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Executive Summary

Overview

The City of Brantford has undertaken a Municipal Class Environmental Assessment (EA) for the purpose of
addressing slope stability issues along Colborne Street (East), in the area known as ‘the Oxbow’. The site has a
history of slope stability concerns and experienced a major slope failure in May 1986, which led to the destruction of
the CN Railway and forced the evacuation of a number of residents along Colborne Street (East), within the study
area.

Problem Statement (Phase 1 of the Municipal Class EA Process)

In May 1986, a major landslide occurred between Colborne Street East and the north bank of the Grand River,
between Calvin Street to the west and Johnson Road to the east. The City of Brantford has performed slope
monitoring of the area ever since, typically on an annual basis. Several studies have been completed to determine
the cause and effects of the landslide. Monitoring shows that slope movement continues to occur. Slope stability
concerns revolve around soil type, moisture issues, and toe erosion. This Class EA has been initiated to develop
feasible alternatives to address stability concerns and to create a management strategy for the area. It is being
completed under Schedule “C” of the Municipal Class EA process.

Background Studies

The slope has been the subject of several studies since 1986, including several slope monitoring programs,
geotechnical studies leading to the removal of the CN Railway in 1998, and a previous EA completed in 1995. The
1995 EA initiated by the Grand River Conservation Authority (GRCA) identified the preferred alternative as “Toe
Protection with Minor Filling and Trimming Design”, which aimed to protect the toe of the slope along the Grand
River in combination with minor grading of the slope to improve stability. However, the preferred alternative was not
implemented at that time.

Existing Conditions Characterization

Existing conditions along the slope within the study area were characterized in detail to provide an effective basis of
evaluation of potential slope stabilization alternatives within the context of the Municipal Class EA. Field and
desktop reconnaissance included site walks, LIDAR topographic survey, geotechnical review and field investigation,
analysis of the ongoing slope monitoring results, geomorphic characterization, natural environment investigations, a
Stage 1 Archaeological Assessment, an assessment of the social and cultural environment, and an economic cost
and life cycle analysis. This chapter describes the technical, ecological, and social environments in the study area.

The Study Problem Statement, Environmental Assessment Process and Existing Conditions Characterization was
presented in a Public Information Centre (PIC) on September 13, 2018.

Alternative Solutions (Phase 2 of the Municipal Class EA Process)

An initial list of alternative solutions was developed with consideration given to the alternatives evaluated in the
previous 1995 Environmental Study Report (ESR) which was updated in 2012. The geotechnical assessment of the
study area determined that the stable slope ratio is 5.4:1 (horizontal to vertical) and the alternative solutions were
developed to provide that stable slope condition (which is not present under the existing conditions). To achieve a
stable slope, either the top of slope or bottom of slope would have to be moved from their current alignments - this
approach lead to the development of the following alternative solutions:
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Alt. Solution 1. Do nothing; continue with the current monitoring program and re-evaluate in the
future (a baseline comparison case for the evaluation);

Alt. Solution 2. Monitoring; Assessment and Phased Stabilization;

Alt. Solution 3. Altering the level of service along Colborne Street East by setting the slope line
north, in order to achieve a stable slope ling;

Alt. Solution 4. Providing some form of mechanical stabilization to the slope to allow the slope to

remain stable with a steeper slope than 5.4:1 (horizontal to vertical), while
maintaining the constraints at the toe and top of slope; or

Alt. Solution 5. Relocating the Grand River banks further south in order to achieve a stable slope
line.

The Study Team assessed the Alternative Solutions against the evaluation criteria which included Public Health and
Safety, Technical, Environmental, Archaeological and Heritage Resources, Socio-economic, Construction Cost, and
Constructability. Following the initial evaluation, Alternative Solution 2 (Monitoring, Assessment, and Phased
Stabilization) was presented as the preferred solution at the second PIC on March 12, 2019.

The comments and feedback received at the second PIC indicated that there was significant public interest to avoid
alternative solutions that solely focused on further monitoring without implementing some form of physical slope
stabilization. As a result, the preferred alternative carried forward was a hybrid of Alternative Solutions 2 and 4.

Alternative Designs (Phase 3 of the Municipal Class EA Process)

Based on the feedback from the second Public Information Centre (PIC) in March 2019 and the selection of the
Alternative Solution (2 and 4), four (4) elements/components were identified and considered through the
development of the Alternative Design Concepts. These elements included drainage of the slope, slope toe
protection along the Grand River, mechanical stabilization of the slope and ongoing monitoring/assessment. Design
Alternatives were developed and included concepts for each of the four elements.

Preferred Alternative Design

The Study Team assessed the Alternative Designs against the evaluation criteria which included Public Health and
Safety, Technical, Environmental, Archaeological and Heritage Resources, Socio-economic, Construction Cost, and
Constructability. The preferred Alternative Design was presented at the third Public Information Centre (PIC), held in
November 2019. The preferred Alternative Design, as presented at the third PIC includes the following elements to
be implemented with a phased approach:

Phase 1:
¢ Installation of a rock toe protection along the Grand River
e Installation of rock fingers (tied into and extending up from the toe of the slope) to facilitate draining of
the lower slope and lower of the groundwater to the extent possible
e Installation of an overland flow/drainage strategy including collection trenches, slope drainage pipes and
culverts under the existing Rail Trail
e Continued monitoring, including building upon the baseline LiDAR topography

Phase 2:
e Installation of a lower slope rock ballast as a form of mechanical stabilization
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This preferred Alternative Design is being recommended for Implementation (Phase 5 of the Municipal EA process).
The project is anticipated to have some environmental impacts as a result of the phased construction approach,
which are intended to be mitigated to the extent possible in the Implementation Phase (through detailed design), and
are considered acceptable to mitigate the potential risk of further slope failure that could have significant impacts to
municipally owned infrastructure, transportation along Colborne Street (East), and local residents.

Public and Agency Consultation

In addition to a Notice of Commencement and a Notice of Completion of the Study being distributed to agencies,
authorities and utilities, and published for the public, the study also included three (3) Public Information Centres,
corresponding to Phases 1, 2, and 3 of the Municipal Class Environmental Process. The Study Team also
developed and delivered a First Nations Consultation Plan for the Six Nations of the Grand River and the
Mississaugas of the New Credit and presented the materials from the second Public Information Centre to the Six
Nations representatives in March 2019.

This Environmental Study Report (ESR) will be placed on Public Record (Phase 4 of the Municipal EA process)
following the Notice of Study Completion. The public will have the opportunity to review the ESR in full and make
comments/express concerns to the Study Team.

Project Implementation

Detailed design is required to ensure that recommended works will be sustainable considering the flow
characteristics of the Grand River and slope processes, to confirm the location of the overland drainage network and
sizes, to confirm the limits and scope of the rock fingers and the mechanical stabilization, and to develop
engineering drawings for tender and construction.

Following the completion of design and acquisition of the required permits and approvals (anticipated approvals
required from Grand River Conservation Authority (GRCA), Ministry of Natural Resources and Forestry (MNRF) and
Department of Fisheries and Oceans (DFQ)), eligible contractors are recommended to be evaluated and pre-
qualified to help contribute to the quality and effectiveness of implementation. This should be based on their
previous larger scale water course rehabilitation and erosion control experience, with particular emphasis on in-
water work experience.

Preliminary Cost Estimate

A preliminary cost estimate has been developed for capital planning and budget purposes. This cost estimate has
been broken down based on the key elements of the preferred Alternative Design.

Preferred Design Element Estimate Cost
Interceptor trenches and drainage pipes $1.0 million

Rock fingers $1.2 million

Rock toe protection (Grand River) $0.7 million
Additional monitoring $20,000 per annum

Rock ballast $3.4 million
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1. Introduction
1.1 Problem Statement

In May 1986, a major landslide occurred between Colborne Street East and the north bank of the Grand River,
between Calvin Street to the west and Johnson Road to the east. The City of Brantford has performed slope
monitoring of the area ever since, typically on an annual basis. Several studies have been completed to determine
cause and effects of the landslide. Monitoring shows that slope movement continues to occur. Slope stability
concerns revolve around soil type, moisture issues, and toe erosion. This Class Environmental Assessment (EA)
has been initiated to develop feasible alternatives to address stability concerns and to create a management
strategy for the area. It is being completed under Schedule “C” of the Municipal Class EA process.

1.2 Study Area

The Grand River flows through the City of Brantford and has a section known as ‘the Oxbow’ near Colborne Street
East. The study area is located north of the Grand River and includes the slope of concern as well as the
neighbourhoods north of Colborne Street East between Calvin Street and Johnson Road. The study area is shown in
Figure 1-1. The slope monitoring area (referred to as the site in this report) is a smaller area within the study area
where the major slope failure of 1986 occurred and where the slope has been monitored. The study area covers a
larger extent in order to consider socioeconomic factors that may be impacted as required by the EA process. The
study area also includes the Hamilton-Brantford Rail Trail, located along the former Canadian Pacific Railway. The
total study area is approximately 0.63 km?; the slope monitoring area is approximately 0.17 km?2.



o .w_%w:.ww.,_%:_usmwmax "SU] AIBA0 5% W}SAS003 JNOUYM BUMEIp SI SaIpoLL N X - . --._-;BEEQ
ibelaon sauste s ; _ : REmivsg) £55n) S S U ‘NoI S e 3 .ugm LRMES
e _ (@lio0iovESOSRY G Do e W ooc 0s-1

20/610¢ :8keq
V3 uonez|liqels odo|s - jseg
}9311S duloq[o) Hzgl 30sloid

- 6€81\:3 Uled Juswnooq

-

@
3
S
o
g
8
«
=
=
b
o
3
2
@
@
@
=)
£
x
S
@
Y]
kS
@
€
S
<
>
@
o
o
°
2
B
2
=
5
N
)
S
©
<]
N
1)
b
3
X
a

ue|d uonedo aHS
L-1 @inbi4

v3a uonezijiqe}s adojs
(3sea) joang auioqjon




Ecosystem Recovery Inc. City of Brantford Colborne Street East - Slope Stabilization Municipal
Class Environmental Assessment September 2020

1.3 Background
1.3.1 Site Overview and Timeline

The site experienced a major slope failure on May 20, 1986 on the north slope of the Grand River. An
Environmental Study Report (ESR) from 1995 states that the landslide was primarily caused by oversteepening due
to erosion at the toe of slope, coupled with high groundwater levels within the slope. The landslide impacted several
commercial and residential properties along Colborne Street East as well as the Canadian Pacific Railway
(previously known as the Toronto, Hamilton & Buffalo Railway) near the toe of the slope. The landslide area
occurred across approximately 280 m of the slope.

Following the major slope failure in May 1986, a number of studies were undertaken to analyze the cause of the
failure and install monitoring equipment. Studies were undertaken by both Golder Associates and Trow
Geotechnical Limited on behalf of the Grand River Conservation Authority (GRCA) and Canadian Pacific (CP)
Railway, respectively. The first comprehensive study completed for GRCA was the Preliminary Engineering Study
Report in 1987. Following the initial studies, the CP Railway was removed in 1988 and converted to the existing
Hamilton-Brantford Rail Trail in 1996. An ESR was completed in 1995, which provided a characterization of existing
conditions and presented alternative designs for structural stabilization solutions. A number of additional studies and
updates to the ESR have been completed since its initial release; these are summarized in Section 1.3.2.

Slope monitoring equipment was installed in 1986 following the major landslide event. Inclinometer data (a device
used to measure the angle of a slope) has been monitored since 1986, typically on an annual basis. Numerous
boreholes have also been advanced in the study area between 1986 and 2019.

At the time of the 1986 landslide failure, there was a total of about 39 properties within the study area. Between
1986 and the completion of the 1995 EA, several properties were acquired by the City and demolished; as of May
1995 a total of 14 properties were identified in the study area with a total estimated market value of $1,305,500. By
2012, an additional eight (8) properties had been acquired, with seven (7) private property owners still located within
the slope monitoring area. Presently, there are six (6) properties which are privately owned located within the slope
monitoring area. These include:

e Three residential properties on Clara Crescent (32, 40, and 46 Clara Crescent);

e The Brantford Christian School on 30 Clara Crescent;

e Aresidential property on 73 Beach Road; and

e Aresidential property on 981 Colborne Street East (this structure is no longer present on site).

1.3.2  Summary of Previous Studies

This section provides a summary of previously completed studies related to the study area since the 1986 landslide
event.

1.3.2.1  Preliminary Geotechnical Assessment, Grand River Valley Wall (Golder Associates), 1986

A Preliminary Geotechnical Assessment was completed by Golder Associates in June 1986, following the May 1986
landslide event. The assessment characterized the geotechnical conditions of the site, including a description of the
slope as approximately 30 m high, consisting of an upper and lower zone, and possessing an overall slope angle of
14° to 16.5°. The subsurface is described as an extensive deposit of clayey soils with occasional granular layers
overlying bedrock; the groundwater levels are described as high with artesian pressures suspected in the area of the
lower slope and floodplain. The failure was attributed to a combination of ongoing erosion at the toe of the slope and
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high groundwater levels. The slope failure was suspected to be caused by an initial failure in the lower slope which
removed the support for the upper slope, followed by the 1986 failure of the upper slope. The slope was considered
to be inherently unstable, with an expectation of ongoing movements and failures without remedial measures.

Four (4) remedial measures were considered, including the Do Nothing alternative and three forms of erosion
protection paired with cutting, filling, and/or regrading. The cost estimates for the alternatives excluding the Do
Nothing alternative ranged from $6 to $11 million.

This geotechnical assessment was used to inform the geotechnical evaluation in the 1987 Preliminary Engineering
Study report.

1.3.2.2 Geotechnical Investigation Brantford Landslide (Trow Geotechnical Limited), 1986

A geotechnical investigation was undertaken by Trow Geotechnical Limited at the request of Canadian Pacific
Railway. The purpose of this study was to establish the geotechnical conditions and level of slope stability within the
study area, provide preliminary comments on remedial measures, and comment on the impact of reinstating the
disturbed railway tracks. The investigation included the advancement of 14 boreholes, as well as piezometers and
slope inclinometers to monitor the slope.

The slope was characterized as approximately 30 m high with a slope between 3.5 to 4.4 horizontal to one (1.0)
vertical. The soil in the slope was comprised of mostly glaciolacustrine sediments consisting of silt, clay, and sand;
the soil stratigraphy was described as ‘very complex’.

The primary causes of the failure were found to be the high groundwater table and undercutting of the toe of the
slope by the Grand River. The toe of the slope was estimated to have eroded between 13.0 m and 16.5 m from
1913 to 1986 (pre-slide), with the crest of the slope regressed between 2.8 m and 13.0 m in the same time period.

Secondary factors contributing to slope failure included placement of fill along the slope, railway loading and
vibrations, discharge of water onto the slope from lawn watering, and leakage from various sources such as
swimming pools and sewers. The traffic on Colborne Street East was not considered to have had an impact on the
stability of the slope.

The reinstatement of the railway track was considered feasible if remedial measures and continued monitoring were
implemented. The recommended remedial measures would include toe protection to prevent erosion and flattening
of the slope to a stable angle.

1.3.2.3  Preliminary Engineering Study, Grand River Valley Slope Failure (Golder Associates), 1987

The Preliminary Engineering Study was prepared for GRCA in May 1987 by Golder Associates. The study was
initiated following the landslide in 1986 and was completed to evaluate alternative remedial measures to stabilize the
valley slope within the study area. The study considered the existing conditions including geotechnical conditions,
river hydraulics, transportation and municipal services, environmental impacts, existing properties, economics and
cost-benefit, and land use planning. The study stated that the 1986 landslide was largely caused by a combination
of oversteepening of the clay slope due to river erosion at the toe of the slope and high groundwater levels within the
clay soils.

Six (6) alternatives for slope remediation were considered, including their relative economic, social, and
environmental costs and benefits. The alternatives included:

1. Do Nothing

2. Relocate Colborne Street

3. Fill Only
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4, Cut and Fill
5. Cut Only
6. Oxbow Cut Off

The recommended alternative was to implement the cut and fill scheme, including:

e Protection of the valley slope by fill placement at the toe and excavation trimming at the upper portion, with
provision of adequate river erosion protection at the toe of the stabilized slope;

e Acquisition of all properties south of Colborne Street (east of Clara Crescent and south of Calvin Street)
within the study area to reduce the risk to life; and

¢ Implementation of several planning controls, including freezing the current land use and prohibiting building
in the study area until stabilization works are carried out, designating the study area as a special hazard
category in the Official Plan, and registration of fill lines pursuant to O. Reg. 154/86 under the Conservation
Authorities Act to prevent dumping or placing of fill within the study area.

Preliminary design drawings of the recommended plan were also produced. The estimated cost of the project in
1987 was $12.4 million for an immediate construction, or $14.9 million for a phased construction.

1.3.2.4  Update of Preliminary Engineering Study, Grand River Valley Slope Failure (Golder Associates), 1992

The Preliminary Engineering Study released in May 1987 was updated in 1992 by Golder Associates. The study
was done to re-evaluate the alternatives and their economic costs in consideration of the GRCA’s purchase of
properties on Colborne Street East, the formal abandonment of the railway line and the storm sewer down the slope,
and the reconstruction of Colborne Street on the east end of the site.

The update considered the six (6) alternatives from the original study, as well as an additional alternative consisting
of erosion protection at the toe of the slope and riverbank. The recommended alternative was the erosion protection
scheme, which included:
e Placement of suitable riprap to protect the riverbank toe of slope zone;
e Minor cutting and regrading of the banks, as well as minor regrading of steep portions of the upper slope to
provide a suitable slope for table lands; and
e The same property acquisition and planning controls recommended in the original 1987 study.

The estimated cost of the construction of the recommended scheme in 1992 was approximately $6.0 million. Annual
maintenance and monitoring was estimated to cost $20,000.

1.3.2.5 Environmental Study Report, Grand River Slope Stabilization Class Environmental Assessment (Golder
Associates), 1995

The GRCA initiated the undertaking of a Class Environmental Assessment in 1993 in order to protect life and
property from another major slope failure. It was determined that an Environmental Study Report (ESR) was
required based on the potential for the project to produce negative impacts, and trade-offs must be made in
choosing among alternative methods of remedial work. The study characterized the existing conditions in terms of
the physical environment, biological environment, socio-economic environment, cultural environment and the
engineering or technical environment.

The three (3) options presented for the Class EA planning process were do nothing, land acquisition or
floodproofing, and structural works. It was determined that implementing structural works was the only option that
would reduce the potential for another major slope failure and met the requirements for remedial flood and erosion
control projects. Eight (8) alternative methods for structural works were examined, including:

1. Do nothing;
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Relocate Colborne Street;

Fill only;

Cut and fill;

Cut only;

Oxbow cut off;

. Toe erosion protection; and

7A. Toe erosion protection with minor filling and trimming.

No oM wN

The alternative methods were evaluated based on a number of criteria, including public health and safety, physical,
biological and environmental, heritage and archaeological resource, social, economic, and engineering criteria. The
preferred alternative was Alternative 7A, which included:
e Erosion protection in the form of riprap along the toe of the slope, with minor localized regrading of the lower
portion of the slope to accommodate the erosion protection works;
e Minor cut and fill works on the upper portion of the slope; and
e Property acquisitions, including six (6) or seven (7) of the 14 properties present at the time of the study

The preliminary design drawings for the preferred alternative were provided in the study. The estimated cost of the
preferred alternative, including construction and property acquisition costs, was estimated in 1995 to be
approximately $4.6 million, with an additional annual average maintenance cost of $20,000 for 20 years.

1.3.2.6  Update of Engineering Component 1995 Environmental Study Report (Golder Associates), 2012

An update to the engineering component and costs identified in the 1995 ESR was prepared by Golder Associates in
2012, which included a re-evaluation of the slope stability and preferred alternative using the available data.

At the time of the 2012 update, seven (7) properties were occupied within the study area, in comparison to the 14
noted in the 1995 ESR. The additional stability analysis conducted in this study examined factors of safety for
failures impacting Colborne Street East and buried utilities within the right of way. The estimated the factors of
safety were between 1.2 and 1.5, indicating low probability of failure. The study also noted that the debris deposited
into the Grand River as a result of the 1986 landslide event had mostly eroded away, and the Grand River had
mostly returned to its pre-failure average width of 50 m. The four characteristic zones identified in the 1987
Preliminary Engineering Study on the basis of slope geometry were labelled Zones A to D, with Zones B and C
being subdivided further into Zones B1, B2, B3, C1, and C2. The characteristic slope zones are shown in Figure
1-2 (ERI, 2015). The apparent rate of toe erosion within Zone A appeared to have increased to 0.5 m per year, with
an apparent erosion rate of 0.4 m per year in Zones B, C, and D.
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Figure 1-2. Characteristic Slope Zones

The review of the remedial options indicated that Alternative 7A from the 1995 ESR remained the preferred
alternative. The updated cost estimate of the alternative was approximately $5.7 million. It was also recommended
that the design of the alternative should include improvements to surface drainage across the site. It was noted that
a detailed EA would be required if the preferred alternative was adopted by the City of Brantford.

1.3.2.7 Grand River Valley Slope Monitoring, Colborne Street East Landslide Area (Golder Associates), 2014,
Updated 2015

Grand River Valley Slope Monitoring Reports have been released periodically by Golder Associates since 1992; for
brevity, the discussion from the most recent 2014/2015 report is summarized here.

The borehole inclinometers indicated larger deformations (20 mm — 40 mm) in boreholes 104B and 105B east of the
former landslide area in slope Zones B2 and C1. Breaks and kinks in inclinometers were noted in boreholes
between 103 (located within the former landslide area) and 107 (east of the landslide area). Deformations between
20 mm and 200 mm were previously noted in 2011 and 2012 at boreholes between 103 and 105B located in slope
zones A, B2, and C1. Borehole locations are shown on the Golder Figure 1 in Appendix A.

The borehole inclinometer monitoring is noted to be consistent with ground surface displacement measurements,
with larger deformations in the order of 30 mm to 140 mm between 2011 and 2012 noted in Zones B2 and C1 in the
central portion of the slope where tension cracks were previously observed. Ground surface deformations in the
order of 65 mm to 300 mm were measured in the lower portion of the slope near the river's edge in slope zones B1,
B2 and C1.

The piezometer monitoring indicated that groundwater surface elevations were within typical ranges between 2011
and 2012, with some slightly lower than normal groundwater surface elevations noted in some piezometers.

The report states that increased rates of deformation have been in response to elevated groundwater levels after
extended periods of rainfall. Field observations indicate that erosion at the river’s edge accompanied by small
failures and downed trees is ongoing, and toe erosion east and west of the previous landslide area is also ongoing.
Smaller scale slumps and failures are also ongoing in areas of previously noted tension cracks.
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Based on the slope monitoring and field investigations, it was anticipated that additional deformations, possibly
triggering a larger scale movement, may take place east of the former landslide area particularly with severe or
persistently increased precipitation. It was also noted that the toe protection works constructed near the 73/77
Beach Road property may increase erosion downstream of the works (i.e., in the area east of the former landslide
area).

1.3.2.8 Colborne Landslide Documentation Review (Ecosystem Recovery Inc.), 2015

Ecosystem Recovery Inc. (ERI) prepared a review of the slope monitoring report prepared by Golder Associates in
2015 for the City of Brantford. The review was done to provide additional interpretation of the available data to
inform future work.

The review noted that Zones A and B are becoming increasingly unstable and remained at high probability for large
scale failure. The probability of failure was rated as moderate for Zone C and low for Zone D. From a geomorphic
perspective, based on the position of the slope zones within the river meander, Zone A would have the greatest
potential for migration and Zone C would have the least.

The toe erosion rate was found to be consistently the highest in Zone A, while the toe erosion rate at Zone B has
shown the greatest increase. The rate of overall slope movement between 2012 and 2015 was found to be the
greatest in Zone C and the least in Zone A, while slope movement across the zones was considerably greater in the
lower slope than in the upper slopes.

Analysis of meteorological and streamflow records was performed in order to correlate trends in data to slope
movements. The review found that most recorded field observations occurred within six months of a monthly
precipitation amount close to or exceeding 100 mm. Similarly, most recorded field observations occurred within a
two month period following a streamflow event of 200 m%/s or greater. The general examination of total annual
precipitation and maximum daily precipitation indicates a trend towards a marginal increase in total annual
precipitation, and an increase in the frequency of extreme precipitation events.

The review discussed the feasibility and cost implications of a number of design elements related to slope
stabilization, including drainage improvements, toe protection and regeneration, and structural support in the form of
rock ballast or retaining walls. The review also states that in the long term, there was no evidence to suggest that
toe protection with minor slope adjustments would solve the slope deformation in the upper zones.

1.3.2.9 Colborne Landslide Spring Survey Analysis and Field Observations (Ecosystem Recovery Inc.), 2016

Additional review of collected data and field investigations was undertaken by ERI and summarized in a 2016
memorandum to the City of Brantford.

Review of ground surface monitoring data suggested that Zones B2 and C1 were the most active, followed by Zone
A, during the 2002-2016 period. Zone B2 experienced the greatest deformation rate towards the Grand River in its
lower zone between 2015 and 2016. It was postulated that the increases in deformation rates of the lower slopes in
Zones B2 and C1 may be partially due to the armouring constructed at 73/77 Beach Road, which may also be
reducing the deformation rate of the lower slope in Zone A.

Field observations of the study area over three visits during the months of April, August, and November included
observations of:

e Erosion scarps in the upper slopes of Zones A and B2;

e Tension cracks along the slope faces;
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e Seepage areas found in addition to the ones noted by the 2015 Golder Slope Monitoring Report, which
coincide with slope movements toward the Grand River. Seepage was not found in locations where slopes
deformed away from the Grand River;

e Seepage locations showed some seasonal variation, implying seasonal variation in groundwater and soil
moisture conditions; and

* No notable changes in slope configuration or vegetation at the noted monitoring locations.

1.4 Objectives

The City of Brantford has undertaken this Environmental Assessment to develop and evaluate various alternative
solutions and designs for the study area affected by the 1986 landslide near Colborne Street East. The alternative
designs will address continued movement within the slope monitoring area, including any potential long-term
alignments of Colborne Street East. While addressing the identified technical issues, environmental and
socioeconomic impacts will also be explored and considered.

The specific objectives of this study are to recommend slope stabilization alternatives that:

Address the slope stability concerns;

Reduce the vulnerability of utilities and other infrastructure;

Provide little or no disruption to economic activities within the City of Brantford;

Maintain transportation function within the City of Brantford and surrounding County areas;
Minimize disruption and potential hazards to the natural environment;

Maintain the recreational and social function of the study area; and

Minimize capital and maintenance costs.

N oM wN =~

1.5 Study Timeline

The project was initiated by ERI in August 2018 following a procurement process by the City of Brantford. The
timeline for this study is shown in Table 1-1.

Table 1-1. Study Timeline

Event Date
Project start-up August 2018
Notice of Commencement issued August 2018
Public Information Centre (PIC) #1 at Mohawk Pavilion in Brantford | September 13, 2018
PIC #2 at Woodman Park Community Centre in Brantford March 12, 2019
Selection of preferred alternative March 2019
PIC #3 at St. Peter’s School in Brantford November 23, 2019
Selection of alternative design December 2019
Draft ESR issued to the City of Brantford December 2019
Completion of ESR and Placement of ESR in Public Record September 14, 2020
Notice of Completion issued and public review period September 17, 2020

1.6 Project Members

The consulting team responsible for the Colborne Street East Slope Stabilization EA consists of:
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o Ecosystem Recovery Inc. (ERI) — primary consultant responsible for water resources, fluvial geomorphology,

and natural environment input;

e Pinchin Environmental Ltd. — responsible for the geotechnical investigation and alternatives input; and

e Archaeological Research Associates — responsible for the Stage 1 Archaeological Assessment, the Built and
Cultural Heritage Assessment, and First Nations consultations.

This study was carried out in co-operation with and for the City of Brantford. GRCA staff were also consulted
throughout the project and provided input on the characterization of the study area and alternative solutions and

designs.

10
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2. Environmental Assessment Process
21 Ontario’s Environmental Assessment Act

The Colborne Street East Slope Stabilization Class EA project is subject to the provisions of Ontario’s Environmental
Assessment Act. The Act requires that an environmental assessment of any major public sector project that has the
potential for significant environmental effects be undertaken prior to implementation to determine the ecological,
cultural, economic, and social impact of the project.

The Act exists to "provide for the protection, conservation, and wise management of Ontario's environment". The act
mandates clear terms of reference, focused assessment hearings, ongoing consultation with all parties involved —
including public consultation — and, if necessary, referral to mediation for decision. An environmental assessment
is a key part of the planning process and must be completed before decisions are made to proceed on a project.

To comply with the requirements of the Act, two types of environmental assessment processes can be applied to
projects:

1. Individual Environmental Assessment (under Part Il of the Act): This process includes the development
of a project-specific Terms of Reference that is submitted for review and approval to the Minister of the
Environment. This process is typically applied to large, unique or complex projects that do not have
precedents that demonstrate a predictable and manageable environmental impact.

2. Class Environmental Assessment: This process applies to routine projects that have predictable and
manageable environmental effects and follow a Terms of Reference that has been previously approved for
certain types of projects. Provided that the approved Class EA process is followed, the project will comply
with Section 13(3) a, Part 1.1 of the Environmental Assessment Act.

2.2 Municipal Class Environmental Assessment

The Colborne Street East Slope Stabilization study falls under the Class EA process as a project with predictable
and manageable environmental impacts, and will be carried out under the Terms of Reference established in the
Municipal Class EA document, prepared by the Ontario Municipal Engineers Association in June 2000 (as amended
in 2011).

Figure 2-1 illustrates the Municipal Class EA Process for the planning and design of projects, which is divided into
five phases:

Phase 1 Identify the problem (deficiency) or opportunity.

Phase 2 Identify 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.

Phase 3 Examine alternative methods of implementing the preferred solution, based upon the existing

environment, public and review agency input, anticipated environmental effects and methods of
minimizing negative effects and maximizing positive effects.

Phase 4 Document, in an Environmental Study Report, a summary of the rationale and the planning, design,
and consultation process of the project as established through the above Phases and make such
documentation available for scrutiny by review agencies and the public.

Phase 5 Implementation. Complete contract drawings and documents and proceed to construction and
operation; monitor construction for adherence to environmental provisions and commitments. Where
special conditions dictate, also monitor the operation of the completed facilities.

11
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The Municipal Class EA applies to municipal infrastructure projects including roads, water, wastewater, and
stormwater projects. There are several classifications of projects under the Class EA process, known as schedules,
based on their potential environmental impact:

. Schedule “A” projects generally include normal or emergency operational and maintenance activities,
where environmental effects are minimal. Only Phase 1 of the Class EA process must be completed prior
to these projects being implemented.

o Schedule “A+” projects were introduced in 2007 and include an additional consultation component
wherein the public is to be advised prior to the implementation of a Schedule “A” project.
. Schedule “B” projects generally include improvements and minor expansions to existing facilities, where

there is the potential for some adverse environmental impacts. The first two phases of the Class EA
process are completed for these projects, including the preparation and submission for public review of a
Project File, prior to implementation.

. Schedule “C” projects generally include the construction of new facilities and major expansions to existing
facilities and have the potential for significant environmental impact. The complete Class EA process is
undertaken for these projects prior to implementation, including the production of an Environmental Study
Report.

The Colborne Street East Slope Stabilization Class EA is being completed under Schedule “C” of the Municipal
Class EA process, as the project may involve significant environmental impacts and significant impacts to
infrastructure within the study area. The project involves works undertaken in and adjacent to a watercourse and
major traffic corridor for the purposes of slope stabilization and/or erosion control, which may include:

] Slope stabilization techniques, including cutting and filling or geotechnical stabilization;
° In-channel erosion protection works;

. Relocation, realignment, or channelization of watercourse; or

] Relocation or adjustment to a major traffic corridor.

Due to the factors listed above, as well as the current ownership of private properties directly within the slope
monitoring area and the potential for significant adverse environmental impacts as a result of either a future slope
failure or slope stabilization method, the project is being undertaken as a Schedule “C” Class EA.

2.3 Part Il Order

A project that is carried out following an approved Class EA process will comply with Part Il of the Environmental
Assessment Act, and will thus not require an Individual Environmental Assessment and approval from the Minister of
the Environment. However, if during the project planning and consultation process there are agency or public
concerns that cannot be resolved, the concerned party may request that the project comply with Part Il of the Act
and undertake a higher level of assessment. Such a request is called a “Part Il Order”.

The request for a Part Il Order should be made only when there are outstanding significant environmental issues
that cannot be resolved through the class EA process, through discussions with the proponent or through mediation.
The Part Il Order must focus on potential environmental effects of the project and must not be made for the sole
purpose of delaying or stopping the project or include issues that are not related to the project.

The request must be made in writing to the Minister of the Environment after the proponent has issued a Notice of
Completion of the environmental study report. The proponent must also be copied on the request. Ministry staff will

12



City of Brantford Colborne Street East - Slope Stabilization Municipal

Ecosystem Recovery Inc.
Class Environmental Assessment September 2020

review the request, consider evaluation criteria, consult with other technical staff and make a recommendation to the
Minister. Depending on the project, the ministry’s review typically lasts between 30 and 66 days. The Minister can:
e Deny the Part Il Order request, with or without conditions;

e Refer the matter to mediation; or

e Require that an Individual EA be prepared in order to comply with Part 1l of the Act.

If a Part Il Order request is made prior to filing of the Notice of Completion, the requestor will be advised to bring the
concerns to the attention of the proponent (i.e., the City of Brantford).

13
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3. Existing Conditions Characterization

Existing conditions along the slope within the study area were characterized in detail to provide an effective
basis of evaluation of potential slope stabilization alternatives within the context of the Municipal Class Schedule
‘C’ EA. Field and desktop reconnaissance included site walks, a topographic survey, geotechnical investigation,
analysis of the ongoing slope monitoring results, geomorphic characterization, natural environment
investigations, a Stage 1 Archaeological Assessment, an assessment of the social and cultural environment, and
an economic cost and life cycle analysis. This chapter describes the technical, ecological, and social
environments in the study area.

31 Slope Condition and Monitoring
3.1.1 Slope Conditions

The Site is situated on an outside bend of the Grand River, in an area known as ‘The Oxbow’. The slope has an
overall height of approximately 28 to 30 m, extending from an elevation of 189 to 190 metres above sea level
(masl) at the Grand River to 219 to 220 masl at Colborne Street. The overall total slope is between 3.6:1.0
(horizontal:vertical) and 4.5:1.0; however, the slope can be divided into an upper and a lower slope component
separated by the Hamilton-Brantford Rail Trail (the former CP Rail Line).

The upper slope is between 7 m and 18 m high with the shorter slopes located at the east end of the study area.
The overall slope is between 2.1:1.0 and 4.4:1.0. It should be noted that in several locations the top 3 to 5 m of
the upper slope is over steepened with a slope of more than 2.0:1.0 before it plateaus to the Hamilton-Brantford
Rail Trail.

The lower slope, which extends from the Hamilton-Brantford Rail Trail to the Grand River, is between 10 m and
22 m high and is generally sloped at between 3.7:1.0 and 5.8:1.0. There are sections of the slope in the central
area and west end of the site where the upper 8 to 10 m of the lower slope is inclined at 2.5:1.0.

The slope is generally covered with mature trees and underbrush; however, several locations where slope
failures continue to occur are sparsely vegetated, especially through the center portion of the site.

3.1.2  Slope Monitoring

Slope inclinometers were installed at various locations along the slope. Golder Associates Ltd. (Golder)
monitored the inclinometers until May 2014. The results of the May 2014 measurements were provided in the
following report:

e Golder Associates Ltd. Grand River Slope Monitoring, Colborne Street East Landslide Area, Grand River
Valley Wall, Brantford Ontario, June 2014, Report No. 861-3369-25

Golder had been measuring the deformation of eight slope inclinometer borehole wells — boreholes BH1, BH6B,
BH101A, BH102, BH103, BH104B, BH105B, and BH107.

Pinchin visited the site in November 2019 to complete borehole inclinometer readings at the above noted slope
inclinometers. Their approximate locations are provided on the Golder Figure 1 in Appendix A. During the site
visit only the monitoring wells at BH6B, BH105B, and BH107 were accessible or able to be found. The
measurements were taken with an RST Instruments Inc. MEMS Digital Inclinometer and inputted into the RST
Inclinalysis™ software for analysis. The results of the inclinometer readings are provided in Appendix A. The
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plots provided in Appendix A indicate that the slope movement is similar at the measured locations, but the
magnitude or increase in movement from 2014 until 2019 based on borehole inclinometers is unknown.

In addition to the Golder monitoring, the City of Brantford has continued the slope inclinometer monitoring
program to the present date. This inclinometer data measures annual variations in surface movement in the
slope area, collected over multiple monitoring lines in the study area. This data was spatially interpolated to
generate estimates of slope movement rates from the provided data period of 2002 — 2018. This slope rate
interpolation is provided in Figure 3-1.
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3.1.3 LiDAR Data Collection

A drone LiDAR (Light Detection and Ranging) survey to collect low-level, high-density bare earth topographic
data in the slope monitoring area was completed in November 2018 by High Eye Aerial Imaging Inc. The drone
collected data with a minimum of 40-80 points per square metre. This data was used to build a bare earth digital
terrain model (DTM) of the slope monitoring area. The DTM may be used to locate a number of features on the
slope, including low lying wetland features verified in the field, drainage pathways across the Hamilton-Brantford
Rail Trail, and potential outfalls with associated erosion in the slope monitoring area.

An additional LIDAR dataset was collected via helicopter on November 28, 2019 by Aethon Aerial Solutions.
This dataset was provided with an estimated 31.7 points per square metre and + 3 cm accuracy. The data is in
the CGVD28 vertical datum system.

A Digital Terrain Model (DTM) dataset collected in 2018 was also available from provincial data sources through
Land Information Ontario (LIO), which provides coverage for portions of Ontario. These LIDAR sources were
used to support other project components where topographic data was required and to obtain a more precise
understanding of slope movement within the study area.

The topographic data collected by the 2018 drone survey is shown in Figure 3-2. The seepage paths along the
slope were manually delineated based on the contour data. An overlay of the LIDAR data over multiple years of
data collection may be used in future studies to determine slope failure areas and estimate slope movement
rates with a high degree of spatial precision.
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3.2 Natural Environment

A characterization of the natural environment was completed for the study area and the surrounding lands. A
background study was completed based on available information to understand the natural heritage features and
species that are known to or have the potential to occur within the study area. This included information from
the Ministry of Natural Resources and Forestry (MNRF) Guelph District, Natural Heritage Information Centre
(NHIC) data records (MNRF 2017), and GRCA. Background wildlife species records were compiled using
Ontario Mammal Atlas (Dobbyn, 1994), Ontario Herpetofauna Atlas (Ontario Nature, 2019), Ontario Breeding
Bird Atlas (OBBA) (BSC, 2006), Lands Information Ontario (LIO) records, and the Ontario Butterfly Atlas
(Macnaughton et al., 2017). Aerial photography and available mapping were also collected and reviewed.

3.2.1  Background Information
3.2.1.1 Significant Species Screening

A screening exercise was completed to identify provincially designated Species at Risk (SAR) and Species of
Conservation Concern (SCC) that are known in the vicinity of the study area (i.e., within 10km) and have
potential to occur in the study area. The screening was carried out by comparing the preferred habitats of SAR
and SCC that are known in the City of Brantford and have records from various wildlife atlases in the vicinity of
the study area to the habitats present within the study area.

SAR are those listed on the Species at Risk in Ontario List (SARO, MNRF, 2016). These include species
identified by the Committee on the Status of Species at Risk in Ontario (COSSARO) as provincially Endangered,
Threatened, or of Special Concern. Species listed by COSSARO as Endangered or Threatened are protected
by the Endangered Species Act (ESA) of 2007, which includes protection of their habitat, and are referred to as
regulated SAR. Species considered Special Concern are included in the definition of SCC, which includes the
following:

e Species designated provincially as Special Concern;

e Species that have been assigned a conservation status (S-Rank) of S1 to S3 or SH by the NHIC; and

e Species that are designated federally as Threatened or Endangered by the Committee for the Status of
Endangered Wildlife in Canada (COSEWIC) but not provincially by COSSARO. If these species are
listed under the Species at Risk Act (SARA) under Schedule 1 they are protected by the federal Act but
not provincially by the ESA.

Full SAR/SCC screening results are provided in Appendix B (Attachment A). SCC are discussed further within
the context of Significant Wildlife Habitat (SWH) in Appendix B (Attachment B).

3.2.1.2  Significant Wildlife Habitat Screening

A screening exercise was completed to confirm or identify potential (i.e. “candidate”) SWH that may occur within
the study area. SWH is protected under the Ontario Provincial Policy Statement (OMMAH, 2014) and is
described in the Ontario Ministry of Natural Resource (OMNR) Significant Wildlife Habitat Technical Guide
(SWHTG) (OMNR, 2000) as being comprised of 4 major categories of habitat:

i. Seasonal concentration areas;

i. Rare vegetation communities and specialized wildlife habitat;

iii. Habitats of species of conservation concern; and

iv. Animal movement corridors.

Specific criteria defining wildlife habitat significance for Ecoregion 7E, in which the study area is located, are
described in the SWHTG Addendum (MNRF, 2015). Individual SWH types within these 4 broad categories were
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assessed as either not present, candidate, or confirmed for the study area based on a comparison of
significance criteria against information obtained from relevant background documents and original field surveys.
Detailed results of the SWH screening are provided in Appendix B (Attachment B).

3.2.1.3 Agency Consultation

The MNRF Guelph District was consulted to request available natural heritage information, SAR records, and
relevant wildlife records. The MNRF was contacted by the City of Brantford, and a response was received on
September 241, 2018. The response letters from the MNRF correspondence are provided in Appendix B
(Attachment C).

ERI, the City of Brantford, and the Grand River Conservation Authority conducted a site walk on July 30%, 2018
to view the exiting site conditions and discuss the proposed work plan and project undertakings.

3.2.2  Methodology

Information on the existing conditions of the terrestrial and aquatic environment within the study area was
gathered from a combination of secondary source research, field investigations, and agency consultation.

3.2.2.1  Available Secondary Source Information Collection and Review

Available secondary sources of information were collected and reviewed to determine the existing conditions of
the natural environment within the study area. The sources reviewed are outlined in Table 3-1.

Table 3-1. Reviewed Sources for Existing Natural Environment Conditions

Source Information Reviewed
Ministry of Natural Resources and e Species at Risk (SAR)
Forestry (MNRF) e Natural heritage features data layers from Land Information Ontario

e Correspondence from Guelph District
Fisheries and Oceans Canada (DFO) | « Species at Risk Fish and Mussel Maps (2018)
Natural Heritage Information Centre e Data records for study Area

Ontario Breeding Bird Atlas e Species records for study area

Ontario Mammal Atlas e Species records for study area

Ontario Reptile and Amphibian Atlas | ¢ Species records for study area

Ontario Butterfly Atlas e Species records for study area

Atlas of the Mammals of Ontario e Species records for study area

Ontario Odonate Atlas e Species records for study area

GRCA Slope Stabilization Class EA ¢ Environmental Study Report

City of Brantford ¢ Official Plan Review Natural Heritage Strategy
City of Brantford o Official Plan

3.2.3  Field Investigation Methodology

ERI staff conducted various site investigations in 2018 and 2019 to identify aquatic and terrestrial habitats and
features present within the study area. Incidental wildlife observations were collected during all site visits.
Investigations were conducted in the summer of 2018 and the spring of 2019. Dates and locations of specific
surveys are presented in Table 3-2.
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Table 3-2. Field Survey Summary

Field Investigation Protocol Date
Aquatic Habitat Assessment Modified OSAP 2013 August 14, 2018; October 30, 2018
Ecological Land Classification Lee et. al (2008) August 23, 2018
Vascular Flora and Fauna Inventory Systematic search by ELC polygon August 23, 2018; September 13, 2018
Breeding Bird Survey OBBA, 2001 June 14, 2019; July 4, 2019
Reptile Basking Survey MNRF, 2019 June 7, 2019
Species at Risk Survey MNRF, 2019 June 23, 2019

3.2.3.1 Aquatic Habitat Assessment

Detailed aquatic habitat assessments were completed on August 14 and October 30, 2018 to characterize
aquatic features in the study area. The assessment was completed using a standardized protocol documented
in the Ontario Stream Assessment Protocol 2017. Various characteristics, including stream morphology and
riparian features, contribute to the overall condition of the watercourse. The entire 1 km length of the Grand
River shoreline within the study area limits was assessed and detailed notes and photos were recorded.

The following information was documented during the aquatic habitat assessment:

e Substrate type and composition (i.e., silt, sand, clay, cobble, gravel, boulder, detritus, etc.);
¢ Riparian and aquatic vegetation;

e Potential fish habitat or presence of fish;

o Water temperature;

e Flow conditions;

e Adjacent lands (vegetation community type, riparian habitat, canopy cover, land use, etc.);
e Channel morphology;

e Instream habitat and cover;

e Basic field parameters such as pollution sources.

The portion of the Grand River within the study area was not divided into assessment reaches due to similar
aquatic habitat and channel morphology along most of its shoreline. Only the north shore was assessed as it
relates to the study and the river only to a safe wadable depth. Background aquatic information was made
available about this portion of the Grand River, which was used to scope the aquatic assessment. No fish
community assessment was required as part of this project after liaison with GRCA, as recent fish records for the
area were available.

3.2.3.2  Water Quality and Flow Monitoring

Water quality and flow monitoring measurements were performed at defined locations during the aquatic habitat
assessment on October 30, 2018. Water quality was monitored using a Horiba U-22 Multiparameter Meter,
which measures pH, conductivity, dissolved oxygen (DO), oxidation reduction potential (ORP), turbidity,
temperature, salinity, and total dissolved solids (TDS). Results of the water quality monitoring are presented in
Table 3-4.

Water Temperature
Water temperature is an important indicator of thermal regime within a waterbody and influences the fish species
composition, benthic composition, and aquatic vegetation community. In general;

e Warmwater stream (> 25°C);

e Coolwater stream (19°C to 25°C); and

e Coldwater stream (19°C).
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pH
The Provincial Water Quality Objectives (PWQO) acceptable range for pH is between 6.5 and 8.5 (MOEE,
1994).

Dissolved Oxygen
DO is directly influenced by temperature and the PWQO acceptable range is variable. A table of acceptable
PWQO parameters for dissolved oxygen are shown in Table 3-3.

Table 3-3. Acceptable PWQO for Dissolved Oxygen

Temperature (°C) Cold Water Cold Water Biota Warm Water Biota Warm Water Biota
Saturation (% (mg/L) (% Saturation) (mg/L)
Saturation)

54 8 47 7
5 54 7 47 6
10 54 6 47 5
15 54 6 47 5
20 57 5 47 4
25 63 5 48 4

Conductivity

Conductivity is a measure of Total Dissolved Salts (TDS), where the higher TDS value, the more dissolved salts
are present. There is no acceptable range for TDS and measurement is used for baseline investigations to track
changes to the TDS value over time.

3.2.3.3  Fish Community
A fish community assessment was not required as part of this project as recent fish data for the Grand River was

available as a result of GRCA and MNRF electrofishing in close proximity to the study area limits. GRCA
provided the data collected from this historical assessment to ERI on August 1, 2018.

3.2.3.4 Terrestrial Field Assessment

Ecological Land Classification (ELC)

Vegetation communities were characterized and mapped using the Ecological Land Classification (ELC) system
for southern Ontario (Lee et. al., 2008) during two site visits on August 23, 2018 and September 13, 2018.
Existing ELC data from the 2005 ESR was confirmed and updated by an ERI biologist. Details of the vegetation
communities were recorded including species composition, dominance, and uncommon species or features.
The vegetation inventory was compiled and refined by incidental observations recorded throughout all site visits.
Specific to wetland communities, boundaries were delineated as per the Ministry of Natural Resources Wetland
Evaluation Guidelines for Southern Ontario (MNRF, 2013).

Terminology used to describe each vegetation community is based on ELC sampling protocols that collect
information on four vegetation layers in each community. The four layers are:

1) Canopy consists of tall vegetation which reaches the light first; typically composed of tall trees (in a
forest community);

2) Sub-canopy includes vegetation growing just under the canopy; vegetation that receives filtered
sunlight through the canopy; typically composed of trees and tall shrubs (in a forest community);

3) Understory includes vegetation growing below the sub-canopy; typically composed of both tall and low
growing shrubs; and
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4) Ground consists of vegetation which is closest to and covering the ground; typically composed of
herbaceous vegetation.

This protocol classifies vegetation communities through the completion of a multilayer (canopy, sub-canopy,
ground cover) vegetation inventory. When wetland communities were observed their boundaries were refined
using the 50/50 rule (where plant species cover consists mostly of wetland plants) per the Ministry of Natural
Resources Ontario Wetland Evaluation System (MNRF, 2013).

Vascular Flora Inventories

The vascular flora inventories were conducted in conjunction with the ELC on August 23, 2018 and September
13, 2018. An ERI ecologist systematically searched each ELC community and documented all species
observed to species level unless a lack of distinguishing features for the flora was present.

Reptile Basking Survey

Reptile basking surveys for basking turtles are required to be completed between the “ice off” in April through
mid-June and follow the MNRF survey protocol for Blanding’s turtles. Surveys must be completed on days with
sunny conditions, low winds, and air temperatures above 10°C are required. Binoculars are used to scan the
aquatic systems to look for basking turtles along the shorelines and on any logs or rocks. A reptile basking
survey was conducted on June 7, 2019 along the Grand River and a small wetland within the study area.

Breeding Bird Surveys

Prior to breeding bird surveys, background data from the OBBA, eBird, and previous studies in the local area
was collected to identify the species of birds that have been recorded in close proximity to the study area. Two
breeding bird surveys were completed based on the OBBA and the Forest Bird Monitoring Protocol (FBMP).
These surveys were conducted on June 14, 2019 and July 4, 2019. Five stations were selected in the study
area and at each station a 10-minute point count was conducted for both visual and audible documentation of
species presence including the highest level of breeding evidence exhibited for each species recorded.
Incidental observations were also recorded during travel between stations and during all other field surveys on
site for the duration of the project. The point count locations are shown on Figure 3-3.
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When completing the surveys, breeding evidence was noted for each species. Breeding evidence is divided into
four categories:

e Confirmed breeding (CONF) is identified as observations of any of the following: (1) a distraction
display or injury feigning; (2) used nest or egg shell found (occupied or laid within the period of study);
(3) recently fledged young or downy young, including young incapable of sustained flight; (4) adults
entering or leaving nest site in circumstances indicating occupied nest (e.g., adult carrying fecal sac;
adult carrying food for young) or (5) nest containing eggs, or nests with young seen or heard;

e Possible breeding (POSS) is indicated by the presence of a singing male (or breeding calls heard) in
suitable habitat or the presence of a bird observed in suitable breeding habitat in its breeding season;

e Probable breeding (PROB) is defined as an observation of the following: (1) a pair in breeding season
in suitable habitat, (2) permanent territory presumed through registration of a territorial song at least two
days a week or more apart, at the same location or (3) courtship or display between a male and female
or two males, including courtship feeding, copulation; visiting probably nest site; agitated behaviour or
anxiety calls of an adult; brood patch on an adult female or cloacal protuberance on an adult male; nest
building or excavation of a nest hole; and

e Observed (OBS) is defined as a species observed in tis breeding season outside its nesting habitat (no
evidence of breeding.

Species at Risk Surveys

Correspondence with MNRF and GRCA identified SAR documentation within the local study area and
surrounding Brantford area. A variety of SAR have been observed historically in the study area, identified to
have the potential to occur in the vicinity, or identified by DFO mapping within the study area. SAR surveys for
identified historical records of SAR within the local area were completed during all field assessments in
conjunction with other wildlife and vegetation surveys. These followed MNRF survey guideline protocols.
Incidental Species Observations

Incidental species observations were recorded during all site visits for all wildlife (mammals, birds, butterflies,
dragonflies, reptiles, amphibians). This included direct observations of individuals and signs of wildlife presence
(i.e. tracks, scat, dens, nests, etc.).

3.2.4  Existing Conditions
3.2.4.1 Aquatic Habitat Assessment

The Grand River is a large river in southwestern Ontario, which originates near Wareham and empties into Lake
Ontario running through many cities along its path. Within the study area the river is a single channel 45 to 65 m
in width. The Grand River is classified as a warm water system, with many different fish species present. A fish
community assessment was not performed as part of the current study.

Within the study area, the Grand River is a dominantly naturalized system with only a short length of riprap
armouring protecting the shoreline at a private property. Areas of scouring and erosion are found along the
shoreline, which is typical of the Grand River as a system. Most of the banks are void of vegetation below the
high-water level. The adjacent land use is deciduous forest and agricultural fields and the north bank is
deciduous forest on a slope. The water was clear at the time of assessment and the substrate varied, but
overall is dominated by rounded coble, sand, and silt. The depth of the channel varied across it's width from 0.2
m to over 2 m.

During the time of survey on October 30, 2019, the water temperature in the river ranged between 6.0°C and
7.1°C. No groundwater inputs or evidence of groundwater inputs were observed.
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3.24.2 Water Quality

Results of the water quality sampling along the Grand River are presented in Table 3-4.

Table 3-4. Water Quality Parameters

Parameters Station 1 Station 2 Station 3 Station 4
pH 8.06 8.43 8.44 8.50
Conductivity (mS/cm) 0.925 0.883 0.882 0.885
Turbidity (NTU) 0 0 0 0
Dissolved Oxygen 8.77 11.9 10.71 10.80
(mg/L)
Temperature (C) 6 6.82 7.11 7.10
Total Dissolved Solids 0.592 0.566 0.563 0.566
(g/L)
Oxygen-reduction 217 165 180 -
Potential (mV)

Flow data was collected in conjunction with the water quality monitoring. Results of the flow monitoring are

presented in Table 3-5. Flow was collected using a Swoffer 2100 model.

Table 3-5. Flow Monitoring Results

Parameters

Station 1

Station 2

Station 3

Station 4

Flow Velocity (m/Sec)

0.51

0.43

0.73

0.64

3.24.3  Fish Community
A fish community assessment was not performed during this study because previous records of fish within the

Grand River near the study area were provided by GRCA. A total of 18 fish and minnow species have been
recorded within the Grand River in proximity to the study area. Table 3-6 identifies the records of fish found.
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3.24.4 Terrestrial Ecology Assessment

Wildlife Communities

Wildlife observations were collected during each site visit in addition to the breeding bird and reptile basking
surveys. Incidental faunal species observations are included in the bird and mammal tables found in Appendix
B (Attachments G and I).

Amphibians and Reptiles

Reptile basking surveys were conducted on June 7, 2019 along the Grand River and in a small wetland within
the study area. The Ontario Reptile and Amphibian Atlas was reviewed and incidental species observations
were recorded at each site visit. Based on the background data review, a total of 16 reptile and amphibian
species have been recorded in the vicinity (within approximately 10 km) of the study area including 3 Special
Concern species. No specific amphibian call surveys were performed during this study.

Reptiles and amphibian species identified in the Ontario Herpetofaunal Atlas as occurring within the study area
are:

Reptile:
e Snapping turtle (Chelydra serpentine)
o Milk snake (Lampropeltis triangulum)
o Eastern gartersnake (Thamnophis sirtalis sirtalis)
¢ Northern map turtle (Graptemys geographica)
¢ Midland painted turtle (Chrysemys picta marginata)
o Red-eared slider (Trachenys scripta elegans)
e Red-bellied snake (Storeria occipitomaculata)

Amphibian:
e Northern leopard frog (Lithobates pipiens)
e Gray treefrog (Hyla versicolor)
e American toad (Anaxyrus americanus)
e Green frog (Rana clamitans)
e American bullfrog (Lithobates catesbeianus)
e Blue-spotted salamander (Ambystoma laterale)
e Red-spotted newt (Notophthalmus viridescens)
e Eastern red-backed salamander (Plethodon cinereus)
e Spring peeper (Pseudacris crucifer)

Species observed during the turtle basking surveys or as incidental wildlife observations by ERI include;
e American toad

e Gray treefrog

Vegetation Communities and Vascular Flora

ERI conducted a vegetation inventory and Ecological Land Classification (ELC) of the study area. The inventory
and classification were refined over the course of multiple field visits and build upon the 1995 ESR for the area.
ELC mapping of the study area was prepared following Ecological Land Classification for Southern Ontario: A
First Approximation (Lee et al., 1998) and is present in Figure 3-4. To complete the classification, an ELC
certified ecologist conducted two site visits to assess the landform and parent material, soil, and vegetation
present on site. Six ELC community classes are represented within the study area, including forest and
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residential. Characteristics of each of the identified community types are provided below. Detailed vegetation

inventories resulted in a total of 210 species of vascular flora being identified on site. Overall, many introduced
species are present within this study area. The vegetation inventory is presented in Appendix B (Attachment
D).

One SAR tree, red mulberry (Morus rubra), was observed during the field surveys or is documented within the
1995 ESR. Non-native and invasive species were documented within the study area, most commonly found
along the walking pathway. The invasive species found within the study area include phragmities, invasive
honeysuckles, garlic mustard, and European buckthorn. Portions of the study area along Colborne Street
consist of former residential properties that have been purchased by the City. As such, the vegetative
communities within this area have planted varieties of trees and typical ornamental plants. These sites are also
heavily disturbed and portions of the building foundations are still present within the landscape.
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UPLAND
FOD7-4 Fresh-moist Black Walnut Deciduous Forest

This black walnut and Manitoba maple dominated mineral deciduous forest community is located within the riparian
zone and slope terrace along the Grand River. This natural community is located between the Grand River and
Colborne Street East. The forest is 10-25 m in height, canopy cover is 60-80% and the canopy is composed of black
walnut, Manitoba maple, willow, green ash, bitternut hickory, and slippery elm. The sub-canopy is composed of
green ash, European buckthorn, black walnut, gray dogwood, multi-flora rose, red osier dogwood, and honeysuckle
species and covers 20-30%. The groundcover within this community covers 20-30% and is composed of garlic
mustard, white avens, birds-foot trefoil, colts foot, riverbank grape, goldenrod, boneset, and aster species. Invasive
species present within the community include phragmities, multiflora rose, and garlic mustard. Red mulberry, an
endangered species, was identified within this community. The banks of the Grand River are barren of vegetation in
many areas and evidence of erosion is present. Informal walking trails are present within this community, remnant
garbage can be found sporadically, and evidence of railroad influences are present. The topography within the unit
is varying, with low depressions, but overall is on a slope from Colborne Street down towards the Grand River.
Small inclusion wetlands are present sporadically in low lying depressions within this community.

WETLAND
MAS3 Organic Shallow Marsh

This small pocket wetland community is an open water feature present mid slope surrounded by forest. The wetland
is fed by drainage paths from upslope culverts, which meander and flow through a small overland flow channel
seasonally. The organic substrate is over a metre in depth and narrow-leaved cattail and greater duckweed are
present within the wetland. It is surrounded by willow, red osier dogwood, and gray dogwood.

CULTURAL
CGL-2 Parkland

This community is maintained “parkland”, which runs along Colborne Street East. It is not a typical parkland but is
maintained as a landscaped community along the roadway. Abandoned residential properties with demolished
houses are adjacent to this community and the typical landscaping is influencing the vegetative community.
Vegetation includes manicured lawn, street trees, and shrub plantings. Small inclusions of thicket communities are
also present within these areas. Tree species present within this community are variable and include northern
catalpa and street trees such as gingko, tulip tree, American basswood, little leaf linden, Norway maple, black cherry
and London plane tree. Small inclusions of thicket communities are also present within these areas. Other species
present include eastern red cedar, Norway spruce, and eastern white cedar.

CVR_3 Single Family Residential
This community includes single family houses and a schoolyard. The residential properties are maintained

manicured grass with sporadic landscaped trees, shrubs, and groundcover. This community provides little natural
habitat for wildlife species beyond generalist wildlife species that are typically found within urban environments.

CumM1 Mineral Cultural Meadow
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Mineral cultural meadow communities are present in multiple areas of the study area. They are present in the
former residential property areas, which have had all structures demolished along the top of the slope on Colborne
Street and along the public trail approximately halfway down the slope surrounded by fresh-moist black walnut
deciduous forest. As these are disturbed communities, many non-native species of vegetation are present within the
community including tartian honeysuckle (Lonicera tartarian), Phragmities (Phragmities autralis), common teasel
(Dipsacus sylvestris), dame’s rocket (Hesperis matronalis), common mullein (Verbascum thapsus), and European
buckthorn (Rhamnus cathartica), amongst others. Common vegetation species found within this community include
annual fleabane (Erigeron annuus), multiple goldenrod species (Solidago sp.), Virginia creeper (Parthenocissus
quinquefolia), wild red raspberry (Rubus idaeus), and wild grape (Vitis riparia). Canopy cover within this community
is 0-25%, with occasional tall trees and shrubs, but is dominated by ground vegetation. Red mulberry, an
endangered species was identified within this community along the trail.

CuT1 Mineral Cultural Thicket

This thicket community is located in the western corner of the study area and is a disturbed community. An old
building foundation is present within this community and the human influences are evident within the vegetation
community. Ornamental tree species, pioneer successional species, and non-native species have established within
this community. Vegetation found in this community includes Manitoba maple, black walnut, eastern cottonwood,
northern catalpa, staghorn sumac, European buckthorn, honeysuckle species, willow species, eastern red cedar, red
raspberry, blackberry, riverbank grape, trumpet creeper, goldenrod species, coltsfoot, poison ivy, common tansy,
eastern red cedar, and white sweet clover, amongst others.

Reptile Basking Survey

A reptile basking survey was conducted on June 7th, 2019 along the Grand River and small wetland within the study
area. The survey was completed following a modified version of the Survey Protocol for Blanding’s Turtle in Ontario.
Typically, five basking surveys are required to be conducted during the main basking season, from “ice off’ in April
through to mid-June. Project timing did not allow for 5 surveys, but a single basking survey was completed.
Wetlands and the Grand River were surveyed from the edge with binoculars on a sunny day with low winds and air
temperatures >10°C. Additionally, a kayak was used to float down the river from upstream to downstream, using the
rivers slow current to drift. This allowed the use of binoculars to scan the shoreline, driftwood, and logs from a great
distance away, and not disturb basking turtles prior to identification and a turtle count. The basking survey was
carried out by a wildlife biologist trained in turtle identification.

Results of the survey identified many individual turtles basking on logs and the shoreline along the length of the
Grand River. Species identified include snapping turtle, midland painted turtle, and red-eared slider. Turtle observed
were both mature and juvenile. All turtle observed were within the Grand River and not present in the wetlands. The
results of the survey are shown in Table 3-7.

Table 3-7. Turtle Basking Survey Results

Common Name Scientific Name Age Class Number of
Individuals
Snapping Turtle Chelydra serpentina Juvenile 0
Adult 3
Midland Painted Turtle Chrysemys picta Juvenile 9
Adult 16
Red-eared Slider Trachemys scripta elegans | Adult 3
Juvenile 0
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Species found during the survey are common to the Brantford area, specifically along the Grand River. Red-eared
sliders are considered invasive but are commonly found in habitats in southern Ontario. Snapping turtle is
considered Special Concern in Ontario but are commonly observed in most aquatic habitats in southern Ontario.

Bird Species

Breeding bird surveys were conducted on June 14, 2019 and July 4, 2019. A total of 58 species were detected
during the surveys and incidental observations. A list of species detected with evidence of breeding is provided in
Appendix B (Attachment F). The data obtained from the OBBA (BSC, 2006) includes 87 species that have been
observed in proximity to the study area (10 x 10 km square for NHIC) and 92 from eBird. A list of all bird species
known from the background data collection is provided in Appendix B (Attachment G).

Based on the SAR and SCC screening (Appendix B (Attachment A)), 9 SAR or SCC bird species were identified
as having potential to occur within the study area based on existing records in the vicinity and presence of
appropriate habitat on-site (BSC, 2006). These species are provided below:

e Barn Swallow (Hirundo rustica) THR

o Bald Eagle (Haliaeetus laeucocephalus) SC
o Bank Swallow (Riparia riparia) THR

o Cerulean Warbler (Setophaga verulea) END
e Peregrine Falcon (Falco peregrinus) SC

e Wood Thrush (Hylocichla mustelina) SC

¢ Chimney Swift (Chaetura pelagica)

e Eastern Wood-Pewee (Contopus virens)

Two regulated SAR bird species were observed in the study area during the breeding bird surveys including the barn
swallow and eastern wood-pewee. Six species were observed in recent eBird records including the chimney swift,
peregrine falcon, barn swallow, bank swallow, rusty blackbird, and eastern wood-pewee. Historical records from the
1995 ESR identified common nighthawk within the study area. No nightjar surveys were performed as part of this
study.

Mammal

Mammal-specific field surveys were not conducted as part of the project, but incidental observations were recorded.
During field investigations eastern gray squirrel (Sciurus carolinensis) and muskrat (Ondrata zibethicus) were
observed and signs of white-tailed deer (Odocoileus virginianus), northern raccoon (Procyon lotor), coyote (Canis
latrans) and eastern cottontail (Sylvilagus floridanus) were noted.

According to the Atlas of the Mammals of Ontario (Dobbyn, 1994), 27 mammal species were reported from within 10
km of the study area. Background information and SAR/SCC screening identified potential habitat for little brown
myotis (Myotis lucifungus), eastern small-footed myotis (Myotis leibii), northern myotis (Myotis septentrionalis), and
tri-colored myotis (Perimyotis subflavus). No federally or provincially significant mammal species were observed by
ERI during the field surveys of the study area. Refer to Appendix B (Attachment ) for a full list of mammals known
or observed within the study area.
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Butterfly Species

The Ontario Butterfly Atlas includes 38 butterfly species that are known to occur in a 10 x 10 km atlas square that
overlaps the study area. This includes one (1) SCC, monarch (Danaus plexippus). This species was not observed
by ERI during the field studies, but monarch habitat is present due to the presence of common milkweed. Refer to
Appendix B (Attachment H) for a full list of butterfly species reported in the study area.

Species at Risk

Correspondence with MNRF and GRCA provided SAR documentation for the Brantford Colborne Street East area.
A variety of SAR have been observed in the study area, identified by MNRF to have the potential to occur in the
area, or have been identified on DFO mapping within the study area. Incidental observations, including SAR
encountered, were collected during field investigations and are detailed in Appendix B (Attachment A).

Background GRCA and MNREF records of SAR within the study area and surrounding lands include:

Black redhorse;

Silver shiner;

Eastern sand darter;
Round pigtoe;

Wood thrush; and
Wavy-rayed lampmussel.

NHIC records identify:

Snapping turtle;
Northern map turtle;
Pignut hickory;

Broad beech fern; and
Bristly buttercup.

The forested communities within the study area may provide suitable habitat for provincially endangered northern
myotis, eastern small-footed myotis, little brown bat, and tri-colored myotis.

Provincially tracked species include:

Mucket;

Elktoe;

Black sandshell;
Brindled madtom; and
e Greater redhorse.

SAR identified during the field surveys and recent public observations include:

¢ Red mulberry (END) is considered endangered provincially and federally and is a regionally significant plant
species. These are smaller trees that grow 6-18 m tall, with fleshy fruit that is deep red in mid-July. They are
found in moist, forested habitats on both sandy and limestone-based loamy soils. This species was found in
in the FOD7-4, CUM1, and CUT1 ELC communities.

o [Eastern wood-pewee (SC) is considered a SCC in Ontario. It is listed as Special Concern both provincially
and federally. The eastern wood-pewee occurs throughout southern Ontario, breeding most often in
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deciduous woods and sometimes in more open habitats, with a preference for open habitats (such as open
water, roadways, and clearings) adjacent to nesting sites. The MNRF (OMNR, 2000) further describes the
habitat of eastern wood-pewee as open, deciduous, mixed, or coniferous forest, typically in the mid canopy
layer of forest clearings and edges of deciduous and mixed forests. It is most abundant in intermediate age
mature forest stands with little understory vegetation (MNRF, 2018). This species was found calling and
foraging within the FOD7-4 ELC community.

e Chimney swift (THR) is considered Threatened provincially and federally. One quarter of its breeding range
is in Canada. As an aerial forager that concentrates near water, chimney swift are now associated with
urban and rural settings and typically use chimneys as roosting and nesting habitat (COSEWIC, 2007). This
species had an eBird observation within the study area on May 18, 2019.

e Barn swallow (THR) is considered Threatened provincially and federally. Barn swallows occur throughout
Canada, with distribution in close association with human rural settlements. They prefer various open
habitats for foraging including grassy fields, pastures, agricultural rows, lake and river shorelines, cleared
rights-of-way, islands, farmland, and wetlands (COSEWIC, 2011). This species was found flying over the
Grand River during the breeding bird survey.

e Snapping turtle (SC) is considered Special Concern federally and provincially and is listed under Schedule
1 of SARA. Snapping turtles use multiple types of habitat including any freshwater habitat, typically slow-
moving water with soft mud or sand bottom with abundant vegetation. Snapping turtles were observed
during the reptile basking survey.

¢ Common nighthawk is considered Special Concern in Ontario. Habitat of nighthawk is open areas with little
to no ground vegetation, such as burned over areas, forest clearings, peat bogs, and lakeshores, but can
nest in cultivated fields, orchards, urban parks, and along roads and railways. This species was found during
the 1995 ESR surveys.

e Peregrine falcon (SC) is considered Special Concern in Ontario. These birds typically nest on tall, steep
cliffs close to large bodies of water, but can adapt to city-like settings as they can use ledges of tall buildings
for nesting. eBird records from December 24, 2017 identify an observation of peregrine falcon within the
study area.

¢ Bank swallow is considered Threatened in Ontario. This species nests in burrows in natural and human-
made settings where there are vertical silt and sand deposits. They are typically found on banks of rivers
and lakes and in active sand and gravel pits. eBird records identify this species within the study area limits
on April 30, 2019.

¢ Rusty blackbird is considered Special Concern in Ontario. They typically inhabit coniferous forest with
wetlands nearby and use swamps, ponds edges, and agricultural fields in the winter. eBird contains records
of the species from May 3, 2018.

Significant Wildlife Habitat

Background

Significant Wildlife Habitat is identified under Section 2.3 of the Provincial Policy Statement (OMMAH, 2014) as
areas where plants, animals, and other organisms live and find adequate amounts of food, water, shelter, and space
needed to sustain their populations. Specific wildlife habitats of concern may include areas where species
concentrate at a vulnerable point in their annual or life cycle and areas which are important to migratory or non-
migratory species. Wildlife habitat is considered significant where it is ecologically important in terms of features,
functions, representation, or amount, and contributing to the quality and diversity of an identifiable geographic area
or natural heritage system.

Defining wildlife habitat significance for Ecoregion 7E, in which the study area is located, is described in the SWHTG
Addendum (MNRF, 2015b). SWH is protected under the Ontario Provincial Policy Statement (OMMAH 2014).
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Wildlife habitat is divided into four broad categories as described in the OMNR'’s Significant Wildlife Habitat
Technical Guide (SWHTG, OMNR 2000), as follows:
e Seasonal concentration areas;
e Rare vegetation communities or specialized habitats for wildlife;
e Habitats of species of conservation concern, excluding the habitats of endangered and threatened species;
and
¢ Animal movement corridors.

Significant Wildlife Habitat Screening

Based on further analysis following field investigations for ELC, flora, breeding birds, anuran, reptile, and bat habitat
surveys, a screening exercise for SWH Ecoregion 7E was completed to confirm or identify potential (i.e. “candidate”)
SWH that may occur within the study area. Individual SWH types within the four broad categories were assessed as
either not present, candidate, or confirmed for the study area based on comparison of significance criteria against
information obtained from relevant background documents and field surveys.

A summary of the SWH screening results are provided in the following sections and the detailed analysis is provided
in Appendix B (Attachment B).

Significant Wildlife Habitat Not Present

Observations during field investigations did not meet the criteria for significance for the following habitats:
o Waterfowl stopover and staging areas (terrestrial);
o Waterfowl stopover and staging areas (aquatic);
e Shorebird migratory stopover area;
e Bat hibernacula;
o Bat migratory stopover area;
e Colonially-nesting bird breeding habitat (bank and cliff);
¢ Colonially-nesting bird breeding habitat (trees/shrubs);
e Colonially-nesting breeding habitat (ground);
e Migratory butterfly stopover areas;
e Landbird migratory stopover;
o Deer winter congregation areas;
e Cliffs and talus slopes;
e Sand barren;
e Alvar;
e Old growth forest;
e Savannah;
e Tallgrass prairie;
e Other rare vegetation communities;
e Seeps and springs;
e Amphibian breeding habitat (woodland);
e Marsh breeding bird habitat;
e Open country bird breeding habitat;
o Waterfowl nesting area;
e Bald eagle and osprey nesting, foraging and perching habitat;
e Shrub/early successional breeding habitat;
e Terrestrial crayfish;
e Special concern and rare wildlife species: vascular flora; and
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Amphibian movement corridors.

Candidate Significant Wildlife Habitat

The SWH screening found that the criteria for candidate SWH were met for the following eight categories:

Raptor Wintering Area — The habitat for raptor wintering areas is present within the study area as fields,
woodlands, and roosting habitat is present. It is recommended that specific surveys be completed during the
winter season.

Bat Maternity Colonies - Woodland and forest communities are present within the study area, some with
old, damaged, and decaying trees with the potential for cavities. A tree cavity assessment for potential bat
maternity is recommended to be completed during the leaf off season.

Turtle Wintering Area- Habitat is present within the Grand River for turtle overwintering. Searches for
congregations of basking turtles during spring and fall seasons on sunny days should be conducted.
Reptile Hibernaculum- Habitat for hibernacula exists within the study area in the old rail bed, old building
foundations and on the slope. Snake cover board searches should be undertaken in the appropriate
seasons.

Turtle Nesting Area- The habitat for turtle nesting is present along the banks of the Grand River. Snapping
turtle, midland painted turtle, and red-eared slider were observed during the reptile basking survey.
Additional reptile basking surveys are recommended.

Woodland Area-Sensitive Bird Breeding Habitat- \WWoodland habitat exists within the study area and
multiple bird species from the area-sensitive bird list were observed during breeding bird surveys and as
eBird records.

Special Concern and Rare Wildlife Species: Birds — Common nighthawk, bald eagle, and peregrine
falcon were observed or have historical records within the study area. These species are likely foraging
within the habitat and are not likely using the habitat for nesting and breeding.

Special Concern and Rare Wildlife Species: Reptiles- Habitat for northern map turtle and ribbon snake
exists within the study area but were not found within the field surveys.

Candidate SWH requires field survey assessments to verify the presence or absence of the species and habitat.
This is to be conducted in accordance with accepted protocols within the appropriate season and conditions.

Confirmed Significant Wildlife Habitat

The SWH screening found that the criteria for confirmed SWH were met for the following categories:

Special Concern and Rare Wildlife Species: Birds — Eastern wood pewee was observed during the
breeding bird surveys in the FOD7-4 community.

Special Concern and Rare Wildlife Species: Reptiles- Snapping turtle was confirmed within the study
area during the reptile basking survey.

Special Concern and Rare Wildlife Species: Insects- Monarch were observed flying on site. Common
milkweed, a plant species required by monarchs for their juvenile life stage, was found within the study area.

The confirmed SWH requires protection and no development can occur within these habitats, unless it can be
demonstrated that the development has no negative impacts on the natural heritage functions and features of the

SWH.
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3.3 Stage 1 Archaeological Assessment
3.3.1 Previous Archaeological Assessments

A Stage 1 and 2 Archaeological Assessment was undertaken in May and June of 1994 and completed by Golder
Associates in 1995 as part of the 1995 ESR. The investigation failed to recover artifacts or structures. All three
zones of the slope, including the lower slope, bench, and top of slope were noted to have archaeological potential,
particularly the bench along the rail trail. The 1995 ESR noted that no known archaeological sites were discovered
within the study area and thus, the remedial work would not impact the heritage of the area with the exception of the
demolition of properties at 1019 Colborne Street East and 957 Colborne Street East, which would require monitoring
of the site by a licensed archaeologist. These properties have since been demolished and were not present at the
time of this study.

3.3.2  Current Archaeological Assessment

A Stage 1 Archaeological Assessment was undertaken by Archaeological Research Associates (ARA) in November
2018 under Project Information Form #P089-0115-2018. The Stage 1 Assessment determined that the study area is
compromised of a mixture of areas with and without archaeological potential, and that there is potential for areas to
have been impacted by past construction activities.

A recommendation for Stage 2 property assessment in accordance with Section 2.1 of the Standards and Guidelines
for Consultant Archaeologists (MTC 2011:28-39) was made for all sections of archaeological potential that could be
impacted by the project, which comprises the majority of the slope monitoring area. The recommended approach for
the top of slope, table lands, and Beach Road property is a test pit survey at an interval of five metres; the
recommended approach for the remainder of the slope monitoring area is construction monitoring for the duration of
construction. The summary map of recommended survey methods for the slope monitoring area is available in
Figure 3-5 and in Map 12 of the Stage 1 Archaeological Assessment Report (Appendix D).
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Figure 3-5. Potential Modelling and Recommendations
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3.4 Built Heritage and Cultural Heritage Landscape Assessment

A Built and Cultural Heritage Landscape Assessment of landscapes and structures along Colborne Street East was
completed by ARA in 2018. The heritage assessment area consisted of approximately 1 km along Colborne Street
East; a total area of approximately 17.5 ha. A windshield survey of the broader study area was conducted and all
potential heritage resources were evaluated using the criteria of Ontario Regulation 9/06 and Ontario Regulation
10/06. The heritage resources that were identified as a Built Heritage Resources (BHR), a Cultural Heritage
Landscape (CHL), or being of Cultural Heritage Value or Interest (CHVI) were:

¢ BHR 1 — 1059 Colborne Street

¢ BHR 2 — 1057 Colborne Street

¢ BHR 3 — 1053 Colborne Street

e BHR 4 — 1047 Colborne Street

e BHR 5 — Beach Road House and Mill (just east of 11 Beach Road)
e BHR 6 — Colborne Street pedestrian underpass
e BHR 7 — Colborne Street rail bridge

e BHR 8 — 1042 Colborne Street (Cainsville United Church)
¢ BHR 9 — 1036 Colborne Street

e BHR 10 — 1024 Colborne Street

e BHR 11 — 1020 Colborne Street

e BHR 12— 1022 Colborne Street

¢ BHR 13 — 29 Clara Crescent

¢ BHR 14 — 968 Colborne Street

¢ BHR 15— 21 Johnson Road

¢ BHR 16 — 13 Johnson Road

e CHL 1 — View to Bow Park Farm

e CHL 2 — Grand River

e CHL 3 — Buffalo & Lake Huron Railway (B&LHR)
e CHL 4 — Part of the Trans Canada Trail

e CHL 5 — Mohawk Canal Locks

The Built and Cultural Heritage Landscape Assessment report recommends protecting heritage assets in proximity
to potential project works as part of the design work. This includes locating project staging and construction areas
away from BHRs and CHLs, minimizing the removal of mature trees, and minimizing vibration impacts to sensitive
BHRs during construction. In addition, it was recommended that a Heritage Impact Assessment (HIA) report should
be undertaken during the detailed design phase of the project to confirm the anticipated impacts of the works and
outline mitigation measures as part of the design.

The Built and Cultural Heritage Landscape Assessment completed by ARA is included in Appendix D, and includes
details of the background research, consultation with the City of Brantford and Brant County, a description of the
evaluated heritage assets, and the full list of recommendations. The report may include useful information for the
City of Brantford’s Heritage Inventory and the identification of heritage assets worthy of inclusion in a Municipal
Heritage Register.

The BHR, CHL, and CHVI heritage resources are shown in the context of the study area (slope monitoring area) in
Figure 3-6.
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3.5 Geotechnical Conditions

The City of Brantford is located within the Haldimand Clay Plain, which is generally composed of deep water
glaciolacustrine sediments, including clay, silt, and minor sand. The soils of the study area are generally comprised
of fill overlying native clayey silt and silty sand. Bedrock is found at the site between elevations of 178.4 masl and
180.5 masl and appears to be dolomite.

The groundwater level was measured in monitoring wells and is typically within 3 m of the ground surface in the
upper slope and tableland and within 1 m in the lower slope section. The piezometer (groundwater pressure)
monitor installed at bedrock indicates that groundwater head is at a level of 202 masl in the upper slope and 195
masl in the lower slope; the lower slope groundwater is under artesian pressure.

The main slope failure mechanisms that continue to affect the stability of the existing slope are the high groundwater
levels and continued undercutting of the toe of the slope by the Grand River; this in combination with the weakness
of the native soils results in the instability of the slopes at their current inclinations.

Additional details of the geotechnical condition of the slope is provided in Appendix A.

3.5.1 Site Specific Soil and Groundwater Conditions

Based on a review of the previously completed geotechnical investigations and the most recent geotechnical
investigation, the soil conditions are generally comprised of fill overlying native clayey silt and silty sand.

Fill material was placed at the crest of the slope by landowners to extend and level out their properties and fill was
placed at the mid-height of the slope for construction and maintenance of the former CP rail line. The fill at the crest
of the slope varies in composition from clayey silt to sand with some silt and gravel. Debris was noted at various
depths at the crest of the slope. The fill material was generally loose to compact.

A deposit of clayey silt was generally encountered on the upper portion of the slope below the upper fill material and
extended to between 202 masl and 207 masl in elevation. The upper clayey silt material generally contained silt and
sandy silt layers and has a stiff consistency and became normally consolidated with depth.

Sandy silt/silty sand was encountered below the clayey silt material and below the fill at the plateau of the slope and
towards the Grand River. The deposit was encountered at an elevation of 202 masl at the plateau and 188 masl to
195 masl at the toe of the slope. The sandy silt/silty sand deposit varies in thickness from 0.6 m to 3.2 m and was
generally compact to dense and saturated.

A lower deposit of clayey silt was encountered below the sandy silt/silty sand layer and extends to the bedrock
surface. The clayey silt material contains seams of silt, sandy silt, and silty clay material. Undrained shear strengths
measured in situ within the Piezocone Penetration Tests (CPTu) holes indicated that the lower silty clay is soft to stiff
and normally consolidated.

Bedrock was encountered across the study area between 178.4 masl to 180.5 masl. The bedrock appeared to be
dolomite.

Groundwater was measured in the monitoring wells installed during the previous investigations. Groundwater was
typically encountered within 3 m of the ground surface in the upper slope and tableland boreholes and within 1 m of
the surface in the lower slope. Piezometers installed in the bedrock indicate the piezometric pressure at the rock
surface is 195 masl (artesian pressure) in the lower slope and 202 masl in the upper slope.
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3.6 Hydrology and Hydraulics

The characterization of the hydrology and hydraulics is discussed in two contexts: (1) the surface water runoff, which
considers local catchment areas for major and minor flow events and the relevant stormwater infrastructure within
the study area, and (2) the Grand River and its hydraulic characteristics within the study area, particularly in terms of
flooding and erosion within the area known as ‘the Oxbow’ within the slope monitoring area.

3.6.1 Surface Water Runoff

The minor drainage system is defined by the Ministry of Transportation (MTO) as that which captures relatively
minor floods (within a 2 to 10-year return period), and consists of the storm sewers, catch basins, and minor
channels (MTO, 2013). The stormwater infrastructure within the study area consists of a network of stormwater
gravity mains and relevant storm manholes and storm inlets. The stormwater gravity mains collect runoff from
Colborne Street East and the Clara Crescent neighbourhood and convey the stormwater to one of four discharge
points located outside of the slope monitoring area. The majority of the flows collected along Colborne Street East
by storm inlets on the north side of the street are conveyed to the discharge point located north of the slope
monitoring area, which becomes a tributary for Fairchild Creek. The other three discharge points are located west of
the slope monitoring area and discharge into a short tributary which feeds into the Grand River upstream of the
study area.

The area that contributes minor flow to the slope monitoring area consists of the area bounded by the stormwater
infrastructure shown in Figure 3-7. Field investigations suggested some possible linkages between the storm inlets
located on the south side of Colborne Street East and the larger stormwater gravity mains, as well as some storm
inlets which may be part of an abandoned system discharging into the Grand River through the slope monitoring
area. The stormwater infrastructure located within the slope monitoring area, including culvert outfalls and
stormwater laterals, have the potential to be previously damaged as a result of historic slope movements. Further
investigation in the field and historic records indicated that all stormwater infrastructure in the slope monitoring area
was disconnected at some point following the 1986 event, although some inactive stormwater outfalls still exist in the
slope area. These are not considered to be essential to remove as they are no longer active and are not considered
to pose additional risk to exacerbating slope movement. The estimated minor drainage area is a maximum of
0.06km?2.

The major drainage system is defined by the MTO as the path of runoff that is followed when the minor drainage
system is exceeded (i.e., for storms greater than the 2 to 10-year design of the minor system). This includes natural
topography, roadside ditches, roadways, drainage swales, etc. The major flows catchment area was manually
delineated for the study area to estimate the contribution area to the slope monitoring area during a major flow event
using the SWOOP2015 contours available from the GRCA. The estimated major flow area is 0.58km?2. The major
flow system is shown in Figure 3-8.
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3.6.2  Grand River Hydraulics

An up-to-date HEC-RAS model of the section of the Grand River containing the study area was supplied by GRCA
on October 3, 2018. The model was reviewed and updated using elevation data collected by the drone survey in
November 2018 at sections 172 and 171 (the existing GRCA HEC-RAS model sections located within the study
area). The location of existing HEC-RAS sections relative to the study area are shown in Figure 3-9.

The updated hydraulic model was used as an existing conditions model to estimate hydraulic parameters within the
study area. The existing conditions results are shown in Table 3-8.

Table 3-8. Existing Conditions HEC-RAS Model Results for Slope Monitoring Area

River Flow Profile Flow Water Surface Velocity Total Shear Channel Shear
Station (cms) Elevation (m) (m/s) (N/m?) (N/m?)
172 Reg 2,510 198.45 3.66 16.4 37.77
100 Year 1,770 197.09 3.36 13.05 33.32
50 Year 1,570 196.64 3.27 12.06 32.03
20 Year 1,310 195.98 3.14 11.98 30.33
10 Year 1,110 195.39 3.01 10.47 28.77
5 Year 910 194.67 2.91 8.59 27.69
2 Year 600 193.33 2.43 15.55 20.85
171 Reg 2,510 198.41 3.08 9.49 25.66
100 Year 1,770 197.08 2.69 7.91 20.41
50 Year 1,570 196.64 2.57 7.28 18.88
20 Year 1,310 196 2.39 6.55 16.74
10 Year 1,110 195.42 2.23 6.09 14.9
5 Year 910 194.71 2.05 5.76 12.99
2 Year 600 193.34 1.72 5.25 9.66

The results in profile indicate that the bank opposite the slope monitoring area overtops at approximately the 2-year
event with a flow of approximately 600 m3/s, which provides a relief on shear stress and erosion on the north slope
during larger flood events. The hydraulic model indicates that Colborne Street East would not be impacted up to the
Regional event defined in the HEC-RAS model.

A review of the flood frequency estimates from the Grand River at Brantford gauge (02GB001) was performed in
conjunction with the GRCA Flood Frequency Analysis (FFA) for managed flows. The flood frequency review used a
Gumbel plot and a Generalized Extreme Value (GEV) distribution based on the Water Survey Canada gauge data
from 1947 to 2018. The HEC-RAS model flows are consistent with those from the GRCA FFA, and the analysis with
other methods is consistently lower than the GRCA estimations. These flows are provided in Table 3-9.

Table 3-9. Flood Frequency Analysis Results Summary.

Return Period (years) 2 5 10 20 50 100 200 500
Return Gumbel Plot | 570.3 793.8 941.8 1083.8 1267.5 1405.2 NA NA
et GEV 574.9 799.4 941.7 1073.8 1238.4 1357.3 | 147120 | 1617.9
Flows (cms) Estimai

stimation
GRCAFFA | 600.5 | 908.0 1107.3 1370.7 1569.9 1769.2 1968.4 22318
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3.7 Fluvial Geomorphology

Observations of channel instability and/or erosion concerns along any watercourse should be placed in the context
of its geomorphic system. This includes recognizing that the form and function of watercourses are a result of the
interaction between controlling (e.g., geology, flow) and modifying (e.g., vegetation) factors to which the channel has
adjusted. When a change in one or more of these factors is greater than what the channel is able to accommodate,
a temporary or permanent channel response may occur as the channel seeks to regain a dynamic equilibrium form.
Since the response of a watercourse to a disturbance may take years or decades to accomplish, and since a specific
site is part of a continuum along a drainage network, analyses of channel morphology should include a broader
spatial and temporal perspective.

Characterization of the geomorphological conditions of the Grand River and the unstable slope was undertaken
through review of historical data and background materials. The intent of the assessment was to gain insight into
channel/slope form and functions to identify areas of concern and to inform the selection and evaluation of
alternatives for site remediation.

3.71 Historical Conditions

A sequence of historical air photos was obtained from the City of Brantford (1955, 1965, 1971, 1976, 1980, 1981,
1986, 1993, 1995, 2006, 2008, 2009, 2010, 2013, 2015, 2017) and from the National Air Photo Library (NAPL)
(1945). Review of aerial photography provides insight into changes that have occurred with the channel, as well as
the slope within the area of study. A summary of key observations is provided in Table 3-10, and air photos are
included within Appendix C.

Table 3-10. Historical Observations

Year Observations

1945 e The CP Railway (Toronto, Hamilton and Buffalo Railway) and Beach Road are present north of the
Grand River, with residential developments established in the northeast between the railway and the
channel. An area of vegetation clearing is visible at the eastern side of the developments.

e Residential developments are present along the south side of Colborne Street East.

1955 e The channel displays a wider active channel flow (flooding), likely indicative of impacts from Hurricane
Hazel, occurring in 1954.
e Additional residential developments have been established along Colborne Street East.

1986 e The aerial image was taken one month prior to the landslide event, which occurred on May 20, 1986.
(April 24) Bare soils are visible within and adjacent to properties along Colborne Street East (929, 947, 951
Colborne Street East). Such conditions are an indicator of an unstable slope environment prior to the
mass movement experienced one month later.

e A wetland/pond feature is visible in the 1986 air photo, which remains present today. Additionally,
some surface drainage features (i.e., rills) are visible on the slope. The presence of surface drainage
may confirm the presence of high groundwater levels within the slope (Golder, 2012).

e Based on the historical analyses (i.e., channel overlays), the toe of the slope/channel bank eroded
between 1965 and 1986.

1993 ¢ Residential properties along the CP Railway and Beach Road have been removed to that of existing
conditions — one residential dwelling at 73/77 Beach Road.

e Some residential properties have also been removed along the south side of Colborne Street East.

e A scaris visible from the 1986 slope failure, which now lacks mature vegetation. The offset in the
previous CP Railway is also visible within the vicinity of 73/77 Beach Road, which removed in 1988.

1995 e Development of the waterfront structure at the residential property remaining along the northern bank
of the Grand River have begun.
e Local areas of sediment accretion are visible surrounding the banks at 73/77 Beach Road.
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Year Observations
e Additional developments have been removed along the south side of Colborne Street East.

2006 e Development of the waterfront structure at 73/77 Beach Road has continued, with a greater extent
both down the toe of slope/channel bank and into the channel.

e Additional developments have been removed along Colborne Street East.

e Historical analyses suggest the dominant process occurring between 1993 and 2006 was slumping of
the slope into the channel.

2010 e Development of the waterfront structure at 73/77 Beach Road has continued, extending further
upstream on the channel bank.
e Some scour is visible to the east of the waterfront structure at 73/77 Beach Road.

Rates of change along the Grand River and the slope associated with the 1986 landslide were ascertained through a
historic overlay assessment. A series of historical and present air photos were selected for the assessment (1965,
1986, 1993, 2006, 2010, 2019). The edge of water of the Grand River on the northern (right) bank was traced for
each of the selected years, and overlaid to measure areas of change, thus resulting in rates of change over time
along the system. It is to be noted that the distortion of the air photos, which is an inherent issue associated with air
photo overlay assessments, can propagate through the calculation of rates of change over time. In order to
minimize such errors, the process of georeferencing or rectifying the images was focussed on the area of the
landslide, 73/77 Beach Road, and the Grand River within this area. Rates of change are reported in Table 3-11.

Golder (2010) noted that much of the debris from the 1986 landslide was rapidly removed by Grand River flows.
This process was confirmed during the current assessment. The erosion caused by the Grand River at the toe of
the slope/channel bank appears to be the dominant process occurring within the study area, with a loss of material
measured prior to the 1986 landslide, and from 1993 until present. This is not to suggest slope processes (i.e.,
slumping) is not ongoing; but that the material that may be transported down the slope is being washed away by
Grand River flows. Furthermore, the radius of the meander bend over time is generally consistent, which may
further indicate that the material being moved down the slope through slope processes and slumping is being carried
away by the erosive forces of the channel along the toe of slope / channel bank.

Prior to hardening of the waterfront, the erosion occurring within the area assessed was observed across the 73/77
Beach Road property. Following hardening, bank scour appears to have concentrated in recent years (2010 — 2019)
immediately to the east of the waterfront structure. If this process continues, the toe of the slope at the east limit of
the waterfront structure may become oversteep and contribute to instability in this location.
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Table 3-11. Rates of Channel and Slope Change Over Time

Time Period Rate Dominant Process Observations
(mlyear)

1965 — 1986 0.14 Toe / bank erosion Loss of material extends along the area of
assessment (Figure 3-10).

1986 — 1993 0.66 Toe / bank erosion Measured to the west of 73/77 Beach Road
waterfront works.

1986 — 1993 0.86 Toe / bank erosion Measured to the east of 73/77 Beach Road
waterfront works.

1993 - 2006 0.35 Slope instability (slump) Measured to the west of 73/77 Beach Road
waterfront works.

1993 - 2006 0.25 Slope instability (slump) Measured to the east of 73/77 Beach Road
waterfront works.

2006 — 2010 0.46 Toe / bank erosion Conditions are generally stable along meander

(locally) bend, with local scour immediately west of the 73/77

Beach Road waterfront works.

2010 — 2019 0.23 Toe / bank erosion Conditions are generally stable along meander
bend, with local scour immediately east of the 73/77
Beach Road waterfront works.
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3.8 Socio-Economic Environment
3.8.1 The Official Plan and Zoning

The City of Brantford Official Plan was most recently updated in January 2018 and is currently under an Official Plan
Review, which includes a master planning process to add the newly acquired Boundary Expansion Lands from Brant
County (as of January 1, 2017) into the City of Brantford Official Plan.

The zoning within the slope monitoring area is designated as low density residential and open space; the property
parcel for the Brantford Christian School is institutional and is partially within the slope monitoring area. The broader
study area contains low, medium, and high density residential lots, as well as open space, commercial lots, and an
additional institutional lot at 1042 Colborne Street East (Citygate Church). The Official Plan indicates that the slope
monitoring area was amended to a Special Policy Area on April 21, 1992, which permits only existing land uses until
such time that the lands above the slope are deemed safe by a competent Professional Engineer and an appropriate
amendment has been made to the Official Plan to adjust the designation of the lands. The enforcement of this
approval was done through Zoning By-law 160-19, which changed the zoning in the area to a “Development
Constraint Zone (DC)”; this zoning district is currently still in effect within the slope monitoring area.

The Official Plan designates a Greenfield Area to the northeast of the study area along the northern section of
Johnson Road. The study area is not within or adjacent to any other growth management boundaries, including
designated urban growth centres or intensification corridors.

3.8.2 Land Use

The study area includes a mix of residential, commercial, and institutional properties within its limits. The GRCA and
the City of Brantford initiated a property acquisition program along the south side of Colborne Street East following
the 1986 landslide event in order to reduce the risk to life and property. As of May 1995, there were fifteen (15)
structures existing along the top of slope, including thirteen (13) residences, one combined residence/business
development, and the institutional Brantford Christian School located at 7 Calvin Street. As of the 2012 update to
the 1995 ESR, only seven (7) of the fifteen previously identified properties were occupied. Presently, there are five
(5) properties with physical structures currently present in the slope area. These include:

e 73 Beach Road (Residential, zoned DC)

e 46 Clara Crescent (Residential, zoned DC)

e 40 Clara Crescent (Residential, zoned DC)

e 32 Clara Crescent (Residential, zoned DC)

e Brantford Christian School located at 30 Clara Crescent/7 Calvin Street (Institutional, zoned 12-1)

Within the broader study area, there are currently two (2) institutional lots and eight (8) commercial lots. These
include:

Institutional Lots:
e 7 Calvin Street (Brantford Christian School)
e 1042 Colborne Street East (Citygate Church)

Commercial Lots:
e 900 Colborne Street East
e 901 Colborne Street East (Bell City Motel)
e 904 Colborne Street East (Scott Veterinary Clinic)
e 930 Colborne Street East (Dairy Queen)
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e 950 Colborne Street East (Galaxy Motel)

e 970 Colborne Street East (Colborne Auto Service and Sales)
e 984 Colborne Street East

e 1004 Colborne Street East

The former CP rail bed was converted into the Hamilton-Brantford Rail Trail in 1996, which serves as a recreational

use within the slope monitoring area. The Grand River also provides recreational features for activities such as
boating and fishing.

The overall land use and DC zoning district within the study area is shown in Figure 3-11.
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3.8.3  Transportation

The existing transportation infrastructure within the study area and slope monitoring area is characterized in this
section. The transportation infrastructure includes traffic corridors, such as major and minor arterial and collector
roads, and recreational infrastructure, such as bike trails and recreational pathways.

Due to the consideration of the closure or relocation of Colborne Street East as an alternative in previous studies,
alternative traffic routes considering the narrowing or closure of Colborne Street are characterized in this section.

3.8.3.1  Transportation Plan

The City of Brantford maintains records of traffic counts at intersections in the City Counts at three intersections
within or near the study area along Colborne Street East were conducted between 2010 and 2018. These were
conducted at the intersections Glenwood Drive, Garden Avenue, and Johnson Road, from the west to east end of
the study area. The traffic flow is primarily in the east-west direction along Colborne Street, with approximately 25%
or less of the traffic heading north or south at the intersections monitored. The summary of the Colborne Street East
traffic counts is provided in Table 3-12; the maximum east-west traffic count is based on maximum traffic count
recorded in any direction for a duration of eight (8) hours through the hours of approximately 9am to 5pm.

Table 3-12. Traffic Counts along Colborne Street East

Intersection Max. East-West Traffic Count Date

Glenwood Drive 3,826 Thursday June 28, 2012
Garden Avenue 3,377 Thursday August 2, 2018
Johnson Road 3,373 Monday May 10, 2010

The traffic data indicates that Colborne Street East carries approximately 3,800 vehicles daily through the study
area, as a conservative estimate.

Due to the consideration of the closure of Colborne Street East in previous studies, the characterization of the
transportation network in the vicinity of the study area is also presented. The transportation parameters and
estimated capacities based on the transportation design manual are presented in Table 3-13. The parameters in the
table are summarized for the road sections within the potential alternate routes for Colborne Street (i.e. speed limits
and other road parameters may vary outside of the plausible alternate routes).

Table 3-13. Road Parameters along Potentially Alternate Routes

Street Road Class Posted Speed Limit (km/h) No. Lanes
Colborne Street East Major Arterial 50 5
Garden Avenue Minor Arterial 50 2
Locks Road Maijor Collector 50 2
James Avenue Minor Collector 50 2
Grey Street Maijor Collector 40 2
Elgin Street Major Collector 50 2
Wayne Gretzy Parkway Major Arterial 60-70 4
Henry Street Minor Arterial 60 3-4
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Based on the existing traffic counts at locations along Colborne Street East and the estimated capacity of road
infrastructure in the vicinity of the study area, several variations of potential alternate routes for traffic redirected due
to the closure or reduction of Colborne Street East within the study area. These routes are shown in Figure 3-12.
The transportation network classifications are consistent with the City of Brantford Official Plan.

3.8.3.2 Recreational Trails

The prominent recreational feature within the slope monitoring area is the Hamilton-Brantford Rail Trail, converted
from the CP rail bed in 1996. The section of the Rail Trail within the slope monitoring area has been historically
subject to narrowing due to slope movements and requires regular maintenance by City of Brantford staff.

The City of Brantford recorded trail usage between March 21, 2018 and October 17, 2018. The average daily trail
count during this period was 73.1, with a maximum observed daily trail usage of 368 counts on September 21, 2018.
The daily average trail counts by month ranged from 42.1 to 92.7, with a lower daily average trail usage in March
and the peak daily average trail usage in September. The daily average trail counts by weekday ranged

from 61.1 to 83.9, with less usage on average in the middle of the week and higher usage between Friday and
Monday.

Due to the potential for closure of the Rail Trail (depending on the alternative solution selected), a characterization of
the existing recreational and bike trail network is presented. Potential alternate routes to connect the east end of
Colborne Street East to the opposite end of the existing Rail Trail entrance at Beach Road includes:

e Creation of a recreational trail along the south side of Colborne Street East, and/or
e Creation/designation of a bikeway along Locks Road.

It is noted that the potential closure of the Rail Trail within the slope monitoring area and the potential closure of
Colborne Street East should be considered jointly and independently, as the Rail Trail has the potential for closure
without the closure of Colborne Street East. In the event of the closure or reduction of Colborne Street East, a
recreational trail may be integrated with the roadway and one or more lanes may be converted into a recreational
trail.

The existing bikeway and trail network is presented in Figure 3-13; the classification of bikeways and trails is
consistent with the City of Brantford Official Plan.
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39 Utilities and Infrastructure

Utilities and other municipal infrastructure are often located adjacent to creeks in urban settings due to the
availability of space and the natural gradient available to facilitate gravity drainage (i.e., sanitary sewers, water
mains, stormwater outlets). The utilities within or near the slope monitoring area that have the potential to be directly
impacted by the alternative solutions are identified in this section.

3.9.1 Water Distribution and Sanitary Sewer Municipal Infrastructure

The location of water distribution and sanitary sewer municipal infrastructure was determined based on City of
Brantford data records.

A water main network is located along Colborne Street East, Clara Crescent, and Calvin Street, ranging in size from
200mm to 300mm, with associated services to properties located along the aforementioned streets. No
infrastructure was noted within the slope monitoring zone with the exception of a number of presumed abandoned
services at the edge of the slope monitoring area, servicing previous properties which have since been acquired by
the City. These services were shown at a number of locations, including 48 and 52 Clara Crescent, and numerous
locations along Colborne Street East, including 909, 997, 1019, and 1025 Colborne Street East.

A series of gravity sanitary sewer mains and associated servicing connections exist along Colborne Street East and
along Clara Crescent and Calvin Street. No sanitary infrastructure was noted within the slope monitoring area based
on City records, although it is possible that sanitary sewer services exist in the same locations as abandoned water
main services.

The water and sanitary municipal infrastructure data is provided visually in Figure 3-14. As noted above, there exist
many laterals shown in this figure along Colborne Street (East) and Clara Crescent that are currently disconnected
and inactive since the acquisition of private properties at those locations.
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3.9.2 Stormwater Infrastructure

The location of stormwater infrastructure was determined based on City of Brantford data records. The City data
indicated a stormwater gravity sewer located along Colborne Street East, Clara Crescent and Calvin Street varying
from 300mm to 750mm in diameter. The stormwater was found to discharge just west of the school located at 7
Calvin Street, as well as at two other locations with outlets from Glenwood Drive to the east of the school, into an
open stormwater drain which ultimately outlets into the Grand River upstream of the slope monitoring area.
Stormwater inlets (catch basins) were noted at regular intervals along the south side of Colborne Street East; these
were investigated as part of the existing conditions characterization.

No stormwater infrastructure was noted directly in the slope monitoring area based on City infrastructure data.
Additional details on the stormwater infrastructure characterization can be found in Section 3.6.1.

3.9.3 Utilities

A number of existing and abandoned utilities exist within and near the slope monitoring area that have the potential
to be impacted by the alternatives identified through the EA process. The utilities within and near the slope
monitoring area are summarized in the sections below. The utilities located within the slope monitoring area are
shown in Figure 3-15.
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Enbridge/Union Gas Utilities:

Gas lines are located along the north and south sides of Colborne Street East, as well as in the Clara Crescent
neighbourhood to service the residential properties and institutional school property.

At the east side of the slope monitoring area, the gas lines encroach on the slope monitoring area along the south
side of Colborne Street East, near the intersection with Johnson Road.

A gas line connection is also shown from the main 420 kPa line from the south side of Colborne Street East to the
former property parcel located at 915 Colborne Street East, which is currently part of the City owned amalgamated
929 Colborne Street East property parcel.

Brantford Power:

Brantford Power infrastructure exists along Colborne Street East and within the Clara Crescent neighbourhood to
service the existing properties. Encroachment of the infrastructure into the slope monitoring area occurs near the
top of slope, east of Garden Avenue to the east limit of the slope monitoring area. It was also noted in
communications with Brantford Power that there is an overhead secondary service line extending from near 52 Clara
Crescent towards the Grand River to service 73 Beach Road, with privately owned hydro poles. The exact location
of this service connection was not available from Brantford Power at the time of request.

Bell Canada:

Bell Canada infrastructure is located along the north and south side of Colborne Street East, as well as the Clara
Crescent neighbourhood.

An abandoned cable is located at the 947 Colborne Street East property parcel, which extends approximately 41 m
into the slope monitoring area towards the Grand River.

A buried cable is also located from Clara Crescent along Beach Road, which is active but currently does not have
any working services.

Rogers Communications:

Rogers Communications infrastructure is located along Colborne Street East and within the Clara Crescent
neighbourhood, although no infrastructure exists within the slope monitoring area.
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4. Alternative Solutions
4.1 Development of Alternative Solutions

The intent of this study was to address the slope stability concerns along Colborne Street East regarding the risk to
public safety, infrastructure, and residents in close proximity to the slope area. The alternative solutions are required
to consider the social and economic impacts to the City and its residents, including the cost of construction and
maintenance of the work. The background review and the characterization of the study area provided the context for
developing and evaluating the broad range of plausible alternative solutions to addressing this challenge.

An initial list of alternative solutions was developed with consideration given to the alternatives evaluated in the
previous 1995 ESR and updated in 2012. The alternatives were developed in the context of the stable slope line of
5.4:1 (horizontal:vertical) required to maintain stable conditions, which is not present under the existing conditions.
The stable slope line would require the alteration of either the top of slope or bottom of slope constraints, or an
alteration to the slope conditions to reduce the required grade. This led to the broad alternative solution categories,
including the following:

Alternative 1. Do nothing; continue with the current monitoring program and re-evaluate in the future (a
baseline comparison case for the evaluation);

Alternative 2. Monitoring;

Alternative 3. Altering the level of service along Colborne Street East by setting the slope line north, in
order to achieve a stable slope line;

Alternative 4. Providing some form of mechanical stabilization to the slope to allow a slope to remain

stable with a steeper slope than 5.4:1 (horizontal to vertical), while maintaining the
constraints at the toe and top of slope; or
Alternative 5. Relocating the Grand River banks further south in order to achieve a stable slope line.

Through the course of multiple meetings and communications with the City of Brantford and GRCA staff, alternative
two was further developed to include more sophisticated monitoring and phased placement of mechanical
stabilization. These five (5) potential alternative solutions are described in more detail in the following sections.

Under all the alternatives, a method of reducing the risk to the public is to continue to acquire private properties
within the slope monitoring area that are at risk in the case of a potential slope failure, where opportunities to do so
are presented. This would be done in negotiations between the City, GRCA, and private property owners.

The conceptual representations of alternative solutions for Alternatives 3-5 are presented in profile view in Figure
4-1 and in plan view in Figure 4-2.

65



Colborne Street East - Slope Stabilization Municipal

Ecosystem Recovery Inc. City of Brantford
Class Environmental Assessment September 2020
: ” Alternative 3 — Alteration of Colborne Street (East)
= Stable slope inclination, maintaining table lands adjacent to Colborne Street (East)

Colborne Street (East) k\_’
Alteration required for stable slope setback \
T eniaeiing

Hamilton-Brantford
Rail Trail (current and future location) Grand River

Alternative 4 — Mechanical Stabilization

. Mechanical stabilization rock ballast. Acts to stabilize slope by providing
counterweight to failure and reducing soil saturation. Exact extents and phasing of

-
\ /materlal placement to be determined in next phase of the Environmental Assessment.

Colborne Street (East)

In-channel works to provide slope toe protection against erosion.

Hamilton-Brantford

Rail Trail (current)
May be impacted by mechanical stabilization

Grand River

Alternative 5 — Relocation of the Grand River

Hamilton-Brantford
Rail Trail (future)

Stable slope inclination, maintaining table lands
adjacent to Colborne Street (East)

Colborne Street (East)

=

Hamilton-Brantford

Rail Trail (current) Relocation of Grand River —

Note: figure provided as displayed at Public Information Centre #2.

Figure 4-1. Alternative Solution Concepts in Profile for Alternative Solutions 3-5
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4.1.1 Alternative 1 - Do Nothing

The ‘Do Nothing’ Alternative is always included in EAs and provides a baseline with which to compare the other
alternatives. In the case where the risk to public safety was deemed to be within acceptable boundaries and/or
construction costs were too prohibitive to justify works, Do Nothing may be a preferred alternative solution.

The Do Nothing alternative would recommend that the City continue to operate with the same approach as prior to
the study, which would include the following actions:

e Continue to perform annual monitoring of the slope with inclinometer data and topographic surveys;

e Continue to acquire private properties within the slope area in consultation with GRCA when the opportunity
is presented; and

e Consider a re-evaluation of the project risk and timelines at a future date.

Under the Do Nothing alternative, the following outcomes would be anticipated:

e The slope will continue to move at an assumed constant baseline rate and will respond to substantial rainfall
events and high ground water levels based on seasonal and annual natural variation; and

e The Grand River will continue to migrate into the slope through erosion at the toe and prevent a
regeneration of the banks, contributing to ongoing oversteepening of the slope and slope movements.

4.1.2 Alternative 2 — Monitoring, Assessment, and Phased Stabilization

The ‘Monitoring, Assessment, and Phased Stabilization’ Alternative was developed in part following
recommendations and discussions with City of Brantford staff. This alternative includes continued monitoring using
updated technologies and more active approaches, as well as an intent to stabilize the slope in place using a phased
approach as more data is collected.

This alternative would include the following actions:

o LiDAR surveys of the slope on an annual or bi-annual basis, using similar methods to those used in this
study, either in conjunction with or as an alternative to the inclinometer monitoring being undertaken by the
City;

e Continue to acquire private properties within the slope area in consultation with GRCA when the opportunity
is presented;

e Consider real-time monitoring of the slope and an associated mitigation plan; and

o Implement phased mechanical stabilization and potentially toe protection on the slope area depending on
the results of the LIDAR monitoring efforts (see Alternative 4, Section 4.1.4, for more details on potential
methods of mechanical stabilization).

Under this alternative, the following outcomes would be anticipated:

e A more comprehensive understanding of the slope changes would result from the LIDAR surveys, since the
entirety of the slope is measured and can be compared, in contrast to the point/line measurements that the
current monitoring methods provide;

e The mitigation plan will be connected to real-time monitoring results, where threshold values for further
stabilization, property acquisition, or emergency evacuation will be drafted; and

¢ Mechanical stabilization will begin to be implemented in key areas within 1-2-years, with the need for further
stabilization to be implemented as determined from the LiDAR and real-time monitoring data.
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4.1.3  Alternative 3 - Alter the Level of Service Along Colborne Street East

The ‘Alter the Level of Service Along Colborne Street East’ Alternative addresses the option to change the constraint
at the top of the slope (i.e. Colborne Street East) in order to accommodate a stable slope of 5.4:1.

The implementation of this alternative would include the following actions:

e Continue to perform annual monitoring of the slope with inclinometer data and topographic surveys;

e Continue to acquire private properties within the slope area in consultation with GRCA when the opportunity
is presented;

¢ Reduce the level of service along Colborne Street East, including lane reductions or complete closure of a
section, with potential to further adjust the level of service based on monitoring information;

e Provide surface drainage delineation storm system and slope drainage storm system;

e Potential re-routing of traffic with a formal detour through alternate roadways; and

e Potential closure of the Hamilton-Brantford Rail Trail, depending on the implementation of slope grading.

Alteration of the level of service provided by Colborne Street East can be carried out in phases according to
monitoring of slope movement. The initial phase could be to re-route traffic and reduce the roadway platform to one
lane each way. If the monitoring results suggest further failure will occur, the Colborne Street East right-of-way
would be reverted to hazard land and would require the re-routing of buried services such as sanitary, storm, and
water as well as utilities.

4.1.4  Alternative 4 - Apply Mechanical Stabilization

The ‘Mechanical Stabilization’ Alternative would maintain the constraints at the top and toe of the slope and provide
mechanical stabilization to the slope to reduce the 5.4:1 inclination that would otherwise be required. In this context,
mechanical stabilization includes structures founded in stable soil and/or application of rock ballast on the slope
surface to provide counter thrust. This alternative would include a surface and, where possible, a sub-surface
drainage system to intercept and delineate runoff and seepage. This alternative would also include a stabilization of
the Grand River outside meander using erosion protection and local flow training instream structures.

The implementation of this alternative would include the following actions:

e Continue to perform annual monitoring of the slope with inclinometer data and topographic surveys;

e Continue to acquire private properties within the slope area in consultation with GRCA when the opportunity
is presented;

¢ Implement mechanical stabilization in the form of rock ballast (or other means) to provide counter force
opposite to the direction of slope movement;

¢ Provide a surface drainage delineation storm system and slope drainage storm system;

e Provide erosion protection to the toe of the slope, designed to allow natural regeneration of the toe; and

e Potential closure of the Hamilton-Brantford Rail Trail, depending on the implementation of the mechanical
stabilization.

The mechanical stabilization would be designed to target both the soil moisture and strength of the native soil, as
well as the active toe erosion, improving the resistance of the slope to both deep-seated and less significant failures.

415 Alternative 5 — Relocate the Grand River

The ‘Relocate the Grand River’ alternative addresses the slope constraint at the bottom of the slope, in which the top
of slope and Colborne Street East would be maintained, and the banks of the Grand River would be relocated south
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in order to accommodate the 5.4:1 safe slope. The Grand River would need to be re-aligned away from the slope a
minimum distance of approximately 70 m; the re-alignment would be determined in the following phase of the EA
process. This alternative would be carried out in concert with surface drainage improvements.

The implementation of this alternative would include the following actions:

e Continue to perform annual monitoring of the slope with inclinometer data and topographic surveys;

e Continue to acquire private properties within the slope area in consultation with GRCA when the opportunity
is presented;

¢ Relocation of the Grand River to an alignment a minimum of 70 m south of its current position;

e Provide a surface drainage delineation storm system and slope drainage storm system; and

e Potential closure of the Hamilton-Brantford Rail Trail, depending on the implementation of slope grading.

4.2 Evaluation of Alternative Solutions
4.2.1 Evaluation Criteria and Methodology

The alternative solutions presented in Section 4.1 have been evaluated with a consistent methodology, the goal of
which was to identify potential challenges and opportunities associated with the options. The evaluation criteria are
described in Table 4-1. A qualitative rating scale, shown in Table 4-2, was used to assess each alternative against
the evaluation criteria. An overall rating is then given to each criteria category (i.e., Public Health and Safety,
Technical, Environmental, Archaeological and Heritage Resources, Socio-economic, Construction Cost, and
Constructability) to allow an alternative-to-alternative comparison of how well the criteria are addressed. The overall
weight of each criterion is shown in parentheses following each criterion title, with the largest weight being given to
Public Health and Safety.

70



Ecosystem Recovery Inc.

City of Brantford

Colborne Street East - Slope Stabilization Municipal
Class Environmental Assessment September 2020

Table 4-1. Criteria for the Evaluation for the Slope Stability Alternative Solutions

Criteria

Description

Public Health and Safety (25%)

Protection of residents from eventual
slope failure

Protection of residents from risk of eventual slope failure

Protection of property from eventual
slope failure

Protection of property and buildings from eventual slope failure

Protection of public from eventual
slope failure

Protection of public along Colborne Street East and Hamilton-Brantford Rail
Trail from risk of eventual slope failure

Protection of floodplain residents
from flood risk

Protection of floodplain residents from flood backwater resulting from river
blockage

Reduction of risk impact to major
slope failures

Measure of risk reduction for future major slope failures

Technical (10%)

Protection from erosion

Protection of the riverbanks from continual erosion

River stability

Measure of the impact on stability of the Grand River

Impacts on flooding

Measure of the impact on increased risk of flooding

Protection of traffic use on Colborne
Street East

Protection of the existing traffic use on Colborne Street East

Impact on water quality

Measure of the impact on water quality in the Grand River

Environmental (15%)

Impact on fish habitat

Measure of the impact on fish and other aquatic species and aquatic habitat

Impact on vegetation

Measure of the impact on vegetation on the slope and in surrounding project
site

Impact on terrestrial habitat

Measure of the impact on terrestrial habitat and terrestrial species

Heritage and Archaeological Resources (10%)

Disturbance of heritage resources

Measure of the disturbance of built and cultural heritage landscapes

Disturbance of archaeological
resources

Measure of the disturbance of archaeological resources on site

Socio-economic (15%)

Impact to existing Rail Trail

Measure of the impact on existing usage of the Hamilton-Brantford Rail Trail

Disruption of businesses

Measure of the impact on the disruption of businesses

Impacts to private property

Measure of the impact to adjacent private property and use of the surrounding
area

Cost (15%)

Property acquisition costs

Relative measure of the property acquisition costs

Construction costs

Relative measure of the initial construction costs

Operation and maintenance costs

Relative measure of the ongoing operation and maintenance costs following
construction

Constructability (10%)

Design implementation and access

Feasibility of project implementation, including construction access

Constructability

Overall technical constructability of the alternative

Maintenance requirements

Measure of the ongoing maintenance requirements following construction

Impact to existing utilities

Impact of the construction and maintenance on existing utilities in the study
area
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Table 4-2. Evaluation Ranking Criteria

Score | Qualitative Rating

Description

1 Least Desirable

Least positive, or negative, impact
e Most cost

e Environmental degradation

e Difficult to implement

Minor negative impact

Neutral impact

Positive impact

QAN

Most Desirable

Most positive or beneficial impact
e least cost
e Environmental improvement/gain

O )

<

O 6

Least Desirable

>

Most Desirable

4272 Alternative Solutions Evaluation Matrices

The evaluation of each alternative solution, as presented in the associated Public Information Centre (PIC) (#2,
March 12, 2019), is presented in qualitative form in Table 4-3.

Table 4-3. Summary of Alternative Solutions Evaluation Results

Public Health and Safety (25%)

Technical (10%)

Environmental (15%)

Heritage and Archaeological
Resources (10%)

Socio-economic (15%)
Construction Cost (15%)

Constructability (10%)

Overall Score
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