ontario from Peterborough to Niagara. This region
contains many of Ontario’s most significant ecological features and scenic landscapes, as well as
productive farmland and a large proportion of the inhabitants of the province. Maintaining a
balance between the demand for space and resources and the preservation of natural heritage
features and functions presents a challenge that must be addressed through careful planning.
This plan is issued under the Places to Grow Act, 2005 and is proposed to be merged with the
PPS in the near future.

The 2020 Growth Plan for the Greater Golden Horseshoe, prepared under the Places to Grow
Act (2005), is intended to “plan for growth and development in a way that supports economic
prosperity, protects the environment, and helps communities achieve a high quality of life”
(Ministry of Municipal Affairs and Housing, 2020). One of the key components of the Growth
Plan is the development and implementation of an NHS and establishment of related policies
such as those within Clause 3 of Section 4.2.2 of the Growth Plan (applicable to lands outside of
settlement areas):

3. Within the Natural Heritage System:
a. new development or site alteration will demonstrate that:

i. there are no negative impacts on key natural heritage features or key
hydrologic features or their functions;

ii. connectivity along the system and between key natural heritage features
and key hydrologic features located within 240 meters of each other will
be maintained or, where possible, enhanced for the movement of native
plants and animals across the landscape;

iii. the removal of other natural features not identified as key natural heritage
features and key hydrologic features is avoided, where possible. Such
features should be incorporated into the planning and design of the
proposed use wherever possible;

iv. except for uses described in and governed by the policies in subsection
4.2.8 [pertaining to Mineral Aggregate Resources], the disturbed area,

Aqguafor Beech Limited Ref. No. 66955 7
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including any buildings and structures, will not exceed 25 per cent of the
total developable area, and the impervious surface will not exceed 10 per
cent of the total developable area;

v. with respect to golf courses, the disturbed area will not exceed 40 per cent
of the total developable area; and

vi. atleast 30 per cent of the total developable area will remain or be
returned to natural self-sustaining vegetation, except where specified in
accordance with the policies in subsection 4.2.8.

Section 4.2.4 of the Growth Plan further discusses lands adjacent to the NHS.

1. Outside settlement areas, a proposal for new development or site alteration within 120
metres of a key natural heritage feature within the Natural Heritage System or a key
hydrologic feature will require a natural heritage evaluation or hydrologic evaluation that
identifies a vegetation protection zone, which:

a) is of sufficient width to protect the key natural heritage feature or key hydrologic
feature and its functions from the impacts of the proposed change;

b) is established to achieve and be maintained as natural self-sustaining vegetation;
and

c) for key hydrologic features, fish habitat, and significant woodlands, is no less than
30 metres measured from the outside boundary of the key natural heritage
feature or key hydrologic feature.

2. Evaluations undertaken in accordance with policy 4.2.4.1 will identify any additional
restrictions to be applied before, during, and after development to protect the
hydrologic functions and ecological functions of the feature.

3. Development or site alteration is not permitted in the vegetation protection zone, with
the exception of that described in policy 4.2.3.1 or shoreline development as permitted
in accordance with policy 4.2.4.5.

4. The new City of Brantford Official Plan was adopted by Brantford City Council on March
23, 2021 and approved with modifications by the Minister of Municipal Affairs and
Housing, taking effect on August 5, 2021, consistent with the Provincial Policy Statement
(2020) and in conformity with the Growth Plan for the Greater Golden Horseshoe
(2020).

1.2.3 Consolidated Linear Infrastructure Environmental Compliance Approval

In order to comply with the Consolidated Linear Infrastructure Environmental Compliance
Approval (CLI ECA), the proposed stormwater treatment train must comply with the

Aquafor Beech Limited Ref. No. 66955 8
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requirements outlined in Appendix A of the CLI ECA application. These requirements arose from
the pending LID Planning and Design Guide. The City of Brantford has received its CLI ECA.

A key component of the CLI ECA (provided in Appendix A) is the control of stormwater, as
described below:

Stormwater volumes generated from the geographically specific 90th percentile rainfall
event on an annual average basis from all surfaces on the entire site are targeted for
control. Control is in the following hierarchical order, with each step exhausted before
proceeding to the next:

1) retention (infiltration, reuse or evapotranspiration),
2) LID filtration, and
3) conventional stormwater management.

Step 3, conventional stormwater management, should proceed only once Maximum
Extent Possible has been attained for Steps 1 and 2 for retention and filtration.

While the CLI ECA allows for site-specific studies to achieve water balance, erosion control,
water quantity, and flood control criteria, water quality treatment of suspended solids requires
control (as outlined above) of the 90th percentile storm event; and if conventional methods are
necessary, then 80%, 70% or 60% suspended solids removal (based on the receiver) as per the
full ETV Canada particle size distribution.

1.2.4 City of Brantford Official Plan - Envisioning Our City: 2051 (September,
2022)

The City of Brantford Official Plan 2022 (the OP) states that “it is the intent of this Plan to ensure
that the biodiversity, ecological function and connectivity of the Natural Heritage System is
protected, maintained, restored or, where possible, enhanced for the long-term, recognizing
linkages between and among natural heritage features and areas, surface water features and
ground water features” (Section 5.6).

According to Section 5.6 of the OP, the Natural Heritage System identified on Schedule 6 is
comprised of the following components:

i.  The Core Natural Areas Designation, which comprises the environmental features and an
associated 30 metre buffer, as well as portions of the Natural Heritage System for the
Growth Plan for the Greater Golden Horseshoe located within Brantford, that the City
shall protect and conserve; and

ii.  The Adjacent Lands Overlay, which is based on an approximate 90 metre setback from the
boundary of the Core Natural Areas Designation and is intended to act as a trigger for the
completion of an Environmental Impact Study when required by the City.

Aquafor Beech Limited Ref. No. 66955 9
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iii. A Natural Heritage System for the Growth Plan has been mapped by the Province to
support a comprehensive, integrated, and long-term approach to planning for the
protection of the region’s natural heritage and biodiversity.

Core Natural Areas are comprised of the following components:

a) Provincially significant wetlands;

b) Provincially significant woodlands;

c) Provincially significant valleylands;

d) Significant wildlife habitat attributes and functions, including habitat for species-
at-risk and rare plant communities such as prairie, savannah and oak woodland;

e) Significant areas of natural and scientific interest;

f) Hazard lands;

g) Other natural heritage features (i.e., woodlands that are less than 4 hectares,
locally significant wetlands, treed slopes, and cultural habitat features); and,

h) Enhancement/restoration areas.

This SWS has therefore taken the approach of identifying and evaluating all natural heritage
features on the landscape and evaluating their significant/sensitivity, not necessarily limited to
the features identified as part of the NHS.

In addition to those defined categories, the OP also documented the Growth plan policies for the
Natural Heritage System, Key Hydrologic Features and Key Natural Heritage Features in Section

5.6.3.

Natural Heritage

a) Within the Natural Heritage System for the Growth Plan in areas outside of the
Settlement Area Boundary:

i.  New development or site alteration will demonstrate that:

a.

There are no negative impacts on key natural heritage features or key
hydrologic features or their functions;

Connectivity along the system and between key natural heritage features
and key hydrologic features located within 240 metres of each other will
be maintained or, where possible, enhanced for the movement of native
plants and animals across the landscape;

The removal of other natural features not identified as key natural
heritage features and key hydrologic features is avoided, where possible.
Such features should be incorporated into the planning and design of the
proposed use wherever possible;

The disturbed area, including any buildings and structures, will not
exceed 25 percent of the total developable area, and the impervious
surface will not exceed 10 percent of the total developable area;

With respect to golf courses, the disturbed area will not exceed 40
percent of the total developable area; and,
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f. At least 30 percent of the total developable area will remain or be
returned to natural self-sustaining vegetation; and,

ii.  The full range of existing and new agricultural uses, agriculture-related uses, on-
farm diversified uses, and normal farm practices are permitted. However, new
buildings or structures for agricultural uses, agriculture related uses, or on-farm
diversified uses are not subject to policy 5.6.3.a.i. but are subject to the policies
in subsections 5.6.3.b and 5.6.3.c

Key Hydrologic Features and Key Natural Heritage Features

b) Outside of settlement areas, development or site alteration is not permitted in key natural
heritage features that are part of the Natural Heritage System for the Growth Plan or in
key hydrologic features, except for:

i.  Forest, fish and wildlife management;

ii. Conservation and flood or erosion control projects, but only if they have been
demonstrated to be necessary in the public interest and after all alternatives have
been considered;

ii.  Mineral aggregate operations and wayside pits and quarries;

iv.  Activities that create or maintain infrastructure authorized under an
Environmental Assessment process;

v.  Expansions to existing buildings and structures, accessory structures and uses, and
conversions of legally existing uses which bring the use more into conformity with
this Plan, subject to demonstration that the use does not expand into the key
hydrologic feature or key natural heritage feature or vegetative protection zone
unless there is no other alternative, in which case any expansion will be limited in
scope and kept within close geographical proximity to the existing structure;

vi.  Expansions or alterations to existing buildings and structures for agricultural uses,
agriculture-related uses, or on-farm diversified uses and expansions to existing
residential dwellings if it is demonstrated that:

a. There s no alternative, and the expansion or alteration in the feature is
minimized and, in the vegetation protection zone, is directed away from
the feature to the maximum extent possible; and,

b. The impact of the expansion or alteration on the feature and its functions
is minimized and mitigated to the maximum extent possible; and,

vii.  Small-scale structures for recreational uses, including boardwalks, footbridges,
fences, docks, and picnic facilities, if measures are taken to minimize the number
of such structures and their negative impacts.

Lands Adjacent to Key Hydrologic Features and Key Natural Heritage Features

c) Outside of settlement areas, a proposal for new development or site alteration within
120 metres of a key natural heritage feature within the Natural Heritage System for the
Growth Plan or a key hydrologic feature will require a natural heritage evaluation or
hydrologic evaluation that identifies a vegetation protection zone, which:
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i. Is of sufficient width to protect the key natural heritage feature or key hydrologic
feature and its functions from the impacts of the proposed change;

ii. Isestablished to achieve and be maintained as natural self-sustaining vegetation;
and

iii.  For key hydrologic features, fish habitat, and significant woodlands, is no less
than 30 metres measured from the outside boundary of the key natural heritage
feature or key hydrologic feature.

d) Evaluations undertaken in accordance with policy 5.6.3.c will identify any additional
restrictions to be applied before, during, and after development to protect the
hydrologic functions and ecological functions of the feature.

e) Development or site alteration is not permitted in the vegetation protection zone, with
exception of that described in policy 5.6.3.b.

f) Notwithstanding policies 5.6.3.c-e:

i. A natural heritage or hydrologic evaluation will not be required for a proposal for
development or site alteration on a site where the only key natural heritage
feature is the habitat of endangered species and threatened species;

ii.  New buildings and structures for agricultural uses, agriculture-related uses, or
on-farm diversified uses will not be required to undertake a natural heritage or
hydrologic evaluation if a minimum 30 metre vegetation protection zone is
provided from a key natural heritage feature or key hydrologic feature; and,

iii.  Uses permitted in accordance with policy 5.6.3.f.ii:

a. Are exempt from the requirement of establishing a condition of natural
self-sustaining vegetation if the land is, and will continue to be, used for
agricultural purposes; and

b. Will pursue best management practices to protect and restore key
natural heritage features, key hydrologic features, and their functions.

Other policies in Section 5.6 of the OP note, through the preparation of an Environmental Impact
Study (EIS), the limits of the previously-established Core Natural Areas Designation within the
NHS (as depicted on Schedule 6 of the OP) may be refined, and linkages and restoration
opportunities will be identified for further evaluation during the following Block Plan stage and
Development Application stages. This SWS will therefore evaluate the existing natural heritage
features in the Study Area (building upon but not necessarily limited to the existing NHS as
depicted in the OP), identify linkages and restoration opportunities, and provide guidance
regarding developmental constraints that may be further evaluated and developed through the
preparation of Block Plans, in keeping with the policies of Section 5.6 of the OP.

1.2.5 Grand River Conservation Authority

1.2.5.1 Ontario Regulation 150/06

Along with the policy in City of Brantford Official Plan, relevant natural hazards policy includes
Ontario Regulation 150/06 Regulation of Development, Interference with Wetlands and
Alteration to Shorelines and Watercourses which is administered and enforced by the Grand
River Conservation Authority (GRCA).

Aqguafor Beech Limited Ref. No. 66955 12


https://5.6.3.f.ii

North Brantford and Tutela Heights Subwatershed Study November 2024
Phase 1 Update Report — Final Report

Ontario Regulation (O.Reg.) 150/06 was approved under the Authority of Section 28 of the CA
Act to cover the area under GRCA’s jurisdiction. A principal mandate of GRCA is to prevent the
loss of life and property due to flooding and erosion and to conserve and enhance natural
resources. O.Reg. 150/06 is a key tool in fulfilling this mandate because it prevents or restricts
development in areas where the control of flooding, erosion, dynamic beaches, pollution or the
conservation of land may be affected by development.

Sections of O.Reg. 150/06 that specifically apply to this study include development prohibitions
with respect to:

Section [2.(1)]

(b) River or stream valleys that have depressional features associated with a river or
stream, whether or not they contain a watercourse, the limits of which are determined
in accordance with the following rules:

(i) where the river or stream valley is apparent and has stable slopes, the valley
extends from the stable top of bank, plus 15 metres, to a similar point on the
opposite side,

(ii) where the river or stream valley is apparent and has unstable slopes, the valley
extends from the predicted long term stable slope projected from the existing
stable slope or, if the toe of the slope is unstable, from the predicted location of
the toe of the slope as a result of stream erosion over a projected 100-year
period, plus 15 metres, to a similar point on the opposite side,

(iii) where the river or stream valley is not apparent, the valley extends the greater
of,

(A) the distance from a point outside the edge of the maximum extent of
the flood plain under the applicable flood event standard, plus an
allowance not to exceed 15 metres, to a similar point on the opposite
side, and

(B) the distance from a watercourse or the predicted meander belt of a
watercourse, expanded as required to convey the flood flows under the
applicable flood event standard, plus 15 metres, to a similar point on the
opposite side;

(c) Hazardous lands;
(d) Wetlands; or

(e) Other areas where development could interfere with the hydrologic function of a
wetland, including areas within 120 metres of all provincially significant wetlands and
wetlands greater than or equal to 2.0 hectares in size, and areas within 30 metres of
wetlands less than 2.0 hectares in size.
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Section [2.(2)]

All areas within the jurisdiction of the Authority that are described in subsection (1) are
delineated as the “Regulation Limit” shown on a series of maps filed at the head office of the
Authority under the map title “Ontario Regulation 97/04: Regulation for Development,
Interference with Wetlands and Alterations to Shorelines and Watercourses”.

1.2.5.2 GRCA Natural Heritage System

GRCA highlights that a natural heritage system is a way of observing, and understanding, an
area’s natural features like wetlands, forests, creek valleys and rivers, as well as plants and
animals that share those areas. The North Brantford lands lies within Fairchild Creek
Subwatershed and the Tutela Heights lands lies in the Lower Middle Grand River Subwatershed.
Fairchild Creek is predominantly agricultural and contains City of Brantford, the town of St.
George, and several rural communities. It has 22% natural cover, of which most are large
swamp complexes and the remainder are fragmented patches along watercourses and steep
slopes (MacVeigh et al. 2016). Lower Middle Grand River Subwatershed includes portions of the
City of Hamilton, City of Brantford, Brant and Haldimand Counties. The dominant landform is
agricultural and contains 4% wetlands and 14% woodlands. Similar to the City of Brantford
Official Plan that guides this SWS study, GRCA’s NHS emphasizes how these natural features are
connected to each other and how they work together, by which environmentally critical and
habitat restoration areas could be properly recognized.

GRCA utilizes map and characterization reports to help identify the network of natural heritage
features and functions, which also shows the linkage of natural corridors. It is acknowledged by
GRCA the significance of maintaining biological and geological diversity, natural functions,
viable populations of indigenous species, and ecosystem within the Natural Heritage System.

1.2.5.3 Bill 23 Implications

Passing of Bill 23, the More Homes Built Faster Act, required updates to the Conservation
Authorities Act. These updates have modified the roles and responsibilities of conservation
authorities. Municipalities can no longer requires the conservation authority to comment on
conservation and environmental matters in the development review process, except for
flooding and erosion. GRCA permits are still required for any development or site alteration
within GRCA regulated areas.

1.2.6 Endangered Species Act

The protection of Species at Risk (SAR) in Ontario is dictated primarily by the Endangered
Species Act (ESA). The stated purposes of the ESA are:

1. To identify SAR based on the best available scientific information, including information
obtained from community knowledge and aboriginal traditional knowledge;

2. To protect species that are at risk and their habitats, and to promote the recovery of
species that are at risk; and
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3. To promote stewardship activities to assist in the protection and recovery of species
that are at risk.

A scientific body known as the Committee on the Status of Species at Risk in Ontario (COSSARO)
is tasked with identifying threats to species in Ontario and classifying those deemed at risk as
Extirpated, Endangered, Threatened, or Special Concern. For Endangered and Threatened
species, the preparation of a recovery strategy is required; these offer science-based
recommendations that aid in their protection and future recovery. These species are also
protected from being killed, harmed or harassed (ESA s. 9) and receive habitat protection (s.
10). Special Concern species receive management plans rather than recovery strategies and are
not subject to species or habitat protection under the Act. Rather, their habitat is protected
under the Planning Act as it is considered a type of Significant Wildlife Habitat per provincial
criteria (MNRF, 2015).

1.3 Subwatershed Study Goals, Objectives, and Phasing

The overall goal of this Subwatershed Study may be defined as follows:

“Development of a management plan that allows sustainable urban growth,
while ensuring maximum benefits to the natural and human environments on
a watershed basis.” — Watershed Planning in Ontario

The Subwatershed Study is undertaken in three phases (Figure 1.3). The objectives of this
study are summarized below, according to the three study phases. This report has been
prepared to present the results for the updated Phase 1 of the process.

Phase 1: Subwatershed Characterization

e identify and evaluate the location, extent, significance and sensitivity of the existing
natural features of the Study Area, together with their potential interrelationship with
other natural features;

e identify sensitive areas and natural hazard lands, together with recommended buffers
and select preliminary management practices for these lands; and

e develop constraints and opportunities mapping to identify developable and non-
developable lands which will inform the development and updating of Block Plans
within the Study Area.

Phase 2: Subwatershed Management Strategies

e identify potential land use impacts to natural features and functions (Impact
Assessment);

e identify protective measures (best management practices, or BMP’s) that, when
implemented, will protect, enhance or restore the environmental features and
functions;
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formulate alternative subwatershed management strategies;

evaluate each Strategy, based on a range of environmental, social and cost
considerations, together with stakeholder input; and

select, among the alternatives, a recommended subwatershed strategy (or plan).

Phase 3: Implementation and Monitoring Plans

develop an Implementation Plan to ensure the long-term integrity of the
Recommended Plan, including the identification of issues and areas where further
detailed studies may be required at the draft plan of subdivision stage of the planning
process, including the identification of issues and areas where further detailed studies may be
required at the block plan or draft plan of subdivision stage of the planning process;

identify any future recommended monitoring studies or contingency plans; and

integrate the Subwatershed Study findings with Municipal Official Plan Policy and
ongoing Block Plans.

1.4 Class Environmental Assessment (EA) Process

This Subwatershed Study is being conducted as a Municipal Class Environmental Assessment
(Class EA). The study will satisfy Stage 1 and 2 of the Class EA process:

Phase 1 —identification of the problem (deficiency) or opportunity; and

Phase 2 — identification of alternative solutions to address the problem or
opportunity by taking into consideration the existing environment, and establish
the preferred solution taking into account public and review agency input.

The relationship between the components of the Subwatershed Study process and the Class
EA process is depicted in Figure 1.3.
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1.5 Block Plan Process within North Brantford and Tutela Heights

The City of Brantford Official Plan — Envisioning Our City: 2051 expanded the City’s Settlement
Area by approximately 900 hectares for urban land uses, in which nearly 400 hectares are
designated as new Employment Areas and up to 500 hectares of the expansion lands are
planned for community/ residential areas. The land uses and Block Plan areas for the North
Brantford and Tutela Heights are shown in Figure 1.4.
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Figure 1.4 Land Uses and Block Plan Areas in the North Branford and Tutela Heights
Subwatersheds (based on the City of Brantford Official Plan — Envisioning Our City: 2051)
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The City of Brantford envisions to achieve a population of 165,000 residents and 80,000 jobs by
the year 2051. To ensure the comprehensive and balanced growth of the City, the OP also
requires the preparation of Block Plans for Community Areas in the lands annexed from the
County of Brant. There are five (5) block plan areas within the North Brantford Subwatershed,
i.e., Powerline West, Powerline Central, Powerline East, Balmoral and Lynden Garden. Similarly,
three (3) residential areas were delineated in Tutela Heights Subwatershed. These Block Plans
are to be prepared prior to he submission of development applications: Tutela Heights West,
Tutela Heights South and Tutela Heights East. Lastly, the industrial lands will not be required to
follow a comprehensive block planning process, but will still be required to follow the
Subwatershed Study.

The outcomes of the North Brantford and Tutela Heights Subwatershed Study will include, but
not be limited to, constraints mapping and a Stormwater Management Strategy. All Block Plans
must comply with the outcomes of this Subwatershed Study.
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2 Background Information

A series of historical study reports and background information was provided by the City
Brantford, Grand River Conservation Authority (GRCA), and the County of Brant, for
background review and consideration during the North Brantford and Tutela Heights
Subwatershed Study. Key documents are summarized below.

of

Comprehensive Environmental Impact Statement North
Brantford and Tutela Heights, City of Brantford (Plan B Natural
Heritage, November 2020)

This statement documents and summarizes the natural environment
of North Brantford and Tutela Heights subwatersheds. This report is
an assessment of the existing conditions including policy and land use,
surface and groundwater features, aquatic habitat conditions and
water quality, vegetation and wildlife, and terrestrial natural heritage.
The purpose of the report was intended to inform the Subwatershed
and Master Servicing Plan Studies that were completed as part of the
MCR and the City of Brantford’s Official Plan update.

The report established that the Study Area is dominated by agricultural land use, followed by

existing residential development. The report identifies key components of the natural heritage

system for the Study Area as follows:

Growth Plan NHS;

PSWs;

Unevaluated (naturally occurring) wetlands 0.5 ha in area or larger;
Anthropogenic wetlands 2.0 ha in area or larger;

Woodlands 4.0 ha in area or larger;

O 0O O O O O

riparian corridors, including bottomland/floodplain and valley slope vegetation,
fish/wildlife habitat, and corridor/linkage functions;
o Headwater drainage features to be “conserved”, as defined by ERI (2019);

Watercourses - Jones Creek, Fairchild Creek, and Phelps Creek — defined valleylands and

o Grand River —Significant Valleyland, critical habitat for Species at Risk, species dispersal

corridor;
o Floodplains and valley slope/erosion hazards;
o Habitat for species at risk protected under the Endangered Species Act (2007); and,
o A 30 m protective buffer from all NHS components.

Environmental management and mitigation recommendations to protect, restore and enhance
the natural heritage system for the long-term have been provided for implementation through

subsequent stages in the planning process.

The recommended natural heritage system framework described above was used in the
development of land use concept plans for the Study Area, and the subsequent evaluation of

alternatives, and selection of a preferred option. The land use concept plans were prepared to
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assist the evaluation of Settlement Area expansion options through the MCR process and
Official Plan review. An analysis of potential impacts associated with the preferred land use
concept for North Brantford and Tutela Heights has been provided.

North Brantford and Tutela Heights Subwatershed Study (GM BluePlan Engineering,
November 2020)

The purpose of this report was to provide objectives and recommendations to mitigate natural
hazards, protect natural waterways and mitigate potential risks, as well as conserve the natural
heritage systems and biodiversity. This report was the beginning of a multi-staged approach
working towards the completion of a fully comprehensive subwatershed plan for the area.

The Subwatershed Plan included the following:

e Preliminary Baseline Characterization of the Study Area utilizing the best available
information, supplemented with any additional information gained in the interim.

e Preliminary analysis to review the impact of development. Modelling of impacts will
be completed utilizing the best available information and the use of sensitivity
analysis to test the assumptions being made and to test the general resiliency of
the proposed mitigation measures.

e Baseline desktop analysis, utilizing the best available information, including key
hydrologic and hydrogeological impacts and mitigations, streamflow and
temperature regime, groundwater recharge, and total water cycle mass balance.

o Draft recommendations for the management of the Urban Boundary Expansion
Lands, including specific objectives, thresholds, targets, and best management
practices for development, water/wastewater servicing, stormwater management,
and to support ecological needs.

e An outline for the Phase Two Field Investigations.

Grand River Watershed Water Management Plan (GRCA, 2014)

The Water Management Plan addresses the management of surface and ground water
resources in the Grand River watershed to 2031. The Watershed Plan pulls together plans such
as forestry, fisheries, natural heritage, drinking water source protection, recreation and other
planning processes so that linkages can be made for larger scale watershed planning. Section
5.2.1.3.2 of the Grand River Watershed Water Management Plan references Urban
Stormwater. MOE’s 2003 Stormwater Management Planning and Design Manual states that
municipalities within the GRCA jurisdiction are collaborating to compose a list of best practices
for stormwater control for both new and existing developments. This was released as the Best
Practice Guide for Reducing Urban Non-point Source Pollution in the Grand and Speed Rivers.
This guide includes thirteen recommendations that fall under three categories, including:
improved stormwater management governance; sustainable funding; and enhanced
stormwater management education.
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Grand River Source Protection Plan (LERSPC, 2021)

Drinking water source protection plans identify the risks to municipal water quality and water
supplies, and the policies and programs that will reduce the risks. Volume Il of the Grand River
Source Protection Plan covers the City of Brantford. Specific policies relating to Stormwater
Management within Intake Protection Zones (IPZ) can be found in policy CB-MC-3.4 and CB-
MC-3.5.

CB-MC-3.4: To ensure any existing or new discharge from a stormwater management
facility within an Intake Protection Zone where such activity is or would be a significant
drinking water threat, the Ministry of the Environment, Conservation and Parks shall
review or prepare Environmental Compliance Approvals to ensure that terms and
conditions are incorporated that, when implemented, cease to be and/or never become a
significant drinking water threat.

CB-MC-3.5: To ensure any future discharge from a stormwater management facility, where
such an activity would be a significant drinking water threat, never becomes a significant
drinking water threat, and in consideration of applications received under the Planning Act
or Condominium Act the City of Brantford shall locate future stormwater management
facilities outside of the Intake Protection Zone, wherever possible.

3 Existing Subwatershed Conditions

Environmental features within the North Brantford and Tutela Heights subwatersheds Study
Areas that were explored through this study include:

e Groundwater resources, including the quantity of water which is recharged and
discharged from the groundwater table;

e Surface water resources, including assessment of headwater drainage features, the
guantity and quality of water in the watercourses and floodplains, and stream
morphologic features, including areas subject to erosion;

e Agquatic features, including aquatic habitat, benthic macroinvertebrate communities,
fish communities, fish barriers, crossings, and online ponds; and

e Terrestrial features, including vegetation communities, flora, and wildlife.

It is important to recognize that these environmental features are highly inter-related because
of their ecological functions and environmental pathways or linkages. For example, a vegetated
floodplain feature may provide conveyance for floods and spring meltwater, provide habitat for
plants and animals, and provide shade for the watercourse, thereby maintaining cool water
temperatures for fish. Maintaining the function of one feature may require maintaining the
form of all inter-related or overlapping features and the linkages to adjacent areas.

The following sections provide an overview of the environmental features and functions within
the Study Area. The natural ecosystem that existed prior to human settlement has been
altered. Activities that have resulted in change include agricultural practices and the
construction of roads, highways, and buildings. Defining the current state of the environment,
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as well as the relationship between each environmental feature that is present, is necessary in
order to characterize key environmental functions, define opportunities and constraints
associated with future development, and to ultimately establish strategies to protect, enhance,
or restore environmental features over time.

3.1 Field Assessment Approach

The Phase 1 SWS completed by GM BluePlan (2020) completed some field analyses, but was
not able to access all properties, nor complete the full range of investigations required. As such,
Aquafor reviewed the previously completed work, and developed a scope for the required
additional field work to confirm the features present on these properties.

Since the majority of the lands within the Study Area are privately owned, a three-step process
was followed to obtain permission for technical staff to access private property to complete the
required field assessments. This included:

1. Aletter requesting access was sent to all owners with lands in the Study Area registered
in the Municipal Property Assessment Corporation (MPAC) database. This resulted in
fairly poor responses. A copy of this letter is provided in Appendix B.

2. Where houses were present on a property, Aquafor Beech staff knocked on doors to
present the access letter and to request the homeowner grant permission through
signing the letter.

3. The City subsequently provided a list of properties which had been purchased by
developers. A letter was then provided to these developers to request access to public
property.

Through this combined approach, access was granted to 110 properties, including 20 properties
owned by the City of Brantford (Table 3.1 and Figure 3.1). This accounted for approximately
42% of the properties within the Study Area.

Table 3.1: Summary of Property Access

Property Access Status Count
Yes 90
City Property 20
Preliminary Response Only 8
No 19
No Response 124
Total 261

However, the process of receiving permission to access property was delayed due to the poor
responses to steps 1 and 2, listed above. While the initial property access letter was sent on
November 3, 2021, substantial success in receiving property access was not achieved until May
2022. This delay impacted some of the field investigations, as discussed in Sections 3.2 — 3.4.
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Where access to private property was not granted, a desktop analysis was attempted to the
extent possible. However, since many investigations discussed below require property access
for a proper evaluation, these assessments will need to be completed at a later date by the
property developer. These assessments must consider the conditions of the subwatershed in
which it is located, as documented through this Subwatershed Study, as upstream and
downstream conditions will need to be considered as part of the assessment.
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3.2 Groundwater Resources

Groundwater discharge to streams and wetlands provides ecologically significant flows that are
generally more consistent in flow rate, water quality and temperature than either surface
runoff or shallow interflow. Preserving groundwater recharge is also critical to attenuating
storm flows related to urbanization and impervious cover. Maintaining groundwater recharge
and discharge is therefore a key aspect of subwatershed protection and management.

North Brantford and Tutela Heights are located in a complex geologic setting. Permeable glacial
outwash deposits flank and interleave with upland moraine structures. Low permeability
lacustrine deposits are found in the lowland portions of the study area watersheds. This has
resulted in a groundwater flow system with highly variable recharge and discharge rates that
drive watershed function across many scales.

A key objective of the subwatershed study, specifically related to water resources, is to identify
and characterize the hydrogeology of the study area and to develop a conceptual
understanding and the tools needed to protect water quality and maintain surface
water/groundwater interactions within the study area. A particular area of focus is on
guantifying groundwater recharge and discharge and characterizing the connection between
surface water and groundwater, which is important in maintaining stream baseflow that
supports the local aquatic and terrestrial ecosystems.

The Phase 1 Update work builds on the BluePlan (2020) as well as on recent Source Water
Protection studies conducted by Earthfx Incorporated on behalf of the Grand River
Conservation Authority (GRCA). These studies and other local studies are summarized below.

3.2.1 Study Area

The North Brantford and Tutela Heights study areas, shown in Figure 3.2, encompasses two
separate geographical areas within the city limits. However, to provide a sub-regional context
for this study, it was often necessary to examine data and reporting outside the North
Brantford and Tutela Heights study areas. The term “study area” is used in this report when
discussing the physical setting common to the two subwatershed study areas and, in general,
refers to the rectangular area shown in Figure 3.2 bounded by Eastings 557000 to 566500 and
Northings 4771000 to 4786500.

3.2.2 Previous Studies

The Phase 1 Update builds on the recent BluePlan (2020) Phase 1 study. The Phase 1 work in
2020 included a preliminary baseline characterization of the study area utilizing best available
information. A limited Stage 1 field program was conducted and results from this work, along
with visual investigation, identified critical data gaps. No additional hydrogeologic data were
collected; however, the findings were used to define the terms of reference for the Phase 1
Update field program.

Earthfx conducted a Tier 3 Water Budget and Risk Assessment study for the Whitemans Creek
subwatershed. The study (Earthfx, 2018) characterized the hydrology and hydrogeology of the
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Whitemans Creek subwatershed and the surrounding area which included the Tutela Heights
study area. The area is mostly agricultural (75% of land use) and includes a number of
Provincially Significant Wetlands (PSW’s) and sensitive coldwater fisheries. A detailed geologic
conceptual model was developed for the study area incorporating recent work by the Ontario
Geological Survey (OGS). An integrated groundwater/surface water model of the area
surrounding the subwatershed was constructed using the U.S. Geological Survey (USGS)
GSFLOW code (model extent shown in Figure 3.3). The hydrologic submodel represents all
hydrologic processes including runoff, ET, soil moisture, and snowmelt at a 60-m resolution. All
mapped streams, ponds, and wetlands were represented within the integrated model code.
The model was calibrated to match transient streamflow, groundwater, evaporation, and
snowpack observations at numerous locations. The model was applied to simulate the
cumulative effects of pumping, irrigation, drought and groundwater/surface water interaction
and was applied to evaluate alternative agricultural water management policies for the
subwatershed. The conceptual geologic and numerical models were subsequently refined in
the Mt. Pleasant area, located southwest of Tutela Heights, and applied to updated wellhead
protection areas (WHPA) for the Mt. Pleasant municipal wells (Earthfx, 2017).

Earthx Incorporated also conducted a Source Water Protection Study on behalf of the GRCA to
delineate wellhead protection areas for the St. George and Lynden municipal wellfields
(Earthfx, 2018). This study analyzed the hydrology and hydrogeology of the entire Fairchild
Creek subwatershed, which includes the North Brantford area (Figure 3.2). A hydrologic model,
based on the USGS PRMS code, was developed to estimate groundwater recharge over the
Fairchild Creek subwatershed. A steady-state groundwater flow model, based on the USGS
MODFLOW-NWT code (Niswonger et al., 2011) was developed to simulate groundwater flow in
the bedrock and overburden aquifer systems. The models were calibrated to match observed
streamflow at long-term surface water gauges and to match observed groundwater levels.

The work done in developing and calibrating the Fairchild Creek and Whitemans Creek
numerical models provided a valuable starting point for extending the local understanding of
the North Brantford and Tutela Heights area and their highly variable hydrogeologic setting.
Insights obtained from the studies were used to identify locations for new boreholes and other
field investigations and provided a regional framework for the interpretation of the data
collected.
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3.2.3 Physical Setting
3.2.3.1 Topography and Physiography

Earthfx compiled a 5-m digital elevation model based on the latest LiDar data for the area.
Topography within the North Brantford study area, shown in Figure 3.4, slopes primarily from
west to east and ranges from 195 metres above sea level (masl) in the Fairchild Creek valley to
276 masl along the ridge of the Galt Moraine. Topography within the Galt Moraine is
characterized as hummocky. A second height of land, about 258 masl, occurs along the
western part of the secondary study area boundary and is associated with the Moffat Moraine.
East of the Galt Moraine are east-west ridges of shallow-lake glaciolacustrine deposits that are
drained by tributaries to Fairchild Creek. A broader area of shallow-lake glaciolacustrine
deposits is located south of the primary study area and represents much of the developed
portions of North Brantford. The remaining area is gently sloping and is associated with deep
lake glaciolacustrine deposits. The streams have carved steeper valleys through these more
easily eroded sediments.

The Tutela Heights study area is almost entirely located on the deep water glaciolacustrine
deposits. The heights of land follow Tutela Heights Road in the northeast, Mt. Pleasant Road to
the northwest, and Phelps Rd. in the south. The height of land, about 235 masl, occurs at the
intersection of Mt. Pleasant Rd. and Phelps Rd. Topography generally slopes from these ridges
toward Phelps Creek and then towards the east. The lowest elevations, about 188 masl, occur
at the confluence of Phelps Creek and the Grand River at the eastern end of the study area. In
the north, steep slopes occur in the area between Tutela Heights Road and the Grand River
valley. Tutela Heights Road follows a west-east trending ridge of shallow lake glaciolacustrine
deposits. Areas of higher relief, associated with the Moffat Moraine, occur 2 km west of the
study area.

The physiography of the area surrounding North Brantford and Tutela Heights is very diverse,
with portions of several physiographic regions, as defined in Chapman and Putnam (1984),
present. These include the Horseshoe Moraines, Norfolk Sand Plain, and Haldimand Clay Plain
(Figure 3.5). The till moraines and spillways in the western part of the study area are part of the
Horseshoe Moraines, a long moraine system that locally includes the Paris, Galt, and Moffat
Moraines. The deposits are mixed till, kame, and sand and gravel terrace deposits. Portions of
the moraines are hummocky with significant local depressions and ponds. The depressions can
retain water during the spring and serve as areas of focussed groundwater recharge.

The Norfolk Sand Plain is one of two major deltas of glacial Lake Whittlesey and Lake Warren.
Typical of deltaic deposits, the soil within the Norfolk Sand Plain is composed predominantly of
medium to coarse sand. Deposition of these sands proceeded from west to east, resulting in
the partial burial of the Paris, Galt and Moffat moraines. The Haldimand Clay Plain is shown to
lie south and east of the study area. Glacial lakes Whittlesley and Warren covered this area
and, as a result, there are thick sequences of stratified clay overlying clay till. This
physiographic regions map (Figure 3.5) paints an oversimplified picture of the boundaries
between the Norfolk Sand Plain and Haldimand Clay Plain. The maps of quaternary geology of
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the study area, discussed further on, shows that the deeper lacustrine deposits cover most of
the North Brantford area and all of the Tutela Heights area.

3.2.3.2 Bedrock Geology

The study area is underlain by clastic and carbonate sedimentary rocks of Late Ordovician to
Middle Silurian age that make up parts of three major depositional sequences (Johnson et al.,
1992). A generalized schematic showing the bedrock and overburden geologic units beneath
and to the west of the study area is presented in Figure 3.6 The bedrock subcrops become
younger from northeast to southwest. On a regional scale, the strata also dip gently to the
southwest.

The youngest geologic unit that subcrops in the western portion of the study area is the Salina
Group, as shown in Figure 3.7) a thick, complex package of shales, carbonate rocks, and
evaporites (anhydrite, gypsum and halite). Within the Salina Group, eight units of formational
rank have been recognized in the subsurface in Ontario (Armstrong and Carter, 2010), with the
lower two members, occurring beneath the City of Brantford, exhibiting a relative increase in
shale content. BluePlan (2020) indicated the Salina Fm. was karstic southwest of the North
Brantford study area. The Salina is likely to be thin and discontinuous in the study area with
only the uppermost (A sub-member) present. The A sub-member consists of a tan dolomite
and grey mudstone (GRCA, 2008). Two boreholes along Cockshutt Road in the Tutela Heights
study area identified shale at the bedrock surface, the remaining boreholes and all boreholes in
the North Brantford study area indicated limestone at the top of bedrock.

The Middle to Late Silurian Guelph Formation, which comprises thinly-to thickly-bedded
fossiliferous dolostones, typically fine- to medium-crystalline in texture, deposited in both open
marine and lagoonal environments (Brunton, 2009), subcrops in the eastern part of study area
(Figure 3.7). The Guelph formation is generally considered a good water-supply aquifer.

The deeper bedrock units underlying the study area have been referred to by different naming
conventions. For this study, the new integrated nomenclature by Brunton (2009) was followed.
Accordingly, the Eramosa Member of the Eramosa Formation underlies the Guelph Formation.
This unit is composed typically of medium to thick irregular beds of buff, fine to medium
crystalline, sucrosic dolostone (Telford, 1976; Liberty, et al., 1976). The lower part of the
Eramosa Formation includes the Vinemount Shale Beds (Vinemount Member), which act as a
regional aquitard restricting the downward movement of groundwater. The Vinemount Shale
Beds effectively isolate the shallow bedrock aquifer system from the lower bedrock units.
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Figure 3.4: Study area topography, in metres above sea level (masl).

Aguafor Beech Limited Ref. No. 66955 33



North Brantford and Tutela Heights Subwatershed Study

Phase 1 Update Report — Final Report

November 2024

T

=7
il o002y

\ T

1

SRS

|
N
'-\""k

2

& 0
~ * "‘."-I
—3 f
g "%
= Ly
3
— o
=}
E=)
L= B
s
|
—
o
o,
o
il | | | |
fL 5 S('\
egend: f
Roads - River/Stream / %@&I{?mum
Highway I Lake | Wetland LRl it m el 2
e Hwy. 403 =.=.: Primary Study Area North Brantford and Tutela Heights
===+ Secondary Study Area Subwatershed Study Update - Phase 2 y.
===« Tartiary Study Area
[ Till Moraines (Horseshoe) )
[ spillways
1 sand Plains (Norfolk) Physiography of the
[ Clay Plains (Haldimand)
Data Sources: Study Area
Produced with information provided by the e R ———
GRGA and the Ministry of Natural Resources o 1000 2000
e o Units: UTM NADB3 Zone 17
N J

Figure 3.5: Physiographic features within the study area (after Chapman and Putnam, 1984).
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Figure 3.6: Generalized schematic showing the bedrock and overburden geologic units (after

Earthfx, 2018).
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Next in the succession are the thick, medium- to coarse-grained dolostones that form the
caprock of the Niagara Escarpment. These rocks are mapped as the Goat Island and Gasport
Formations (Liberty et al., 1976a) and were formerly referred to as the Amabel Formation. The
Goat Island and Gasport Formations are a regionally-important source of groundwater.
Brunton and Brintnell (2011) noted that the variable paleotopography on the Gasport
Formation was the main control on the character and presence or absence of the overlying
Goat Island and Eramosa Formations. The Goat Island Formation is divided into two members.
The Niagara Falls Member is composed of finely-crystalline, crinoidal grainstones and is overlain
by the chert-rich finely crystalline Ancaster Member (Brunton, 2009). These deeper bedrock
units outcrop to the east at the Niagara Escarpment and within the Dundas Bedrock valley near
Copetown. Groundwater levels and flow directions are influenced by regional drainage
towards the valley.

3.2.3.2.1 Bedrock Surface

The bedrock surface in the Fairchild Creek subwatershed was interpolated from numerous
water well logs in the Ontario Ministry of Conservation and Parks (MECP) Water Well
Information System (WWIS) database (Earthfx, 2018). The bedrock surface within the study
area is presented in Figure 3.8. As noted earlier, the regional bedrock surface dips gently to the
southwest. Locally, the surface slopes to the east towards the Dundas bedrock valley near
Copetown. Higher bedrock elevations (greater than 220 masl) occur just south of the North
Brantford study area. A local low is (less than 160 masl) is interpreted under the Tutela Heights
study area.
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Figure 3.8: Bedrock surface topography (after Earthfx, 2018).
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3.2.4 Quaternary Geology

The materials overlying bedrock in the study area are mainly glacial, glaciofluvial, and
glaciolacustrine sediments deposited in the latter part of the Wisconsinan stage of the
Pleistocene Epoch (see Figure 3.6). The tills in the study area are generally associated with the
Port Bruce phase of the Late Wisconsin, during which a number of ice advances out of the Lake
Ontario basin resulted in the deposition of extensive till sheets as well as the Paris, Galt, and
Moffatt end moraines that occur in the western portion of the study area. A relative time-
distance diagram of the tills is shown in Figure 3.9.

12,0000 yrs BP

Lake Ontario Basin Tills

% 3 s Port Hi Ph
Late Wisconsinan Relative t———__ﬁ;’- ort Huron Phase
Time/Distance
Mackinaw Phase
\"”ﬂ
1
Port Siaiey TH
7 » Port Bruce Phase
Marytil 7H

> ] Erle Phase

Catfih Croak T8 Nissouri Phase

20,000 yrs 8P

(Ages given are approximala)

Distance from the Lake Ontario basin
(not to scale)

Figure 3.9: Late Wisconsin (Michigan Subepisode) till relative time-distance diagram (Karrow,
2005)

Surficial geology for the study area is shown in Figure 3.10 and is based on a digital compilation
by the Ontario Geological Survey (OGS, 2010) of earlier maps. There are only five significant
units that are exposed in the area. The Wentworth Till is the youngest of the till units
underlying the surface area. It was mapped at surface by Karrow (1987) where it outcrops west
of the North Brantford study area, making up the Paris, Galt, and Moffat Moraines. The
Wentworth Till is generally a sandy-silt to silty-sand till and locally can be very stony. Water
well records strongly suggest that there are older tills at depth, likely the Port Stanley and
Maryhill tills (Port Bruce Phase) and possibly, the older (Erie Phase) Catfish Creek Till (Figure
3.6). These are tills associated with the phases of ice advancement out of Lake Ontario are
readily correlated in boreholes record because the ice advancement processes resulted in a
large-scale regional deposition pattern. The sediments separating the tills, if present, are
probably mainly glaciolacustrine deposits of silt and fine sand.

The Mackinaw phase followed the Port Bruce phase and was mainly a time of ice recession
from the area with active glaciofluvial and glaciolacustrine sedimentation. The extensive sands
and gravels of the Grand River outwash were deposited at this time (Bajc and Dodge, 2011) and
occur mainly west of the study area. The Erie-Ontario ice lobe later re-advanced through the
study area as far as the Paris Moraine, overriding areas of outwash and depositing the
Wentworth Till, a very silty, often stony, sand diamicton (Karrow, 1993; Bajc and Dodge, 2011).
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Both the advance and retreat of the Wentworth ice were accompanied by deposition of
extensive proglacial outwash, along with glaciolacustrine sedimentation where outwash flows
reached glacial Lake Whittlesey (Cowan, 1975; Barnett, 1978). The sandy outwash deposits can
be seen mainly in the western part of the North Brantford area. Finer-grained materials were
deposited to the east and form the thick glaciolacustrine deposits underlying most of the North
Brantford and Tutela Heights areas.

The total overburden thickness is highly variable, with areas of thinly-covered bedrock in the
river valleys (Figure 3.11). Overburden thickness exceeds 70 m under the moraines along the
western portion of the North Brantford study area. It also exceeds 70 m in the southern part of
the Tutela Heights study area primarily due to the depression in the bedrock surface.

Figure 3.45 shows a west to east section across the North Brantford study area illustrating the
sequence of stratigraphic unit in comprising the bedrock and overburden. The section location
is shown on the inset map. Lithologic logs for boreholes in the MECP WWIS database having
good quality location data and geologic descriptions, located within 250 metres of the section
line) are posted on the sections along with logs for the new boreholes drilled for this study. The
nomenclature for the geologic units follows that used in the Tier 3 Water Budget Assessment
for the Whitemans Creek subwatershed (Earthfx, 2017) and the Fairchild Creek model
development (Earthfx, 2018). A west to east section through Tutela Heights is shown in Figure
3.46.
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Figure 3.10: Surficial geology of the study area (after OGS, 2010).
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Figure 3.11: Overburden thickness in the study area.
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3.2.5 Field Program
3.2.5.1 Drilling and Monitoring Well Installation

Four nested (shallow and deep) monitoring wells clusters were installed at three locations in
North Brantford and one cluster in Tutela Heights (two monitors each at MW1-MWy4, for a total
of 8 monitoring wells). Three supplemental single depth monitoring wells were drilled, two in
the eastern part of North Brantford and one in the eastern part of Tutela Heights (MW5-MW?7,
each with one monitoring interval). The borehole locations are shown in Figure 3.13. The
locations of other wells with geologic information (of varying quality) are also shown on Figure
3.13. The purpose of the drilling program was to supplement existing information and to define
local geologic and hydrogeologic conditions. The boreholes were equipped with monitoring
wells and loggers to record seasonal fluctuation of groundwater levels. The nested well
clusters, with deep and shallow wells, provide additional data on groundwater gradients
(vertical differences in groundwater levels with depth).

The number of wells installed was based on recommendations from BluePlan (2020). Initial
sites were selected based on insights obtained from the previous work in the area. In some
cases, site access constraints required adjustments to the final well locations. Location details
are shown in Figure 3.12 through Figure 3.18. All installation, logging, surveying, and testing of
the new wells was conducted according to industry standards by Whitewater Hydrogeology.

3.2.5.2 Geologic Logs

Hollow-stem continuous-flight augers were used for the geologic drilling and installation of the
monitoring wells (Figure 3.12). No drilling fluids were used and disturbance to the native
geologic materials was minimal. The monitoring wells were constructed of 2” diameter PVC to
allow for water level monitoring and slug testing, and all met Ontario Regulation 903, as
amended. The wells were first developed to improve hydraulic connection with the native
material and ensure collection of representative water levels and samples. Construction details
are provided in Table 3.2.

The sediments encountered were predominantly low permeability silts and clays, with the
exception of MW2, which encountered a 7 m thick sequence of coarse sand at depth. Geologic
logs for all wells are provided in Appendix R.
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Figure 3.12: Well drilling at MW-1 (left) and well completion at MW-4 (right).
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Table 3.2: Well construction details.

Name Easting | Northing Grl?l\l:.n ‘ Ul [P |iiz?,:| LELE T | Ly | Sl
(m) (m) (mbtoc) Installed | Test
(masl) (mbgs)

MW1c-shallow | 555845 | 4781293 | 231.97 0.0 6.18| 4.66| 6.18 Y Y
MW1c-deep 555844 | 4781295 | 231.83 0.0 | 17.06 | 15.54 | 17.06 Y Y
MP-1 555845 | 4781294 | 244.71 0.0 1.05| 0.15| 1.05 dry Y Y
MW2c-shallow | 554391 | 4782878 | 250.25 0.0 6.18| 4.88| 6.18 Y Y
MW2c-deep 554387 | 4782877 | 250.15 0.0 12.73 | 11.21|12.73 Y Y
MP-2 554389 | 4782878 | 245.74 1.0 1.05| 0.15| 1.05 dry N

MW3c-shallow | 555384 | 4784637 | 240.18 1.0 565| 3.13| 4.65 1.88 Y Y
MW3c-deep 555384 | 4784637 | 240.18 1.0| 13.29| 10.24 | 13.29 flowing Y

MP-3 555384 | 4784640 | 237.66 1.0 1.05| 0.15| 1.05 1.71 N Y
MW4c-shallow | 558623 | 4772658 | 224.33 0.7 6.14| 462 | 6.14 2.62 Y Y
MW4c-deep 558621 | 4772654 | 223.37 0.7 | 18.39 | 15.35 | 18.39 6.19 Y Y
MP-4 558622 | 4772659 | 227.28 1.0 1.05| 0.15| 1.05 dry N Y
MWS5d 560311 | 4783486 | 225.03 0.7 | 14.87 | 11.83 | 14.87 4.44 Y Y
MP-5 560311 | 4783486 | 210.01 1.0 1.05| 0.15| 1.05 dry Y Y
MWeéd 563666 | 4780843 | 216.69 0.76 | 15.01 | 11.97 | 15.01 3.81 Y

MP-6 563665 | 4780844 | 216.23 1.0 1.05| 0.15| 1.05 dry N

MW7d 560350 | 4772205 | 212.68 0.85| 15.25|12.21 | 15.25 6.91 Y Y
MP-7 560351 | 4772205 | 219.08 1.0 1.05| 0.15] 1.05 dry N Y
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Figure 3.13: Location of new boreholes and other boreholes with geologic information.
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Figure 3.14: Location of MW3 (Clarke Rd. south of German School Rd.).
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Figure 3.17: Location of MW6 (East end of Lynden Rd. at Garden Ave.).
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Figure 3.18: Location of MW7 (Tutela Heights Rd. east of Rue Chateaux Terrace).
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3.2.5.3 Single Well Response Tests

Single well response tests (SWRTs) were conducted at the monitor locations to provide
information on the hydraulic conductivity of the formation. Water levels in the wells were
raised by injected a measured volume of water and the water levels are monitored over time as
they declined. The SWRTs were analyzed using the Hvorslev (1951) method in which the
outflow from the well at a selected time is assumed to be proportional to the hydraulic
conductivity of the soil and the residual head difference. The well radius (a factor in the
Hvorslev relation) includes the well screen and the sand pack. The ratio of horizontal to vertical
hydraulic conductivity (anisotropy) was assumed to be equal to 3.0.

Figure 3.19 shows the well response in terms of residual drawdowns for the SWRTs. The
response in wells OW2-S and OW2-D were too fast to record and indicate very high hydraulic
conductivity for the sands encountered in the boreholes (see Figure 3.20).

Conversely, Well OW1-D shows an extremely slow response, indicative of a very low hydraulic
conductivity. The other hydraulic conductivity values ranged between 2.2x10® and 1.6x10°®
m/s, typical for glaciolacustrine materials ranging from clayey silt to silty fine sand.

Table 3.3: Summary of hydraulic conductivity testing.

Well Efi":;(::lllv € Screen | Hydraulic
Well Radius . Length | Conductivity
m) | RO ) | (mys)
(m)

OW1-S 1.524 1.09x10”7
OW1-D 3.038 7.83x107°
OW3-S 1.524 2.77x10°
OW3-S (dup) 1.524 1.56x10°
OWw4-S 0.0254 0.176 1.524 2.23x107
Ow4-D 3.038 3.36x10”7
OWS5-D 3.038 2.19x10°8
OW7-D 3.038 3.27x10°®
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Figure 3.19: Residual drawdowns versus time for single well response tests.
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Figure 3.20: Fractures in silt/silt clay matrix filled with fine sand at MW-1 (left) and coarse
sand encountered at MW2-D (right).
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3.2.5.4 Groundwater Level Monitoring

Groundwater level monitoring using data loggers was conducted for a 6-month period to assess
seasonal fluctuations in groundwater levels and to assess response to recharge events. Data
from nearby Provincial Groundwater Monitoring Network (PGMN) sites were to be compiled
for comparison and assessment against longer-term trends however the groundwater level
data have not been updated by MECP since November 2018. The GRCA has recently released
current data for their wells and we were able to compile a recent record for a nearby well in
Burford, located about 12 km west of the Tutela Heights study area.

Figure 3.21 presents the observed groundwater groundwater levels at MW1-S and MW1-D,
located in the western part of North Brantford for May to November 2022. Earthfx also
obtained and processed the Canadian Surface Prediction Archive (CaSPAr) rainfall data for the
same period. The Canada Precipitation Analysis data set (CaPA_fine) contains hourly
precipitation data interpolated to a 2.5 km grid. The data were summed to create a daily
coverage that starts on March 3, 2018. The data set is extremely useful because there are few
remaining operational Environment Canada rainfall gauges in proximity to the study area. The
CaSPAr data are presented with an inverted scale on the secondary y-axis of the hydrograph.
The hydrograph shows that groundwater levels are higher at depth within the formation and
that the shallow well responds, although in a subdued manner, to larger rainfall events while
the deeper well does not. Both wells show the prolonged decline (recession) in water levels
during the summer and a small recovery in the fall.

Figure 3.22 presents the observed groundwater groundwater levels at MW2-S and MW2-D for
May to November 2022. The hydrograph shows that groundwater levels are higher in the
shallow well at this location. The deeper well shows a 