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1.0 INTRODUCTION
1.1 Study Overview

As part of the approval of Regional Official Plan Amendment (ROPA) #38, additional lands were
identified in the Town of Milton to accommodate population and employment growth from 2021
through to 2031. Referred to as the “Sustainable Halton Lands”, the lands identified for growth
will serve as Milton’s next urban expansion area and next major Supplemental Plan Area(s). In
order to gain a better understanding of some of the key opportunities and constraints to
developing the area, the Town has initiated the planning process for these lands by officially
commencing a Subwatershed Study (SWS) in January 2016. Town Council awarded the SWS
to the Amec Foster Wheeler Team at its January 25, 2016 meeting (Staff Report CORS-006-16
& Proposal Award 15-527).

The overarching vision articulated in ROPA #38 is, in lar, that of an “environment-first”
philosophy. In line with the Provincial Policy Statement ilding off of the Province’s

ROPA #38 also establishes that local municipalities
of, a Secondary Plan process, a SWS. Th
and, in general, it is intended to provide
heritage and water resource features, functio
well as identify potential impacts of f

uired to carry out, prior to, or as part
for a SWS are set out in ROPA #38

d development on the NHS. ROPA #38 allows
be done in the context of a comprehensive

hazard, natural heritage, and water resource features within the study area;

c. Provide sufficient detail to support the designation of NHS, through refinement of the
Regional NHS, as well as identify areas for future development; and

d. Provide recommendations for a management strategy, implementation and monitoring
plan to be implemented through the Secondary Plan(s) and future site/area specific
studies.

The results of the SWS will be essential for informing the future Secondary Plan(s). The SWS
will inform land use decision making so that it allows for urban systems to be integrated with
natural systems in an area that is transitioning from predominantly rural to urban uses.
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1.2 Study Area

The Subwatershed Study involves assessment work related to the following six (6) distinct but
interconnected technical study disciplines:

Hydrology / Hydraulics (Surface Water)
Hydrogeology (Groundwater)

Fluvial Geomorphology

Surface Water Quality

Aquatic Resources

Terrestrial Resources

VVvVvyYVYyYVYYyvYyYy

study discipline, the specific
, and the amount of existing

The scale and extent of study and analysis varies according to
analysis or activity being undertaken as part of that disci

information that is available, as well as the configuratio spective subwatershed and
watershed. In addition, disciplines tend to overlap and | as part of the assessment
and related scale, there needs to be consideration of, discipline on the others

building from existing data and policy. Neverthel e and extent of study can typically
be classified under one of the categories as follows:

» “Subwatershed Study Area” or “Stuad
consists of the subwatersheds of the
Area encompasses approxigg ctares (13000 acres).

the area shown on Figure 1.2 in ‘blue’ and
hé Regien of Halton as the Town’s urban growth area from

: "), as well as portions of the Regionally identified

own on ROPA 38). The majority of the SWS fieldwork,

endations will focus on the natural heritage and water
within the Primary Study Area and the level of study will be

and consists of lands oltside of the Primary Study Area but within the Subwatershed Study
Area. The level of study in the Supplemental Study Area will be coarser than the Prime
Study Area but is considered important for gaining a more complete understanding of the
natural heritage and waters resources features and areas of the watershed. This area
must be considered as part of the overall system-based approach to planning but is not
currently contemplated for short-term future growth and development.

» “Subwatershed” refers to the area shown on Figure 1.1 and m consists of portions of
Subwatersheds 2, 3, 4, 5, 6 and 7 of the Sixteen Mile Creek Watershed. Assessments at
the subwatershed scale will principally consider and refine hydrologic and hydrogeologic
considerations given the extent of assessment of the landscape setting through the
development of the Regional NHS.

» “Watershed” refers to the area shown on Figure 1.3 and means the Sixteen Mile Creek

Watershed. As with the subwatershed scale, assessments at the watershed scale will

principally consider and refine hydrologic and hydrogeologic considerations given the

Our File: TP116007 Page 2
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extent of assessment of the landscape setting through the development of the Regional
NHS.

The level of detail required as part of the analysis at each scale is inherently related to the potential
for impact which would be associated with proposed/planned urbanization of the Sustainable
Halton Lands. Consequently, the level of detail and resolution required for the study and related
analyses are typically greatest in the Primary Study Area scale. Nevertheless, Watershed scale
analyses can provide some insights and input to management strategies that would be
appropriate for the overall system.

Although site specific fieldwork was focused on the Primary Study Area, some fieldwork has taken
place in the Supplemental, Subwatershed or Watershed Study Argas due to the presence of site
specific features/areas of interest including road survey work ded for hydraulic modelling or
the characterization of drainage outlets from the Primary S a. In addition, where access
rea, focused fieldwork was
undertaken where it was considered to potentially i tural heritage or water

study discipline, with due recognition of ove tween disciplines
Hydrology

The subcatchments will be modelle tail related to both existing and future proposed land
uses. The approach will see 0 in the Primary Study Area, followed by the
Supplemental Study Area, and Subwatershed scale. The effectiveness of management
practices to meet study & argets related to flooding and erosion will be considered
beyond the limits @ Supplemental Study Areas, in the context of the
larger/broader SixteeniMile Creek e. watershed scale) as well. Water balance (mtegrated W|th
hydrogeology) will be lare ¢
of potential influences whic ure land use and management practices at the Supplemental
Study Area scale will have on"the systems of the subwatershed [Note: this latter perspective is
highly contingent on the findings of the Land Base Analysis (LBA) and future Secondary Plan
process and whether any lands outside of the currently defined Primary Study Area are
contemplated for near-term development.

Hydraulics

All Conservation Authority regulated watercourses within the Primary Study Area proposed to
remain in an ‘open’ condition post-development will be analyzed hydraulically to assist in defining
the floodplain, needs for upgraded conveyance systems, and riparian storage. Some of the
connection points and confluences influencing boundary conditions will be considered at the
Supplemental Study Area scale. The influence of potential changes in Regulatory flows (off-site
as far downstream Town of Oakuville) will be assessed to determine the need, scale, and form of
management appropriate to mitigate impacts from the Primary Study Area.

Our File: TP116007 Page 3
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Water Quality

The assessment of impacts related to urbanizing the Primary Study Area will focus on those lands
proposed to change in use and also their proposed management practices including
effectiveness.

Hydrogeology

A background review of relevant hydrogeological data has been considered at the Subwatershed
Scale. Detailed field work within the Primary Study Area will provide for refining the conceptual
groundwater characterization with additional baseflow observations in the Supplemental Study
Area. Observations and characterizations related to the ecosystemycomponents will be integrated
into the groundwater characterization. The groundwater ch erization, water balance and
assessment of impacts relating to future development wi assessed semi-quantitatively
utilizing an integrated groundwater water budget within t i tudy Area.

Stream Morphology

The assessment will characterize existing channel
fieldwork. Fieldwork will occur primarily i
Subwatershed Scale to consider the immedi
will provide guidance to channel managemen
Study Area, in relation to future de
erosion targets for stormwater
Study Area and Supplemental

ns, through monitoring and detailed
Study Area and secondarily at the
d receiving areas. This information
ial for enhancement within the Primary
infrastructure. Detailed analysis to establish
e undertaken for the more local (i.e. Primary

Terrestrial Ecology

Detailed terrestrial agsessments

additional observationg

ill take place within the the Primary Study Area, with some
the Supplemental Study Area where impacts are expected
to stress terrestrial resoure Where infrastructure is predicted to be required that twill cause
impacts) and / or where terrestfial ecological resources (e.g. species occurrences and associated
habits) occur within and adjacent to the Primary Study Area/areas proposed for urbanization, with
demonstrated sensitivity to the effects of urbanization.

The NHS context will be considered in relation to those terrestrial resources assessed to ensure
ecological relationships are understood as they may affect planning and impact assessment.

Fisheries

Characterization of fish and fish communities in the principal watercourses will be at the
subwatershed scale, and based largely on existing data sources. The watershed scale will be
considered where appropriate (i.e. with migratory species). More detailed characterization and
fieldwork of habitat was conducted in the Primary Study Area for features such as barriers to
migration, observable groundwater discharge areas and water temperature. The fish community
and habitat, including contributing habitat, will be assessed for the smaller tributaries and
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headwater drainage features. Potential impacts (e.g. stormwater management facilities, road
crossings, etc.) will be assessed at the scale at which they may occur. Some will be very localized,
while others could bring about changes for a considerable distance downstream or, for example
in the case of barrier removal, upstream. The potential impacts of land uses in the
subwatersheds, including development within the Primary Study Area, will be considered as they
relate to fish and fish habitat (e.g. increased in impervious cover within catchments; opportunities
for restoration and enhancements).

Approved Development in Neighbouring Municipalities

Portions of the Subwatersheds which drain part, or all, of Milton South Phase 4 also drain portions
of the neighbouring municipalities of Town of Halton Hills and City of Mississauga. Where these
lands have an approved and designated management plan (EnyiF6nmental and/or Stormwater),
those recommendations and strategies will need to be embe as “givens” within the structure
of the current Subwatershed Study. Where neighbouring | been designated as “urban”
but no management plan exists (or not approved), it is this Subwatershed Study

requisite land use and management plans in the fi the need arises. The rationale for
this approach relates to the inability for the curren atershed Study to establish/develop
appropriate management plans for lands whi roceed to the next level of planning
and design, hence to consider any form of anagement would likely introduce
further uncertainty or at best be speculative.

alton’s Official Plan (Section 77(5)) outline the
sondary Plans/Area Specific Plans for major growth areas,

The purpose of the SWS is otitlined in Section 1.1 of this report. The SWS is to be completed
prior to the approval of any Secondary Plan(s) for the Sustainable Halton Lands. The SWSis to
provide technical support to the Secondary Planning process and is to outline the preferred
stormwater and environmental management strategy for the Supplemental Plan Area(s).

A LBA was initiated in October 2016 and is meant to serve as one of the initial background steps
in the Secondary Plan process. The purpose of the LBA is to identify the key opportunities and
constraints to development, as well as inform and provide direction to the Secondary Plan
process. The LBA is intended to be a high-level study, wherein a preliminary land use concept,
depicting broad land use categories, as well as a framework for future studies will be prepared to
inform early phases of other studies (e.g., SWS). The LBA will serve as the basis and background
for the preparation of future required Secondary Plan studies. The LBA is not intended to be a
detailed analysis; rather, it is to provide direction and guidance for the planning process.
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Figure 1.4 shows the components of the LBA, as well as highlights how it contributes to the
Secondary Plan process, in relation to the SWS.

Servicing
Study

Transportation

Agriculture
Master Plan

Study

Archaeo./
Heritage
Study

LAND BASE ANALY

Community
Needs
Study

Subwatershed
Study

Land Needs
Analysis

Planning /
Policy
Analysis

SECONDARY PLAN
PROCESS AND FUTURE
STUDIES

L]
-
L)
L)
.

*
SsssmEmEmEEEEEEEES

*
..llllllllllllllllllllllllllllllllllllllllll“

Figure 1.4 Land Base Analysis
(study components and relationship to the Secondary Plan process)

Ultimately the Secondary Plan(s) will establish a more detailed planning framework for the
Sustainable Halton lands, building upon the general framework provided for in the Town and
Region’s Official Plan. It will also establish policies that will result in a complete, healthy, and
sustainable community(ies). The Secondary Plan will implement the NHS and management
framework established via this SWS.
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Of note, other studies (e.g., transportation, servicing, land use) will also be initiated throughout
the course of this SWS. These studies will be produced not only to inform the Secondary Plan
but also so that they may be considered as part of the SWS analysis and in the development of
management strategies for the study area, where appropriate.

1.4 Subwatershed Study Process

The SWS must ensure that all applicable Provincial, Regional and Town land use planning
requirements, including conservation authority regulations, are achieved. More specifically, the
SWS must demonstrate that it conforms to and/or meets the requirements of the Region, Town
and Conservation Halton, as established in the following:

» Sections 116.1, 118(1.1) and 145(9) and all other relevanisections of the Halton Region
Official Plan 2009 (ROPA #38);

» Section 5.4 and all other relevant sections, of the To ilton’s Official Plan; and

» Policies and Guidelines for the Administration of i lation 162/06 and Land Use
Planning Policy Document, Conservation Hal
2011.

Phase 1 — Backgro
Phase 2 — Analysis;
Phase 3 — Management Strategies; and

Phase 4 — Implementation and Monitoring.

A brief overview of each of these phases and key outputs is described below.

One of the first steps in the South Milton Subwatershed Study (South Milton SWS) process
involved the refinement of a work plan and preparation of a gap analysis/inventory of the available
data (ref. Appendix A and J). The Work Plan builds off the Terms of Reference prepared by the
Town as part of the RFP process and sets out the SWS Team'’s plan and specific tasks to achieve
the requirements, goals and objectives for the study. The Work Plan has been refined over the
course of 2016, in consultation with the SWS Steering Advisory Committee (SAC) and Technical
Advisory Committees (TACs). With agreement from the SAC/TACs, the Work Plan was not
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finalized prior to the fieldwork commencing in an effort to ensure that fieldwork was undertaken
during the critical field seasons of 2016.

The Gap Analysis lists the available data and provides an assessment of data gaps and the
degree to which the available data can and/or should inform the SWS. This has been done in
consultation with the SAC and TAC. The Gap Analysis report is a ‘living document’ which will be
updated over the course of this study, based on new data that may become available or is
collected throughout this study.

The purpose of Phase 1 (Background Review and Characterization) of the SWS is to gain a better
understanding of the state, health and general character of the subwatershed. Reviews of existing
studies and reports, fieldwork and, where appropriate, modelling been undertaken in order to
understand the baseline of conditions related to following key components:
Hydrology/Hydraulics, Hydrogeology, Water Quality, Str orphology and Aquatic and
Terrestrial Resources. These components have been d assessed as part of this
report.

ill involve undertaking an analysis of
nd management strategies to address

stormwater, will be developed. Watercourses heritage features will be assessed and

given a constraint ranking, followed b etall’net rating. Any refinements to the Region’s

Phase 4 (Implementation and MG
of the preferred manag

he stage for the implementation and monitoring
egy for the subwatershed. A detailed subwatershed
be developed for the preferred development scenario,
ershed management options and using the subwatershed
| studies that will be completed in support of future planning

construction) to evaluate the effectiveness of the Study’s recommendations, allowing for adaptive
management, will also be recommended. Phase 4 will outline the agencies / organizations that
are proposed to be responsible for carrying out the various recommendations and specify when
in the development process the various recommendations need to be initiated.

At the conclusion of the SWS, the final reports are to be adopted by Council. The SWS must also
be accepted by the Region, as per Section 116.1 a) of the Regional Official Plan.

15 Study Management

The SWS is being managed by Town of Milton staff and the Amec Foster Wheeler Team. Further,
a number of committees have been formed in order to provide technical and strategic advice to
the Town and its consulting team on the process and development of the SWS. Two key SWS-
related committees have been established as part of this process and include the Steering
Advisory Committee (SAC) and Technical Advisory Committee (TAC).
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The SWS SAC is chaired by the Town and has representation from the following:

Town of Milton

Amec Foster Wheeler Team

Conservation Halton

Region of Halton

Landowners’ consultants

Ministry of Natural Resources and Forestry (MNRF)

VVvVvYVYyvVvYYyvyYyYy

SAC members are responsible for coordinating and representing their agency’s position and will
serve as the liaison between their respective agency and the S The SAC is responsible for
confirming providing advice and direction on the key deliverablegs’identified in the SWS Terms of
Reference/Work Plan, as well as providing overall guidan ction, technical and strategic
advice to the Town and the Amec Foster Wheeler Team ss and development of the

d have representation from each of
the above listed groups. The TAC addresses specifi mponents of the study (e.g., surface
water, aquatic ecology, terrestrial ecology, logy, planning/policy). The role of
the TAC is to provide technical advice to the he SWS process. Advice will focus
on the technical/scientific aspects of the ing providing advice on available background
is, as well as study results/conclusions. [Note:
the make-up of the TACs may g progresses and as there is more integration

of disciplines]

A Charter was develgped eleperation of all Committees involved in the Secondary
Plan/SWS process.
productive working relationships among all stakeholders; 2) lead to the most efficient and effective
use of stakeholder time an@ reséurces; 3) ensure that the expertise and experience of each
stakeholder is best utilized}{and 4) ensure that the Secondary Plan/SWS process is as
streamlined and seamless as possible. By agreeing to participate on the above-referenced
committees, members have agreed to the principles outlined in the Charter.

2.0 CLASS ENVIRONMENTAL ASSESSMENT PROCESS

This Subwatershed Study (SWS) will ultimately constitute an environmental and stormwater
master plan under the Class Environmental Assessment (EA) process as outlined in the Municipal
Engineers Association (MEA) Municipal Class EA document (October 2000, as amended in 2007,
2011 and 2015). Master Plans are recognized to be a preferred planning and design process for
infrastructure, as it considers a group or set of projects concurrently. At minimum, Master Plans
address Phases 1 and 2 of the Class EA process. The overall EA process generally involves:

» Phase 1: Identification of Problems or Opportunities
» Phase 2: Identification of Alternative Solutions (to Problem or Opportunity)
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» Phase 3: Identify Alternative Design Concepts for the Preferred Solution Implementation
» Phase 4: Document Environmental Assessment process (includes the design and
consultation process in the main report)

Some of the distinguishing features of a Master Plan compared to project specific EA’s include:

» That the scope is long-range, comprehensive analysis/assessment of a system ‘as a
whole’;

» OQutcomes typically reflect a set of works which are distributed across a broader system /
area (like a subwatershed); and

» Works would be implemented over an extended period of time.

The Town of Milton has determined that Approach #1 of the ClI A Master Plan Process, more
fully described in Appendix 4 of the Municipal Class EA, will for this study. Therefore, this
Subwatershed Study/Master Plan will satisfy the Phase 1 requirements for the Class

n(s), will also carry out
to address Phases 1 and 2 of the

future |nvest|gat|ons and if Schedule B and
EA document classifies projects as Schedul depending on the scope, potential
for environmental impact or publi y project identified in this Subwatershed
Study/Master Plan and/or as part ary Plan process must be classified as to its level
of complexity which will in turn g edule process needs to be followed.]

identified. [Note: The MEA’s Class

to meet the provisions of the EA Act. The overall
process, underpinné use identified as part of the Secondary Plan process will

highlight:

Joint notifications and¥presentations to public, stakeholders and agencies;

Concurrent assessment / analysis of land use, environmental and infrastructure issues;
Concurrent decisions / recommendations;

Collaborative approach to problem solving; and,

Coordinated approach to documentation.

vVvyvVyyVvyy

Phases 3-4 of the Municipal Class EA process will be addressed as part of future studies/projects,
where required. Any required Notices of Study Completion for Schedule A+, B or C projects will
be issued as part of subsequent planning processes following the completion of the LBA and/or
Secondary Plan, as needed.
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3.0 POLICY AND STUDY CONTEXT
3.1 Introduction

The protection of the natural environment and public health and safety are fundamental principles
enshrined in the policies, guidelines and practices of provincial, municipal and local levels of
government. This Subwatershed Study must ensure that all applicable Provincial, Regional and
Town land use planning requirements, including conservation authority regulations, are achieved.
The following sections summarize some of the key plans and policies that will influence the
Sustainable Halton Lands in South Milton, specifically as it relates to subwatershed planning, the
protection of the natural environment/public health and safety, and/or land use planning.

3.2 Province of Ontario

3.21 Provincial Policy Statement

The Provincial Policy Statement (PPS) (2014) is issued un
PPS provides direction on matters of provincial inte
development. The PPS provides for appropriate rotecting resources of
provincial interest, public health and safety, and th i he natural environment. The PPS
, environmental and social factors in
e creation of complete, healthy, and
unicipal) must be consistent with

ion 3 of the Planning Act. The

liveable communities. All land use decision
the PPS.

The PPS provides guidance for t use and management of resources including
e and water resources. The PPS provides
specific policy direction on significan sndangered and threatened species, fish habitat,
significant woodlands, sjg lands, significant areas of natural and scientific interest

Y surface water features are to be maintained. It states that
meaningful scale for integrated and long-term planning.

heritage features and area
watersheds are the ecologically

The PPS also provides direction relating to natural hazards, so as to ensure that development is
directed away from areas of natural hazards where there is an unacceptable risk to public health
or safety or of property damage. It is also to ensure that development does not create new or
aggravate existing hazards.

3.2.2 Places to Grow Act and the Growth Plan for the Greater Golden Horseshoe

On June 13, 2005, the Provincial Government passed the Places to Grow Act, which was enacted
to help the Province plan for growth in a coordinated and strategic way. It gives the Province the
authority to, among other things, designate any geographic region of the province as a growth
plan area and develop growth plans in any part of Ontario. The Places to Grow: Growth Plan for
the Greater Golden Horseshoe (Office Consolidation, June 2013) outlines the Government of
Ontario’s vision and policies for how growth and development to the year 2041. The Growth Plan
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provides a framework for creating complete communities, providing a range of housing options,
curbing sprawl and protecting farmland and green spaces, reducing traffic gridlock and improving
access to a greater range of transportation options. [Note: The Growth Plan was amended twice
since its release in 2006. The first amendment, released in January 2012, contains policies that
apply in the Simcoe Sub-area. The second amendment, released in June 2013, updated and
extended the Growth Plan’s population and employment forecasts to 2041].

In February 2015, the Province announced the coordinated review of four Provincial land use
plans: Growth Plan, Greenbelt Plan, Niagara Escarpment Plan and Oak Ridges Moraine
Conservation Plan. In May 2016, the Government of Ontario released draft of the Growth Plan
for public review. The Province introduced changes to the Growth Plan that included amended
intensification and density targets, and policies related to prime employment areas and settlement
area expansions. Changes were also proposed to policies ted to natural heritage, water
resources, and climate change.

The draft Growth Plan introduced new policies which
protect a “water resource system”, including key
Watershed and subwatershed planning are to be th isffor identifying and protecting the water
resource system and Greenbelt-level protections are p sed for natural heritage systems, key
natural heritage features, key hydrologic
settlement areas. The draft Growth Plan alse g a”new policy that would require the
Province to identify a natural heritage Greater Golden Horseshoe.

The Town already implements gz & pri es related to identifying and protecting natural
heritage and water-related fe subwatershed study and secondary planning
processes. However, ce of the forthcoming/final Growth Plan will need to be
considered as part of tk >

It is anticipated that a fi [ the Growth Plan will be made public in Spring 2017.

3.2.3 Greenbelt Plan ifand Greenbelt Plan

The Greenbelt Act, 2005 provided the authority for the creation of the Greenbelt Area and the
Greenbelt Plan. The Act sets out the main elements and objectives for the Greenbelt, which are
addressed in the Plan and to permanently protect about 1.8 million acres of environmentally
sensitive and agricultural land in the Greater Golden Horseshoe from urban development and
sprawl. Itincludes and builds on about 800,000 acres of land within the Niagara Escarpment Plan
and the Oak Ridges Moraine Conservation Plan. The Greenbelt Act, 2005 requires that decisions
made under the Ontario Planning and Development Act, 1994, the Planning Actand the
Condominium Act, 1998 conform to the Greenbelt Plan. The Greenbelt Plan identifies where
urbanization should not occur and provides policy direction for permanently protecting the
agricultural land base and the ecological features and functions on the landscape. [Note: The
Greenbelt Plan has been amended once since its release in 2005. The amendment was released
in 2013 and introduced a new Urban River Valley designation to the Plan. It also amended the
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Plan to add the Glenorchy lands in Oakville, as the first expansion to the Greenbelt since it was
created].

As noted in the preceding section, the Province initiated a coordinated review of four land use
plans in February 2015 and released draft of the Greenbelt Plan for public review in May 2016.
The Province introduced changes to the Greenbelt Plan including proposed policy changes
related to agriculture/agricultural system, natural heritage and water, climate change and the
urban river valley designation. The proposed changes are intended to maintain the
interconnections and diversity of natural features and areas and to ensure that water quality and
water quality is maintained across the Greater Golden Horseshoe. The proposed Greenbelt Plan
places a greater emphasis on planning at a watershed and subwatershed scale, as well as
highlights the role these features/areas can play in helping com ities to mitigate the effects of
greenhouse gas emissions and adapting to the effects of clim

Portions of the main branches of Sixteen Mile Creek, th study area, are within the
Greenbelt Plan Area. The Town will need to consid final Greenbelt Plan as

As stated above, it is anticipated that a final i Greenbelt Plan will be made public in
Spring 2017.

3.3 Region of Halton

3.3.1 Official Plan / RegionalfO
The Regional Official Plan (RG Q iding document for land use planning. It contains

Council’s goals, objectives, and p aging growth and development and for directing
physical change affecting i onomic and natural environment of the Region.

The ROP provides pe ide range of topics including, but not limited to the
following:

The setting of urba boundaries to accommodate growth and to protect farmland;
The protection of envirehmentally-sensitive areas and promotion of land stewardship;
The promotion of economic development;

The delivery of urban services such as water supply and wastewater treatment,
transportation, energy and utilities; and

» The building of healthy, complete and sustainable communities.

vvyyvyy

The ROP is reviewed periodically to ensure that it remains responsive to Halton’s needs and the
vision of Regional Council. The last review, referred to as ‘Sustainable Halton’, was undertaken
to update the Halton Region Official Plan [2006]. It culminated on December 16, 2009 with
Regional Council unanimously adopting Regional Official Plan Amendment No. 38 (ROPA #38).
In 2011, the Province modified and approved ROPA #38. This decision was subsequently
appealed in its entirety to the Ontario Municipal Board (OMB). The OMB hearing process to
address the appeals began in mid-2012 and is currently ongoing. However, certain policies of
the ROP are now approved and in force as of the date set out in the OMB Order, subject to site
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specific or area specific matters. The new September 28, 2015 Interim Office Consolidation has
been prepared to show those policies that are approved and in force, as well as those policies
that remain under appeal. For those policies that remain under appeal, the concurrent policies of
the ROP [2006] continue to apply.

ROPA #38 is Halton Region's growth management and land use response to the province's
Places to Grow Plan, the Provincial Policy Statement and the Greenbelt Plan. ROPA #38,
identified additional lands in the Town of Milton that are to accommodate population and
employment growth from 2021 through to 2031 (referred to as the “Sustainable Halton Lands”).
The lands identified for growth will serve as Milton’s next urban expansion area and next major
Secondary Plan Area(s). The Town is required to plan for the Sustainable Halton Lands
comprehensively. The ROP (Section 77(5)) outlines the requigments for the preparation of
Secondary Plans/Area Specific Plans for major growth area well as requirements for the
Secondary Planning process. Following the direction outli ese Plans, the Town initiated
the planning process for the Sustainable Halton Lands i tudies, including this SWS
and a Land Base Analysis (LBA).

part, that of an “environment-first”
philosophy. In line with the Provincial Policy Statemen 14), and building off of the Province’s
itage System (NHS) with the goal of
ctions and areas for the long-term.
are required to carry out, prior to or as part
ents for a SWS are set out in ROPA #38 and,

protecting and enhancing the Region’s natu

ROPA #38 also establishes that loca
NS
in general, it is intended to prq # d assessment of the existing natural heritage
and water resource features, functiensfa as’that make up the Region’s NHS in a given area,
as well as identify potentiaigimpactsiof future growth and development on the NHS. ROPA#38
allows for the refineme c it can only be done in the context of a comprehensive
environmental stud ROP requires that the SWS be accepted by the Region.
[Note: refer to Sections 1.1) and 145(9) of the ROP for select subwatershed study
related policies].

34 Town of Milton
34.1 Official Plan / Official Plan Amendment #31

The Official Plan describes Council's priorities and policies on how land in the Town should be
used. The Official Plan establishes a framework for addressing how the Town will ensure that
future planning and development will meet the specific needs of the community.

The Town’s current Official Plan is based upon a planning horizon of 2021 and provides direction
to manage growth within that timeframe. The Official Plan incorporated lands for urban expansion
determined through the Halton Urban Structure Plan (HUSP) exercise, which was undertaken in
the late 1990’s. The Official Plan was last consolidated in August, 2008 and includes all
amendments approved to that date. The Town is in the process of amending its Official Plan, via
Official Plan Amendment (OPA) #31, to bring the Official Plan into conformity with upper tier
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planning documents, including the Growth Plan and ROPA #38, as discussed in the section
below.

The Town’s Official Plan establishes policies related to Secondary Plan process and it also
outlines the detailed studies which are required in support of a Secondary Plan, which includes
requirements for a SWS (refer to Sections 5.4 and 2.6.3.37). All Secondary Plans and detailed
studies are to be prepared for newly developed/urban expansion areas and are to be carried out
by the Town. Secondary Plans are policy plans which address, land use, urban form and design,
transportation, servicing, and development guidelines, in more detail than the Official Plan.
Secondary Plans are adopted as amendments to the Official Plan.

Since the Town’s Official Plan was last updated, a number of p
both the Provincial and Regional level (e.g., Provincial Poli tatement 2014, Growth Plan,
Greenbelt Plan, ROPA #37 and #38). Given that the T fficial Plan must conform to
Provincial policy direction and the policies of the Region Town is required complete

icy changes have occurred at

ilton to 2031, and incorporates the
the Sustainable Halton Planning

new and revised policies, as we
Council in June 2010 andd
be in conformity with tk

and in force and effeGtpri alization of the Town’s amendment.

apping. The document was adopted by Town
- |th the Region for approval. Since OPA #31 is required to

Town and Regional staff tly working to advance OPA #31 to ensure that the Town’s
Official Plan is in conformity V upper tier documents, as well as ensure the appropriate policy
framework is in place to advance planning for the Sustainable Halton Lands.

3.5 Conservation Halton
3.5.1 Conservation Authorities Act / Ontario Regulation 162/06

Section 28 of the Conservation Authorities Act enables Conservation Authorities to develop and
administer regulations relating to development and activities in or adjacent to river or stream
valleys, Great Lakes and inland lakes shorelines, watercourses, hazardous lands and wetlands.
In 2006, the Minister of Natural Resources and Forestry approved individual "Development,
Interference and Alteration" Regulations for all Conservation Authorities consistent with Ontario
Regulation 97/04 (i.e., Generic Regulation). It was at that time, that the Minister approved
Conservation Halton’s regulation, Ontario Regulation 162/06. Ontario Regulation 162/06
specifies that permission is required from Conservation Halton to:
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» Develop in river or stream valleys, wetlands and adjacent lands (i.e., other areas where
development could interfere with the hydrologic function of a wetland), shorelines or
hazardous lands and associated allowances;

» Alter ariver, creek, stream or watercourse; or

» Interfere with a wetland.

The administration of the regulation is guided by Conservation Halton’s Board-approved policies
(‘Policies and Guidelines for the Administration of Ontario Regulation 162/06 and Land Use
Planning (August 11, 2011)’). These policies complement the Natural Hazard policies of the PPS
(Section 3.1 of the PPS).

work meets Board-approved
ic beaches or pollution or the

If it can be demonstrated to the satisfaction of CH that the propos
policies and will not affect the control of flooding, erosion, dy
conservation of land, CH may grant permission for the prop

Conservation Halton’s Policy document (referenced a [ he Authority’s plan input
ding with the Region of
and water resource-related matters,
including providing advice on subwatershed studies, t may be affected by planning and

ummary of legislations not discussed above
atershed Study.

watershed and along streams.
that will need to be considered

Table 3.1.1 Summary of Acts, Guideiines, Policy

Name of Managemer
Toc
Act/Regulation/  |Type of Tool Purpose
Policy/Guideline/
Program

Level of
Government

Federal Fisheries Act () Act Purpose is to ensure the conservation and protection of fish

and fish habitat.
Migratory Birds Purpose is to protect listed migratory species during their
Federal Convention Act Act P P nestin irio dry P g
(1994)(1) g period.
Species at Risk Act Act Protection of Wildlife species at risk; recovery plans

regarding federally regulated resources.
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Table 3.1.1 Summary of Acts, Guidelines, Policy

Name of Management

Level of Tool:
Act/Regulation/  |Type of Tool Purpose
Government : -
Policy/Guideline/
Program
Canadian The goal of the Canadian Environmental Protection Act
. (CEPA) is to contribute to sustainable development through
Environmental . . .
. Act pollution prevention and to protect the environment, human
Protection Act . . . . .
life and health from the risks associated with toxic
(CEPA)(1999)
substances.
. The Act requires ral departments, including Environment
Canadian _
Federal . and crown corporations to conduct
Environmental Act .
ts for proposed projects where the
Assessment Act _
nt is the proponent
ovide for the management of the water
Canada, including research and the planning
Canada Water Act Act . . .
tation of programs relating to the conservation,

Navigable Waters
Protection Act

proval for any works that may affect navigation
on navigable waters in Canada

part of the Ontario government's Clean Water Strategy,

e Nutrient Management Act provides for province-wide

Act standards to address the effects of agricultural practices on
the environment, especially as they relate to land-applied

materials containing nutrients.
The Lakes and Rivers Improvement Act gives the Ministry of

Act

Nutrient Manage
Act (OMA 002)

Lakes @ Natural Resources the mandate to manage water-related
Act L . . . o
Improvement activities, particularly in the areas outside the jurisdiction of
Conservation Authorities.
Provincial Planning Act At The purposes of this Act is to promote sustainable economic

Provincial (D) development in a healthy natural environment

The Ontario Water Resource Act deals with the powers and

obligations of the Ontario Clean Water Agency, as well as an
assigned provincial officer, who monitors and investigates

Act any potential problems with regards to water quality or

Ontario Water

Resources Act supply. There are also extensive sections on Wells, Water
Works, and Sewage works involving their operation, creation
and other aspects.
. The purpose of this Act is to provide for the protection and
Environmental . .
. Act conservation of the natural environment. R.S.0.1990,
Protection Act CEA9 53
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Summary of Acts, Guidelines, Policy

Table 3.1.1

Name of Management
Tool:
Act/Regulation/
Policy/Guideline/

Level of

Government Type of Tool

Amec Foster Wheeler
Environment & Infrastructure

Purpose

Program
Fish and Wildlife Fish and Wildlife Conservation Act enables the Ministry of
Conservation Act Act Natural Resources and Forestry (MNRF) to provide sound
(1997) management of the province’s fish and wildlife.
Municipal Act Act The Municipal Apt sets forth .reg.ullatigns in regard to the
f municipalities in Ontario.
In August 200 Government of Ontario announced a
r Protection Regulation (Ontario
re the safety of Ontario’s drinking
Ontario Drinking Water Regulation d under the Ontario Water
Protection Regulation as a part of the comprehensive Operation
r action plan. This regulation put the Ontario
Water Standards into law, updating and

Provincial

the Ontario Drinking Water Objectives.

Provincial Water Qu
Objectives (M
(1994)

To provide objectives for the protection of aquatic life.

Significant Wildlife Habitat has been identified as one of the
natural heritage feature areas under the Provincial Policy
Statement

The purpose of the standards is to protect public health

Guideline L .
(2001) through the provision of safe drinking water.
Technical Guideline for
Private Wells: Water Guideline Guidance manual for the development of private wells.
Supply Assessment
(MOE) (1996)
Provincial Policy Polic Provincial Policy Statement was issued under Section 3 of
Statement y the Planning Act (2014).
Drainage Act Act Provides for the regulation of drainage practices in Ontario.
The Public Lands Act was implemented to grant the Ministry
Public Lands Act Act of Natural Resources charge of the management, sale and

disposition of the public lands and forests
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Table 3.1.1

Name of Management
Tool:
Act/Regulation/
Policy/Guideline/

Level of

Government Type of Tool

Amec Foster Wheeler
Environment & Infrastructure

Summary of Acts, Guidelines, Policy

Purpose

On February 15, 1994, the Environmental Bill of Rights
(EBR) took effect and the people of Ontario received an
important new tool to help them protect and restore the
natural environment. While the Government of Ontario

retains the pri responsibility for environmental
provides every resident with formal
lay a more effective role.

rotect existing and future sources of drinking
water.

It Act was implemented in support of the
Plan to direct land use planning to preserve
isting agricultural lands and to provide protection to the
land base needed to maintain, restore and improve the
logical and hydrological functions of the Greenbelt Area
he Places to Grow Act was implemented to promote growth
plans which reflect the needs, strengths and opportunities of
the communities involved, and promotes growth that
balances the needs of the economy with the environment

Conservation Authorities, created in 1946 by an Act of the
Provincial Legislature, are mandated to ensure the
conservation, restoration and responsible management of
Ontario’s water, land and natural habitats through programs
designed to further the conservation, restoration,
development and management of natural resources other
than gas, oil, coal, and minerals.

Program
Environmental Bill of | .. .
Rights (EBR) Bill of Rights
protection, the
Endangered Species Act
Act (2007)
Clean Water Act Act
Greenbelt Act ct
Provincial
Placesfio ct
Conservation Act
Authorities Act
Ontario Regulation ,
162/06 Regulation

This Regulation allows Conservation Halton to prohibit or
regulate development in or adjacent to valleylands,
floodplains, shorelines, wetlands and dynamic beaches, and
other natural hazards; interference with wetlands; and
alteration to watercourses.
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Table 3.1.1

Amec Foster Wheeler
Environment & Infrastructure

Summary of Acts, Guidelines, Policy

Name of Management

Level of Tool: :
Act/Regulation/  |Type of Tool Purpose
Government : -
Policy/Guideline/
Program
Represents a major update to the Region of Halton Official
ROPA 38 Sustainable Policy Plan to bring it into conformity with other legislation and
Halton (2009) policies. Includes a Sustainable Halton Plan for future
sustainable growth and environmental management.
Provides direction econdary Planning and Watershed
ROPA 25 (2004) Policy studies; include new Significant Woodlands policy and
criteria.
. -Law is designed to support and
Regional agement and weed out those
Halton Tree Cutting By- [ esponsible for poor logging practices. The
By-Law o
Law gulates tree cutting in woodlots. It does not
ndowners are free to cut trees in their woodlots
hey do not violate good forestry practice.
r the conduct of EIS projects in the Region. To
EIS Guidelines standardize and put forward the requirements for EIS
completion and review.
unicipal planning strategies, and associated land use
bylaws, are the primary tools used by municipalities for land
Municipal Municip icy use planning. As a statement of Council’s policies and
priorities, a strategy establishes a framework for addressing
how a community will respond to opportunities and
challenges for orderly growth and development.
Policies, Proe
and Guidelines for the
Administration of This document outlines the procedures and guiding policies
Ontario Regulation Policy of Conservation Halton in administering Ontario Regulation
162/06 and Land Use 162/06, as well as providing legislative background.
Conservation Planning Policy
Authority document
Conservation Halton Guidelines specify the standards for plant material selection
Landscaping and Tree | Guideline and use in landscape restoration and enhancement
Preservation Guidelines plantings.
Conservation Halton Guideline Guidelines specify the required scope of studies and content

EIS Guidelines

for Environmental Impact Studies.
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3.7 Study Goals and Objectives

The overall goal for the South Milton SWS is to identify and assess opportunities and constraints
to development, as well as refine the Region of Halton’s Natural Heritage System (NHS), within
the study area. It is also to provide an overall strategic management framework for natural
heritage and water resources within the respective study area.

This SWS is intended to provide sufficient detail on the natural systems (form and function) to
support the completion of Secondary Plan(s) and any associated studies. It is expected that
neighbourhood-level and site-specific stormwater and environmental management plans will be
consistent with the recommended strategic direction of the South Milton SWS.

The specific goals and objectives for the South Milton SWS are ollows:

3.7.1 Natural Hazards

Goal:

To prevent, eliminate or minimize the risks to life property cause@by flooding and erosion
hazards and not create new or aggravate existing rd

Objectives:

i. To ensure new development does n
the rate of natural stream ergsion

ii. To establish developmentg d use controls that ensure future development

ack from, flooding and erosion hazards;

iii. To ensure that new d uding infrastructure, incorporates appropriate
mitigation measu avoid adverse impacts to natural features and areas as it

3.7.2 Natural Heritagé€
Goal:

To protect, restore or, where appropriate, enhance the biodiversity, connectivity and ecological
functions of the natural heritage features and areas throughout the Study Area for the long term.

Objectives:

i. To ensure that natural heritage features and areas, associated with a refined NHS,
including their ecological and hydrologic functions, are protected from potential adverse
impacts of development;

ii. To ensure that buffers, corridors and linkages between natural features and areas, surface
water features and groundwater features are maintained, restored or, where possible,
improved through the establishment of the natural heritage system;
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iii. To establish innovative development standards and land use controls that will ensure
future development does not negatively impact the NHS;

iv. To consider climate change mitigation and adaptation measures as part of the
development of natural heritage management strategies; and

v. To consider opportunities for maintaining and enhancing the aesthetic and recreational
value of the NHS, as part the development of management strategies.

3.7.3 Water Resources
Goal:

To protect, improve or restore the quality and quantity of water resources within, adjacent to and
downstream of the Study Area, including their associated ecological and hydrologic /
hydrogeologic functions.

Objectives:

i. To ensure fluvial processes and stream mo

from development and related activit
iii. To ensure surface and groundwater fe

improved or restored;
iv. To maintain linkages and réelate 1s among groundwater features, surface water

features, hydrologic fun
v. To consider climate change m

management strategies;

To mitigate negative impacts¥elated to the quality and quantity of stormwater within, adjacent to,
and downstream of the Study Area.

Objectives:

i. To maintain/enhance baseflow to the receiving regulated watercourses;

ii. To ensure that post- to pre-development peak flow control (as a minimum) achieves flood
control objectives for all storm events (2 year to 100 year) and including the Regional
Storm event;

iii. To ensure that stormwater runoff controls maintain or enhance existing flow-duration
exceedance characteristics and other erosion indicators in the receiving regulated
watercourses;

iv. To ensure that the treatment of runoff mitigates surface water quality impacts due to
development in accordance with Ministry of the Environment and Climate Change
guidelines, to an enhanced standard;
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v. To mitigate thermal impacts from stormwater runoff to the extent possible;

vi. To consider Low Impact Development (LID), Green Infrastructure and Best Management
Practices (BMPs) to treat stormwater at its source; and

vii. To consider climate change mitigation and adaptation measures as part of establishing
stormwater management strategies.

4.0 BASELINE INVENTORY
41 General

A baseline assessment has been compiled based upon a combination of desktop review of
background information, field reconnaissance, and numerical analysis to characterize the existing
conditions wihin the study area. The following sections summarize the key information sources
as well as the findings for each study discipline.

4.1.1 Property Access

In an effort to gain the most complete understandin
features and functions in the study area, the Town i mmitted to securing permission for
eas of interest, as possible. As such,
rs in the broad study area to seek

permission for the SWS to undertake field 0 perty(ies). The SWS team also
identified priority properties for access, with a f on locations within the primary study
area, and Town staff attempted to conta andowners by phone. As permissions were
received, they were noted and tr. spréadsheet and associated mapping was updated
The Town and participating | ilton Phase 4 Landowners Group (MP4LG)

entered into formal access agreemes S was obtained for all lands participating as part
of the MP4LG. The S eqwred to contact landowners in advance of visiting the
site and was provided

4.1.2 LiDAR Mapp
LiDAR mapping has been obfained by the area landowners and provided for use in this study.
The LIDAR mapping has been collected in 2016, and contours established at 1 m increments.
Orthophotos have been provided for the study area, for the years 1999, 2005, and 2015.

4.1.3 Information Tracking Chart

All background information provided for use in this study has been logged in an information
tracking chart. A copy of the tracking chart is provided in Appendix ‘A’.

4.2 Climate
4.2.1 Importance / Purpose

Climate data are critical to developing the hydrologic and hydrogeologic/groundwater system
modelling for characterization of the surface and subsurface water conditions, as well as the
respective interactions for the Sixteen Mile Creek Watershed and its subwatersheds. Long-term
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and short-term meteorological data sets have been used as part of the assessment of water
(surface and ground) modelling and specifically collected as part of this study within and
proximate to the overall Sixteen Mile Creek Watershed for multi-seasonal characterization and
for conducting multi-year assessments. These datasets, in conjunction with data collected from
future studies, may also provide a means for assessing shifting trends in meteorological patterns
associated with climate change.

Further, climate change influence on flood and erosion potential, as well as natural systems
integrity long-term is being assessed both quantatively and qualitively through this study. General
trends have shown increasing intensities and frequencies of heavy / intense rainfall, along with
extended periods of drought. Major storm events including Peterborough 2004, Toronto/Hamilton
2005, Mississauga 2009 and Toronto 2013, all provide evidencg,towards ever increasing risk
related to extreme storms.

4.2.2 Background Information

The Town of Milton has been collecting rainfall data
ongoing Holistic Monitoring Program for the develo

datasets have been reviewed to characteriz€ thém ic conditions (i.e. rainfall/precipitation
and temperature) within the Primary and S y Areas, as well as to assess the
availability of meteorologic data for continuous simulations. The data

Table 4.2.1 Precipitation Gauges and Sources

Gauge Location/Description | Source Timestep Period of Record

Fourteen Mile Creek at O3 CH 15 Minute Jan 2007 — March 2016
Kelso Dam CH Hourly Jan 1993 — March 2016
Scotch Block Dam CH Hourly Jan 1993 — March 2016
Milton Flying Club Town of Milton 15 Minute April 2016 - Dec 2016
Royal Botanical Gardens AES 1 Hour Jan 1962 — Dec 1995
Pearson Airport AES Hourly Jan 1960 - Dec 2007

The information in Table 4.2.1 indicates that the Pearson Airport gauge and the Royal Botanical
Gardens Gauges provide the longest period of record of all stations. Recognizing that continuous
simulation and frequency analysis requires a minimum of 20 years of rainfall for the hydrologic
modelling, these gauges represent the only stations with a sufficient period of record for use in
continuous simulation. The information in Table 4.2.1 also indicates that the data collected at the
Royal Botanical Gardens station only extends to 1995, after which time the gauge became
inoperable and was eventually discontinued. Similarly, the Pearson Airport Gauge collected
precipitation until 2003; after that time, gaps in the dataset occurred for the period from 2004 to
2005, and the gauge ultimately operated only from April until October to collect rainfall data.
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4.2.3 Methods / Analysis

The hydrologic analyses for the Sixteen Mile Creek Watershed currently apply the meteorological
dataset from the Royal Botanical Gardens gauge for the period from 1962 to 1995, and
meteorological data from the Pearson Gauge for the period from 1996 to 2003. The data from
the various precipitation gauges thus have been reviewed to determine opportunities to extend
the current meteorological dataset for continuous simulation beyond 2003. The hydrologic
analyses currently simulate the influence of snow accumulation and melt, hence require
precipitation data in order to fully execute the continuous simulation. As noted previously, neither
the Pearson nor the Royal Botanical Gardens stations collected precipitation data following 2003,
hence would not provide suitable data for the full continuous simulation.

The information provided by Conservation Halton for the Scot
Fourteen Mile Creek stations suggests that the stations

lock Dam, Kelso Dam, and
e collected precipitation data.

However, a comparison of the data among the three gau tes significant differences in
the seasonal and total annual precipitation recorded at . some stations recording
annual totals 50% less than the other two stations) is not consistent for all
years, nor is it attributable to any single station. uggest that gauges at the subject

stations may have been rotated over time (i.e. precip
else malfunctions may have occurred at the

stations and rainfall only stations), or
ile it may be possible to extend the

extending the continuous simulatiop

the three gauges would be requi 9

where in southern Ontario, exhibiting mild winters and hot
5 exhibiting a seasonal variation.

424 Interpretation / Key

The South Milton Urba
reaches of the Sixteg
characteristic of the @
summers, with precipita

Rainfall data proximate to the*South Milton SWS Primary Study Area are available from various
sources, including AES stations, Conservation Halton stations, and Town of Milton stations. The
AES stations at the Royal Botanical Gardens and Pearson Airport have historically been used for
continuous simulation and hydrologic analyses, however the datasets beyond 2003 are limited
and do not represent total precipitation amounts including snowfall (i.e. rainfall only). The data
available at the Conservation Halton stations may be used to extend the continuous simulation
time series; however, a further review of the datasets indicates that the gauges either do not
consistently record precipitation (i.e. some instances of rainfall only) or else have been subject to
frequent malfunction. Consequently, it is anticipated that extending the current continuous
simulation dataset beyond 2003 would require incorporating data from multiple stations in order
to yield a full continuous precipitation dataset. The additional datasets are currently under review
to develop an extended meteorological timeseries for continuous simulation.
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4.3 Hydrogeology (Groundwater)
43.1 Importance / Purpose

It is important to understand the interrelationship between the hydrogeologic conditions, the
ecosystem and the use of groundwater for anthropogenic needs, in order to assess and manage
potential impacts from future land use changes on the groundwater flow system.

The primary objectives of the Phase 1 hydrogeological characterization component of this study
are to:

» Define the geological and hydrogeological setting within, and adjacent to, the primary and
Supplemental Study Area.

» Identify and evaluate the functional relationship and inig€Factions groundwater may have
with the existing surface watercourses and terrestria rces.

upward hydraulic gradient.
Assess groundwater characterization and gr,

» A potential connectioniipay exist to the bedrock valley groundwater flow system northwest
of the study area, where flowing wells and upward gradients have been documented.

» Significant groundwater recharge and discharge areas are considered to be limited in this
area, due to the predominance of Halton Till (i.e. low permeability) and glaciolacustrine silt
and clay, but any existing discharge areas may be important in supporting local aquatic
and terrestrial ecosystems in the study area.

» Hydraulic characteristics associated with discrete sand lenses within the Halton Till or
contact zone aquifer sediments may be significant for providing groundwater discharge to
the local drainage features. Further, areas of proportionally higher recharge within the
study area, potentially in the eastern portion of the study area, may be critically important
for the local surface water features.

These hydrogeological considerations were discussed with the TAC leading into the gap analysis
and were considered the primary focus for finalizing the scope of the current groundwater field
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program, which was prepared to confirm and refine the existing hydrogeological characterization.
A review of the extent and quality of background groundwater information was carried out and is
provided in the Gap Analysis Report (ref. Appendix A).

R.J. Burnside & Associates Ltd. (Burnside) commenced a field program within the Primary Study
Area in July, 2015. Based on the 2015 field data a hydrogeological assessment was carried out
and presented in the report “2015 Hydrogeological Assessment Milton Phase 4 Lands, Milton,
Ontario — Milton Phase 4 Landowners Group” (Burnside, February 2016). This report provides a
field investigation of the soil, groundwater and surface water (baseflow) conditions within a
substantial portion of the Primary Study Area. The field investigation included borehole drilling,
monitoring well installation, drive-point piezometer (mini piezometer) installation, grain size
analysis, borehole hydraulic conductivity tests, groundwater levelgnonitoring, surface water flow
measurements and groundwater quality sampling. An integpretation of the geological and
hydrogeological setting was subsequently presented.

Ongoing field measurements were collected by Burnsi
to the study team in January of 2017, as part of, imated groundwater field program in
support the Milton SWS characterization.

The following is a description of the most r
Primary and Supplemental Study Areas.

» A hydrogeological assessp vas out in the north-west portion adjacent to the

Primary Study Area by in the report “Subwatershed Impact Study —
Study Area 5A, Derry Green siness Park”, (TMIG, February 2016). The field
investigation inclug e drilling, monitoring well installation, mini piezometer
installation, graify’si [ orehole hydraulic conductivity tests, groundwater level
monitoring, ow measurements and groundwater quality sampling. A
detailed interpre geological and hydrogeological setting was subsequently
presented.

» A detailed hydrogeological assessment was carried out by WSP Canada Ltd. adjacent to
the west-central portion of the Primary Study Area (Boyne area) and is presented in the
report “Hydrogeological Phase 3 Blocks 5A,5B and 6 Subwatershed Impact Study — Milton
Ontario” (WSP Canada Ltd., August 2016). The field investigation included borehole
drilling, monitoring well installation, infiltration testing, borehole hydraulic conductivity
tests, groundwater level monitoring, and groundwater quality sampling. An interpretation
of the geological and hydrogeological setting was subsequently presented.

» Other additional studies carried out in the Boyne area include the “Boyne Survey Block 1
Subwatershed Impact Study-Town of Milton (Municipal Infrastructure Group Ltd., April
2014) and “Boyne Survey Block 2 Subwatershed Impact Study” (MTE, March 2014).

» The “Hydrogeological Investigation for the Rural Community of Hornby — Town of Halton
Hills”, (Hydrology Consultants, July 1983) was also reviewed. This report provides a
characterization indicating a significant bedrock valley, which is likely connected into and
through the Primary Study Area.
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Borehole logs and groundwater levels for the above noted studies along with the MOECC water
well data have been included in the groundwater database.

433 Methods / Results

As discussed, the scope of work for the groundwater field program was based on reviewing
existing historical data available and the ongoing landowner field data.

The groundwater field program by the Town’s SWS team (Matrix) supports refinements to the
existing hydrogeological characterization and establishes baseline conditions within the Primary
Study Area. Groundwater field work was coordinated with the work being completed by the other
disciplines in recognition of the inter-relationship between the hydrogeological, ecological and
hydrologic systems to allow for insights gained from one disciplig€”to be integrated with the wider
team.

The following section provides the methods used by
additional data required to complete the hydrogeol
area to refine the spatial characterization and addr
extent and infilling of the bedrock valley and the pote ecological connections. The scope of
work included the following maijor field work

Borehole Drilling and Monitoring Well ion

Groundwater Quality Sa
Hydraulic Responsg

vVvVvvyyvVvyYyvyy

Similar hydrogeologica
Study Area.

4331 Borehole Drilling'a

A drilling program and well installation program was supervised by Matrix staff between May 19
and June 17, 2016. Drilling was carried out using both a truck-mounted and a track-mounted
auger drill rig operated by Aardvark Drilling Inc. of Guelph, ON. Ontario One Call was contacted
before the start of any drilling and registered utility owners in the area were notified of the
upcoming work. Matrix personnel completed a pre-drilling site visit at all proposed drilling locations
to meet with landowners (where available) and to look for visual onsite indications of non-
registered buried infrastructure.

d Monitoring Well Installation

Boreholes were drilled using 203 mm hollow stem augers with concurrent split spoon samples
collected continuously to 3.66 metres below ground surface (mbgs) and then once every 1.52 m
to the end of the borehole. Matrix personnel were onsite to record observations on the geologic
logs including lithology, colour, texture, structure, moisture, and consistency and monitoring well
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completion details. Geologic logs indicating borehole lithology and monitoring well installation
details are provided in Appendix C1.

Aardvark completed each monitoring well using 52 mm diameter slotted (010) and solid
Schedule 40 PVC pipe. Each monitoring well was completed with a 1.52 m section of screened
interval. The annular space between the PVC pipe and the wall of the borehole was backfilled
with a sand filter pack to approximately 0.10 to 0.30 m above the top of the screened section and
a bentonite based granular and/or grout seal was installed in the remaining annulus to ground
surface to prevent downward surface water migration. The monitoring wells were installed with
riser pipes extending approximately 0.7 m above the ground surface and were covered with a
protective steel surface casing, well cap and lock. Matrix personnel developed each well by
purging at least three well volumes or, in most cases, until the | went dry using a dedicated
Waterra inertial pumping system. The wells were purged dry a s€cond time, at a later date, where
turbidity remained high following initial development. Th up height at each well was
measured from ground surface to the top of the PVC iSer pip round elevations at each
monitoring well were determined using a 1 m LiDAR

In total, 13 boreholes at 11 locations were adva
monitoring wells. The borehole locations were chosen

gaps were identified related to bedrock tQpograp
(MWA1alb, MW2a/b), one shallow (a) and on

all boreholes were completed as
ovide further data in areas where data
drostratigraphy. At two locations

Burnside completed a total of 18 monitoring wells at 14 locations including four nested wells in
2015 within the Primary Study Area. Burnside monitoring well (RJB) locations are shown on
Figure 4.3.1 and borehole logs can also be found in Appendix C1. Monitoring wells were installed
in each of the stratigraphic layers as follows:

» RJB1, RJIB2, RJB4, RJB5d, RJB6, RJB8s, RJBIs, RIB10 and RJB13 were completed in
sand.

» RJB3, RJB5s, RUB7, RUB12 and RJB14 were completed in till.

» RJB8d, RJB9d, RJB11s and RJB11d were completed in the shale bedrock.

43.3.2 Drive Point Mini Piezometer Installations

In July 2016, a total of 11 drive point mini piezometers were installed by Matrix personnel in
locations identified as areas of potential groundwater — surface water interaction (Figure 4.3.1.).
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Monitoring locations were determined in consultation with Dougan & Associates staff based on
observations of potential groundwater surface water interactions as indicated by terrestrial
characteristics.

Seven mini piezometers were installed along surface water courses throughout the study area
(MP-01, MP-03, MP-05, MP-07, MP-09, MP-10, and MP-11). MP-02 was installed in a wetland
area surrounded by cattails along Sixth Line; MP-04 was installed in a suspected frog pond at the
back of the property at 6692 Eighth Line; and, MP-08 was installed in a suspected vernal pool
within a forested area at 6252 Eighth Line. MW-05b was installed in an area of suspected
groundwater discharge along the perimeter of an agricultural field at 6343 Fifth Line. Mini
piezometers were built using 0.3 m x 20 mm stainless steel drive point tips with steel pipe
extensions up to approximately 1.0 m above ground surface. Thedepth of each mini piezometer
ranged from 0.78 to 1.42 mbgs. Installation details and observ; ertical hydraulic gradients are
presented in Table 2 (Appendix C). Matrix personnel mea e stick up height of the top of
each mini piezometer above ground surface. The ground the mini piezometers were
determined using a 1 m LiDAR dataset.

Burnside installed mini (drive-point) piezometers at
various sites adjacent to water courses and wetlan
piezometers can be found in Appendix C2.

tions including 4 nested locations at
The locations for the Burnside mini

4.3.3.3 Groundwater Level Monitoring

Groundwater levels were monitored’at a
as well as one additional, pre
landowner’s permission. Mini piezemeg ,
Monitoring wells were ma \itored once every three months and all wells (except of
RJB12) are equipped
automatically recore
atmospheric pressure a
pressure. The manual wa
top of the PVC/steel pipe using’a Solinst™ electronic water level tape. Groundwater elevations at
each station were calculated by subtracting measured depths to water from the top of casing/pipe
elevations. Groundwater levels obtained from the Matrix monitoring wells and mini piezometers
are presented in Table 1 (Appendix C) and Table 2 (Appendix C), respectively. Hydrographs for
Matrix monitoring wells are presented in Appendix C2.

016Ninstalled monitoring wells and mini piezometers,

minutes. Data from a Solinst™ Barologger recording
used to correct the water level pressure recordings to gauge

Burnside staff carried out monthly water levels in the monitoring wells and mini piezometers from
July 2015 through December 2016. Hydrographs can be found in Appendix C2 along with a figure
presenting associated Burnside locations.

4334 Groundwater Quality Sampling

Matrix personnel conducted groundwater quality sampling events in June 21, 2016 and
October 19, 2016 at MW1b, MW2a/2b, MW4, MW5, MW6, MW8, MW9, MW10, and MW11.
Monitoring wells were purged prior to groundwater sampling in order to obtain samples that
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represent the water quality in the formation. Matrix personnel purged three casing volumes as per
the CCME (1994) method or until dry before collecting groundwater samples using dedicated
inertial lift Waterra™ sampling pumps or dedicated Waterra™ bailers.

Field-measured parameters including pH, EC, temperature and dissolved oxygen were conducted
on groundwater samples collected from the wells once purging is complete. The instruments were
checked for calibration and corrected where necessary prior to measuring the field parameters.

Groundwater samples from ten monitoring wells (all 2016 wells excepts MW1a, MW3, and MW7)
were collected by pouring water directly from the Waterra™ tubing or bailer into the appropriate,
laboratory supplied, pre labeled sample bottles. Each groundwater sample collected for dissolved
metals analysis was field filtered using disposable 0.45 micron fil

» general and inorganic parameters, including p idi Icium (Ca), magnesium
(Mg), sodium (Na), potassium (K), iron (Fe loride (Cl), bicarbonate
(HCO3), sulphate (SO.4), nitrite-nitrogen (N rate-nitrogen (NOs-N), total Kjeldahl
nitrogen (TKN) and total dissolved solids (TDS

» dissolved metals including silver (Ag inum (
beryllium (Be), bismuth (Bi), cadmiu i
copper (Cu), lithium (Li),
rubidium (Rb), sulfur (S),
tellurium (Te), thoriu
tungsten (W), zinc (Zn),

rsenic (As), boron (B), barium (Ba),
(Cs), cobalt (Co), chromium (Cr),
0), nickel (Ni), phosphorus (P), lead (Pb),
enium (Se), silicon (Si), tin (Sn), strontium (Sr),
thallium (TI), uranium (U), vanadium (V),

Samples were placed ig
to ALS Laboratory [ 0, Ontario for analysis. An appropriate chain-of-custody form
indicating sample numbers was submitted to and signed at the laboratory. Copies of the signed
forms were placed in the i
analyses were downloaded
the analytical laboratory.

0 Matrix’s database management system from data provided by

The results of the groundwater quality testing completed to date are presented in Table 3 (ref.
Appendix C) and Table 4 (ref. Appendix C). Copies of the laboratory Certificates of Analysis are
provided in Appendix C3.

All samples meet the criteria outlined in the Ontario Drinking Water Quality Standards (ODWQS)
(MOE, 2006) with the exception of the following:

» samples collected from monitoring wells MW9, MW10 and MW11 exceed the OWDS
aesthetic objective for sodium. Sodium levels were reported to range between 31 mg/L
and 1,500 mg/L as compared to the ODWS aesthetic objective of 200 mg/L.
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» samples collected from monitoring wells MW6, MW9, and MW10 exceed the OWDS
aesthetic objective for chloride. Chloride levels were reported to range between 17 mg/L
and 3,890 mg/L as compared to the ODWS aesthetic objective of 250 mg/L.

» samples collected from monitoring wells MW9 and MW11 exceed the OWDS aesthetic
objective for sulphate. Sulphate levels were reported to range between 9 mg/L and 1,020
mg/L as compared to the ODWS aesthetic objective of 500 mg/L.

» samples collected from monitoring wells MW6, MW8, and MW10 exceed the OWDS
aesthetic objective for Iron. Iron levels were reported as high as 0.77 mg/L as compared
to the ODWS aesthetic objective of 0.3 mg/L.

» samples collected from monitoring wells MW1b. MW2a, MW2b, MW5, MW6, MW9,
MW10, and MW11 exceed the OWDS aesthetic objective for manganese. Manganese
levels were reported to range between 0.018 mg/L and Q€80 mg/L as compared to the
ODWS aesthetic objective of 0.05 mg/L.

» The October 2016 sample collected from MW10 ex
concentration for barium. The barium level was re
ODWS criteria of 1.0 mg/L.

e OWDS maximum allowable
7 mg/L as compared to the

Matrix personnel collected samples for enriched alysis on June 21, 2016 from the
monitoring well nest MW2a/MW2b. The sa ced in laboratory-supplied containers
and transported to Isotope Tracer Technolo Ontario for analysis. An appropriate

Hydraulic response tests were ¢ : e 29 and 30, 2016 on Matrix wells to estimate
the horizontal hydraulic copduétivi the hydrostratigraphic units. All the monitoring wells drilled

slug or a known volume 1 water and then monitoring the rate at which the water level
returned to equilibrium. evel recoveries were measured using the dedicated Solinst
Leveloggers that were calibrated to manual water level readings collected at regular timed

intervals until the water level returned to at least 80% of the initial static level.

The hydraulic response test data were interpreted using AQTESOLV™ software (HydroSOLVE
2007). The Bouwer-Rice (1976), and Hyder et al. (KGS; 1994) methods for partially penetrating
wells were selected to estimate the hydraulic conductivity values. The results are summarized in
Table 1 (ref. Appendix C) and the analytical solution curves are provided in Appendix C4.

4.3.3.6 Surface Water Spot Flow Measurements

Surface water spot flow measurements were collected by Matrix staff during three monitoring
periods in 2016 (May 10,11,12,18, September 6, 7 and October 25, 26) at the 61 locations shown
in Figure 4.3.2 within both the Primary and Supplemental Study Areas. The spot flow
measurements represent seasonal base flow conditions in the streams throughout the
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subwatershed study area. Total cumulative precipitation did not exceed 5 mm in the three days
preceding the monitoring event to ensure baseflow conditions.

Spot flow measurements were completed by securing a measuring tape across the banks of the
stream and dividing the cross section of the stream into approximately 10 panels of equal width.
A Son-Tek FlowTracker Acoustic Doppler Velocimeter (ADV) was used to record the width, water
depth and flow velocity in each panel to produce a final discharge value for the stream at each
monitoring location. Discharge was calculated at several locations where perched culverts or
weirs allowed stream flow to be collected in a bucket and timed with a stop watch. At some
locations, discharge was too low (<1 L/s) to measure using the FlowTracker and was
consequently estimated using visual inspection.

The Matrix surface water spot flow measurement results t
(ref. Appendix C) and Figure 4.3.3. The following sub

ate are presented in Table 6
s summarize the spot flow

and a figure showing the locations
are provided in Appendix C5. Burnside spot flow loc s will be referenced for example as

In general, the majority of the study a i ere not flowing during the spotflow surveys.
Reaches that exhibited flow exper test discharge rates in the spring and late fall
w observations are consistent with historical
Sections 4.7.4 (Aquatic Resources), provides

studies within and adjacent to ,
g and reach specific characteristics.

additional observation detai
4.3.3.7 West Bra

The headwaters of the
Area at the base of the E , including Kelso Lake, then flows south, through the Town of
Milton where the waste waterireatment plant discharges into West Branch, and continues south
where it flows into the Main Branch near Highway 407. The tributaries flowing into the West
Branch are typically a network of swales and ditches that appear have been modified by historical
agricultural practices.

The majority of the minor tributaries were dry during all events. Flow was observed at B2 and B3
and downstream at RR25-1 and BLW-4 in May 2016 and October 2016, but not in September
2016. It is expected that the catchment areas upstream within the urban setting are providing flow
through stormwater management ponds in May and October 2016. No flow was observed by
Burnside at Britannia Road and Thompson Road (Burnside B1, B2) and downstream through
2015 and 2016 except for October and November 2015 at the furthest downstream reach
(Burnside F3).
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4.3.3.8 East Branch

The headwaters of the East Branch of Sixteen Mile Creek originate north of the Primary Study
Area near Georgetown. The East Branch flows into Lower Middle Branch near the intersection of
Trafalgar and Britannia roads. Aerial imagery along with field observations indicates that the main
East Branch is dammed just south of the Derry Road crossing (D4).

The highest discharge on the East Branch occurred in the May 2016 with very little or no discharge
on the East Branch and all tributaries in September 2016. Discharge both increased and
decreased in the lower part of the catchment between stations T3 and T4 in May and October of
2016. The summer data from both Matrix and Burnside show no flow within the upper area of the
East Branch and minimal flow (0.5 I/s or less) in the downstream reach T3, T4). Online ponds
downstream of Derry Road may provide some flow during sum ow flow periods. It is noted in
the Section 4.7.4 that in August of 2016 flow appeared to h ceased in the East Branch, but
there was standing water in all of the places where it was

4.3.3.9 Lower Middle Tributary

Lower Middle Tributary is entirely contained within
is largely agricultural land use. The Matrix spot flo
during the May, September and Octobg
measurements at the Trafalgar Road culvert
December 2016 but show relatively significa
or high rainfall events prior to May

and Supplemental Study Area. It
surements showed no or minor flow
suring period. Burnside spot flow

The Middle Branch and Middle E N headwaters originate north of the study area. The
Middle Branch originate ase of the Niagara Escarpment and includes the Scotch

4.3.3.11 Lower Middle B

The May and October 2016 Matrix monitoring results show that the Lower Middle Branch
generally had relatively consistent flows with the exception of the reach above Lower Baseline
Road. The September 2016 results showed a general decrease in flows from the top end of the
catchment through to Britannia Road with a small increase in the lower reach. The Matrix 2016
monitoring results show basically no flow in all the tributaries to the Lower Middle Branch with the
exception of the tributary with locations F3 and S10, also known as the Center Tributary. This
tributary and its minor branches have headwaters within the Town of Milton which are associated
with stormwater management ponds. The Burnside spot flow program shows similar results for
the tributaries including the Center tributary.
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4.3.4 Interpretation / Key Findings

A number of the following characterization sections rely on mapping and interpretations from a
geological/hydrogeological database created for this study. This database includes MOECC
water well records, borehole logs and water levels from studies described in Section 4.3.2.

4341 Physiography

The physiographic description of an area commonly includes summaries of topography, landform,
drainage and the occurrence of surface soils types along with an overview of the depositional and
erosional history that created the landform. Geologic descriptions commonly detail the overburden
and bedrock composition and form below the surface as well as the relationship of the geology to
the physiography of that area. Together, these two descriptions are used to characterize the
physical setting of a study area and form the basis of any groun ter interpretation. Within the
study area, the physiography and geology are very closely r d that, for the purposes of this
study, the physical setting overview is a synthesis of both.

ses. A small portion of the southern
e physiographic region including the
well as the stratigraphy of the

is referred to as the Wisconsinan Glaciation,
3 and channels. The last glacial retreat ended

the glaciolacustrine silt and d glaciolacustrine derived silty to clayey till (Halton Till). Areas
of glaciolacustrine sand and ‘gravel (foreshore basinal deposits) occur in the eastern portion of
the Primary and Supplemental Study Areas between 6t Line and 8™ Line north of Britannia Road
and along 8" Line south of Britannia Road. Modern alluvial deposits (sand/gravel and organic
material) occur along the Sixteen Mile Creek tributaries. The surficial geology is presented in
Figure 4.3.3.

This characterization is consistent with the borehole logs related to the Matrix and Burnside drilling
programs. Exceptions include finer grained silt and clay found at MW4 (till), MW (till), RUBSs and
RJB11s where sand was originally mapped.

The overburden thickness within the study area is on the order of 25 m in the northeastern and
southeastern boundaries of the study area and is 0 m where the West Branch and Lower Middle
Branch are incised in the bedrock south of Britannia Road. Generally the overburden thickness is
between 10 m and 15 m (Figure 4.3.4).
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4.3.4.3 Bedrock Geology

The underlying bedrock within the study area is comprised of the Upper Ordovician Queenston
Formation characterized by red shale. The shale is comprised of red mudstone with green
siltstone bands as well as thinly bedded layers of grey limestone/dolostone. The shale is generally
extensively weathered at the surface (bedrock/overburden contact) and is more competent with
depth except in areas where glacial scouring may have selectively removed previously weathered
shale.

A component of the current study’s field work was to assess the bedrock topography and confirm
and refine the extent and depth of an existing buried valley through the drilling program. Bedrock
was encountered in ten Matrix borehole locations and five Burnside borehole locations within the
primary study area. In addition, the overall borehole database used to assess the bedrock
topography. The bedrock topography is presented in Figure

Bedrock topography ranges from 190 masl in the north e study area to 155 masl
en Mile Creek cuts into
the Queenston Shale.

A bedrock valley in and to the northwest of
mapping in previous studies including the

area has been recognized through
nagement Plan (Region of Halton
Rural Community of Hornby — Town
of Halton Hills” (Hydrology Consuli 83) provides a characterization of this valley
northwest of the study area. Twe alley systems exist north of Steeles Avenue,

7 ared and extend southeast across Steeles Avenue

e ’k topography mapping (Figure 4.3.5) shows this northerly
n the Primary Study Area. Monitoring well MW1b, located
deep, did not encounter bedrock. This indicates that
than 178 masl. This area may reflect the east branch of the

The bedrock valley tends to follow the Lower Middle Branch to the Main Branch of Sixteen Mile
Creek, as well as a subtle bedrock valley slope to the southeast. The topography within the valley
ranges from 190 masl to less than 170 masl. Lower bedrock levels on Figure 4.3.5 south of Lower
Baseline Road reflect Sixteen Mile Creek cutting into the bedrock.

4.3.4.4 Stratigraphy

A detailed stratigraphic setting was previously presented in the Burnside report “2015
Hydrogeological Assessment Milton Phase 4 Lands, Milton, Ontario — Milton Phase 4 Landowners
Group” (February 2016). The Matrix drilling program built upon the Burnside characterization to
confirm or refine the bedrock topography and the potential extent of the permeable sand and
gravel unit within the valley and at the bedrock contact.

A review of the Matrix borehole logs located along previously interpreted Burnside Cross-Sections
A-A’ (MW7, MW8), B-B’ (MW2b, MW4, MW10, MW11) and D-D’ (MW5) confirm the interpolated
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bedrock topography and stratigraphy and continuity of the valley. As such we have re-presented
the original Burnside cross-sections. Seven cross-sections are presented for review. The four
original Burnside cross-sections are provided on Figure 4.3.6 and Figure 4.3.7 with edits based
on the additional Matrix boreholes. Three additional Matrix cross-sections have been created and
are presented on Figures 4.3.8, 4.3.9 and 4.3.10. The cross-section locations are illustrated on
Figure 4.3.1. Cross-section locations include:

Britannia Road (A-A’)

6" Line (B-B’)

James Snow Parkway (C-C’)
Trafalgar Road (D-D’)

Main Street (E-E’)

Derry Road (F-F’)

8" Line (G-G’)

VVyYVYyVYYVYYVYY

Major observations related to specific cross-sections i de the foll

» The bedrock valley is evident on the three
6" Line and Trafalgar Road (A-A’,
continuity of the bedrock valley at 10G
As outlined above, MW1b did not enca
the valley spreads out slightl

tions (A-A’, E-E’ and F-F’) crossing
-D’). Matrix boreholes confirmed the

’) cross section generally bound the flanks of
icate significant basal deposits of sand and
gravel The Main Street r d Britannia cross-sections also confirm these
deposits varying ingthi

» The surficial sa on Figure 4.3.3 is relatively thin and is underlain by thicker
sequences of fine § aterial as shown on the 8" Line cross-section.

» There is no apparentigontinuous stratigraphic connection between the more prevalent
basal sand and gravel and ground surface through the till and glaciolacustrine silt and
clay.

The overall stratigraphic characteristics were confirmed and include the following:

» The thickness of the overburden in the study area ranges from about 5 m to more than
30 m in bedrock valleys, but is most often in the 10 m to 15 m range.

» The overburden materials generally consist of low permeable glacial till, silt and clay
deposits.

» The majority of the basal sand and gravel within the valley exists north of Britannia Road.

» Discontinuous sand and gravel deposits exist at the bedrock contact at various locations
within the study area.
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» Thin, discontinuous deposits of sand and gravel are evident at various depths within the
till.

» The surficial sand and gravel deposits are relatively thin and in some cases not as
prevalent as shown on Figure 4.3.3.

4345 Groundwater Use

A detailed groundwater use review was carried out by Burnside and reported in “2015
Hydrogeological Assessment Milton Phase 4 Lands, Milton, Ontario — Milton Phase 4 Landowners
Group”. Burnside assessed domestic wells within the Primary Study Area and the Supplemental
Study Area. Burnside noted the following characteristics:

» Discrete sand/gravel lenses within the overburden and sand and gravel deposits at the
bedrock contact provide adequate water supplies.
» The record review for water supply wells in the vicini the study area found that only
about 35% of the wells were completed in overb its and the remainder were
completed in the shale bedrock.

» The Queenston shale is generally not co good aquiter (for water quality or
quantity), but serves as the most significant ifer, due to the lack of other aquifers
in much of the study area. In particular, the upp rtions of the shale, where it is fractured
and weathered, can be an importan ater movement.

For the overburden wells:

» The well depths are rep

greater depth of 59 m in‘@pres ock valley).

» 83% are dug welisgai.e. ger diameter boreholes typically used in areas where
groundwater sugp imi

» 17% are drill ly about one third of these are screened in sand zones. In
most cases the'We pleted in till.

» The reported well
than 1 L/s.

For the bedrock wells:

» The majority of wells are less than 50 m deep with only four wells reported at greater
depths.

» 39% are dug wells showing bedrock may be encountered at relatively shallow depths.

» 61% are drilled wells.

» The reported well yields are low with only about 3% of the wells reporting yield greater
than 1 L/s.

» The well records suggest that the water quality is relatively poor, with mineralized, salty
and sulphurous water noted in some of the shale records.
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Matrix staff reviewed the current Permit to Take Water (PTTW) database within and immediately
adjacent to the Primary Study Area. There are 17 active permits; however, 16 of these are for
construction dewatering and one permit for golf course irrigation. The permit information and
locations are provided in Appendix C6. Construction dewatering is usually temporary and golf
course dewatering for irrigation is seasonal. The amount of dewatering for construction will
depend on the depth and size of the excavation and whether it has intercepted the more
permeable sand and gravel deposits or shallow fracture bedrock.

The Highly Vulnerable Aquifer (HVA) mapping presented in the “Assessment Report - Halton
Region - Source Protection Area” (Halton-Hamilton Source Protection Committee, July 2015)
indicates a very small HVA just south of Highway 401 within the study area in the vicinity of
MW?2a/b. This may be related to the basal sand and gravel at the gurface of the bedrock valley.

4.3.4.6 Hydraulic Conductivity

The hydraulic conductivity for a particular overburden o it provides an indication of

coarser grained silt, sandy silt
6 x 108 m/s. The weathered sh;

vell installation, which resulted in difficulty installing the
chole was re-drilled 6.1 metre adjacent to the first site and a
edium to coarse sand and gravel.

Burnside carried out borehole test for hydraulic conductivity as well as grain size analysis (Hazen
method) for hydraulic conductivity for their monitoring wells and reported the following results:

» The borehole results for the silt and silty clay till indicate a low hydraulic conductivity
ranging from 1.9 x10® m/s to 7.6 x 108 m/s.

» The results of the analyses of the sandy silt, sand and gravel indicate a higher hydraulic
conductivity ranging from 1.6 x 108 m/s to 2.3 x 10 m/s.

» Tests completed in the shale bedrock provided results ranging from 6.7 x 10° m/s to
1.4 x10% m/s.

» The results of the grain-size analysis of three samples collected from the silt and clay till
suggest a relatively low hydraulic conductivity of less than 1 x 108 m/s.

» Four samples comprised of silt and sand provides a slightly higher hydraulic conductivity
value ranging from 5.8 x 108 m/s to 7.2 x 10" m/s.
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» Two samples collected from sand deposits provide a higher hydraulic conductivity value
ranging from 2.6 x 10 m/s to 7.6 x 10* m/s.

» Hydraulic conductivity tests carried out adjacent to the study area for the Boyne lands
indicate ranges in the till of 5.2 x 107 m/s to 3.3 x 10° m/s, ranges in the silty sand of
1.1 x10%m/s to 1.1 x 108 m/s and 1.2 x 10® m/s for the fractured shale.

In general, the hydraulic conductivity related to the sand and gravel within the till have a moderate
hydraulic conductivity, whereas, the sand and gravel deposits at the bedrock contact and the
fractured shale have a relatively higher hydraulic conductivity.

4347 Groundwater Levels

Monitoring Wells

Groundwater level monitoring data for the Matrix monitoring
Appendix C). Hydrographs for the Matrix and Burnsid
Appendix C2. The groundwater level data indicates the

Is are provided in Table 1 (ref.
ring wells are presented in

» The depth to groundwater varies across t i Study Area with a majority of the

wells within the upper 2.5 m.

» Groundwater tends to be closer to gr topographic lows and slightly deeper
in topographic highs. Groundwater | wer (>4 m) in deeper wells within
the till.

» Groundwater levels in wells s shale (RJB8d, RJB9d, RJB11d, MW9, MW4)
exception of MW11 where groundwater was
up to 6 m deep. Bedroc the same seasonal trends.

» Seasonal trends in the

wells, which have ed through 2015 and 2016, show a greater seasonal water
level decline ig wells in all stratigraphic units through the summer and
fall of 2016, li f the drier conditions through 2016.

for up to six months?

» MW7 shows of close 183 m drop at beginning in September 2016. MW7 was paired with
RJB12, a shallower well that also demonstrates a water level drop. RJB1 shows a
significant drop of up to 4 m from March 2016 through to November 2016. This may
partially reflect a seasonal trend but may also relate to nearby seasonal dewatering for
road construction projects.

» Multilevel wells RJB5s/d, RIB8s/d, RJB11s/d, show minor vertical gradients downward,
MW1a/b, MW2a/b and MW7/RJB12 show stronger downward gradients, and RJB9s/d
shows a slight upward gradient.

Mini (Drive-Point) Piezometers

Groundwater level monitoring data for the Matrix mini piezometers are provided in Table 2
(ref. Appendix C). The locations, hydrographs and data for the Burnside mini piezometers are
provided in Appendix C5.
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Matrix carried out groundwater level monitoring on August 15, 2016, September 28, 2016,
October 20, 2016, November 21, 2016 and January 4, 2017.

» Seven mini piezometers were installed along surface water courses throughout the study
area (MP-01, MP-03, MP-05, MP-07, MP-09, MP-10, and MP-11). MP-01 (Sept.), MP-03
(Sept., Oct., Nov.), MP-05 (Oct., Nov.), MP-10 (Sept., Oct.) and MP-11(Jan.) showed
upward vertical hydraulic gradients on various dates shown. MP-07 and MP-09 showed
downward gradients on all dates. MP-10 was destroyed by ice flows during December
2016.

» MP-02 was installed in a wetland area surrounded by cattails along Sixth Line and
demonstrated downward gradients on all dates.

» MP-04 was installed in a suspected frog pond, MP-08 installed in a suspected vernal
pool and MW-05b was installed in an area of suspec ndwater discharge area along
the perimeter of an agricultural field. All three mini were dry on all dates.

Burnside carried out monthly water levels from
locations including four nested locations at various cent to water courses and wetlands.
» PZ1s/d is located adjacent to a wetl radients were observed June 2015
and March, April, May and June of 2
through the remainder of 2048 ndicating that the water table is below the
wetland area.
» PZ2s/d and PZ5s/d are d withipp wetlands/vernal pools. Hydrographs for both
locations show seasona downward gradients through June of 2016.

e, 2016 until the mini piezometers become dry in the late

Upward gradient R, i
summer.

» PZ6s/d is locE D a watercourse and the monitoring results show that neutral
or downward gradi at this location.

7 (PZ3, PZ4, PZ7, PZ8 and PZ9) reflect seasonal variations in
water levels with no significant indications for groundwater discharge potential.

Provincial Groundwater Monitoring Network (PGMN) Wells

Two PGMN wells exist within or adjacent to the study area (Figure 4.3.1). Well 124-1 south of
Lower Baseline Road is 13.5 m deep and screened in a 2 m layer of fine sand below till. Well
W125-1 is located in the vicinity of Coates Park in Milton and is 13 m deep and screened in the
upper shale underlying till. Water levels were provided by Conservation Halton for the periods
September 2002 through December 2015. Both wells show long term fluctuations (1-2 years) of
2-3 metres leading up to 2011. Fluctuations are more subdued from 2011 — 2015, with seasonal
trends noticeable in both wells. Hydrographs can be found in Appendix C2.
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4.3.4.8 Conceptual Groundwater Flow
General Considerations

Water from precipitation percolates or infiltrates into the ground. Water which reaches the water
table may provide recharge to the overall groundwater flow system. Areas where water moves
downward to the water table are known as recharge areas. These areas are commonly in areas
of topographically higher relief. Areas where groundwater moves upward to the water table are
known as discharge areas and these generally occur in areas of topographically low relief, such
as stream valleys. Groundwater that discharges to streams maintains the baseflow of the stream.
Wetlands may also be fed by groundwater discharge.

There are different types and rates of recharge and discharge. Water percolating into the ground
at a specific location may discharge to a small stream a short di ce away. This is local recharge
and local discharge. Some water may recharge in a certai nd discharge to a larger river
basin a long way from the source of recharge; this is k jonal recharge and regional
discharge.

Permeable geologic materials that can transmit loc
are known as aquifers. Aquifers are "water bearing
relatively easily extracted from these units.
although water can move through these uni lowly and it is difficult to extract water
from these units. How these aquifers a ithina hydrogeologic setting is what controls
much of the movement of groundwate

Within much of the study area, tf Q

aquifer. The sand lenses witla

ionally significant quantities of water
rmations meaning that water can be

A delineation of the fi
discharges, and the

this'way will identify where groundwater originates, where it
t paths it travels between these points (e.g., the aquifer
pathways or more permes ostratigraphic units). Having done this, one can assess the
relative sensitivity of the linkagé’from the groundwater system to the aquatic or terrestrial systems.
Knowing the level of sensitivity of the receptor, the impacts of particular types and scales of land
uses or land use changes on the groundwater flow system and other linked ecosystem
components can be assessed. Best management practices can then be developed to prevent
unacceptable impacts from occurring.

Overburden Groundwater Flow

A groundwater flow map was prepared that utilized groundwater levels from monitoring wells
within the Primary and Supplemental Study Area, water levels from monitoring wells adjacent to
the study area, and domestic water wells within and beyond the study area. Estimates of shallow
groundwater flow directions utilizing water well records are considered appropriate for larger scale
studies but may, in part, reflect a groundwater flow trend that is averaged over many years and
at a slightly greater depth.
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A map reflecting directions of shallow groundwater flow within the overburden is presented on
Figure 4.3.11. The map shows horizontal groundwater flow from the west northwest and
converging within the West Branch of Sixteen Mile Creek and the Middle Branch of Sixteen Mile
Creek. Steeper gradients can be seen at the confluence of the Main Branch where Sixteen Mile
Creek cuts more deeply into the Queenston shale. The groundwater divides for the overburden
within the study area tend to follow the surface water divides. Horizontal gradients vary from
approximately 0.0025-0.0035 within the majority of the Primary Study Area. Gradients are steeper
within the major valley systems.

Water table depths within the Halton Till and glaciolacustrine silt and clay in this study area and
similar surficial geology settings in other study areas are consistently within the upper 2 m, with a
1 m — 2 m seasonal variation. The actual water table will likely reflect the local topography and

the study area, will be weak due to the prevalence low ili Till and glaciolacustrine
Figure 4.3.3) will have a
much greater potential for horizontal flow. The latera
more site specific continuity of surficial sand layer.

The surficial Halton till and glaciolacustrine s
quantities of water through areas t ally fractured but on a more local scale. An

red glacial tills through a literature review carried

research has focused on the hyd
in est Brampton (Amec, 2011). The following are some of the

out for a subwatershed s

precipitation and te

» Fractures can occur Uf
of fractured overburden.

» The lateral connection within the upper fractured overburden can be relatively significant
but are localized laterally (10’s of metres).

» Horizontal flow patterns in the upper fractured overburden will be controlled by local
depressional topography and restricted by underlying more massive and less permeable
till.

» Vertical groundwater flow below the upper fractured overburden is generally low unless
more permeable, interconnected lenses exist

» Evapotranspiration will significantly reduce water levels in the upper fractured overburden.

» Lateral flow in the fractured network reduces more quickly as the water levels drop due to
less fracture with depth

0 6 m but they are likely more prevalent within the upper 2 to 3 m
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» Gradients can be reversed within the underlying massive till (downward to upward) as
water levels drop in the upper fractured unit as a result of seasonal variations in
precipitation and evapotranspiration (ET).

Fractures and iron staining are observed in boreholes adjacent to the study area as well as other
similar stratigraphic settings in Brampton and Smithville.

Where the deeper till is massive both vertical and horizontal groundwater flow is restricted. The
vertical hydraulic gradients are generally quite higher than the horizontal gradients. Some level of
fracturing may occur in the more massive till. In areas where the overburden thickness is on the order
of 6 m, it is expected there is an increased potential for groundwater flux to the bedrock but where
the overburden thickness is on the order of 2 to 3 m it is expectgd there is a much more direct
connection from ground surface to the upper bedrock.

Vertical flow through the overburden is driven by the verti radients. There is generally
a stronger vertical gradient through an aquitard that i rmeable unit. Within the
Primary and Supplemental Study Areas the bedroc iated permeable sand and gravel at
the bedrock surface can act as an aquifer and the prev overlying till and fine grained material

act as an aquitard. Vertical gradients within the overbur range from slightly upward at RJB9s/d
to 0.57 downward at MW7/RJB12. At monitoring 2a/b the vertical downward gradient
is 0.12. The hydraulic conductivity was measu e 1.4 x 108 m/s. Assuming a matrix
porosity of 0.4 the vertical groundwa ted to be 0.13 m/year. The travel time
through 7 metres of till at this locati imated to be approximately 54 years which coincides
with the enriched tritium result iti it (TU) which corresponds to an age prior to
1956.

As presented above, th aphy may include more permeable sand lenses. These
sand lenses not onl of water for local domestic wells but can provide extended
hydraulic pathways for g ovement if they are interconnected. If these interconnections

and gravel and shallow bedrockitnit through the overburden aquitard. Hydrogeological studies in the
Hornby area indicated significant upward gradients and flowing domestic wells. In addition a
dewatering exercise north of Highway 401 at Steeles Avenue demonstrated connections between
the bedrock valley basal aquifer and sand lenses within the till and some surface water features.

As discussed in Section 4.3.4.4, this stratigraphic connection does not appear to exist within the
study area and downward hydraulic gradients exist in all the multilevel monitoring wells except
RJB9s/d which demonstrates a slight upward gradient. Two flowing domestic wells are noted north
of MW1a/b but MW1a/b demonstrates a downward gradient (after initial recovery).

Bedrock Groundwater Flow

It is expected that the groundwater flow directions within the upper fractured bedrock will generally
follow the bedrock topography. The lateral connection within the upper fractured bedrock and basal
sand and gravel depends on the continuity of both units. The basal sand and gravel does not appear
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to be continuous through the Primary Study Area but the overall fractured nature of the upper shale
bedrock is expected to be relatively continuous and likely provides a larger-scale connection through
the Primary Study Area and beyond. The upper shale bedrock may therefore be connected to
recharge areas further north and northwest where hydraulic connection through the overburden may
be more prevalent. The analysis of the enriched tritium sample collected in MW2b provided a result
of 3.78 TU. This result can correspond to possible ages ranging from 1954 -2004. This range may
reflect local recharge through the tight till or recharge through a more permeable overburden
connection locally or further north in the regional groundwater system.

4.3.4.9 Recharge and Discharge Conditions

The amount of recharge within the Primary and Supplemental Study Areas is limited to a greater
extent by the lower permeability of the surficial sediments. The recharge values may be higher or
lower depending the overall clay, silt and sand content within sutfital unit. Where the surficial sand
exists, higher recharge values will exist. Higher depression ed recharge can also occur in

topographic lows. Recharge is expected to provide a loc t of the flow, as described
above. The local recharge that does not discharge loc echarge the deeper sand
lenses, and potentially the basal aquifer and upper ard hydraulic gradients
persist.

The Significant Groundwater Recharge M
Region - Source Protection Area” (Halton urce Protect Committee, July 2015)
indicates areas of medium vulnerabili relaied to the surficial sands mapped on

permeable till unit.

Quantification of rechargeg4is rried out in Phase 2. A more detailed discussion on the
relationship between infilfrations ge as it relates to the overburden stratigraphy and flow
system within the stu

Groundwater discharge t0
measurements described in on 4.3.3.6 indicate that all the tributaries feeding the Lower Middle
Branch and the West Branch are dry in the summer months except for the East Branch (<0.5 L/s)
and tributaries ( S10, B2) that are fed by stormwater management ponds within Milton. Summer flow
in the Middle Branch and East Middle Branch within the study area enters north in the upstream area
and is likely derived from groundwater discharge in the upper portions of those subwatersheds.
Seepage areas were noted along lower slopes in both West Sixteen Mile Creek and lower East
Sixteen Mile Creek where deeper cuts have occurred and valley walls are steep (Section 4.8.4).
These seepage faces are more common where the water table meets a steep valley wall and
groundwater discharge is quite diffuse. Relatively more seepage is usually seen where the valley
face cuts into the bedrock or intercepts a local sand lens. The groundwater discharge observations
for the tributaries within the study area are consistent with historical observations from the
previous subwatershed studies and the studies noted in Section 4.3.2.
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All of the mini piezometers within wetlands or vernal pools are dry or show downward gradients
except the mini piezometers PZ2s/d (adjacent to RUB14) and PZ5s/d on the 5" Line north of RJB3.
These piezometers go from downward to upward gradients in June and then become dry. The
seasonal reversal of hydraulic gradient is likely a result of increased ET and a reduction in the water
table as opposed to a larger scale groundwater flow system discharge.

4.4 Hydrology and Hydraulics (Surface Water)
44.1 Importance / Purpose

Hydrologic and hydraulic models are developed for urbanizing subwatersheds to provide a better
understanding of the amount and movement of water in the system both under existing land use
and proposed future land use conditions, based upon the physical conditions in the watershed
under both land use scenarios. By developing representative Is, which reasonably predict
seasonal and storm-based runoff response, the impacts of p sed future urbanization can be
better quantified and thereby appropriate management stra n be established in the future,
as part of integrated management plans.

442 Background Information
4421 Reports

Numerous reports have been provided for
watershed as well as the overall study are
information:

racterizing the hydrology within the

lo summarizes the key sources of

» Sixteen Mile Creek Wate & Storrie Limited, 1995)
» Sixteen Mile Creek Aree :
Limited, January 2000
» Sixteen Mile Crg € XS ubwatershed Update Study (AMEC et. al., November
2015)
entory and Inspection / Bridge Needs Study Summary Report
(Chisholm, Flem sociates Consulting Engineers, January 2015)
In addition to the foregoing information which provides an overview of the hydrologic and hydraulic
conditions within the Sixteen Mile Creek Watershed at the subwatershed and/or watershed scale,
various stormwater management reports have been provided specifically for reference and use
in this study, as well as through Amec Foster Wheeler's ongoing peer review support for the Town
of Milton (ref. Appendix A).

4422 Mapping

The following mapping has been provided and used for the baseline characterization and
assessment of the surface water hydrology and hydraulics in the South Milton Phase 4 Area:

2016 LiDAR Mapping

2014 MNRF and Conservation Halton approved mapping for open watercourse systems.
2013 Contour Mapping provided by Conservation Halton

Bridge Projects and Hydraulic Structure Locations

vvyyvyy
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» Hydraulic Structure Inventory provided by Urbantech Consulting on behalf of the area
landowners

» 2015 Air Photos

» Surficial Soils and Surficial Geology Mapping (Conservation Halton)

» Conservation Halton Regulated Limit

» Floodline Mapping

4423 Hydrologic and Hydraulic Models

Hydrologic modelling of the Sixteen Mile Creek Watershed has been completed most recently
using the USEPA HSP-F methodology. The HSP-F hydrologic model for the Sixteen Mile Creek
Watershed was originally developed and calibrated as part of the Sixteen Mile Creek Areas 2&7
Subwatershed Study (Philips Planning and Engineering Limited, January 2000). More recently,
the HSP-F hydrologic model has been updated as part of the een Mile Creek Subwatershed
Update Study (AMEC et. al., November 2015), which inclu inement and calibration within

Prior to that study, hydrologic modelling for the Sj i Watershed had been
[ dy (Proctor & Redfern,
1988) and later using the QUALHYMO model as p ixteen Mile Creek Watershed Plan
(Gore & Storrie Ltd. and Ecoplans Ltd., February 199

Hydraulic modelling within the Sixteen Mile ed has been completed most recently
for the area watercourses using the HEC-RAS odology. These models have been applied
by Conservation Halton for de latory Floodline Mapping and establishing

y and format of the datasets used to develop
e watershed (i.e. imported HEC-2 hydraulic
models developed as pa PDRP, local HEC-RAS hydraulic models developed for specific
studies and/or infras je and based upon approved design and/or as-built

estimated dimensions
4.4.3 Methods / Ana
4431 Baseline Characterization

A baseline characterization of the hydrologic conditions within the South Milton SWS study area
has been developed based upon a desktop review of the background information provided for
this study. This review has characterized the existing drainage systems, soils, slopes, and land
use conditions within the Primary and Supplemental Study Areas, as well as the surrounding
lands.

Drainage Systems

The South Milton SWS extends across the lower reaches of Subwatersheds 2 and 7 within the
Sixteen Mile Creek. Portions of the study area also lie within Subwatershed 4 toward the
northeast limit of the area.
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Runoff within the study area is generally conveyed by defined watercourses toward well-defined
riverine systems. The watercourses are typically agricultural drainage systems, and have been
subject to past alteration as part of agricultural practices.

The lands within Subwatershed 7 include an existing golf course with its own defined drainage
system. The locations and connections of subsurface drainage infrastructure within the golf
course is currently unknown.

Soils

Soils within the study area have been characterized based upon a review and comparison of the
information provided in the surficial soils and surficial geology mapping. Surficial soils mapping
and surficial geology mapping are provided in Appendix D. Thei ation in Appendix D indicate
that soils within the majority of the study area consist of clay lo oils which exhibit low infiltration
and high runoff potential. Within isolated areas toward t st of the study area, higher
permeability sands are noted to be found, although thedimi igher permeability material
is noted to vary slightly between the two sources.

Slopes

The ground slopes at surface within the S watershed Study Area have been
characterized based upon the detailed 2016 pping provided for this study by the MPA
Landowners. The information in the Li : g indiCates that the surficial slopes within the
area are relatively low, and are 1an 1 %. Along the watercourses, slopes can
increase to approximately 10 % [ 5 to be isolated to areas where the tributaries

confluence with the riverine sysiem

Land Use

Land use conditions V
based upon a review o

Milton Subwatershed Study Area have been characterized
ography. The existing land use conditions within the South
Milton Subwatershed Study are primarily agricultural with some forests along and adjacent
to the open watercourses. As’noted, a portion of the South Milton Subwatershed Study Area in
Subwatershed 7 also includes an existing golf course.

hin the Sol

The lands toward the north and northwest of the South Milton Subwatershed Study Area are
primarily residential, with some institutional and recreational land uses. It is further noted that the
Boyne Survey Area and the Derry Green Area are proposed to be developed to provide primarily
residential land use and employment land use respectively. The Bristol Survey Area which lies
toward the north and west is noted to be sully developed as primarily residential land uses, as
well as stormwater management facilities to provide stormwater quality, erosion, and quantity
(flood) control.

The lands toward the north and east, which are external and upstream of the South Milton
Subwatershed Study Area are primarily agricultural, with some forests and natural areas, and
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some isolated commercial, recreational, and estate residential land uses, as well as the Highway
401 corridor.

4432 Field Monitoring

A field monitoring program has been implemented as part of the Subwatershed Study to collect
streamflow data and rainfall data to support the calibration and validation the hydrologic models,
as well as to characterize the local runoff response within the subwatersheds, in accordance with
the Work Plan for the Subwatershed Study (ref. Appendix J). Continuous streamflow monitoring
has been completed by the Amec Foster Wheeler Team at six locations established in
consultation with the TAC, and a temporary rainfall gauge has been installed within the study
area, in consultation with the TAC. The locations of the surface water monitoring stations are
provided on Figure 4.4.1.

The monitoring program was initiated by the Amec Foster r Team in the spring of 2016.

Water level probes were installed at the Trafalgar North outh, Fifth Line South, and
Thompson stations on April 20, 2016, and a water leve ed at the Fifth Line North
station on April 24, 2016. A sixth water level probe ixth Line station on July
9, 2016, following comments provided by Conse Iton on the original Work Plan. In
addition, a tipping bucket rain gauge was installed at t ilton Flying Club on April 20, 2016. All
equipment was removed on December 8, 2 etion of the monitoring program.

The Amec Foster Wheeler Team has blish stage-discharge relationships at
each streamflow monitoring locatiofs mine flow rates based on recorded flow depths
at each monitoring location. V, been conducted within the channel at each
monitoring location during both ol ather events to establish velocities at various
depths. Corresponding flowgea ave been calculated based upon field surveyed cross-sections
at the gauge location depths at the time the velocity measurements were

obtained. Instantane lowsS have been calculated as the product of the measured
2 corresponding flow area. Furthermore, local HEC-RAS

relationships at each site, andithe roughness coefficients adjusted to best reproduce the observed
depth at the corresponding discharge values. The rating curves for each monitoring location are
presented in Figures 4.4.2 to 4.4.5, and a summary of the field flow monitoring is provided in
Table 4.4.1.
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Table 4.4.1 Summary of Field Measurement Events at Temporary Flow Monitoring Stations

Temporary Flow Monitoring Station

Line North South South North®-
June 6, 2016 v v v
July 25, 2016
August 17, 2016
October 2, 2016
November 3, 2016
January 25, 2017 v
NOTE: ' Velocity measurements were attempted duri
measurements were obtained due to absenc

NRNENEN
VRN

v v

Il six (6) events; no velocity
at the time of measurement.

The information in Table 4.4.1 indicates that velocit ere obtained for rating
curve development at four (4) of the six (6) itoring stations, however no

information was collected at the Trafalga Fifth Line South stations; this is
attributable in part to the restriction on acces i ions, which prohibited access after
6 pm.

model calibration. The findings’of this assessment are presented in Table 4.4.2.
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Table 4.4.2 Summary of Observed Storm Responses at Rainfall Gauge and Temporary Flow Gauges

Total , Peak Flow Response Recorded At Gauge

Event Date Rainfall Duration Intensity 3 3 : :
(hours) Trafalgar Trafalgar | Fifth Line | Fifth Line

i () \o]qig! South \o]gig! South Thompson
May 13, 2016 23.8 3.45 40.8 N/A Yes 4 Yes Yes Yes Yes
May 26, 2016 14.0 2 25.6 N/A Ye | Yes Yes Yes Yes
July 14,2016 30.2 3.5 21.6 N/A es No No No No
August 16, 2016 14.6 10 9.6 Yes No 0 No No No
August 25, 2016 23.8 2 25.6 No Y, No No No No
September 29, 2016 19.0 14.5 6.4 No 0 No No No No
November 3, 2016 19.8 5 14.4 S S Yes Yes Yes Yes
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The information in Table 4.4.2 indicates that a total of seven (7) storm events have been identified
over the course of the monitoring program, for which only three (3) events generated runoff at all
of the monitoring stations. For the remaining four (4) events, limited runoff responses were
recorded at the flow monitoring stations (i.e. no runoff responses recorded at the stations, or one
station recorded runoff response). The lack of response at the flow monitoring stations is
considered attributable to the dry conditions which prevailed over the course of 2016. Due to the
atypically dry conditions, as well as the limited number of events available, the information
collected from the monitoring program is considered of limited utility for the purpose of calibrating
and validating the HSP-F hydrologic model. Recognizing the legacy of development, calibration,
and validation of the HSP-F hydrologic model over the past twenty (20) years, it is anticipated that
the information collected by one year of monitoring would be of limited utility to inform model
parametrization. On that basis, it is recommended that the surface,water monitoring program be
conducted solely to inform the baseline condition for future holigfic monitoring programs, and that
the hydrologic analyses apply the hydrologic model with th t paramertization.

4.43.3 Hydrologic Model Development
Hydrologic analyses for the South Milton SW

Creek Watershed for nearly 20 years, and
secondary plans (i.e. Bristol Survey, She
Survey, and Derry Green Secondary

designs within each of the Seco
Given the legacy of continuee n the Sixteen Mlle Creek Watershed, the HSP-F hydrologlc

Subcatchment Discretiza

The HSP-F hydrologic model*has been refined within the limits of the South Milton SWS based
upon the watercourse information and LIiDAR mapping provided for use in this study. The
refinements have been completed to generate simulated peak flows at key locations of interest
(i.e. reach outlets, reach confluences, roadway crossings) at the limits of and within the South
Milton SWS study area. The subcatchment boundary plan is presented in Figure 4.4.6, and the
model schematic is presented in Figure 4.4.7. The refinements to the HSP-F model have resulted
in the following:

» Number of subcatchments increase from 202 in the original model to 306 in the refined
model

» Average catchment size decreased from 192 ha to 125 ha

» Number of channel rating elements increased from 82 to 113
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Model Parameterization

A tabular summary of the subcatchment parameters within the HSP-F hydrologic model is
summarized in Table 4.4.3.
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Table 4.4.3 HSP-F Hydrologic Model Parameters

Study Area/ . Pervious Parameters Impervious Parameters
Imperviousnes

S”bcaltghme”t s (%) INFILT UZNS | LZNS | LSUR | SLOPE | NSUR | AGWRC | LSUR | SLOPE

Boyne Survey Area

2402 16.93 0.97 96.6 | 0.0060 0.2
2507 21.26 0.97 46.6 | 0.0089 0.2
2528 16.4 0.97 91.1 0.0063 0.2
2509 50.55 0.97 117.0 | 0.0071 0.2
2510 15.45 0.97 62.3 | 0.0097 0.2
2511 12.95 0.97 54.0 | 0.0089 0.2
2512 9.09 0.97 81.2 | 0.0071 0.2
2513 16.15 0.97 149.5 | 0.0097 0.2
2514 30.6 0.97 63.2 | 0.0069 0.2
2575 15.02 0.97 101.5 | 0.0031 0.2
2516 15.81 0.97 106.8 | 0.0112 0.2
2101 9.08 0.97 98.7 | 0.0094 0.2
2102 11.04 0.97 452 | 0.0110 0.2
2009 35.31 0.97 73.0 | 0.0062 0.2
2010 88.01 0.97 924 | 0.0069 0.2
2012 50.41 0.97 50.0 | 0.0083 0.2
213 25.09 0.97 51.4 | 0.0083 0.2
2801 41.53 0.97 85.8 | 0.0051 0.2
2802 61.29 0.97 68.1 0.0071 0.2
7301 55.57 0.97 112.0 | 0.0013 0.2
7302 83.24 0.97 107.8 | 0.0030 0.2
7303 12.56 0.97 2415 | 0.0040 0.2
7304 84.72 0.97 954 | 0.0034 0.2
Derry Green Secondary Plan Area

8101 51.75 0.97 2344 | 0.0020 0.2
8102 21.35 0.97 517.0 | 0.0040 0.2
8103 28.41 0.97 132.0 | 0.0060 0.2
8104 20.28 0.97 143.9 | 0.0060 0.2
8105 6.12 0.97 245.0 | 0.0060 0.2
8106 10.20 0.97 201.4 | 0.0040 0.2
8107 10.02 0.97 239.4 | 0.0070 0.2
8108 15.01 0.97 235.0 | 0.0040 0.2
8109 21.40 0.97 366.5 | 0.0082 0.2
8110 7.02 0.97 2311 | 0.0079 0.2
8111 10.85 0.97 288.6 | 0.0043 0.2
8112 0.80 0.97 51.3 | 0.0051 0.2
8113 2.60 0.97 72.2 | 0.0100 0.2
8114 9.40 0.97 129.1 | 0.0044 0.2
8115 14.45 0.97 376.3 | 0.0104 0.2
8116 2.10 0.97 145.8 | 0.0083 0.2
8117 5.20 0.97 42.6 | 0.0091 0.2
8118 5.23 0.97 186.6 | 0.0057 0.2
8119 4.72 0.97 190.5 | 0.0097 0.2
8120 3.02 0.97 105.0 | 0.0083 0.2
8121 10.28 0.97 141.2 | 0.0066 0.2
8122 0.81 0.97 43.8 | 0.0200 0.2
8123 8.15 0.97 147.7 | 0.0080 0.2
8124 8.65 0.97 600.7 | 0.0083 0.2
8125 11.85 0.97 1329 | 0.0022 0.2
8126 23.85 0.97 445.0 | 0.0060 0.2
8127 15.40 0.97 687.5 | 0.0018 0.2
8128 33.62 0.97 1355.7 | 0.0032 0.2
8129 20.77 0.97 865.6 | 0.0183 0.2
8130 12.42 0.97 155.3 | 0.0040 0.2
8131 12.90 0.97 142.7 | 0.0035 0.2
8132 7.25 0.97 164.8 | 0.0064 0.2
8133 413 0.97 368.3 | 0.0071 0.2
8134 45.85 0.97 293.9 | 0.0026 0.2
8135 3.07 0.97 167.1 | 0.0109 0.2
8136 5.78 0.97 2329 | 0.0129 0.2
8137 23.35 0.97 374.2 | 0.0032 0.2
8138 7.60 0.97 190.0 | 0.0060 0.2
8139 4.07 0.97 87.8 | 0.0034 0.2
8140 26.40 0.97 579.0 | 0.0105 0.2
8141 4.05 0.97 163.3 | 0.0048 0.2
8142 22.15 0.97 4774 | 0.0069 0.2
8143 12.47 0.97 476 | 0.0046 0.2
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Table 4.4.3 HSP-F Hydrologic Model Parameters

Study Area/ . Pervious Parameters

Subcatchment Imperviousnes

8144 6.75 3.0 050 | 005 750 | 75.00 | 767.1 | 0.0091 0.97 383.5 | 0.0091 0.2
8145 23.37 3.0 050 | 005 | 750 | 75.00 | 927.6 | 0.0071 0.4 0.97 463.8 | 0.0071 0.2
8146 2.07 43.0 050 | 005 | 750 | 75.00 87.5 | 0.0200 0.4 0.97 43.8 | 0.0200 0.2
8147 3.75 42.9 050 | 0.05| 750 | 75.00 87.5 | 0.0200 0.4 0.97 43.8 | 0.0200 0.2
8148 6.80 29 050 | 005 750 | 75.00 | 354.2 | 0.0010 0.4 0.97 177.1 | 0.0010 0.2
8149 6.90 3.0 050 | 005 | 750 | 75.00 | 288.1 | 0.0030 0.4 0.97 144.0 | 0.0030 0.2
8005 28.80 47.2 050 | 005 | 750 | 75.00 | 1000.0 | 0.0025 0.4 0.97 1000.0 | 0.0025 0.2
8006 73.90 53.0 050 | 005 | 750 | 75.00 | 1000.0 | 0.0025 0.4 0.97 1000.0 | 0.0025 0.2
Primary Study Area

4201 37.64 0.97 27.3 | 0.0155 0.1
4202 61.96 0.97 482 | 0.0191 0.1
4203 14.96 0.97 34.1 0.0154 0.1
4204 23.58 0.97 33.8 | 0.0105 0.1
5501 79.56 0.97 70.7 | 0.0176 0.1
7210 32.43 0.97 72.2 | 0.0094 0.2
7211 20.14 0.97 24.3 | 0.0086 0.2
7212 46.31 0.97 125.0 | 0.0080 0.2
7213 13.53 0.97 78.6 | 0.0072 0.2
7201 71.14 0.97 926 | 0.0117 0.2
7202 96.42 0.97 95.2 | 0.0058 0.2
7203 14.36 0.97 43.2 | 0.0062 0.2
7204 20.30 0.97 36.2 | 0.0076 0.2
7205 33.49 0.97 69.5 | 0.0053 0.2
7206 21.23 0.97 92.0 | 0.0039 0.2
7207 53.55 0.97 167.4 | 0.0061 0.2
7208 70.95 0.97 543 | 0.0128 0.2
7209 117.84 0.97 102.5 | 0.0091 0.2
7510 14.83 0.97 72.0 | 0.0087 0.2
7511 25.42 0.97 68.0 | 0.0071 0.2
7512 82.56 0.97 43.3 | 0.0080 0.2
7513 31.91 0.97 57.5 | 0.0052 0.2
7502 81.84 0.97 68.5 | 0.0137 0.2
7503 29.42 0.97 40.2 | 0.0103 0.2
7504 12.51 0.97 51.6 | 0.0184 0.2
7505 39.12 0.97 46.7 | 0.0103 0.2
7506 23.74 0.97 60.2 | 0.0086 0.2
7507 14.65 0.97 23.9 | 0.0073 0.2
7508 59.23 0.97 154.4 | 0.0072 0.2
7509 30.23 0.97 86.6 | 0.0054 0.2
7601 15.26 0.97 51.2 | 0.0116 0.2
7602 83.63 0.97 49.0 | 0.0156 0.2
7603 34.72 0.97 86.2 | 0.0143 0.2
7604 32.09 0.97 115.0 | 0.0078 0.2
7605 53.92 0.97 76.2 | 0.0092 0.2
7606 24.16 0.97 55.0 | 0.0055 0.2
7607 14.01 0.97 75.0 | 0.0058 0.2
7701 45.74 0.97 28.6 | 0.0110 0.2
7801 15.47 0.97 77.3 | 0.0182 0.2
7802 29.43 0.97 64.3 | 0.0135 0.2
7803 67.20 0.97 76.8 | 0.0189 0.2
7804 19.08 0.97 62.4 | 0.0070 0.2
7805 6.60 0.97 41.1 0.0052 0.2
7806 22.37 0.97 96.1 0.0047 0.2
2601 56.33 0.97 486 | 0.0170 0.2
2701 92.25 0.97 98.3 | 0.0190 0.2
2702 46.09 0.97 92.1 0.0181 0.2
2703 8.65 0.97 65.4 | 0.0237 0.2
2704 64.24 0.97 99.8 | 0.0117 0.2
2705 25.11 0.97 75.3 | 0.0127 0.2
2706 96.24 0.97 131.9 | 0.0099 0.2
2707 10.65 0.97 31.7 | 0.0097 0.2
2708 18.93 0.97 79.9 | 0.0099 0.2
2709 76.04 0.97 103.2 | 0.0106 0.2
2109 39.89 0.97 47.0 | 0.0165 0.2
2905 98.01 0.97 135.8 | 0.0167 0.2
3110 122.05 0.97 50.9 | 0.0076 0.1
3101 23.90 0.97 87.3 | 0.0184 0.1
3102 43.10 0.97 76.9 | 0.0147 0.1
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Table 4.4.3 HSP-F Hydrologic Model Parameters

Study Area/ . Pervious Parameters

Subcatchment Imperviousnes

3103 135.01 3.0 250 | 006 | 863 | 8125 | 2856 | 0.0120 0.97 1428 | 0.0120 0.1
3104 18.82 3.0 530 | 0.08 | 10.20 | 90.00 | 220.3 | 0.0119 0.3 0.97 110.1 | 0.0119 0.1
3105 84.42 3.0 1.30 | 0.06 | 795 | 7750 | 1727 | 0.0121 0.3 0.97 136.4 | 0.0121 0.1
3106 186.69 3.0 050 | 005 750 | 75.00 | 208.7 | 0.0167 0.3 0.97 104.3 | 0.0167 0.1
3107 27.87 3.0 050 |[005| 750 | 75.00 | 115.6 | 0.0088 0.3 0.97 57.8 | 0.0088 0.1
3108 96.81 3.0 050 | 005 750 | 75.00 | 393.2 | 0.0079 0.3 0.97 196.6 | 0.0079 0.1
3109 114.24 3.0 050 | 005 750 | 75.00 | 334.7 | 0.0090 0.3 0.97 167.4 | 0.0090 0.1
3201 53.29 3.0 050 | 005 750 | 75.00 | 1952 | 0.0116 0.3 0.97 97.6 | 0.0116 0.1
3203 65.93 3.0 450 | 008 | 975 | 8750 | 165.0 | 0.0073 0.3 0.97 82.5 | 0.0073 0.1
3204 83.81 3.0 050 | 005 750 | 75.00 | 122.0 | 0.0056 0.3 0.97 61.0 | 0.0056 0.1
3207 55.72 3.0 050 | 005 750 | 75.00 | 227.2 | 0.0087 0.3 0.97 113.6 | 0.0087 0.1
3208 36.83 3.0 050 | 005 750 | 75.00 | 177.8 | 0.0044 0.3 0.97 88.9 | 0.0044 0.1
3210 49.53 3.0 050 | 005 750 | 75.00 | 276.3 | 0.0145 0.3 0.97 138.1 | 0.0145 0.1
3212 59.88 3.0 050 | 005 750 | 75.00 | 1346 | 0.0075 0.3 0.97 67.3 | 0.0075 0.1
Supplemental Study Area

2901 140.43 0.97 66.5 | 0.0234 0.2
2110 8.30 0.97 645 | 0.0117 0.2
2902 34.66 0.97 62.9 | 0.0191 0.2
2103 22.80 0.97 115.0 | 0.0175 0.2
2104 45.73 0.97 64.0 | 0.0107 0.2
2105 61.99 0.97 115.9 | 0.0120 0.2
2106 51.77 0.97 200.0 | 0.0066 0.2
2107 80.44 0.97 96.2 | 0.0111 0.2
2108 23.90 0.97 87.5 | 0.0193 0.2
2301 14.92 0.97 120.0 | 0.0160 0.2
2302 14.21 0.97 126.8 | 0.0161 0.2
2303 28.15 0.97 542 | 0.0128 0.2
2304 29.64 0.97 75.6 | 0.0120 0.2
2305 48.69 0.97 57.6 | 0.0100 0.2
2306 44.43 0.97 150.0 | 0.0193 0.2
2307 34.59 0.97 150.0 | 0.0127 0.2
2903 12.73 0.97 70.0 | 0.0264 0.2
2904 69.72 0.97 57.2 | 0.0224 0.2
7101 76.77 0.97 123.2 | 0.0230 0.2
7102 358.15 0.97 56.6 | 0.0184 0.2
7103 34.69 0.97 90.0 | 0.0089 0.2
7104 32.39 0.97 948 | 0.0123 0.2
7105 12.28 0.97 746 | 0.0110 0.2
7501 25210 0.97 104.0 | 0.0127 0.2
3202 51.38 0.97 52.5 | 0.0105 0.1
3205 27.86 0.97 123.0 | 0.0104 0.1
3206 87.40 0.97 129.9 | 0.0100 0.1
3209 34.42 0.97 137.0 | 0.0112 0.1
3211 74.70 0.97 181.9 | 0.0087 0.1
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Soils

Soils parameterization have been developed for the refined HSP-F hydrologic model based upon
the soil parameterization within the parent HSP-F model. As noted previously, the soils within the
South Milton SWS area are primarily low permeability clay loams, similar to the soils within the
Derry Green and Boyne Survey Areas. The soil parameterization within the Derry Green and
Boyne Survey Areas were calibrated as part of the November 2015 Subwatershed Update Study,
based upon locally collected flow and rainfall data, hence are considered representative of the
physiological conditions which prevail throughout the study area. The parameterization for the
higher permeability materials within portions of the watershed were developed and calibrated as
part of the original Subwatershed Study. The soil parameterization for the respective
subcatchments have been determined by areally weighting the parameters for the respective soll
types within the subcatchments.

Imperviousness

The impervious coverage for the subcatchments withi

area are primarily agricultural and
open land use conditions, hence a nominal im rage of 5% has been applied to these

the grades associated Wi have been excluded from the calculation, as the slopes
associated with these fe een noted to skew the calculated grade for the subcatchment,

created using the LIDAR DEMMand the Surface Analysis function of ArcGIS 3D Analyst™, which
has then been combined with the subcatchment boundary layer.

Overland Roughness

Overland roughness coefficients for the HSP-F model subcatchments have been retained from
the parameterization within the parent model.

Overland Flow Length

The overland flow length in the HSP-F hydrologic model represents the average overland distance
which runoff travels before reaching a drainage feature. The overland flow length has been
calculated in accordance with the HSP-F methodology, using the following relationship:

Drainage Density = Total Length of Drainage Features/Subcatchment Area

Overland Flow Length = 1/(2*Drainage Density)
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Hydrologic Analysis and Model Validation

The updated and refined HSP-F hydrologic model has been used to establish simulated peak
frequency and Regional Storm peak flows at key locations within the study area. The hydrologic
model has been executed for a 42 year continuous simulation using the current meteorological
dataset developed for the watershed. Simulated instantaneous peak flows have been extracted
from the continuous simulation dataset, and frequency analyses have been completed using the
Log Pearson Type Ill Distribution, which is represents the applicable distribution for the
watershed; the applicability of the Log Pearson Type Ill Distribution has been confirmed based
upon the review of the coefficient of skew, as well as visual inspection of the correlation between
the best fit trendline and the sample population. In addition the Regional Storm event has been
simulated as a discrete storm event, and the simulated peak flo ave been obtained from the
simulated results; the applicable reduction factors have bee lied to the rainfall datasets for
the Regional Storm event simulation, in accordance wi Provincial standards. The
simulated peak frequency flows and Regional Storm or the existing land use
conditions are summarized in Table 4.4.4.

Table 4.4.4 Simulated Peak Frequency Flows and Regionai Storm Event Flows for Existing Land Use
Conditions (m3)

Frequency (Years)

00| Regiora

Reference Node

2.010 439.0
2.020 12.7 16.7 20.2 65.6
2.030 10.0 13.3 16.2 53.8
2.040 2.2 29 3.6 12.4
2.050 3.3 44 5.4 214
2.060 59.1 7.9 82.1 358.0
2.070 58.7 1.4 81.4 358.0
2.080 . . . . 3.1 4.2 5.2 1.7
2.090 0.2 0.4 0.6 0.8 1.1 1.5 1.8 4.0
2.100 16.4 241 35.4 43.4 51.4 62.1 70.4 334.0
4.011 52.2 80.4 122.9 153.1 183.2 224.0 255.9 833.0
7.010 32.5 52.4 82.5 103.5 124.4 152.1 1734 521.0
7.011 31.1 50.6 80.3 101.2 121.8 149.2 170.3 521.0
7.030 1.2 1.7 2.6 3.4 4.2 5.4 6.4 20.5
7.090 10.7 9.2 7.5 6.2 5.0 3.5 2.5 1.9
7.100 1.9 1.6 1.2 0.9 0.7 0.5 0.3 0.2

The simulated peak flows from the updated HSP-F hydrologic model have been compared with
the results presented in previous Subwatershed Studies, in order to validate the results generated
by the updated HSP-F hydrologic model. The percent difference between the results generated
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by the updated HSP-F hydrologic model and the results generated in previous studies, at
comparable locations, are summarized in Table 4.4.5.

Table 4.4.5 Percent Difference in Simulated Peak Frequency Flows and Regional Storm Event Flows
Between Updated HSP-F Hydrologic Model and Previous Studies (%)

Frequency (Years)

Reference Node Regi
57 38 29 27 28 30 33 -

2.010 20
2.020 130 64 45 80 6
2.030 105 49 34 75 4
2.040 19 -4 -12 8 -28
2.050 54 21 18 50 8
2.060 37 29 26 31 23
2.070 35 28 25 30 22
2.080 169 96 87 157 8
2.090 335 308 216 319 72
2.100 19 20 22 27 -22
4.011 61 -15 -20
7.010 63 -22 -15
7.011 59 -22 -14
7.030 74 1 -30
7.090 187 9 33
7.100 43 21 -33
The information in Table 4 indi that the simulated peak flows generated by the updated

higher than previously reported results, with Regional
generallylower than previously reported values. The higher peak flows

e consjdered primarily attributable to refinements within the HSP-F
hydrologic model (i.e. incre subcatchment parameters). The generally lower peak flows
for the Regional Storm event@re considered attributable to the separation in the timing of peak
flows for the Regional Storm event, resulting from the more refined routing through the study area.

The results also indicate that the greatest relative (i.e. percent) difference in peak flows are
associated with locations with relatively smalle drainage areas and hence smaller peak flows. At
these locations, the absolute difference in the simulated peak flows tend to be low (i.e. less 2.5
m3/s +/-), however the relative difference tend to be high due to the lower peak flows representing
the basis of comparison. For the locations with higher Regional Storm peak flows, the results
from the refined hydrologic model are generally within 20% of the results generated from the
parent HSP-F model.

4.43.4 Hydraulic Analysis

Hydraulic analytic characterization of the regulated watercourses within the South Milton SWS
has been completed using the HEC-RAS hydraulic model. The HEC-RAS tool has been
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developed based on the U.S. Army Corp of Engineers HEC-2 hydraulic model, and uses energy
and momentum equations to determine water surface elevations for given channel geometric
cross-sections, crossings and boundary conditions

Previous Hydraulic Modelling

As noted previously, hydraulic models for the reaches of the Sixteen Mile Creek and its tributaries
through the study area have been completed using various tools and base information. Hydraulic
modelling was initially completed as part of the FDRP using the HEC-2 hydraulic model to
establish Regulatory Floodlines for the watershed (ref. Proctor & Redfern, 1986). Subsequent to
that time, the HEC-2 hydraulic model has been imported into HEC-RAS, and various local
hydraulic models have been developed to evaluate water surface elevations and establish
floodlines along specific reaches in support of various infrastr re and channel realignment
projects within the watershed. In various locations, HEC-R odels have been developed by
Conservation Halton to establish the Regulatory Floodplai f the conformity exercise; the
openings of hydraulic structures incorporated into the hy
were frequently estimated based upon a review of ai
as-built or field conditions.

Hydraulic Structure Inventory

Field reconnaissance has been conducted in e geometry and dimensions of the
hydraulic structures spanning the regulated s within the South Milton SWS. A
photographic inventory of the culve btained, and Total Station Survey completed at
the structures in order to establis s and dimensions, as well as to obtain cross-
sections of the open watercou d downstream of the structure. The hydraulic

structure inventory has been ented by information provided by the Town of Mllton and
the area landowners fg [
presented in Figure

8, and thefhydraulic structure inventory is presented in Table 4.4.6.
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Table 4.4.6

Hydraulic Structure Inventory

Culvert Location

Location

Culvert Type Culvert Dimensions

VECE]

Upstream

(m)

Downstream

(m)

Amec Foster Wheeler
Environment & Infrastructure

Additional Notes

BR1 Britannia Road CSP Ellipse C 1.20 2.20 04 0.55 - - Rise from sediment — approx. 0.1m of sediment in culvert.
BR? Britannia Road Concrete Bridge 0 450 24 40 1.0 ceptre ) ) Top of opening is arched, centre deck = 1m, sides of deck =
1.80 sides 1.8m.
BR3 Britannia Road PVC Circle C 0.65d 0.6 0.75 - - Concrete cover, D/S channel running through residential lots.
BR4 Britannia Road CSP Circle C 0 600.9\0 do 90 0.6 1.0 - - DS opening filled with 0.3m sediment, available rise = 0.6m.
Concrete . 1.20 conc. Bridge deck is concrete, culvert top is metal, total deck width
DER1 Derry Road Metal Top Bridge 0 2.65 40.0 155 metal 9 75m.
DER2 Derry Road Concrete Bridge 3.25 18.0 1.15 deck Concrete bridge deck with small metal railing is 1.4m.
DER3 Derry Road Concrete Box 0 1.20 4.0 0.4 0.50 Culvert changes direction (skew) and widens on D/S extent into
1.40 45 pond.
EIG1 Eighth Line CSP Circle C 0.60d 0.20 0.20 Ditch channel cross culvert.
EIG2 Eighth Line Concrete Box 0 0.90 \ 3.20 0.25 0.20 Rise from sediment, D/S opening rise = 0.8m.
FIF1 Fifth Line cSP Ellipse 120 175 0.40 Fifth Line under road reconstruction, unsure if culverts will be
replaced.
FIF2 Fifth Line Concrete Box 0 0.85 7.0 Rise from sediment.
FIF3 Fifth Line - - - - - Culvert not found during inspection.
FIF4 Fifth Line CSP Ellipse 0 822 - Rise from sediment, D/S opening filled with 0.25m sediment.
I . Top of opening is arched, centre deck = 0.6m, sides of deck =
FIFS Fifth Line Concrete Bridge 0 250 0.9m, wing walls on both sides, 1.5m high, metal railing = 1.1m.
FOU1 Fourth Line CSP Circle C - - D/S opening slightly damaged.
FOU2 Fourth Line CSP Circle C 20° - 0.5m scour below D/S opening causing pooling.
. . 0.30 Circle culvert very filled with sediment and vegetation, believe it
FoU3 Fourth Line CsP Circle ¢ 0.20 ] ] is 0.60 d, DIS extent damaged.
151 James Snow Plowy Concrete Bridge 0 185 20.0 9 50 deck ) ) Deck width includes clo.ncrete ro?d barrier — with small metal
railing deck = 2.75m.
LB1 Lower Base Line Concrete Box C 0.75 1.80 0.15 0.15 45° 0.30 Rise from sediment, approx. 0.15m of sediment in culvert.
LB2 Lower Base Line Concrete Box C 1.20 1.85 0.25 0.25 45° 0.20 Rise from culvert bottom - minimal sediment in culvert.
LB3 Lower Base Line Concrete Box C 215 1.50 N/A N/A - 0.20 Long exposure of culvert on D/S side, very deep pool.
LB4 Lower Base Line CSP Circle C 0.60d 0.60 0.60 - - U/S culvert extent slightly damaged.
: : Bank treatment under bridge, alters opening dimensions.
LB5 Lower Base Line Concrete Bridge 0 4.0 26.50 1.65 deck Concrete bridge deck with metal railing is 2.75m.
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Table 4.4.6 Hydraulic Structure Inventory

Culvert Location Culvert Type Culvert Dimensions

) . Upstream Downstream Additional Notes
Location Material
(m) (m)
LB6 Lower Base Line CSP Circle C 0.90d 1.0 1.20 45° - D/S channel is entrenched with bedrock/shale bed material.
. . Channel is fed by golf course pond, small PVC culvert from
LB7 Lower Base Line CSP Circle C 0.50d 0.8 0.8 - - pond leads to U/S CSP culvert,
LB8 Lower Base Line Concrete Box N/A 130 | 250 0.20 0.20 - 0.25 Rise from sediment.
LB9 Lower Base Line CSP Circle C 040d 0.35 0.35 - - Primarily a ditch channel.
Concrete inlet structure with wing and headwall, flow is piped
. . under road, multiple grated inlets and cross connections along
LB10 Lower Base Line Conerete Circle ¢ 140 NIA Lower Base (South of Fifth line), could not find outlet into main
branch. Recommend requesting storm sewer layer for details.
. . Concrete bridge deck with metal railing is 2.45m. 4 Pillars in-line
LB11 Lower Base Line Concrete Bridge O in channel, concrete box width = 1.50m, pillar diameter = 1.0m.
LB12 Lower Base Line CSP Circle C D/S extent filled with approx. 0.4m of sediment.
RR1 Regional Road 25 Concrete Arch 0 Con Span Canada culvert, rise from sediment.
RR2 Regional Road 25 Concrete Arch 0 Con Span Canada culvert, rise from sediment.
SIX1 Sixth Line Concrete Bridge 0 Top of opening is arched, cen.tre deck = 1.0m, sides of deck =
1.55m, metal railing = 1.20m high.
Rise from sediment, unsure if open or closed. D/S extent has 2
SIX2 Sixth Line Concrete Box N/A PVC culverts, and an inlet grate, piping flow through residential
lot.
SIX3 Sixth Line Concrete Box N/A Rise from sediment, unsure if open or closed.
. . . Top of opening is arched, centre deck = 1.0m, sides of deck =
SIX4 Sixth Line Concrete Bridge 0 e .
1.55m, metal railing = 1.20m high.
SIXG Sixth Line Concrete Bridge 0 Top of opening is arched, cen.t_re dfck = 1.0rT1, sides of deck =
1.55m, metal railing = 1.20m high.
SIX6 Sixth Line PVC Circle Channel might be fed by pond in private residence.
SIX7 Sixth Line Concrete Box 0 Rise from sediment, on LB of D/S extent - sediment build-up of
approx. 0.20m.
0.60d D/S extent filled with approx. 0.20m of sediment, leads to a
SIX8 Sixth Line CSP Circle C 0.90 1.0 - - second CSP culvert (Rise = 0.30, Span 0.60) — could be filled
0.40 0.60 . . .
0.60m circle, flow is then piped.
. . 1.10 3.10 Rise from sediment, unsure if open or closed. Approx. 0.15m
SIX9 Sixth Line Concrete Box N/A 0.95 310 0.30 0.20 - 0.20 more sediment at D/S extent
SIX10 Sixth Line cSp Circle c 0.40 0.40 0.50 ) ) Culvert slightly damaged on D/S side, starting to bend on US
side due to asphalt cover.
SIX11 Sixth Line Concrete Bridge 0 3.50 \ 29.0 4.0 deck - - Concrete bridge deck with small metal railing is 4.25m.
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. . Wall Thickness Upstream Downstream Additional Notes
Location Material
(m) (m)
SIX12 Sixth Line cSp Circle c 1204 N/A N/A 45° ) D/S extent very scoured aroug:jogulvert opening, approx. 0.60m
SIX13 Sixth Line CSP Circle C 0 901 '4‘0 d 140 N/A N/A 30° - D/S extent approx. filled with 0.50m of sediment.
TH1 | Thompson Road | CSP | Cice | C | 0.60d | 005 [ 010 | 30° | - | Ponded channel running through agricultural crop fields.
TRA1 Trafalgar Road Concrete Box c 117 240 0.20 0.50 450 U/S and D/S extent have approx.l0.03m and 0.30m of sediment
0.90 240 respectively.
TRA2 Trafalgar Road Concrete Bridge 0 2.20 14.80 1.75 deck Concrete bridge deck with small metal railing is 2.0m.
TRA3 Trafalgar Road Concrete Bridge 0 2.75 18.40 1.75 deck - Concrete bridge deck with small metal railing is 2.0m.
TRA4 Trafalgar Road Concrete Box N/A 190 360 N/A N/A Could be cIosiad box culvert, saw small bottgm lip similar to the
top, couldn’t be sure due to rock and sediment coverage.
NOTES:
» ID# — Chosen by field inspector, includes abbreviation of road crossing and numbering based uth running roads start 1 at North, West-East running roads start 1 at West)
» Culvert Type — O = Open, C = Closed, N/A = Could not tell from inspection — sediment coverag
» Culvert Dimensions — Rise and Span are of culvert opening (Rise from sediment if 3 v est. from culvert top to road, or deck of bridge, N/A if unable to estimate
» “—“indicates measurement or data is not applicable to the culvert in question
» Dimensions of Culvert are generalized by U/S and D/S conditions to make onefir : ed measurement, unless significant difference between U/S and D/S openings due to

sediment deposition
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Table 4.4.7

Culvert Location Culvert Type Culvert Dimensions

Amec Cover (m)

i Additional Notes
Foster Urbantech ID# Location Material Shape /8222 q FZ:T?)e S(p:)n US DS Skew ThicI:/r\: 225 (m) Ups(tn:()eam Dow?;t)ream
Wheeler ID#
Y 188.54 . ,
BR1 TESMCY — BR7 Britannia Road - 160m West of cSp Ellpse Closed 120 990 04 0.55 ) ) (centre line 1§8.56 (centre Rise from secljlmentl— approx. 0.1 m of
6" Line line of creek) sediment in culvert.
of creek)
Britannia Road — 180m West of . 1.0 centre Top of opening is arched, centre deck =
BR2 Trafalgar Rd. Concrete Bridge Open 4.50 24.40 180 sides 175.75 175.89 1'm, sides of deck = 1.8 m.
BR3 MSMCx.BRg | DranmiaRoad=300mEastof | pys | Girge | Closed 0.65d 06 | 0.5 - 185.02 184.93 Conerete cover, DI channel running
Trafalgar Rd. through residential lots.
Britannia Road — 500m West of . 0.90d DS opening filled with 0.3 m sediment,
BR4 MSMCX-BR10 8 Line CSP Circle Closed 0560 ‘ 0.90 - 185.68 185.67 available rise = 0.6 m.
Derry Road — 130m East of Sixth | Concrete . Bridge deck is concrete, culvert top is
DERT Line Metal Top | Cndge | Open | 265 | 400 ; 183.24 182.85 metal, total deck width 2.75 m.
DER? Derry Road - 700m West of Concrete Bridge Open 395 ) 186.00 186.04 Concrete brldlgle dgck with small metal
Trafalgar Rd. railing is 1.4 m.
Derry Road - 300m West of 1.20 Culvert changes direction (skew) and
DER3 Trafalgar Rd. Conerete Box Open 1.40 45° 0.30 188.00 187.66 widens on D/S extent into pond.
EIG1 Eighth L'”ge'rrszé)(;" South of CSP Circle | Closed 0.20 . . 192.64 192.63 Ditch channel cross culvert,
EIG2 Eighth Llng - 1§70m North of Concrete Box 0.20 ) 0.20 190.18 190.46 Rise from sediment, D/S opening rise =
Britannia Rd. 0.8 m.
FIF1 Fifth Line — 1140m South of cSp 0.40 ) ) 189.02 188.90 Fifth ng under road. reconstruction,
Derry Rd. unsure if culverts will be replaced.
FIF2 Fifth Line = 1190m Northof |~ te 020 | 45° 035 189.43 189.36 Rise from sediment.
Britannia Rd.
FIF3 Fifth Llng - 6§0m North of - - N/A N/A Culvert not found during inspection.
Britannia Rd.
Fifth Line — 1120m South of . 0.90 1.85 Rise from sediment, D/S opening filled
FIF4 Britannia R. CSP | Ellipse | Open 5185 | 0 | 10 ] ] 186.68 186.60 with 0.25 m sediment.
Top of opening is arched, centre deck =
Fifth Line — 570 m North of . 0.60 centre 0.6 m, sides of deck = 0.9 m, wing walls
FIFS TESMCS-FLG Lower Baseline Concrete | Bridge Open 250 620 0.90 sides ) ) 178.78 178.67 on both sides, 1.5 m high, metal railing =
1.1m.
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Table 4.4.7

Amec

Foster
Wheeler ID#

Culvert Location

Urbantech ID#

Location

Culvert Type Culvert Dimensions

Material

Shape

Open
[Closed

Rise Span

)

)

Cover (m)

us

DS

Skew

Wall

Thickness (m)

Upstream

(m)

Downstream

(m)

Amec Foster Wheeler
Environment & Infrastructure

Additional Notes

D/S opening slightly damaged. AMEC-FW
FOU1 TESMCA-FL3 Fourth Line - 700m South of CSP | Cirde | Closed 0404 040 | 040 | - N/A N/A crew surveyed crossing that was 1200m
Britannia Rd. South of Britannia Road — no inverts
available.
FOU1 TESMC4-FL3 Fourth Lé’:;a‘n;igoén dS°“th | csp | cide | Closed 0454 045 | 048 - 180.48 189.46 RPE survey data - June 16, 2016.
FOU2 Fourth Line -~ 930m South of CSP Circle | Closed 0.90 d 070 | 1.1 2 180.74 180.23 0.5m scour below DI opening causing
Lower Baseline pooling.
. 0.30 Circle culvert very filled with sediment and
Fourth Line — Southern part of . ) C
FOU3 Fourth Line and HWY 407 CSP Circle Closed 0.20 - N/A N/A vegetation, believe it is 0.60 d, D/S extent
damaged.
James Snow Pkwy — 1030m . Deck width includes concrete road barrier
IS North of Britannia Rd. Conerete Bridge Open 185 ’ NIA NIA — with small metal railing deck = 2.75 m.
LB1 Lower Base Line — 60m West of Concrete Box Closed 45° 0.30 178.99 178.99 Rise from se(ljlmentl, approx. 0.15 m of
Henderson Rd. sediment in culvert.
L2 Lower Base Line — 140m East of Concrete Box Closed 0.25 45° 0.20 178.02 177.94 Rise from clulvert'bottom - minimal
Henderson Rd. sediment in culvert.
LB3 Lower Base Line — 360m East of Concrete N/A ) 0.20 167 50 167.04 Long exposure of culvert on D/S side,
RR25 very deep pool.
LB4 Lower Base LF|£1F<22—5610m Bastol | cgp 060 | 0.60 162.89 16243 UIS culvert extent slightly damaged.
. 149.21 Bank treatment under bridge, alters
LB5 Lower Base Line — 1150m East Concrete 26.50 1.65 deck - (Lowest N/A opening dimensions. Concrete bridge
of RR25 . . .
Elevation) deck with metal railing is 2.75m.
LB6 Lower Base Line - 1240m West cSp Circle 0.90 4 10 120 45° 166.87 166.52 D/S channel is entrenched.wnh
of 4t Line bedrock/shale bed material.
. Channel is fed by golf course pond, small
LB7 TSMC2LBLW7 | oM Basgfafh'im:‘r’om West 1 csp | Cirdle | Closed 050d 08 | 08 . 182.58 182.50 PVC culvert from pond leads to U/S CSP
culvert.
LB8 TESMC4 LBLwWg | -owerBase ';i[“zi;e53°m Eastol | Concrete | Box N/A 130 | 250 | 020 | 020 0.25 184.19 183.71 Rise from sediment.
LB LBLEACulv5-1 | -OwerBase ';'tf‘zi;eg?’om Fastol | csp | Girde | Closed 0404 035 | 0.3 184.15 184.08 Primariy a ditch channel.
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Table 4.4.7

Culvert Location

Amec
Foster
Wheeler ID#

Urbantech ID#

Location

Material

Shape

Open
[Closed

Rise Span
(m) (m)

Cover (m)

us DS

Skew

Wall
Thickness (m)

Upstream

(m)

Culvert Type Culvert Dimensions

Downstream

(m)

Amec Foster Wheeler
Environment & Infrastructure

Additional Notes

Concrete inlet structure with wing and
headwall, flow is piped under road,
multiple grated inlets and cross
LB10 TESMC4 LBLW-9 Lower Base Line — At 5! Line Concrete Circle Closed 1.40d N/A - 181.52 N/A connections along Lower Base (South of
Fifth line), could not find outlet into main
branch. Recommend requesting storm
sewer layer for details.
Lower Base Lie —On Fith Lie 4o,  Plars ine norame,
LB11 380m South of Lower Baseline Concrete Bridge Open 3.10 40.0 1.3 - 163.22 163.10 o e o
concrete box width = 1.50m, pillar
Rd. .
diameter = 1.0m.
LB12 Lower Base Line - 450m West CSP Circle Closed 1.0d N/A ) 182.72 182,22 D/S extent filled wlth approx. 0.4m of
of 6 Line 060 | 10 sediment.
RR1 Regional Roaq 25 - 1230m Concrete Arch Open 190 6.2 0 45° 0.20 N/A N/A Con Span CanaQa culvert, rise from
South of Britannia Rd. sediment.
RR? Regional Road 25 —.200m North Concrete Arch Open 730 A N/A ) 0.30 173.41 172.94 Con Span CanaQa culvert, rise from
of Lower Baseline Rd. sediment.
. . Top of opening is arched, centre deck =
SiX1 Sixi Line - 1260m South of | Goncrete | Bridge |  Open 18. 110 centre : 185.70 18577 | 1.0m, sides of deck = 1.55m, metal raiing
HWY 401 1.55 sides .
=1.20m high.
Rise from sediment, unsure if open or
Sixth Line - 1820m South of R closed. D/S extent has 2 PVC culverts,
SIX2 HWY 401 Concrete 1.50 0.10 0.10 45 0.20 188.74 188.78 and an inlet grate, piping flow through
residential lot.
SIX3 Sixth Line — 640m North of Derry Concrete Box 915 0.10 010 45° 0.25 187 49 187,35 Rise from sediment, unsure if open or
Rd. closed.
s Top of opening is arched, centre deck =
SiX4 SiLine ~640m Souhof | 6oncrete | Bridge | Open | 265 | 1450 | | ocente : 18163 18165 | 1.0m, sides of deck = 1.55m, metal raiing
Derry Rd. 1.55 sides _ .
=1.20m high.
o Top of opening is arched, centre deck =
SIX5 Sixth Line - 930m South of DM | - Goncrete | Bridge | Open | 310 | 2030 |  Ocene : 180.60 180.63 | 1.0m, sides of deck = 1.55m, metal railing
Rd. 1.55 sides )
=1.20m high.
SIXG Sixth Line -1110m South of PVC Circle Closed 0.45 0.65 0.65 ) 180.73 18074 Channel might be.fed by pond in private
Derry Rd. residence.
SIX7 Sixth Line - 1270m South of Concrete Box Open 930 4.80 10 10 0.30 N/A N/A Rise frpm sedlment, on LB of D/S extent -
Derry Rd. sediment build-up of approx. 0.20m.
SIX8 CSP Circle Closed 0.60d 0.90 1.0 - 187.67 187.57
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Table 4.4.7

Culvert Location

Amec
Foster
Wheeler ID#

Urbantech ID#

Location

Culvert Type Culvert Dimensions

Material

Shape

Open
[Closed

Cover (m)

Wall
Thickness (m)

Upstream

(m)

Downstream

(m)

Amec Foster Wheeler
Environment & Infrastructure

Additional Notes

D/S extent filled with approx. 0.20m of
Sixth Line - 1700m South of 0.40 0.60 sediment, leads to a second CSP culvert
Derry Rd. ' ' (Rise = 0.30, Span 0.60) — could be filled
0.60m circle, flow is then piped.
L 1.10 3.10 Rise from sediment, unsure if open or
SIX9 TESMC- SL8 Sith Line = 300m Southof 1 o ote | Box N/A 030 | 020 0.20 187.12 187.30 closed. Approx. 0.15m more sediment at
Britannia Rd. 0.95 3.10
D/S extent.
. . Culvert slightly damaged on D/S side,
SIX10 Sixth Line —750m South of CSP Cirdle | Closed - 188.05 187.94 starting to bend on US side due to asphalt
Britannia Rd.
cover.
SIX11 Sixth Line Concrete | Bridge | Open 170.70 N/A Conerete bridge deck with small metal
railing is 4.25m.
SIX12 Sixth Line — 1km North of Lower cSP Circle Closed 45° 182.06 181.11 D/IS extenj[ very scoured around culvert
Baseline opening, approx. 0.60m drop.
SIX13 Sixth Line — 60m North of HWY cSp Circle Closed 30° i N/A N/A D/S extent approx'. filled with 0.50m of
407 sediment.
TH1 Thompson R.oad - 300m South cSP Circle Closed 30° 187.95 18711 Ponded phannel runnlpg through
of Britannia Rd. agricultural crop fields.
TRA1 Trafalgar Road — 680m North of Concrete 050 45° 0.20 193.16 193.28 U/S and D/S extentlhave approx..0.03m
Derry Rd. and 0.30m of sediment respectively.
TRA? XSMCX TR7 Trafalgar Rgad - 1.3km North of Concrete Bii 175 deck ) 181.40 N/A Concrete brldgg dgck with small metal
Britannia Rd. railing is 2.0m.
TRA3 XSMCX TRS Trafalgar Rgad - 450m north of Concrete Bridd 175 deck ) N/A 178.05 Concrete brldgg dgck with small metal
Britannia Rd. railing is 2.0m.
Could be closed box culvert, saw small
TRA4 XSMCX TR9 Trafalgar Road - 550m South of |- ot NA | NA 0.30 17752 177.30 bottom lip similar to the top, couldn't be
Britannia Rd. .
sure due to rock and sediment coverage.
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Hydraulic Model Development

HEC-RAS hydraulic models have been developed to conduct hydraulic analyses along the
regulated watercourses through the South Milton SWS area. The initial cross-section locations
and alignments have been established based upon the cross-section locations provided by
Conservation Halton for the current HEC-RAS hydraulic models; the alignments and locations
have been revised as appropriate in order to correspond to the contours within the LIDAR mapping
provided for use in this study, as well as to extend the limits of the model to encompass all
regulated watercourses (i.e. watercourses with contributing drainage areas greater than 50 ha)
not included within the current hydraulic modelling.

The low flow channel has been incorporated into the model cross-sections based upon the Total
Station Survey information at the hydraulic structures. Manni roughness coefficients have
been established at the cross-sections as 0.035 for the maifiichannel. Manning’s roughness
coefficients have been determined based upon a review air photos provided for use
in the study; a minimum roughness coefficient of O. plied for the overbanks,

been used to generate regulatory floodplain mappi
generated by the refined HSP-F hydrologic model.

0ss-section location plan is provided
on Figure 4.4.9 and the corresponding floo i

provided on Drawing 4.4.10.
4.4.4 Interpretation / Key Findings

The soils within the South Milton erally exhibit low infiltration and high runoff

initially been established ba pon the soil parameterization within the parent subcatchments,
and validated based upon the*Calibrated parameters established for the Boyne Survey and Derry
Green Secondary Plan Areas as part of the November 2015 Subwatershed Update Study.

An atypically low amount of precipitation fell over the course of the 2016 monitoring program.
This resulted in little to no runoff at the flow monitoring stations, and limited the potential for
developing reliable rating curves at the flow monitoring stations.  Consequently, the
hydrometeorological data which was collected over the course of 2016 is considered inadequate
for calibrating the HSP-F hydrologic model. As per the Terms of Reference and Work Plan, the
monitoring program is proposed to continue into 2017, hence adequate information may be
collected for calibrating the hydrologic model. Alternatively, it is suggested that the hydrologic
analyses be completed using the base parameterization within the refined HSP-F hydrologic
model, on the basis that the parameterization has been validated as part of the November 2015
Subwatershed Update Study and the January 2000 Subwatershed Planning Study. Discussion
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with Conservation Halton and the Town of Milton is required to confirm acceptance of this
approach.

The watercourses and tributaries which extend through the South Milton SWS include features
regulated by Conservation Halton. HEC-RAS hydraulic models have been developed based upon
the LIiDAR mapping provided for use in this study, and the hydraulic structure inventory conducted
as part of the field monitoring program. Manning’s roughness coefficients have been established
based upon a review of air photos provided for use in this study, and a minimum roughness
coefficient of 0.08 has been applied for the overbank areas, in accordance with current practice
by Conservation Halton. The floodline mapping through the study area is generally consistent
with the current regulatory floodline mapping generated by Conservation Halton. The floodlines
for the watercouirses toward the east limit of the study area are d to be more extensive than
the previous floodline mapping for the area, due primarilyi to imited grades as presented in
the LIiDAR mapping.

4.5 Fluvial Geomorphology
45.1 Importance / Purpose

The primary purpose of the fluvial geomorphology C nt is the characterization of the form
and function of the watercourses within the pplemental Study Areas. The role of
channel processes needs to be quantified s ida can be given to any proposed land
use changes, thereby ensuring contlnued c ics as well as ensuring any potential
impact to downstream channels is gaifiimg information will provide guidance to channel
management and enhancement the Pri Study Area in relation to future development

The stream morphology. aracterizes the existing and historic form and function of
the watercourses with Supplemental Study Areas. This includes assessment
of sediment movemen ithi e system, channel planform evolution, and geometric
characteristics. It is crit in’both a qualitative and quantitative understanding of channel
processes within the area stgh that guidance can be given to proposed land use changes, thereby

ensuring continued stable channel dynamics, as well as ensuring any potential impact to
downstream channels is avoided and/or minimized. To achieve this objective, the assessment
includes the following components:

» Collect and review any pertinent background information, such as topographic mapping,
historic aerial photographs and any previous reports that would pertain to the channel/road
crossing.

» Use available mapping to delineate channel reach boundaries

» Delineate the meander belt on a reach basis with-in the Primary and Supplemental Study
Areas

» Complete field reconnaissance to confirm existing geomorphic conditions, document
evidence of active erosion and confirm desktop results
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The Primary and Supplemental Study Areas are located within Sixteen Mile Creek watershed.
Subwatersheds 2 (West Branch) and Subwatershed 7 (Lower Middle Branch) form the majority
of the overall drainage systems. However, Subwatersheds 3, 4 and 5 (Middle Branch, Middle
East Branch and East Branch respectively) contribute to the northern and eastern boarders to
the Primary and Supplemental Study Areas.

45.2 Background Information
Background Information Review

A background review was undertaken to gather information on the watercourses contained within
the Primary and Supplemental Study Areas. Reviewed data included previous reports, historic
aerial photos, and mapping resources, including information regarding physiography and surficial
geology. This information formed the foundation of the charactetigzation work which then informed

In addition to the background information provided pri of the study, a number of
studies were initiated by landowner consultants t terization South Milton
Urban Expansion Area. These studies cover the f the Primary Study Area with the

exception of a few areas where landowners are -participants of the Milton Phase 4
Landowners Group (MP4LG). Extensive €@ downer consultants for the stream
morphology component provides baseline i s for ‘West’ and ‘Trafalgar’ area

corridors. The Town’s consultant’s characteri work'Was scoped to perform field verification
of the consultants’ data. Phase ization by the Amec Foster Wheeler Team was
two-fold and consisted of:

45.3.1 Desktop As
Reach Delineations

The parameters that influence channel form, amount and size of sediment inputs, valley shape,
land use or vegetation cover vary over the length of a stream. Lengths of channel that exhibit
similar characteristics with respect to these parameters are known as reaches. Reach lengths
vary with the scale of the channel, often longer for a larger watercourse, while smaller
watercourses exhibit more variability resulting in shorter reaches. Delineation of reaches is
beneficial as it enables grouping and identification of general channel characteristics.

The process of delineating reaches considers external parameters such as local geology,
topography and valley setting, hydrology, riparian vegetation, and land use. Consideration is also
given to characteristics that reflect these external influences such as sinuosity, gradient, and
dimensions (Parish Geomorphic Ltd., 2001). Reach delineation is completed as part of the
desktop assessment and used to guide the subsequent field program. The reaches are then
verified and finalized during the field assessment. Figure 4.5.3.1 displays large scale mapping of
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reach breaks for watercourses and headwater drainage features within the Primary and
Supplemental Study Areas. Appendix F displays more detailed reach breaks for the Primary and
Supplemental Study Areas.

The delineated watercourse reaches have been further identified as being ‘unconfined’ or
‘confined’ systems based on their overall valley form. This type of classification will further assist
during the delineation of meander belt widths and erosion hazard limits. Unconfined watercourse
systems have no discernable valley slope that can be detected from the surrounding landscape
either by field investigation aerial photography and/or map interpretation. Typically, these types
of systems are found in fairly flat or gently rolling landscapes and can be located within the
headwater areas of drainage basins. Confined watercourses are ones in which the physical
presence of a valley walls, with heights greater than or equal to , are visibly discernible. For
this type of system the location of the watercourse may be lo d at the base of a valley slope
or in close proximity to it (MNR, 2002).

Due to the overall size of the combined Primary and S
convention was developed to identify watercourse
naming convention allows the viewer to identif primary watercourse the reach is
associated with without the need for a visual e will also indicate if the watercourse
feature is a tributary and its general locatic ithi bwatershed, from downstream to
upstream. For example, the reach name “SMG >
watercourse segment is the first up
Additionally, the reach name “TM - i ates that this watercourse segment is the first
reach (x-1) of the second tributaty [ ixteen Mile Creek (reach 3).

Streams are dynamigflandscapetfe , over time their configuration and position within the
3 eander evolution, development, and migration processes.

reviewing historic aerial ph@ aphs. Depending on photo quality and scale of the channel of
interest, 100-year erosion rateS may be determined by measuring the distance from known control
points to a governing meander bend over the available historical record. Historic aerial photos
are also analyzed to determine changes in surrounding land use which may have impacted
channel migration. For the Primary and Supplemental Study Areas, historic photos from 1954,
1978 and 2016 were reviewed.

Meander Belt and Erosion Hazard Delineation

The meander belt width defines the area that a watercourse currently occupies or can be expected
to occupy in the future. Meander belt delineation is commonly used as a planning tool in order to
protect private property and structures from erosion due to fluvial action or geotechnical instability
(Parish, 2001). Within a subwatershed study context, studies require the general identification of
meander belt widths to facilitate the planning process. Therefore, for the purposes of this
subwatershed study, meander belt widths are developed from a geomorphological perspective
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on a broad scale and should be considered subject to refinement as part of future, more detailed,
studies. Future detailed studies would confirm whether the meander belt fully represents the
constraining parameters for the watercourse relative to the Regulatory floodplain or ecological
considerations. For this study, meander belt widths are only delineated for unconfined stream
reaches that have defined bed and banks. For unconfined watercourses, limits of the meander
belt are defined by parallel lines drawn tangential to the outside bends of the laterally extreme
meanders of the planform for each reach. Due to the broad-scale nature of this study, in lieu of
calculating the 100 year migration rate for each reach, a factor of safety was generally calculated
as 20% of the meander belt width (10% applied on either side of the meander belt width).

In addition to meander belt delineations for unconfined watercourse reaches, an erosion hazard
limit is determined for confined channel systems. For the confined gystems within the Primary and
Supplemental Study Areas, an erosion hazard limit will be delig€ated following Provincial Policy
Statement (PPS) technical guidelines. Within the confi aches of the Primary and
Supplemental Study Areas, the watercourses typically meander k and forth between valley
wall contacts. Following PPS guidelines, the erosion mined by applying a toe
erosion allowance plus stable slope allowance. Fo, ed of this’study, a 5 m toe erosion
allowance suitable for soft rock (shales, limestone) s s applied along with a 3:1 (horizontal
to vertical; H:V) stable slope). The toe erosion allowan as projected horizontally outward from
the valley toe, at the extent of the 5 m, the st S en extended until it daylights along
the tablelands at the top of the valley. Deline ] oe’erosion allowance and stable slope
line would be refined as part of futuregdetailed geotechnical analysis.

Figure 4.5.3.1 and Appendix E
classifications.

453.2 Field Recon#

se reach breaks and their associated valley

as Headwater Drainage Fée 8 (HDFs) as defined by the TRCA/CVC protocol (2014). HDFs
are, in general, poorly defined in nature and have been modified to facilitate drainage of the
adjacent lands. The importance of the headwater channels is well recognised (i.e. water
infiltration, attenuation, sediment and biota supply) with respect to the multiple functions they
provide to the downstream subwatershed. Headwater systems are considered important sources
of food, sediment, water, nutrients, and organic matter for downstream reached. Therefore the
quantitative analysis of their formative requirements, basin contributions and the impacts of
channel loss through development and land use change has come to the forefront of research
and policy direction within Ontario.

The HDFs within the Primary and Supplemental Study Areas were first identified through a review
of watercourse mapping and recent aerial photography. Features that were imperceptible on the
aerial photo, but identified as watercourses in the GIS watercourse layer were flagged as potential
HDFs. Following HDF assessment protocol (TRCA/CVC, 2014) a detailed field study was
undertaken to field verify potential features. The protocol requires three separate site visits; this
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is largely to characterize the hydrologic function under different seasonal conditions. The three
separate visits also help determine the extent of fish habitat based on the amount of flow present.
All features identified during the desktop phase were assessed during the “first visit” which takes
place shortly after spring freshet (late March or early April). Recording flow condition and feature
type as outlined in the OSAP protocol (Stanfield, 2010) are the main focus of this visit. Based on
the results, features may be classified as ‘limited function’ and receive the management
recommendation of ‘no management required’ (TRCA/CVC, 2014). These features do not need
to be assessed beyond the first visit. This process of screening based on the flow condition and
feature type continues through the “second visit” to determine which features require the “third
visit”. The second visit is typically after the freshet is complete and before significant plant growth
has occurred (late April to mid-May). The third visit is during the driest conditions of the summer,
preferably after several days without significant rain, to determine auhich features continue to flow
year round (July to mid-September). In addition to the data on condition and flow type, other
aspects of OSAP protocol (Stanfield, 2010) are employed. cludes assessment of riparian
vegetation, fish habitat, and terrestrial habitat.

The HDF assessment visits occurred on three se re conducted within the
Primary and Supplemental Study Areas where pro cess was granted. Each round falls
within the recommended timing window, with the acce on of Round 2 site visits that extended
into June in order to accommodate propert ions and requirements. Round 1 site

visits occurred on March 14t 15t 31st and
11t 12t as well as on June 1st, 9t
and 19", 2016. Figure 4.5.3.1 di
features visited. A photographig

. Round 3 visits occurred on July 12t 18t
entified during the desktop phase as well as
is included in Appendix F.

g geomorphic conditions on a reach basis, field
oughout the summer and fall of 2016. Rapid assessment
techniques, Rapid GeoO icd Assessment (RGA) and the Rapid Stream Assessment
Technique (RSAT) were applied to determine the dominant geomorphic processes affecting each
reach.

The Rapid Geomorphic Assessment (RGA) was designed by the Ontario Ministry of Environment
(MOE, 2003) to assess reaches in rural and urban channels. This qualitative technique
documents indicators of channel instability. Observations are quantified using an index that
identifies channel sensitivity based on the presence or absence of evidence of aggradation,
degradation, channel widening, and planform adjustment. Overall the index produces values
that indicate whether the channel is stable/in regime (score <0.20), stressed/transitional (score
0.21-0.40), or adjusting (score 20.40; Table 4.5.1).
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Table 4.5.1 RGA Classification

The channel morphology is within a range of variance for streams
<020 In Regime or Stable (Least | of similar hydrographic characteristics — evidence of instability is
= Sensitive) isolated or associated with normal river meander propagation

processes

Transitional or Stressed Channel morphology is within the range of variance for streams
0.21-0.40 o of similar hydrographic characteristics but the evidence of
(Moderately Sensitive) . e
instability is frequent
In Adjustment (Most Channel morphology is not within the range of variance and
>0.41 " . . 27
Sensitive) evidence of instability is wide spread

The Rapid Stream Assessment Technique (RSAT) wa loped by John Galli at the
Metropolitan Washington Council of Governments (Galli :
qualitative and broader assessment of the overall he and functi of a reach. This system
integrates visual estimates of channel conditions

using six categories:

Channel Stability
Erosion and Deposition
Physical In-stream Habitat
Water Quality
Riparian Conditions
Biological Indicators

VVvyYVYyvVvyYYyvYyyYy

Once a condition has b
which is based on a
stream as Low (<20),

re, the total of these scores produces an overall rating
y system. The result of the assessment then categorizes the
5), or High (>35) stream quality.

While the RSAT scores strea from a more biological and water quality perspective than the
RGA, this information is also of relevance within a geomorphic context. This is based on the
fundamental notion that, in general, the types of physical features that generate good fish habitat
tend to represent good geomorphology as well (i.e., fish prefer a variety of physical conditions —
pools provide resting areas while riffle provide feeding areas and contribute oxygen to the water
— good riparian conditions provide shade and food — woody debris and overhanging banks provide
shade). Additionally, the RSAT approach includes semi-quantitative measures of bankfull
dimensions, type of substrate, vegetative cover, and channel disturbance.

Detailed Characterization

Based on the results of the rapid geomorphic assessments, six detailed geomorphic field sites
were established as part of this study within the subwatershed study area. In addition to the newly
established sites, five previously established monitoring sites, installed as part of the
Subwatershed Update Study (SUS; 2013) were re-assessed allowing for additional erosion
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threshold and monitoring assessments to be carried out. The MP4 Landowners’ Group
established five geomorphic monitoring sites within the Primary Study Area. These sites under
went field verification by the Towns’ consultants and the data collected used to establish erosion
threshold within the MP4LG lands. Results of the detailed field investigation can not only be used
to characterize pre-development flow conditions, but can also be used to establish targets for
stormwater management that may be required under future development scenarios.

As part of the detailed field assessment, standard protocols and know field indicators were used
to quantify bankfull cross-sectional dimensions throughout a reach, specifically bankfull width and
depth. A modified Wolman pebble count was used to characterize the channel bed substrate
materials. These measurements were completed for ten to twelve cross sections per site along
with a total station survey of the channel profile which provides @& measure of the local energy
gradient and bed morphology. For each site, one top of k control cross section was
permanently installed in order to monitor future change.

extent of channel alteration. Reaches that are loca er downstream, or reaches having a
greater drainage area, are more frequently selected ey are more likely to be impacted by
land use changes. Channel alteration is also\considered; tered reaches are preferred as they

offer a more accurate depiction of channel p der existing conditions.

Monitoring

A monitoring program was initie tudy. The purpose of the monitoring program
is to provide a baseline inventory ofithe geomorphic form of watercourses within the Primary and
Supplemental Study Are bsequently be re-measured in the future. The intent of
continued monitoringg i i anges to the form and function of the watercourses as

d use and development. At each of the newly established
2yed, one top of banks control cross section was permanently
e changes in morphology. The control cross section typically
in the reach when riffle-pool morphology is observed.

installed in order to monito
represents a ‘riffle’ location wi

4.5.4 Interpretation / Key Findings
Historical Assessment

In 1954, the Primary and Supplemental Study Areas are dominated by agricultural land use with
associated rural residential dwellings. Separating individual fields, more extensive woody riparian
buffers are observed. Generally, channel planforms in 1954 closely match existing alignments
however some meander migration and widening is evident particularly within unconfined reached
of the upper subwatersheds. Additional observations include:

» Weir/dam located on Middle Sixteen Mile Creek within current Royal Ontario Golf Club
property extents (MSMC(2)) immediately downstream from the confluence with
TMSMS(2)2-1. Backwatering is observed for approximately 800 m upstream,
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» Pond located on the current Van Dongen Garden Centre property, corresponding to reach
TSMC(7)1-2c but no extensive backwatering is observed. Within the same property,
ESMC(7) flows through wooded riparian corridor.

» ESMC(6) and ESMC(5) are highly sinuous, and ESMC(4) displays several additional
meander bends then current conditions,

» ESMC(3)is not visible along its current alignment, and is believed to cross Trafalgar Road
further south to confluence

» ESMC(2) meanders towards its western valley slope contact, crossing Britannia Road
240 m west of Trafalgar Road. Additional meander scars of the watercourse are visible
within the floodplain.

» Confined reaches of major watercourses (ESMC(1b), SMC(3)) have near identical
planforms.

d. However, additional rural

Between 1954 and 1978, land use remains relatively u

» Highway 401 corridor has been developed alon
Area,

» MESMC(1) has been realigned south
Sixth Line,

» ESMC(7) has been impounde = irrigation practices,

: acent to MSMC(2) within the Royal Ontario Golf

Club Property, and Wyld o :

multiple cart bridge ddle Sixteen Mile Creek,

established,
» Both ESMC(3)
Britannia Road.

) have been realigned to their current planforms approaching

Between 1978 and 2016 changes to land use were minimal, with the exception of additional golf
clubs establishing within the Primary and Supplemental Study Area. Over the period of historical
record, confined reaches and their associated riparian (valley) extents have remained untouched.
If development occurs surrounding a permanent watercourse, confined or unconfined, the
watercourse corridor is left untouched and flow unimpeded. Some straightening of lesser
tributaries is observed through agricultural fields, in some cases bank erosion and meander
migration tendencies within these straightened reaches has led to a reintroduction of sinuosity
over time. The majority of HDFs are also visible over the course of historical record, however the
influence of agricultural practices (i.e., ploughing and cultivation) as well as the likely influence of
seasonal variation in the amount of rainfall and snowmelt experienced means that some features
are not always visible.
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100 Year Erosion Rates

From a geomorphic perspective, the 100 year erosion rate quantifies the lateral and downstream
movement of meander features making such analysis a useful indicator of channel planform
adjustment and provides a means of quantifying the rate of channel widening or bank erosion
over time. Channel erosion rates were assessed along select permanent unconfined
watercourses within the Primary Study Area.

The 100 year erosion rate was calculated for both MESMC(1) and ESMC(11). Both of these
permanent watercourses are located towards the upstream extent of the Primary Study Area,
south of highway 401, west of Sixth Line and east of Trafalgar Road. Due to their close proximity
to one another, these reaches have experienced similar changes in surrounding land use,
including: the development of the Highway 401 corridor and introd@iction of a Hydro corridor. Over
the 62 year period of historical record assessed (i.e., 1954 t 16) ESMC(11) has an average
erosion rate of 0.08m per year while MESMC(1) has an a sion rate of 0.04m per year,

period the introduction of the Hydro corridor that trav
of trees and other vegetation from within t

he two reaches required the clearing
atercourse floodplains. It is believed

that this clearing of vegetation allowed the asily erode its banks. Additionally,
the development of Highway 401 in this also required local realignment of
watercourses, and higher than nor, 0Sio uld be expected as the watercourses regain
equilibrium.

Figure 4.5.4.2 illustrate dths delineated on a reach basis using digital mapping
for the Primary and tudy“Areas. Table 4.5.2 indicates the meander belt width for
each reach within the s well as an additional erosion setback component. Due to
the broad-scale nature o watershed Study, in lieu of calculating the 100-year migration

rate for each reach, a factor 6f$afety was generally calculated as 20% of the meander belt width
(10% on either side of the meander belt width).

In addition to the meander belt width and factor of safety, a 15 m setback for major valley systems
and a 7.5 m setback for minor valley systems are required. The total extend of which is regulated
by Conservation Halton. These setbacks include the 6 m erosion access allowance. Sixteen Mile
Creek, along with all of their associated tributaries, are considered major valley systems within
Conservation Halton’s regulatory policy documentation.
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Table 4.5.2 Meander Belt Widths for Unconfined Reaches
Belt Width 10% Factor of Safety Prellmlpary Ll
(m) Either Side of Channel Width
(m)
West Branch
TSMC(1)3-2 30 6 36
TSMC(1)6-2 40 8 48
TSMC(1)6-3 30 6 36
TSMC(1)7-2 50 10 60
TSMC(1)7-3 30 6 36
TSMC(1)7-3c 20 4 24
TSMC(1)9-2 50 10 60
Lower Middle Branch
TESMC(1b)11-1b 20 4 24
TESMC(1b)11-2 36 7.2 43.2
TESMC(1b)12-2 40 48
TESMC(1b)12-2b 25 5 30
TESMC(1b)12-3 60 12 72
TESMC(1b)16-2 25 30
TESMC(1b)18-2 36 7.2 43.2
TESMC(1b)23-1a 4 24
TESMC(1b)23-2 6.4 384
TESMC(1b)23-3 6 36
TESMC(2)2-2 7.6 45.6
TESMC(2)2-2a 5 30
TESMC(2)2- 5 30
TESMC(2)2-3 5 30
TESMC(2)2-4 5 30
TESMC(2)2-5 5 30
TESMC(2)4-1 30 6 36
TESMC(2)4-2 25 5 30
East Branch
TESMC(4)1-1c 20 4 24
TESMC(4)1-1d 20 4 24
TESMC(4)1-3 40 8 48
ESMC(5) 40 8 48
ESMC(6) 40 8 48
TESMC(6)3-1 25 5 30
ESMC(7) n/a n/a n/a
TESMC(7)1-3 25 5 30
TESMC(7)1-4 25 5 30
TESMC(7)1-5 20 4 24
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Table 4.5.2 Meander Belt Widths for Unconfined Reaches

Preliminary Belt

Belt Width 10% Factor of Safety Width
() Either Side of Channel m)
TESMC(7)1-6 20 4 24
ESMC(8) 45 9 54
ESMC(9) 65 13 78
ESMC(10) 40 8 48
ESMC(11) 70 14 84
ESMC(12) 85 17 102
Middle Branch
MSMC(1) 70 14 84
MSMC(2) 70 84
MSMC(3) 140 28 168
TMSMC(3)1-1 20 4 24
TMSMC(3)2-1 65 78
TMSMC(3)2-2 35 7 42
TMSMC(3)2-3 20 4 24
MSMC(4) 90 108
TMSMC(4)1-1 25 5 30
Middle East Branch —
MESMC(1) | w | 24 144
Table 4.5.3 Hazard Corridor Delineations for Confined Reaches
Valley Floor Width Average Slope Height Total Hazard Corridor
(m) (m) (m)
West Branch A 4
SMC(1) v 80 20 210
TSMC(1)1-1 20 28 198
TSMC(1)3-1 20 23 168
TSMC(1)4-1 15 10 85
TSMC(1)5-1 15 12 97
TSMC(1)6-1 40 10 110
TSMC(1)6-1a 15 11 91
TSMC(1)6-1b 15 10 85
TSMC(1)6-1d 15 6 61
TSMC(1)7-1 30 12 112
TSMC(1)7-1a 30 10 100
TSMC(1)9-1 40 17 152
TSMC(1)9-1b 20 11 96
TSMC(1)9-1g 15 7 67
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Table 4.5.3 Hazard Corridor Delineations for Confined Reaches

Valley Floor Width

Average Slope Height

Amec Foster Wheeler
Environment & Infrastructure

Total Hazard Corridor

(m) (m)
SMC(2) 70 16 175
SMC(3) 240 12 322
Lower Middle Branch
ESMC(1a) 150 27 322
TESMC(1a)1-1 15 28 193
TESMC(1a)2-1 15 25 175
TESMC(1a)2-1a 18 17 130
ESMC(1b) 100 20 230
TESMC(1b)3-1 15 6 61
TESMC(1b)4-1 15 73
TESMC(1b)5-1 20 66
TESMC(1b)6-1 20 12 102
TESMC(1b)7-1 20 102
TESMC(1b)10-1 20 1 156
TESMC(1b)11-1 40 8 158
TESMC(1b)11-1a 115
TESMC(1b)12-1 146
TESMC(1b)12-1a 109
TESMC(1b)12-1c 12 97
TESMC(1b)13-1 6 66
TESMC(1b)14-1 8 78
TESMC(1b)15 1 6 61
TESMC(1b)16 8 78
TESMC(1b)17 1 10 90
TESMC(1b)18-1 18 16 124
TESMC(1b)19-1 20 8 78
TESMC(1b)20-1 15 8 73
TESMC(1b)21-1 15 12 97
TESMC(1b)22-1 18 12 100
TESMC(1b)23-1 32 10 106
ESMC(2) 120 8 175
TESMC(2)2-1 32 4 67
TESMC(2)3-1 15 8 73
East Branch
ESMC(3) 30 6 76
TESMC(3)5-1 25 6 71
ESMC(4) 65 4 99
TESMC(4)1-1 50 2
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Rapid Assessments

Due to the extensive scale of the study area, the rapid assessment work concentrated on the
Primary Study Area followed by the Supplemental Study Area. As mentioned previously, the
Primary and Supplemental Study Areas are located with five subwatersheds of Sixteen Mile Creek
(West Branch, Lower Middle Branch, Middle Branch, Middle East Branch and East Branch).
Appendix F provides a photographic record of general geomorphic conditions observed within
each reach, while Table 4.5.4 provides a summary of the rapid assessment scoring results.
Figure 4.5.4.3 provides a visual indication of assessed condition of the watercourses. The
following sections provide a more detailed account of the rapid assessment results for the main
branches of Sixteen Mile Creek and major tributaries within the Primary and Supplemental Study
Areas. Due to the size of the Study Areas and un-obtained permissions to enter, not all
watercourse reaches were assessed during the 2016 field seasofi” Attempts will be made during
2017 to fill any gaps, where possible with priority given to wat urses likely to fall outside of the
regional NHS.

Assessed Watercourses of the West Branch Sub

SMC(1)

Sixteen Mile Creek, (SMC), is the main waterc e located within the West Branch

from 14.7-18.4 m wide and 0.41-0.5

the valley bottom is approximate 00

exposed trees roots and fra e lines along the top of banks. As the reach is bedrock confined,
overall degradation of the channel would be limited; therefore the dominance of widening
processes throughout the reach is expected. Reach SMC(1) has nine associated tributaries that
flow into it.

SMC(2)

Reach SMC(2) is the second upstream reach of Sixteen Mile Creek, extending upstream from the
confluence with reach TSMC(1)9-1 until the confining valley widens approximately 1500m
downstream from the Britannia Road crossing. This reach is a permanently flowing watercourse
with bankfull dimensions along the reach ranging from 10-15m m wide and 0.5-0.8m deep. Similar
to reach SMC(1), this reach flows through a confined valley with a floodplain approximately 70m
wide. Cobble substrate dominated along the bed with few instances of exposed bedrock within
pools. During the field investigation wetted depths ranged from 10m wide to 0.3-0.65m deep.
Island formation was also observed. RGA results indicated that the reach was stressed or
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Transitional. The prevailing geomorphic processes affecting this reach are ‘widening’ as indicated
by exposed tree roots, steep bank angles and undercutting, woody debris and toe erosion on both
sides of the riffle.

SMC(3)
Reach SMC(3) is the third upstream reach of Sixteen Mile Creek and was assessed within the
Supplemental Study Area downstream from Britannia Road. This reach is a permanently flowing
watercourse with bankfull dimensions 12-18m m wide and 0.5-0.7m deep. Within this reach, while
still confined, the width of the valley bottom increases to approximately 200m. Similar to the
downstream reaches, the floodplain is fully accessible during flows above the bankfull level. Tree
roots are commonly exposed throughout the reach, and outer banks are undercutting. RGA
results indicated that the reach was stressed or Transitionaly, The prevailing geomorphic
processes affecting this reach are ‘widening’ as indicated b posed tree roots, steep bank
angles and undercutting, and woody debris.

Assessed Watercourses of the Lower Middle Bra Subwaters

ESMC(1b)
Reach ESMC(1b) is the second reach of East Sixtee
with SMC(1) and is located within the LowedMi

Creek upstream from the confluence
subwatershed. Bankfull dimensions

flows in a sinuous planform alternating betwee valbcontacts. The valley bottom within this
reach is approximately 75m wide. Tg ing is @bserved along local sections of the watercourse.
Channel banks are typically wellfveget:
banks can be undercut with active erosior

alley wall contacts. RGA results indicated that the reach
was stressed or Transiti “Olhe“Prevailing geomorphic processes affecting this reach are

d)by leaning trees and exposed tree roots, fracture lines
of woody debris, exposed bedrock, suspended armour layer

therefore the dominance @ dening processes throughout the reach is expected. Reach
ESMC(1b) has 23 associated fributaries that flow into it.

ESMC(2)

Reach ESMC(2) is the third upstream reach of East Sixteen Mile Creek upstream from the
confluence with SMC(1) and is located within the Lower Middle Branch subwatershed. Bankfull
dimensions along reach ESMC(2) ranged from 9-12m wide and 0.8-1.0 m deep. No exposed
bedrock was observed within this reach; however valley walls still confine the watercourse. Valley
wall contacts still occur, however exposed shale or extensive slope erosion was not observed.
Due to the absence of bedrock control, scour pools within the channel were frequently observed
at 1m standing water depth. Bank heights throughout the reach range from 0.5-1.5m tall. RGA
results indicated that the reach was stressed or Transitional. The prevailing geomorphic
processes affecting this reach are ‘degradation’ and ‘widening’ as indicated by elevated tree roots,
deep scour pools and exposed clay bed, increased bank heights, leaning trees and fracture lines
along the top of bank.
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Assessed Watercourses of the East Branch Subwatershed

ESMC(3)

Reach ESMC(3) is the first upstream reach of East Sixteen Mile Creek within the East Branch
subwatershed. Bankfull dimensions along reach ESMC(3) ranged from 4-5m wide and 0.5-0.8m
m deep. The presence of a weir structure within the reach (downstream from Trafalgar Road),
greatly affects the overall morphology of the channel. The weir structure spans the watercourse
and has a 1.5m wide low flow V-Notch at the center of the channel. The drop height of the weir is
0.8m. Downstream from the weir, degradation and widening occurs as the permanent
watercourse bisects the valley slope to confluence with Middle Sixteen Mile Creek. Evidence of
includes elevated and exposed tree roots, increased bank heights, and lack of depositional
features, and organic debris. Upstream from the weir, ‘aggrad " dominate with soft bed and
embedded riffle features. RGA results indicated that the rea as stressed or Transitional.

ESMC(4)
Reach ESMC(4) is the second upstream reach Eas

deep. The watercourse follows an sinuous planfo d is confined between valley walls.
ter is consistently backwatered and
near bankfull level. As a result multiple cu
Banks are well vegetated with long grasses,
easily. RGA results indicated th was stressed or Transitional. The prevailing
geomorphic processes affecting aggradation’ and ‘widening’ as evidenced by
o) onsolidated bed and deposition around structures,

embedded riffle features, siltati@
organic debris, fracture lines along op of bank and exposed tree roots.

ESMC(6)
Reach ESMC(4) is tF
subwatershed and exte

eam reach East Sixteen Mile Creek within the East Branch
am from the Royal Ontario Golf Club property. Bankfull
dimensions along reach E ranged from 5-7m wide and 0.8-1m deep. Extensive erosion is
observed along the channel banks, undercutting and detached banks are common occurrences
along with the formation of soft unconsolidated lateral bars. Surrounding landuse of the reach is
a broad, 250m plus, unmaintained meadow corridor. Few trees are present in the vicinity of the
watercourse to help mitigate erosion. RGA results indicated that the reach was stressed or
Transitional. The prevailing geomorphic processes affecting this reach is ‘widening’ as indicated
by organic debris, exposed tree roots, bank erosion, basal scour and fracture lines along the top
of bank.

ESMC(7)

Reach ESMC(7) is located upstream from ESMC(6) and is associated with the Van Dongen
Garden Centre and Arbor Garden Centre properties. Due to irrigation practices required to
support a garden centre, East Sixteen Mile Creek and its tributary, TESMC(7)1-1, have been
impounded by a series of dam structures creating extensive pond reservoirs. Two large ponds
have formed along ESMC(7) with an additional two ponds having formed on TESMC(7)1-1.
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Affects from backwater has additionally impacted upstream reaches of ESMC(8) as well as
TESMC(7)1-3. Water levels within the ponds were such that the maximum depth could not be
safely measured. It is assumed that any previous channel morphology present historically has
been destroyed. Between the two ponds on ESMC(7), multiple low flow pathways and cut-off
channels are present with bankfull dimensions of 2.5m wide and 0.5m deep. Tree roots are often
exposed and woody debris is frequent. RGA results indicated that the reach was stressed or
Transitional. The prevailing geomorphic processes affecting this reach is ‘widening’ and
‘aggradation’ as indicated by leaning trees and fence posts, exposed tree roots, bank erosion,
fracture lines along the top of bank, deposition on the overbank, unconsolidated bed material, and
deposition on point bars.

ESMC(8)
Reach ESMC(8) extends upstream from the ponded reach of
the reach is straight and is affected by backwatering from th

C(7). The overall planform of
stream garden centres as well

by exposed tree roots, bank erosion, uncon

ESMC(11)
Reach ESMC(11) is located to
Sixth Line and Trafalgar Road
ESMC(11) ranged from 6-8m wid
through a broad riparia

embedded riffles, organic debi§ jams and fracture lines along the top of bank.

ESMC(12)

Reach ESMC(12) is the upstream most reach of East Sixteen Mile Creek within the Primary Study
Area, extending east from Trafalgar Road and north of Auburn Road. Bankfull dimensions along
reach ESMC(12) ranged from 6-8m wide and 0.8m-1.0m deep. Within this reach extensive woody
debris jams promotes bank scour and the development of chute channels. Several ‘relic’ channel
were observed abandoned within the floodplain. Substrate within the reach is comprised of cobble
material, however fresh sand deposits are common on point bars. RGA results indicated that the
reach was stressed or Transitional. The prevailing geomorphic processes affecting this reach are
‘aggradation’, ‘widening’ and ‘planform adjustment’. These processes were observed as formation
of deposition bar features, siltation in pools, deposition on floodplain, falling and leaning trees
along with extensive woody debris, formation of islands, cutoff channels and chute channels.
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Assessed Watercourses of the Middle Branch Subwatershed

MSMC(1).
Reach MSMC(1) is the first upstream reach of Middle Sixteen Mile Creek within the Middle Branch
subwatershed. Bankfull dimensions along reach MSMC(1) ranged from 9-15m wide and 0.8m m
deep. This reach is located downstream from the Wyldewood Golf and Country Club, in which
part of the downstream reach extents have been impacted by a historical channel realignment to
accommodate weir placement upstream from Britannia Road. Riffles substrate is comprised of
cobbles and gravels and bank erosion is observed on both sides of the riffle. There is one
noticeable valley wall contact within the reach; however it remains unconfined for the most part.
RGA results indicated that the reach was stressed or Transitional. The prevailing geomorphic
processes affecting this reach is ‘aggradation’ as indicated by formation of lateral bars, embedded
riffle, deposition along point bars and around instream structure

MSMC(2)
Reach MSMC(2) is located on the Wyldewood Gold an
upstream reach of Middle Sixteen Mile Creek withi
dimensions along reach MSMC(2) ranged from 6:
unconfined by valley walls, however the channel sh
elevated tree roots and bank heights of over,
bridges. Point bars form with gravel and

Middle Bran
m wide and 0.5-1.0m deep. This reach is
me indication of degradation thought
erosion is typical in the vicinity of cart

the reach was stressed or Transition 1
is ‘widening’ as indicated by falling’a :
riffles, steep bank angles and ffae ‘
MSMC(3)
Reach MSMC(3) is loéa
is the third upstream re
Bankfull dimensions alo
portion of the reach, toward downstream extent, is confined by a valley wall contact to the
west; however the remainder of the reach is unconfined. The watercourse is permanently flowing
with a sinuous planform through a riparian corridor ranging from 150-250m wide. Thick canopy
cover offers shade to the majority of the reach; however there are local sections that remain
unshaded. Surrounding Landuses of this reach includes agricultural lands and the Trafalgar Golf
and Country Club. Extensive beaver activity is observed throughout the reach. Beaver dams
impound flow and promote bank scour and erosion. This reach has one major tributary,
TMSMC(3)2-1 and associated upstream reaches. RGA results indicated that the reach was
stressed or Transitional. The prevailing geomorphic processes affecting this reach is ‘aggradation’

as indicated by as indicated by formation of lateral bars, embedded riffle, deposition along point
bars and around instream structures.

ing geomorphic processes affecting this reach
s, exposed roots, erosion on both banks over

the Wyldewood Gold and Country Club property and
Sixteen Mile Creek within the Middle Branch subwatershed.

MSMC(4)
Reach MSMC(4) is the fourth upstream reach of Middle Sixteen Mile Creek. The permanent
watercourse flows through an unconfined sinuous planform. Lack of riparian vegetation allows for
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extensive bank erosion, particularly along outer meander bends. Bankfull dimensions along reach
MSMC(3) ranged from 6-10m wide and 0.6-1.0m deep. Water extraction was taking place to
accommodate irrigation practices for a local garden nursery, no impoundment of flow was
observed and the loss of water did not appear to affect the downstream channel. RGA results
indicated that the reach was stressed or Transitional. The prevailing geomorphic processes
affecting this reach is ‘widening’ as indicated by fracture lines along the top of bank, slumping and
detached banks, under cut banks, leaning trees and exposed roots.

Assessed Watercourses of the Middle East Branch Subwatershed

MESMC(1)

Reach MESMC(1) is the first upstream reach of the Middle East Branch Subwatershed. This
reach follows a sinuous planform through a 140m forested rip corridor. Cobble and gravel
substrate dominates the bed substrate, fine sands and clays troduced through bank erosion
where slumping, undercutting and exposed roots are obse kfull dimensions along reach

Transitional. The prevailing geomorphic processe
by slumping and detached banks, under cut banks,
and basal scour on the inside of meander bends.

and leaning trees and exposed roots

Table 4.5.4 Rapid Assessment Results for the Study Area

Reach RSATScore | RSAT Condition RGA Score RGA Condition

West Branch

SMC(1) OUerate 0.36 Transitional
TSMC(1)3-1 Not Assessed - Not Assessed
TSMC(1)3-2 Moderate 0.06 In Regime
TSMC(1)4-1 Not Assessed - Not Assessed
TSMC(1)5-1 Not Assessed - Not Assessed
TSMC(1)6-1 Not Assessed - Not Assessed
TSMC(1)6-2 - Not Assessed - Not Assessed
TSMC(1)6-3 - Not Assessed - Not Assessed
TSMC(1)7-1 - Not Assessed - Not Assessed
TSMC(1)7-2 - Not Assessed - Not Assessed
TSMC(1)7-3 - Not Assessed - Not Assessed
TSMC(1)8-1 - Not Assessed - Not Assessed
TSMC(1)9-1 28 Moderate 0.39 Transitional
TSMC(1)9-1b 24 Moderate 0.29 Transitional
TSMC(1)9-1¢g 25 Moderate 0.06 In Regime
TSMC(1)9-2 27 Moderate 0.20 In Regime

SMC(2) 32 Moderate 0.25 Transitional

SMC(3) 32 Moderate 0.25 Transitional
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Table 4.5.4 Rapid Assessment Results for the Study Area

Amec Foster Wheeler
Environment & Infrastructure

RSAT Score RSAT Condition RGA Score RGA Condition
Lower Middle Branch
ESMC(1a) - Not Assessed - Not Assessed
TESMC(1a)1-1 - Not Assessed - Not Assessed
TESMC(1a)2-1 - Not Assessed - Not Assessed
TESMC(1a)2-1a - Not Assessed - Not Assessed
ESMC(1b) 29 Moderate 0.32 Transitional
TESMC(1b)10-1 - Not Assessed - Not Assessed
TESMC(1b)11-1 27 Moderate 0.26 Transitional
TESMC(1b)11-1a 29 Moderate Transitional
TESMC(1b)11-1b - Not Assessed Not Assessed
TESMC(1b)11-2 19 Low In Regime
TESMC(1b)12-1 27 Moderate Transitional
TESMC(1b)12-1a Moderat Transitional
TESMC(1b)12-1¢ Moder Transitional
TESMC(1b)12-2 Moerate In Regime
TESMC(1b)12-2b In Regime
TESMC(1b)12-3 In Regime
TESMC(1b)13-1 Not Assessed
TESMC(1b)14-1 Not Assessed
TESMC(1b)15-1 Not Assessed
TESMC(1b)16-1 Not Assessed
TESMC(1b)16-2 Not Assessed Not Assessed
TESMC(1b)17-1 Not Assessed Not Assessed
TESMC(1b)18-1 Not Assessed Not Assessed
TESMC(1b)18-2 Not Assessed Not Assessed
TESMC(1b)19-1 Not Assessed Not Assessed
TESMC(1b)20-1 Not Assessed Not Assessed
TESMC(1b)21-1 - Not Assessed Not Assessed
TESMC(1b)22-1 - Not Assessed Not Assessed
TESMC(1b)23-1 - Not Assessed - Not Assessed
TESMC(1b)23-1a - Not Assessed - Not Assessed
TESMC(1b)23-2 18 Low 0.16 In Regime
TESMC(1b)23-3 24 Moderate 0.16 In Regime
ESMC(2) 36 High 0.24 Transitional
TESMC(2)2-1 - Not Assessed - Not Assessed
TESMC(2)2-2 29 Moderate 0.24 Transitional
TESMC(2)2-2a 23 Moderate 0.13 In Regime
TESMC(2)2-2t 29 Moderate 0.24 Degradation
TESMC(2)2-3 24 Moderate 0.13 In Regime
TESMC(2)2-4 19 Low 0.1 In Regime
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Table 4.5.4 Rapid Assessment Results for the Study Area

RSAT Score RSAT Cond|t|on RGA Score RGA Condition

TESMC(2)2-5 0.14 In Regime
TESMC(2)3-1 - Not Assessed - Not Assessed
TESMC(2)4-1 20 Low 0.06 In Regime
TESMC(2)4-2 27 Moderate 0.16 In Regime
East Branch
ESMC(3) 30 Moderate 0.23 Transitional
TESMC(3)5-1 - Not Assessed - Not Assessed
ESMC(4) 19 Low Transitional
TESMC(4)1-1 - N/A - Pond N/A - Pond
TESMC(4)1-1a 27 Moderate In Regime
TESMC(4)1-1c 28 Moderate In Regime
TESMC(4)1-1d 25 Moderate In Regime
TESMC(4)1-2 30 Moderat In Regime
TESMC(4)1-3 - N/A - P: - N/A - Pond
ESMC(5) Not Asses - Not Assessed
ESMC(6) ‘ 0.28 Transitional
TESMC(6)3-1 0.16 In Regime
ESMC(7) 0.34 Transitional
TESMC(7)1-1 0.34 Transitional
TESMC(7)1-2 - N/A - Pond
TESMC(7)1-3 > - Not Assessed
TESMC(7)1-4 Not Assessed - Not Assessed
TESMC(7)1-5 Moderate 0.34 Transitional
TESMC(7)1-6 Moderate 0.13 In Regime
ESMC(8) Moderate 0.24 Transitional
ESMC(9) Not Assessed Not Assessed
ESMC(10) Not Assessed - Not Assessed
ESMC(11) 22 Moderate 0.21 Transitional
ESMC(12) 30 Moderate 0.38 Transitional
Middle Branch
MSMC(1) 32 Moderate 0.28 Transitional
MSMC(2) 24 Moderate 0.33 Transitional
TMSMC(2)1-1 - Not Assessed - Not Assessed
TMSMC(2)2-1 - Not Assessed - Not Assessed
MSMC(3) 32 Moderate 0.31 Transitional
TMSMC(3)1-1 - Not Assessed - Not Assessed
TMSMC(3)2-1 31 Moderate 0.25 Transitional
TMSMC(3)2-2 - Not Assessed - Not Assessed
TMSMC(3)2-3 31 Moderate 0.19 In Regime
MSMC(4) 30 Moderate 0.22 Transitional
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Table 4.5.4 Rapid Assessment Results for the Study Area

RSAT Score RSAT Condition RGA Score RGA Condition

TMSMC(4)1-1 Not Assessed Not Assessed

TMSMC(4)1-1a - Not Assessed - Not Assessed
Middle East Branch

MESMC(1) | 30 | Moderate | 0.28 | Transitional

Detailed Field Investigation

The detailed field assessment was completed at six sites within the Primary and Supplemental
Study Areas. Known field indicators, such as changes in vegetation and inflection points in the
bank profiles, were used to quantify bankfull cross-sectional di sions. The ‘bankfull’ channel
area generally represents the maximum capacity of the chan fore it spills onto the floodplain.
If a channel is entrenched and does not have access to i in, it can be more difficult to

eyed during the field assessment
usmg a modified Wolman (1954) pebble count pro . The pebble counts for each cross
for the extent of the field site.

possess the highest potential ene

constitute the ‘bankfull’ discharge g €

with bankfull channel gradienf{ean th sed to calculate the bankfull discharge. Other
0 be determined such as shear stress and velocity, which

8ions for all survey reaches are provided in Table 4.5.5.
Bankfull flow estimate > measured cross sections are provided in Table 4.5.6.

SMC(1)
Throughout the surveyed reach of SMC(1), average bankfull width was 16.23m, with a range of
14.7m to 18.4m. Average bankfull depth was 0.45m, ranging from 0.41m to 0.50m. The average
maximum depth was 0.68m, with a range of 0.59m to 0.73m. These dimensions produced an
average cross-sectional area of 8.11m? with a range of 7.92m? to 8.33m?>.

For reach SMC(1), the smallest material measured along riffle cross sections consisted
predominantly of coarse gravels (Do = 16mm). The dominant bed material consisted of small
cobbles (64mm-96mm) resulting in a Dso of 94mm. This material was seen in transition areas
and riffles where velocities were sufficient to flush away fines. The coarsest material consisted
of large cobbles (Dgo = 180mm) with a maximum stone size recorded at 193mm recorded.

The average bankfull discharge was 23.26m?%s (at 0.92% slope and n = 0.025), with a range of
17.77m3/s to 27.42m3/s. At the average bankfull flow, the channel produces average and
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maximum velocities of 2.2m/s and 3.6m/s, respectively. Average and maximum shear stresses
are 44.4N/m? and 60.87N/m?, respectively.

ESMC(1b)

Within the surveyed reach of ESMC(1b) average bankfull width was 19.51m, with a range of
16.4m to 21.58m. Average bankfull depth was 0.41m, ranging from 0.33m to 0.54m. The average
maximum depth was 0.73m, with a range of 0.54m to 0.92m. These dimensions produced an
average cross-sectional area of 9.6m? with a range of 6.2m? to 13.47m?.

For reach ESMC(1b), the smallest material measured along riffle cross sections consisted
predominantly of coarse gravels (D1 = 22mm). Similar to reach SMC(1), the dominant bed
material consisted of small cobbles (64mm-96mm) resulting in aDso of 94mm. The coarsest
material consisted of large cobbles (Dgo = 188mm) with a maxi stone size recorded at 210mm
recorded.

The average bankfull discharge was 21.07m?/s (at 0.
16.19m%/s to 37.08m3%s. At the average bankf
maximum velocities of 1.41m/s and 2.72m/s, respec
are 19.49N/m? and 29.34N/m?, respectively.

erage and maximum shear stresses

TESMC(1b)23-2
Within the surveyed reach of TES age bankfull width was recorded as 3.94m,
with a range of 3.5m to 4.8m. Avgera ~ epth was 0.09m, ranging from 0.07m to 0.1m.

The average maximum depth nge of 0.15m to 0.27m. These dimensions
produced an average cross-sec Am? with a range of 0.23m? to 0.43m?.

For reach TESMC(1b consisted primarily of clay soils protected by extensive
grassy vegetation g nant bed material consisted of particles smaller than course
sand (0.05mm-2mm) re Dso of <2mm. The coarsest material measured consisted of

observed acting as scour protection immediately downstream from the Britannia Road crossing;
this material is not natural to the watercourse and therefore was not considered.

The average bankfull discharge was 0.06m?3/s (at 0.32% slope and n = 0.035), with a range of
0.04m?3/s to 0.08m?3/s. At the average bankfull flow, the channel produces average and maximum
velocities of 0.14m/s and 0.25m/s, respectively. Average and maximum shear stresses are
2.59N/m? and 5.95N/m?, respectively.

ESMC(2)

Within the surveyed reach of ESMC(2) average bankfull width was 9.82m, with a range of 9.18m
to 10.45m. Average bankfull depth was 0.57m, ranging from 0.47m to 0.61m. The average
maximum depth was 0.93m, with a range of 0.87m to 1.03m. These dimensions produced an
average cross-sectional area of 6.47m? with a range of 5.24m? to 7.71m?2.
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For reach ESMC(2), the smallest material measured along riffle cross sections consisted
predominantly of medium sand (D1 = 3mm). The dominant bed material consisted of coarse
gravels (16mm-63mm) resulting in a Dso of 34mm. The coarsest material observed was small
cobbles (Dgo = 96mm) with a maximum stone size recorded at 112mm recorded. Upstream from
the surveyed reach, north of Britannia Road, a weir structure impounds flow and impedes
downstream sediment movement limiting the amount and size of coarse grain material present
throughout the reach.

The average bankfull discharge was 9.98m3/s (at 0.19% slope and n = 0.025), with a range of
9.5m?%/s to 10.45m?%/s. At the average bankfull flow, the channel produces average and maximum
velocities of 1.09m/s and 1.76m/s, respectively. Average and maximum shear stresses are
11.77N/m? and 16.95N/m?, respectively. This reach is considered, slightly entrenched, with the
maximum capacity of the channel (i.e., allowable dischar efore the channel banks are
overtopped and flow spills onto the surrounding floodplain) ing bankfull flow.

ESMC(11)
Reach ESMC(11) is the furthest upstream waterco
of ESMC(11), average bankfull width was 7.89m, wi
depth was 0.6m, ranging from 0.5m to 0.73
range of 0.95m to 1.27m. These dimension
with a range of 3.99m? to 5.64m?2.

out the surveyed reach
of 6.85m to 8.7m. Average bankfull
e maximum depth was 1.1m, with a
rage cross-sectional area of 4.69m?

dominant bed material consisted of medium

. The coarsest material observed was coarse
stone size recorded at 56mm recorded. Similar to the
C(2), upstream from the surveyed reach a series of
pedes downstream sediment movement limiting the amount
2sent throughout the reach.

gravels (8mm-12mm) resultlng
gravels (Dgo = 40mm) w,
impoundment observe

The average bankfull discharge was 8.45m3/s (at 0.30% slope and n = 0.025), with a range of
6.45m3/s to 10.34m3/s. At the average bankfull flow, the channel produces average and
maximum velocities of 1.36m/s and 2.38m/s, respectively. Average and maximum shear stresses
are 15.35N/m? and 31.94N/m?, respectively.

MSMC(3)

Throughout the surveyed reach of MSMC(3), average bankfull width was 8.0m, with a range of
7.0m to 9.8m. Average bankfull depth was 0.62m, ranging from 0.27m to 0.72m. The average
maximum depth was 0.88m, with a range of 0.85m to 0.92m. These dimensions produced an
average cross-sectional area of 5.1m? with a range of 3.97m? to 7.1m?.

For reach MSMC(3), the smallest material measured along riffle cross sections consisted of
material smaller than sand (D10 = <2mm). The dominant bed material consisted of medium
gravels (8mm-12mm) resulting in a Dsp of 9mm. The coarsest material observed was small

Our File: TP116007 Page 93



Amec Foster Wheeler
Environment & Infrastructure

Town of Milton

Phase 1: Background Review and Subwatershed Characterization
South Milton Urban Expansion Area

March, 2017

cobbles (Dgo = 100mm) with a maximum stone size recorded at 133mm recorded. Throughout the
MSMC(3) reach, beaver dams impounds flow and impedes downstream sediment movement
limiting the amount and size of coarse grain material present throughout the reach.

The average bankfull discharge was 7.84m3/s (at 0.24% slope and n = 0.025), with a range of
5.57m3/s to 11.75m%s. At the average bankfull flow, the channel produces average and
maximum velocities of 1.35m/s and 1.84m/s, respectively. Average and maximum shear stresses
are 13.67N/m? and 19.79N/m?, respectively.

Table 4.5.5

Channel Characteristics for the Detailed Geomorphic Field Sites

Parameter ESMC(1b) TESMC(1b)23-2 ESMC(11)

Bankfull Width (m) 16.23 19.51 3.94 9.82 7.89 8.0
Average Bankfull 0.45 0.41 0.09 0" 0.6 0.62
Depth (m)
Maximum Bankfull 0.68 0.73 0 0.93 1.1 0.88
Depth (m)
Bankfull Width: 17.47 13.48 12.76
Depth
Cross-sectional
Area (m?) oA % >
Wetted Perimeter 10.38 9.02 8.62
(m)
Hydraulic Radius 0.62 0.52 0.58
(m)
Left Ba(r:l; Angle 23.77 17.91 22.68
Right B?On)k Angle 33.73 30.75 21.35
Dso (mm) 34 10 9
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Table 4.5.6

Bankfull Channel Hydraulics for the Detailed Geomorphic Field Sites

Parameter

ESMC(1b)

TESMC(1b)23-2

ESMC(11)

Bankfu(lrln?/ls)Chal'ge 23.26 21.07 0.06 9.98 8.45 7.84
Bankfull Gradient 0.92% 0.42% 0.32% 0.19% 0.3% 0.24%
Averagt'e Bankfull 99 1.41 0.14 1.09 1.36 1.35
Velocity (m/s)
Maximum Bankfull 36 279 0.25 1.76 2.38 1.84
Velocity (m/s)
Average Shear 0.21 0.14 0.05 1 0.12 0.12
Velocity (m/s)
Stream POWer | 506747 | 859.68 1.8 o7 248.68 184.53
(W/m)
Stream Power per
unit Width (Wim?) 131.85 42.79 0.45 19.1 31.9 22.41
Average Shear
Stress (N/m?) 44.4 19.49 25 1.77 15.35 13.67
Maximum Shear
Stress (NIm?) 60.87 29.34 16.95 31.94 19.79

Erosion Thresholds

Data from the detailed field asseg
analysis determines the hydrau
the channel produces suffici
i diment will start to mobilize. It is then assumed that if thIS

‘erosion threshold’.

A number of different estab d entrainment relationships are used (Neill, 1967; Komar, 1987;
Fischenich, 2001) to calculate the critical shear stress or velocity for each detailed field site. Once
these values are established, an iterative approach using existing channel conditions was applied
to evaluate the critical discharge, or erosion threshold. The erosion thresholds are determined
by modelling a “dry” channel and increasing water levels in small increments (1 mm) until the
average velocities or shear stresses exceed the critical values defined. The discharge under
which the critical values are generated within each cross-section defines the critical discharge of
the transect. Results of the analysis are then generally averaged across the entire detailed site
but individual transects can be isolated or excluded from the modeling process as necessary.

Selection of the appropriate threshold is also based on an understanding of site conditions and
the assumptions and ranges of conditions under which the entrainment equations are applicable.
The goal of the erosion threshold analysis is to determine a threshold discharge for various
reaches above which boundary materials are entrained. Where changes are to occur to the
contributing drainage area of a channel, a typical objective is to ensure that the future hydrological
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conditions do not result in channel flow exceeding the threshold discharge more frequently than
with existing conditions. This is done to minimize potential post-development channel
degradation.

The selected method for reach SMC(1) and reach ESMC(1b) was Neill (1967). This method
relates competent mean velocity to grain size, specific gravity and depth of flow to predict
conditions under which bed material will be ‘first displaced. The equation:

pVmc?
¥;Dg

Where p is specific weight of water, Vmc is competent mean velocity, Ys is specific weight of

on material up to 140 mm. This method cannot be directly
equations. The erosion threshold analysis was calculat resentative cross-section

esults are presented in

is transported at 59% of bankfull discharge with a
discharge for reach ESMC(1b) is 17.25 m¥/

velocity of 1.79m/s. The calculated
ge represents 82% of the estimated
ull data estimated from the detailed
vicinity of the ESMC(1b) survey site
in order to provide additional contexisfe hold value. Data pulled from the HEC-RAS
ear average discharges are 47, 37.6 and 28.2
1.84 and 1.67 m/s. Further review of water
surface elevations for this range 5 ) dicated that the channel banks are overtopped
and the floodplain becorg edhat flows above the 1.5year event. The estimated bankfull

event, the controlling natdse of underlying bedrock throughout the reach is thought to account for
the ‘undersized’ channel capaci

A different approach was used to determine the threshold values for reach TESMC(1b)23-2. Due
to the highly vegetated nature of the reach, the method used for determining an erosion threshold
is based on Fischenich (2001). As the variability of channel boundary conditions (i.e, armourstone;
cobbles; sands; grassy vegetation) can influence erosion predictions, it would not be adequate to
simply predict the discharge required to entrain the median grain size within this reach, as the
amount and distribution of grasses along the channel bed act as an armouring barrier to sediment
transport. Based on permissible shear stress values for reed plantings provided by Fischenich
(2001), an estimate of discharge required to exert the shear stress conditions necessary to initiate
erosion on existing boundary conditions was determined at 0.14 m3/s. In order to calculate this
threshold discharge, representative cross sections representing the entire vegetated corridor
dimensions where used as the estimated bankfull hydraulics are not considered adequate for
portraying the erosion potential of the grass lined channel. The threshold discharge is
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approximately equal to 2.3-times (233% greater) then average bankfull discharge and has a
critical velocity of 0.26 m/s). This discharge is contained within the overall corridor cross section.

The selected method for reach ESMC(2), reach MSMC(3) and reach ESMC(11) was Komar
(1987). This method uses an equation of fit based on the relationship between particle diameter
(cm) and mean channel velocity. The equation produces a critical velocity threshold based on
the index grain size.

acz 57D0.46

Where (. is mean channel velocity (m/s) and D is particle diameter. The equation was developed
for entrainment of particles from deposits of mixed sizes. The Komar (1987) equation is more
refined than traditional shear stress-based equations. Most shear stress-based equations are
rooted in the original Shields equation (1936), based on deposi ith material of uniform size,
and can often over estimate the amount of force required to ilize larger grain sizes. This is
because the equation assumes that all particles are eq sed to the flow based on a
uniform packing structure, whereas in mixed sedime ch as those occurring in
natural environments) the packing structure is varia ith larger pa s more exposed to the
flow than smaller hidden particles allowing them easily transported. Therefore an
equation based on mixed sediment deposits produce re accurate, realistic threshold value.
The calculated discharge in reach ESM 3/s. This indicates that bedload is
transported at 79% of bankfull discharge city of 1.06 m/s. The calculated
discharge for reach MSMC(3) is 5.62 m3/s. ge represents 72% of the estimated
bankfull discharge and has a critig ocCity .17 m/s. The threshold discharge for reach

ESMC(11) is 0.8 m¥s and reprg$§e 9.5 ankfull discharge. The critical velocity for this
discharge is 0.7 m/s. It is assu

from the survey sites at MSMC(
grain material. Average 7
This material is consjg
conditions. For this reg

e/and would be easily transported at flows below bankfull
s particle size was used for threshold analysis.

Table 4.5.7 presents the er@sigh thresholds quantified for the study area (Figure 4.5.4.4). In all
cases, a comparison between the critical and bankfull discharge indicates that bed material is
likely fully mobilized at bankfull flows. This implies that sediment can be entrained below bankfull
flows and that any increase in discharge within these systems may lead to increased sediment
transport and would likely exacerbate natural rates of channel erosion.
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Table 45.7 Threshold Characteristics Estimated Detailed Geomorphic Field Sites
Parameter SMC(1) | ESMC(1b) | TESMC(1b)23-2 | ESMC(2) | MSMC(3) | ESMC(11)
Bankfull Geometry
Average ?ar)‘kf”" Width 1 4603 | 1951 3.94 9.82 8.0 789
T : . . . . .
Average Eza’;kf”” Depth 145 041 0.09 057 0.62 06
T . . . . . .
Bankfull Gradient (%) 0.92 04 0.32 0.19 0.24 0.3
Bed Material
Dso (mm) %4 o4 <2 34 9 10
Des (mm) 170 162 4 8 85 27
Manning’s ‘n’® 0.025 0.025 0.075 .025 0.025 0.025
Bankfull Hydraulics
Average Bankful 2326 | 21.07 00 9 7.84 8.45
Discharge (m®/s)
Average Bankfull Velocity 99 14 4 109 135 136
ms) . . . . .
Average Shear Stress | 4 195 25 177 13.67 15.35
(Nim?)
sh
. Neill eni Komar Komar Komar
Method of Analysis | - 1967 (2001) (1987) | (1987) | (1987)
Critical Particle Size Dsp n/a Das Das Dg4
Critical Discharge (m3/s) 13.75 0.14 7.93 5.62 0.8
Percent of Bankfull
Discharge (%) 233 79 72 9.5
Critical Velocity (m/s 0.26 1.06 1.17 0.7
Critical Shear Stress 3346 479 143 15.31 73
(NIm?) . . . . .
Critical Flow Depth (m) 04 0.12 0.53 0.53 0.23

a Riffle data only; ®"Based on

HDF Management Recommendations

Headwater Drainage Features management recommendations have been developed in
accordance with TRCA/CVC (2014) guidelines for features ranging from ‘limited’ function to
‘important’ function. Figure 4.5.4.5 illustrates reach specific management recommendations for
headwater features within the Primary and Supplemental Study Areas.

Protection

Headwater reaches with the ‘protection’ designation offer important functions to both the upstream
and downstream connected reaches as well as to the surrounding environment. Typically
headwater reaches of this nature can exhibit: perennial drainage through seeps or springs, have
woody riparian cover, offer permanent fish habitat, offer amphibian breeding habitat and or

Our File: TP116007 Page 98



Town of Milton Amec Foster Wheeler
Phase 1: Background Review and Subwatershed Characterization Environment & Infrastructure
South Milton Urban Expansion Area

March, 2017

provide habitat to SAR. Within the Primary and Supplemental Study Areas, protected reaches are
designated due to the presence of fish and permanent fish habitat. Under the recommended
‘protection’ management practices, these reaches must be protected and/or enhanced in-situ. For
these reaches, the hydroperiod must be maintained, and use of natural channel design or LID
techniques can be used to incorporate additional shallow groundwater and base flow protection
as well as restore and enhance existing habitat features although not realignments can be
performed. Future SWM systems are to be designed and located to avoid impacts to both
sediment and temperatures to the feature.

Conservation

Headwater features with the ‘conservation’ designation offer valued functions to both the
upstream and downstream connected reaches as well as to ghe surrounding environment.
Typically headwater reaches of this nature can exhibit: seaso ish habitat with woody riparian
cover, and/or amphibian breeding habitat. Within the Pri d Supplemental Study Areas,
conservation reaches are designated as a result of eit of fish within immediately
downstream reaches, presence of water within the e to the presence of a
woody riparian zone. For these reaches, the featu within its riparian zone
atural channel design principles and
maintained or enhanced. Flows both
feature must connect downstream.

Y pres
site visit

If any segment of the reach has been previo
must be restored through lot level co

Mitigation
Headwater features with the
upstream and downstreg

ation offer contributing functions to both the
reaches as well as to the surrounding environment.
can exhibit: meadow vegetation within riparian corridor
nutrient transport through feature) fish habitat. Within the
eas, mitigation reaches are designated as a result of either:
flow present in both the first and second site visit, and/or the
feature is upstream from a ‘C@nservation’ or permanent flowing watercourse. For these reaches
functions have to be replicated or enhances through lot level conveyance measures (i.e.,
vegetated swales, LID). Flows through the feature should initiate at the upstream extent in order
to maintain functions and if any segment of the reach has been previously removed or will be
removed:; all lost functions must be restored.

No Management Required

Headwater features with the ‘no management required’ designation offer limited functions to both
the upstream and downstream connected reaches as well as to the surrounding environment.
Typically, features receiving this recommendation have no/or minimal flow, are within cropped
land that is annually ploughed and cultivates with no riparian vegetation and do not offer fish or
amphibian habitat. Within the Primary and Supplemental Study Areas, these reaches are
designated as a result of either: lack of observed flow during the first visit. These features were
originally identified during the desktop assessment phase and field verified to confirm that no
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feature and/or functions associated with a headwater drainage feature are present on the ground.
No management recommendations are required.

Sediment Budget

Based on the field assessment program (reach walks and detailed characterization), areas of
excessive erosion and deposition have been identified. For select watercourse reaches where
excessive erosion was identified an annual migration rate analysis was performed in order to
provide an estimate of the amount of sediment being provided. For HDFs located within traditional
agricultural field settings, the Revised Universal Soil Loss Equation for Ontario (RUSLE2) was
used to estimate a volumetric amount of sediment contributed to subwatersheds as a result of
sheet and rill erosion caused by rainfall and overland flow.

Study Areas, three typical areas
f sediment erosion identified

Through extensive reach walks of the Primary and Suppleme
of sediment erosion can be characterized. The first typic

e, and once in the system will be
DF assessment site visits, flow within
jal is being transported downstream.

carried easily downstream as part of the wash load. D
these features is described as turbid indicatin

volume of sediment contributed. Table 4.5.8 o s of this analysis. Based on the results
of this analysis, it is clear that th g the fields where the HDFs are located has a

direct effect on the volume of ontriuted to the watershed, with increased slopes
contributing the highest volumé and
sediment.

Table 4.5.8

_ TESMC(4)1-5
HDF HDF HDF HDF HDF

Length (m) 740 766 1265 1072 1212
Adjusted Length* (m) 427 427 427 427 427
Slope (%) 0.27 0.51 0.32 0.23 0.33

Potential Soil Loss 17 30 19 15 20
(tonnes/acre/year)
*The RUSLE2 program has a maximum slope length of 1400 ft/427m

The second area of sediment erosion identified is along watercourses within the upper reaches
of the Primary Study Area that display active meandering processes within the unconfined
floodplain, and where there is a lack of floodplain vegetation to help stabilize channel banks from
fluvial erosion. Channel reaches such as ESMC(11) has a calculated annual erosion rate of 0.08m
per year in which bank erosion contributes both fine and coarse grain (gravel) material into the
subwatershed.
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The third area of sediment erosion identified where the watercourse makes contact with valley
walls within the lower confined reaches of the subwatershed and locations of head-cutting along
valley slopes where tributaries flow down slope. These locations would typically contribute coarse
grain particles into the system which would comprise the bedload fraction of particle movement.
It is understood that valley wall erosion due to fluvial action is less than what is recorded for
unconfined reaches that are not bedrock controlled.

In addition to the areas of erosion identified, two typical areas of sediment deposition have been
characterized for the Primary and Supplemental Study Areas. The first area of deposition
identified can be attributed to local sections of a reach where a physical barrier is present. Several
types of physical barriers were identified and include: beaver dam, woody debris jam, weir
structure and physical impoundment or under capacity bridge. latter two barriers are seen in
associated with greenhouse operations within the Primar upplemental Study Areas in

several hundred meters to kilometers upstream. ing is particularly exacerbated in
reaches with low overall channel gradient. Due to riers, it is believed that much of the
rain particles will still be transported

455 Interpretation / Key Findings

Geomorphic Constraint Ranking

The role of the stream corridors is multipurpose from a geomorphic standpoint. They not only
provide flow and sediment storage during high flow events, but they also acts as a filter to prevent
sediment and particulate inputs from surface runoff from embedding coarse substrates within the
streams. The maintenance of riparian vegetation within the stream corridor acts to stabilize banks
and also provides inputs of organic materials and debris which aid in creating a diverse
morphology. The meander belt width incorporated into the corridor allows the channel to migrate
naturally within its floodplain without the loss of property or structural integrity. For the purposes
of this study, a constraint ranking system was established based on the findings of the desktop
and field assessments discussed in the above sections. The constraint system identifies three
categories of high, medium and low constraint which essentially establish the preferred
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management approach of the stream on a reach basis from a geomorphic perspective.
Figure 4.5.4.6 summarizes the geomorphic constraint rankings on a reach basis for the study
area. The basis for each category of geomorphic constraint has been provided below:

1.

High Geomorphic Classification: These corridors contain a defined channel with a well-
developed channel morphology (i.e., riffle-pool) and/or a well-defined valley. These
corridors offer both form and function and have been identified as ‘no touch’ reaches that
must be maintained undisturbed in their present condition. They have been deemed high-
quality systems that could not be re-located and replicated in a post-development
scenario.

Medium Geomorphic Classification: These reaches may or may not have a well-defined
morphology (form) but do maintain geomorphic fungtion and have potential for
rehabilitation. In many cases, these reaches are sently exhibiting evidence of
geomorphic instability or environmental degradation istoric modifications and land
the following:

their boundaries.
b. Enhance existing conditions: main
enhance the existing conditions
planform, connect channel to
c. Re-locate and enhance existi

present location of the corridor but
tabilization, re-establish a meandering

area have undergonegextensi aightening and modification for agricultural
drainage purpose are not as sensitive to re-location and would
benefit from eq such) as the re-establishment of a meandering
planform with functiening n and development of a riffle-pool morphology.

In the evep eaches are re-located, the corridor width associated with
eachre \ imum, be maintained.
Low Geomorf ese reaches consist of ephemeral headwater systems
that lack defined ks (form) but do perform a geomorphic function through the

conveyance of flo
following:

a. Do nothing: leave the drainage feature intact and develop the surrounding lands,
with a minimal buffer (i.e., a corridor width is not prescribed for these systems).

b. Combination of stormwater management and open conveyance techniques: the
function of headwater streams can be mimicked through the combined
implementation of stormwater management techniques with sufficient
maintenance of open conveyance systems such as backyard swales to meet
drainage density targets. A corridor width is not prescribed for these systems.

c. Open conveyance techniques: the function of the ephemeral swales is replicated
entirely through a system of open conveyance techniques (e.g. backyard swales).

ediment. Management options for these reaches include the
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4.6 Surface Water Quality
46.1 Importance / Purpose

The surface water quality assessment provides a characterization of the aquatic health of the
subwatersheds and tributaries with respect to contaminant loadings under existing land use
conditions, and establishes a baseline condition which would be used to verify the performance
of the recommended stormwater quality management plan as part of subsequent phases of study
and monitoring.

4.6.2 Background Information

The following information has been provided for use and reference to characterize the surface
water quality within the Sixteen Mile Creek Watershed:

Reports

» Sixteen Mile Creek Subwatershed Update Study

» Ninth Line Lands Scoped Subwatershed Stud :
Characterization (Amec Foster Wheeler et. 2015 Draft).

» Ninth Line Lands Scoped Subwatershed hase 2: Impact Assessment and
Management Strategy (Amec Foster Wheeler e , March 2017 Draft).

» Premier Gateway Scoped Subwatersk e 1. Study Area Characterization
(Amec Foster Wheeler et. al., Februa

, November 2015).
und Report Study Area

Data

» LEMP water quality sa g
Station SXM-205) stiOakville Creek at Lower Base Line (ref. Station SXM-216).

46.3 Methods / A

statistical assessment of
Water quality monitoring e Sixteen Mile Creek, downstream of the South Milton SWS
study area has been completed by Conservation Halton as part of the LEMP. Water quality data
has been provided for the following stations and corresponding periods of record:

LEMP Station Period of Record
1975 — 1996
SXM-205 2002 — 2010
2012 — 2014
SXM-216 2002 - 2014

Water quality monitoring at these locations has been conducted using grab sampling. The data
provided for use do not distinguish between sampling during dry weather and wet weather
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conditions. The water quality parameters reported at each location are summarized in
Table 4.6.1:

Table 4.6.1 Summary of Water Quality Parameters Monitored at Each Monitoring Station
Within Sixteen Mile Creek Watershed
Monitoring Station
SXM-205 SXM-216

Water Quality Parameter

ALKALINITY, TOTAL

>

ALUMINIUM, UNFILTERED TOTAL
AMMONIUM, TOTAL FILTER.REAC
AMMONIUM, TOTAL UNFIL.REAC
ARSENIC, UNFILTERED TOTAL
BARIUM, UNFILTERED TOTAL
BERYLIUM,UNFILTERED TOTAL
BISMUTH, UNFILTERED TOTAL
BOD, 5 DAY, TOTAL DEMAND
CADMIUM, UNFILTERED TOTAL
CALCIUM, UNFILTERED TOTAL
CARBON, DISSOLVED INORGANIC
CARBON, DISSOLVED ORGANIC
CHLORIDE, UNFIL.REAC
CHROMIUM, UNFILTERED TOTAL
COBALT, UNFILTERED TOTAL
CONDUCTIVITY, 25C
CONDUCTIVITY, AMBIENT
COPPER, UNFILTERED
DISSOLVED OXYGE
HARDNESS, TOTAL
IRON, UNFILTERED TO
LEAD, UNFILTERED TOTAL
LITHIUM, UNFILTERED TOTAL
MAGNESIUM,UNFILTERED TOTAL
MANGANESE,UNFILTERED TOTAL
MERCURY, UNFILTERED TOTAL
MOLYBDENUM,UNFILTERED TOTAL
NICKEL, UNFILTERED TOTAL
NITRATE, FILTERED REACTIVE
NITRATES TOTAL, FILTER.REAC
NITRATES TOTAL, UNFIL.REAC
NITRITE, FILTERED REACTIVE
NITRITE, UNFILTERED REACTIVE
NITROGEN,TOT,KJELDAHL/UNF.REA
NITROGEN; TOTAL

>

XX | X X | X | X
>

>

>

>

DX XXX XXX XXX X X X X X X | X | X | X

>

S| K| XX 3| XX 3| XX 3| XX 3| XX XX XXX X X X X X | X | X | X

>
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Table 4.6.1 Summary of Water Quality Parameters Monitored at Each Monitoring Station
Within Sixteen Mile Creek Watershed
Monitoring Station
SXM-205 SXM-216

Water Quality Parameter

PH (-LOG H+ CONCN) X X
PH FIELD X X
PHOSPHATE,FILTERED REACTIVE X X
PHOSPHORUS,UNFILTERED TOTAL X X
POTASSIUM,UNFILTERED TOTAL X X
RESIDUE,FILTERED X X
RESIDUE,PARTICULATE X X
RESIDUE, TOTAL X X
SELENIUM, UNFILTERED TOTAL X

SILICATES,UNFILTERED REACTIVE X
SILVER, UNFILTERED TOTAL X X
SODIUM, UNFILTERED TOTAL X X
STREAM CONDITION X
STRONTIUM, UNFILTERED TOTAL X
SULPHATE, UNFILTERED REACTIVE

TEMPERATURE, WATER X
TIN  UNFILTERED TOTAL X
TITANIUM, UNFILTERED TOTAL X X
TURBIDITY X X
URANIUM, UNFILTERED TOTAL X X
VANADIUM, UNFILTERED TO&A X X
ZINC, UNFILTERED TO X X
ZIRCONIUM, UNFILTERI X X

The information in Table dicates that the water quality monitoring stations within the
Sixteen Mile Creek Watershedhave not evaluated the same suite of water quality parameters. A
further review of the monitoring data indicates that the parameters evaluated for a given station
have varied over time (i.e. the same suite of parameters have not been evaluated for each year
of the monitoring program), hence the sample population of monitoring data for a given monitoring
station varies among the water quality parameters.

Statistical analyses have been completed based upon the monitoring data to determine the range,
mean, and median concentrations for representative indices of surface water chemistry. The
results of the assessment are presented in Tables 4.6.2 and 4.6.3.
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Table 4.6.2 Statistical Summary of Water Quality Data for Conservation Halton East
Oakville Creek Station (LEMP Code SXM-205)

Contarminant Wedian

BOD/CBOD (mg/L) 0.11-8.1 1.27 1
E.coli (#/100mL)

TKN (mg/L) 0.013-3.3 0.62 0.53
Total P (mg/L) 0.007-1.2 0.059 0.028
TSS (mglL)" 0.5-292 16.2 6.4
Copper (mg/L) 0.0005 - 0.056 0.0033 0.0022
Zinc (mg/L) 0.000052 - 0.075 0.0046 0.0024
Lead (mglL) 0-0.03 0.0050
Nitrate+Nitrite (mg/L) 0.006 -3.10 o7 0.44

NOTE: "Particulate Residue samples from Water Quality Da been considered as TSS

Table 4.6.3 Statistical Summary of Water Quality Data for Conservation Halton West
Oakville Creek Station (LEMP Code SXM-216)

Contaminant Range A Median
BOD/CBOD (mg/L) ‘

E.coli (#/100mL)

TKN (mg/L) 0.58 0.48
Total P (mglL) 0 0.047 0.019
TSS (mglL)" 16.4 42
Copper (mglL) ' 0 1 0.0032 0.0027
Zinc (mglL) )0/00084 — 0.0816 0.012 0.0096
Lead (mg/L) 0:600165 - 0.0136 0.0038 0.0028
Nitrate+Nitrite (mg/L) 05 — 6.269 2.40 2.03

NOTE: 'Particulate Ré 5 from Water Quality Data has been considered as TSS

The median concentrations ined from the statistical analyses completed at the two LEMP
monitoring stations downstream of the South Milton SWS study area have been compared with
the median concentrations determined for water quality monitoring data collected for other
subwatershed studies and scoped subwatershed studies within the Sixteen Mile Creek
Watershed. As noted previously, the monitoring data provided for Stations SXM-205 and SXM-
216 did not distinguish between wet weather and dry weather monitoring, hence these
comparisons have been completed for wet weather and dry weather monitoring results reported
for other studies.

The results of these comparisons are presented in Tables 4.6.4 and 4.6.5.
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Table 4.6.4

Contaminant

Sixteen Mile Creek Subwatershed Update Study

Ninth Line Scoped
Subwatershed Study

Railway Britannia

Premier Gateway
Scoped
Subwatershed

Study

Amec Foster Wheeler

Comparison of Median Concentrations with Findings from Other Studies for Wet Weather Flow Conditions

Environment & Infrastructure

South Milton

SXM-205

Subwatershed Study

SXM-216

BOD/CBOD 2 4 2 3 26 3 1

(mglL)

E coli (#/100mL) 363 3200 242 10 126

TKN (mg/L) 115 2 14 4 12 053 0.48
Total P (mg/L) 0.076 02 0.078 0.24 0.205 0.028 0.019
TSS (mglL) 17 51 92 49 10 6.4 42
Copper (mg/L) 00035 | 0012 0.002 0.007 0.003 00022 | 00027
Zinc (mg/L) 0.014 0.015 0.014 0.020 0.008 00024 | 00096
Lead (mg/L) 0.001 00031 | 000205 | 0.0046 0.00157 0.0006 00050 | 0.0028
Nitrate +Nitrite 06 17 0.65 <0.163 0.25 0.44 2.03
(mg/L)
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Table 4.6.5 Comparison of Median Concentrations with Findings from Other Studies for Dry Weather Flow Conditions

Ninth Line Scoped Premier South Milton
Subwatershed Study Gateway Subwatershed Study
Contaminant Scoped
Subwatershed

Study

Sixteen Mile Creek Subwatershed Update Study

RENE Britannia

BOD/CBOD

(mg/L)

E.coli (#/100mL)

TKN (mglL) 0.48
Total P (mg/L) 0.019
TSS (mg/L) 4.2
Copper (mg/L) 0.0027
Zinc (mg/L) 0.0096
Lead (mglL) 0.0014 0.0046 0.0006 <0.003235 0.0006 0.0050 0.0028
Nitrate+Nitrte 4 ND 0.25 <0.625 0.25 0.4 2.03
(mg/L)
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The results in Tables 4.6.4 and 4.6.5 indicate the following:

» Median concentrations of nutrients (i.e. BODs, TKN, and Total P) at LEMP stations SXM-
205 and SXM-216 tend to be below median concentrations reported elsewhere in the
Sixteen Mile Creek Watershed for both dry weather and wet weather conditions.

» Median concentrations of Nitrate + Nitrite at LEMP station SXM-205 are below median
concentrations reported elsewhere in the Sixteen Mile Creek Watershed for wet weather
conditions, however are comparable to results reported elsewhere for dry weather
conditions.

» Median concentrations of Nitrate + Nitrite at LEMP station SXM-216 are higher than
median concentrations reported elsewhere in the Sixteen Mile Creek for wet weather
conditions, and are toward the upper limit of concentrations reported elsewhere in the
watershed for dry weather conditions.

» Median concentrations of TSS at LEMP stations SX nd SXM-216 tend to be below
median concentrations reported elsewhere in the Creek Watershed for both
dry weather and wet weather conditions.

» Median concentrations of certain metals (i,
SXM-216 tend to be below median concentr
Creek Watershed for wet weather conditions;
station SXM-205 are comparable to

ported elsewhere in the Sixteen Mile
ian concentrations of copper at LEMP

Watershed for dry weather conditions, ' oncentrations of zinc at LEMP station
SXM-216 are below median lioals" reported elsewhere in the Watershed for dry
weather conditions.

» Median concentrations @ i lead) at stations SXM-205 and SXM-216 tend
to be at or above mediane 2ntrations’ reported elsewhere in the Sixteen Mile Creek

Watershed.

available guidelines have beep provided within the PWQOQO’s or within The Canadian Council of
the Ministers of the Environment (CCME) Water Quality Index. A summary of PWQO
exceedances based upon the contaminant concentrations provided in the raw water quality data
has been provided within Table 4.6.7.
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Table 4.6.6 Provincial Water Quality Objective Exceedances at LEMP Stations

Monitoring Site

Contaminants

SMX-205 SMX-216

Chloride 252 mg/L 0(311) 3 (89)

Nitrite 0.06 mg/L 2 (102) 1(87)

Nitrate 2.9 mg/L 1(101) 30 (86)

Escherichia coli 100 CFU/100mL

Arsenic 100 ug/L 0(170)

Beryllium 1100 ug/L 0(71) 0 (47)

Cadmium 0.2 ug/L 56 (76) 51 (64)

Cobalt 0.9 ug/L 11(73) 15 (61)

Copper 5uglL 9 (87)
Iron 300 ug/L 16 (86)
Lead 25 ug/L 0(39)
Nickel 25 ug/L 0 (84)
Selenium 100 ug/L
Silver 0.1 ug/L 11(12)
Zinc 30 ug/L ) 5(87)
Note: The number in brackets represen
The results in Table 4.6.6 indicate oncentrations of chloride, nitrate, and nitrite at
Stations SXM-205 and SXM- the PWQOQO’s, although somewhat higher
concentrations of nitrate are n@ stati -216 compared to the PWQO’s. The results
further indicate low concentration rtain metals, although PWQO exceedances are frequently

noted for other metals (|
lead were noted to €
information presented
PWQO.

eentrations determined elsewhere in the Watershed, the
indicates the concentrations of lead are typically below the

46.4 Interpretation / indings

The water quality monitoring samples received from Conservation Halton indicate that the existing
surface water quality along the Sixteen Mile Creek downstream of the South Milton SWS study
area is generally of relatively high quality. Concentrations of organics, nutrients, and TSS are
lower than have been reported in other areas of the watershed for Sixteen Mile Creek for largely
agricultural land use conditions, and concentrations of various metals are below values reported
elsewhere in the Watershed as well as PWQQO’s. The lower concentrations are considered
potentially attributable to the influence of stormwater management practices within urbanized
areas of the watershed. PWQO exceedances are noted for silver, with some exceedances
occurring for cadmium, cobalt, copper, and iron. Although concentrations of lead were noted to
be higher at the monitoring stations downstream of the South Milton SWS study area compared
to other locations in the watershed, PWQO exceedances were noted to be highly infrequent.
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4.7 Aquatic Resources
4.7.1 Importance / Purpose

Fish communities are key biological components of aquatic ecosystems and reflect the physical,
chemical and biological characteristics of watercourses. Key physical characteristics include flow,
stream morphology, water temperature and suspended solids/turbidity. Key chemical
characteristics include nutrient and dissolved oxygen concentrations, contaminant
concentrations, and hardness which affects contaminant toxicity. The fish species present in a
stream or waterbody and their abundance provides insight into the overall quality and sensitivity
of the feature. Significant changes in habitat are likely to result in changes in the fish community.
The fish community is also affected by factors in the riparian zone, such as the types of vegetation
present. Linkages to other ecosystem components include the copsumption of fish and crayfish
by birds and mammals and the consumption of adult (flying) stag€s of aquatic insects by birds.

4.7.2 Background Information

The fish sampling information contained in the Conse
in GIS format by Conservation Halton. The Ontari

database was provided
esources and Forestry

provided maps showing the locations of historic ctions, with numbers linking these
locations to the corresponding paper files in the OMN urora District files. The OMNREF office
in Aurora was visited and the paper files we jeved a hotographed. These files were then
compared to the Conservation Halton datab ine approximately the date from which

. Several random checks of the data in
leted to evaluate the accuracy of the database.

the Conservation Halton database eals
The Conservation Halton datab ﬁ complete up to approximately 2008 and the

by OMNRF. These mandatory reports are submitted as a
icences for Scientific Purposes that are issued in Ontario.

were compared to the Co ation Halton database. Those records that were not in the
Conservation Halton database were entered into the project GIS database, except for records
that represented a repeat collection at locations within the main Sixteen Mile Creek watercourses
which did not result in additional species for that location.

Finally, fish collections from the Centre Tributary and the Omagh Tributary that were undertaken
as part of the various Milton Phase 1 and Milton Boyne studies, and reported in the Subwatershed
Update Study (AMEC, 2015), were used to supplement the fish community and distributional
information for those tributaries. The locations for which fish collection data were available and
the source of those data are shown in Figure 4.7.1

All existing fish collections were evaluated for potential misidentifications. Emerald Shiner
(Notropis atherinoides), Spottail Shiner (Notropis hudsonius), Alewife (Alosa pseudoharengus),
Yellow Bullhead (Ameiurus natalis), and Fallfish (Semotilus corporalis) have been recorded from
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the Primary Study Area, but are likely to be the result of misidentifications or transcription errors.
Therefore, we have removed these species from the list of Sixteen Mile Creek fishes based on
the following rationale.

» Emerald Shiner is typically a fish of larger lakes, and would only be expected in the
downstream reaches of Sixteen Mile Creek close to Lake Ontario. Emerald Shiner is very
similar in appearance to Silver Shiner, which is a stream fish. Silver Shiner is found within
the Study Area, and it is likely that fish identified as Emerald Shiner are actually Silver
Shiner. It should be noted that Rosyface Shiner is also very similar to Emerald Shiner and
Silver Shiner, and has also been reported to occur in the Study Area. Rosyface Shiner is
typically found in habitats similar to that of the main streams of the Study Area. Records
of Rosyface Shiner were retained.

» Spottail Shiner is typically a fish of larger lakes an
downstream portions of Sixteen Mile Creek, clos
Spottail Shiners are often misidentified Blunt

ould only be expected in the
e Ontario. Fish identified as

if missed, can lead to this common misiden ion. Since Bluntnose Minnow is known
any records of Spottail Shiners are

» Alewife is an open water fish found i akKes and marine habitats. It does not
resemble any of the known fi Sixteen Mile Creek. We believe the single
record of this species mu : a transcription error.

» Yellow Bullhead is not g d fish in this part of Ontario, and has only been
reported once from Sixie Given that the similar and ubiquitous Brown
Bullhead has beeg i om numerous locations throughout the Sixteen Mile Creek
watershed, wedia L this one fish is a misidentified Brown Bullhead.

» The one Fallfish m Sixteen Mile Creek is far outside the known range of this
species. Thereforg, i 2n assumed that this fish is a misidentified Creek Chub, which

Lists of the fish species that have been captured within the study area, separated into the drainage
basins of the main branches and major tributaries, were compiled using the updated fish collection
database of existing information and the results of fish sampling conducted during this study.

Descriptions of habitat in the larger watercourses in the Primary Study Area that were available
in existing sources (Conservation Halton, 2013; AMEC, 2010), were reviewed and the
descriptions were updated as appropriate. For watercourses where existing descriptions of habitat
did not exist, descriptions were prepared based on C. Portt and Associates staff (G. Coker, C.
Portt) field investigations within the Study Area since 1998, and with reference to aerial
photography and the results of the 2016 field investigations.

The habitat ratings determined by Conservation Halton using a fish community based Index of
Biotic Integrity for their long term environmental monitoring program locations (Conservation
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Halton, 2013) are presented in Table 4.7.1. The methodology used to determine these ratings is
discussed in Section 4.7.3. Locations on the Lower Middle Branch are rated as fair or good, except
for Location SXM-38 which was rated poor in 2005. The locations in the East Branch and West
Branch were rated as either poor or fair, depending upon the year. Conservation Halton (2013)
provides the following caution regarding this index:

“It should be noted that with the IBI methodologies, assessment appears to be sensitive to the
capture of particular species such as darters, trout and suckers. Generally, a year catch that
fluctuated by the number of darter, sucker or trout species could shift the IBI scores significantly.
Scores may also fluctuate in response to Catch Per Unit Effort (CPUE) as annual changes in
summer staff may effect [sic] catch efficiency. It is also important to note that if suitable information
is not collected (i.e. the number or biomass of fish) IBI analysisgannot be completed. For this
reason, analysis based on historical information may not be pQ le.”

Table 4.7.2 Fish community based index of biotic integrity scores and habitat classes at
Conservation Halton’s long term environmenial monitoring locations that are within the
study area. Source: Conservation Halton, 2013. Refer to Figure 4.7.2 for the locations.

Watercourse 2007 2008 2009 2011

Lower  Middle - 29.25 25.00
Branch SXM-38 Good Fair
- 29.25 Not Sampled
SXM-205
Good NA
22.50 29.00
Fair Good
East Branch 22.50
Fair
West Branch 24.75
Fair

The water quality ratings determined by Conservation Halton based on the 2011 benthic
invertebrate communities at their long term environmental monitoring program locations
(Conservation Halton, 2013) are presented in Table 4.7.3. The methodology used to determine
these ratings is discussed in Section 4.7.3. Location SXM-435 was rated possibly impaired and
the other three locations were rated unimpaired.
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Table 4.7.3 Benthic invertebrate community based water quality rating at Conservation Halton’s long
term environmental monitoring locations that are within the study area. Source:

Conservation Halton, 2013. Refer to Figure 4.7.2 for the locations

Watercourse Lower Middle Branch West Branch
Index SXM-38 SXM-435 SXM-436 SXM-216
# of EPT taxa 9 9 6 9
Richness(# of Taxa) 18 18 16 21
% Oligochaeta 3.5 21 2.8 3.2
% Chironomidae 32.6 411 38.0 34.8
% Isopoda 0.0 1.8 0.3 11.7
% Gastropoda 0.3 0.0 0.0 0.0
% Diptera 35.5 414 434
% Insects 87.2 4.1 85.0 76.3
Hilsenhoff (MFBI) 5.1 5.1 5.2 55
SDI per sample 1.4 1.6 1.8
SDlI per site 2.5 2.4 2.7 29
Water quality rating
EPT P P P
Richness(# of Taxa) U U
% Oligochaeta U U U
% Chironomidae P P
% Isopoda U P U I
% Gastropoda U P P P
% Diptera u U U U
% Insects P I P U
Hilsenhoff (MFBI) U U U U
SDlI per site I I I I
Unimpaired 6 4 5 5
Possibly Impaired 3 3 4 3
Impaired 1 3 1 2
OVERALL U P U U

u=unimpaired, p=possibly impaired, i=impaired

Water temperature monitoring in 2011 at SXM-435 on the Lower Middle Branch and at SXM-216
on the West Branch (Figure 4.7.2) indicated that the thermal regime was warmwater at both of
these locations, using the thermal classification method of Chu et al (2009).
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4.7.3 Methods / Analysis
4.7.3.1 Fish Use of Headwater Drainage Features and Ponds

Spring field examinations were conducted by C. Portt and Associates staff (C. Portt) on May 5
and 6, 2016, to evaluate watercourse flow conditions in headwater drainage features in both the
Primary and Supplemental Study Areas. Watercourses were examined, primarily at road
crossings, to determine where water was present and fish sampling was warranted.
Georeferenced photographs were taken at numerous locations to document site conditions.

Follow-up field investigations at the locations where water was present on May 5 and 6, plus other
locations at road crossings and within public and private lands, were conducted on May 11, 12,
16, 19 and 20, 2016, by C. Portt and Associates staff (G.A. Coker, M.G. Coker). Fish sampling
was conducted in most locaitons where water was present in icient quantity to support fish,
using a Halltech Model HT 2000B Mrk 5 backpack electrofi At a few locations where the

used to collect fish. All fish collected were identified to
near the point of capture. As a measure of fishing
that the water was being electrified) were recorde

GPSmap 76CSx hand-held gps receiver. P
site conditions.

flowing altogether. Locations i
field investigations, that there ater to persist were re- examlned on August 10
and 15 by C. Portt and Assegis sta f(G A. Coker M G. Coker). Addltlonal locations |dent|f|ed

As the summer progressed flow yas ft uced overall and many watercourses ceased
DO

dates. Where water was present, fish sampling was
conducted using the sa [ t and methods as were used in May, and at most locations
georeferenced photograp aken. Observations of habitat and flow conditions at specific
locations were also made d g a subwatershed tour on September 20, 2016.

Additional field investigations of potential fish refuge habitat were conducted on October 31 and
November 7 (G.A. Coker with Savanta Inc. staff) and November 11 (G.A. Coker, J. Reid), 2016.
If water was present, fish sampling was conducted as described above.

If the areas examined during the 2016 field investigations were on private property, permission to
enter was obtained either through the landowner group's consultant (Savanta Inc.) or by direct
contact with landowners. When lands represented by Savanta Inc. were visited, a Savanta staff
member accompanied C. Portt and Associates staff.

The results of the field observations and fish collections were entered into, and organized using
GIS software (QGIS 2.8.5 Wein).
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4.7.3.2

Fisheries Constraint Rating for Watercourses and Headwater Drainage Features

Fish habitat evaluation of constraints to development was guided by the Credit Valley
Conservation and Toronto and Region Conservation document “Evaluation, Classification and
Management of Headwater Drainage Features: Interim Guidelines (2009)". The habitat class
definitions are provided below.

i.

fif.

iv.

Permanent - Provides direct habitat onsite (e.g. feeding, breeding, and/or migration) as a
result of year round groundwater discharge and/or permanent standing surface water
within a storage feature (i.e. ponds, wetlands, refuge pools, etc.). Habitat may be either
existing or potential (i.e. isolated by a barrier). Permanent habitat also may include critical
fish habitat (i.e. habitat that is limited in supply, essential to the fish life cycle, and generally
habitat that is not easily duplicated or created).
Seasonal - Provides limited direct habitat onsite (e.g. ing, breeding, migration and/or
refuge habitat), as a result of seasonally high ter discharge or seasonally
extended contributions from wetlands or ot rage areas that support

t to downstream reaches — functions
ownstream with increasing length of

Contributing - Provides indirect (contributing)
generally increase with flow and/or
channel or channel density (e.g. e
contributing habitat:

a. Complex contributing | nerally as a result of intermittent (or less
commonly ephe 3 s, can have marginal sorting of substrates —
generally well ctate hat influence flow conveyance, attenuation,
storage, infiltratio ater quality, sediment, food (invertebrates) and organic
matter/n [

erally, two structural types: a) defined features with
ion consisting of forest, scrubland/thicket or meadow (as

distinguished drophilic vegetation.

b. Simple contributing habitat — generally as a result of ephemeral (or less commonly
intermittent) surface flows — generally not well-vegetated features that influence
flow conveyance, attenuation, storage, infiltration, water quality and sediment
transport. Generally two types: a) defined features characterized by crop
cultivation, mowing or no vegetation; or b) poorly defined features (swales) may
contain terrestrial vegetation.

Not Fish Habitat - The pre-screened drainage feature has been field verified to confirm
that no features and/or functions associated with headwater drainage features is present
— generally characterized by no definition or flow, no groundwater seepage or wetland
functions, and evidence of cultivation, furrowing, presence of a seasonal crop, lack of
natural vegetation, and fine textured soils (i.e. clay and/or silt).
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Recharge Zone — Hydrogeologic characterization is a separate component of this study which
addresses recharge. Therefore, recharge was not explicitly considered as part of the fish habitat
classification.

The upstream limit of permanent fish habitat was determined by direct sampling, or by examining
the habitat at the farthest upstream location where fish were collected and then extending
upstream to where the habitat changed to something less likely to support fish on a permanent
basis. Similarly, the upstream limit of seasonal fish habitat was determined by examining the
habitat at the farthest upstream location where fish were seasonally present, and then extending
upstream to where of the habitat changed to something less likely to support fish for a biologically
significant length of time at any time of year.

Broad-Level Constraints

The following management classes are presented i luation, Classification and
Management of Headwater Drainage Features: Interi deli f. CVC and TRCA, March
2009). Broad-level constraints (High, Medium, Low.
management classes to feed into the Integrated C

A fisheries high constraint relates to perenai es that support good quality habitat
utilized by fish, whereas a medium constrain >
perennial flow that support seasonal or perma
the potential to do so. A low fish

considered fish habitat, or have i @

identified.

manent, critical fish habitat or habitat associated with species
ermanent groundwater discharge or wetland storage — either
eristics may be difficult to replicate or maintain.

nt is assigned to watercourses that are not
tribute to fish habitat based on the flow regime

i Protection — Pej

Protection 1 (High Co
at risk. Generally associa
habitat and/or flow source

Protection 2 (High Constraint) — permanent fish habitat generally with permanent standing
surface water associated with a wetland and/or pond.

ii. Conservation — Seasonal Fish Habitat.
Conservation 1 (Medium Constraint) — seasonal fish habitat associated with seasonally high
groundwater discharge or seasonally extended contributions from wetlands. Actual or otential

permanent refuge habitat may be provided by a storage feature.

Conservation 2 (Medium Constraint) — seasonal fish habitat associated with intermittent surface
flows.
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iii. Mitigation — Contributing Fish Habitat

Mitigation 1 (Medium Constraint) — Complex contributing fish habitat: flows conveyed through
natural vegetation communities that support complex, contributing fish habitat i.e. influences
water quality, sediment, organic matter, food and nutrients to the downstream habitat.

Mitigation 2 (Medium Constraint or Low Constraint) — Simple contributing fish habitat: flows
that support simple contributing fish habitat, i.e. influences flow conveyance, attenuation and
storage to downstream reaches.

iv. No Management Recommendation Required (Low Constraint) — Not Fish Habitat.

Baseline Benthic Invertebrate Community and Fish Com ty Data Collection

The baseline monitoring locations are shown in Figure he five baseline monitoring

were examined and benthic invertebrate and fish
watercourses at those locations were flowing. A si

ng location was established on the
Halton and the Technical Advisory
thic invertebrates in 2016 was past.

Network (OBBN) protocol (Jones lay 25 and 26, 2016, at four of the six base-line
monitoring locations. The & e at the fifth base-line site, Trafalgar South, was dry at the

which benthic inverte ingwasto be completed. At each location, three kick and sweep
samples were collected in riffles and one in a pool or run — using a 500 ym mesh dip net.

The habitat characteristics ati@ach site were characterized according to the OBBN protocol and
the coordinates of the sampling locations were determined using a Garmin 76CSx handheld GPS.

Each benthic invertebrate sample was placed in a 500 ym brass sieve and rinsed with water for
several minutes to remove the remaining preservative and to eliminate fine particulate matter.
Large rocks, twigs, and debris were thoroughly rinsed and removed. The remaining dewatered
sample was weighed to the nearest gram using a Sartorius Model BL6 electronic balance and
transferred to a white plastic tray. A small amount of water was added to create a slurry. The
sample was lightly mixed and small sub-samples were removed using a teaspoon and placed in
a clear 9 mm square polycarbonate counting dish. Sorting was done with the aid of a dissecting
microscope using 6X magnification. Benthos were removed, rinsed, tallied with a hand counter
and placed in plastic vials containing 70% ethanol fitted with screw caps for subsequent
identification. Sub-sampling continued until 100 organisms were recovered. The sub-sample
containing the 100" organism was picked until no more invertebrates were found. All sorted
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material was transferred to the 500 um sieve and weighed to the nearest gram. The proportion of
the sample that was sorted was calculated by dividing the weight of the sorted material by the
weight of the whole sample. Sorted and unsorted portions of sediment were placed in separate
sample containers and preserved with the original Formalin solution. A label containing sample
identification information was placed inside all sample containers.

The specimens were identified by William Morton to the lowest practical level -- species where
possible. The taxonomic references used for the identifications are provided in Appendix G. A
voucher collection containing representatives of each taxon recorded was created for future
referral.

Ten benthic invertebrate indices that are used to provide an indic
calculated for each location. The indices, which are calculate
each location combined, are taxa richness, relative
(Ephemeroptera, Trichoptera and Plecoptera), Oligochae,
Diptera, and insects, as well as the the Hilsenhoff Bj
diversity index (SDI). These are the indices used b tion Halton (2013) except that they
use number of EPT taxa instead of % EPT.

ion of habitat impairment were
sed on the three samples from
dances (percents) of EPT

Shannon-Weiner diversity was calculated fo es combined for each location as:

H=-Zpin p;
where p;is the proportion of the of species .
The Hilsenhoff Biotic Index (H
location and sampling da

d for the three sub-samples combined for each

HBI=Zn,T/Zn; where
>n; is the number of ind
T; is the tolerance value o

decies i, and
S i from the literature.

The HBI tolerance values are directly or inferred from Hilsenhoff (1982, 1987) and Bode (1988a).
The habitat impairment status indicated by each index was evaluated using the values from
Conservation Halton (2013; Table 4.7.5), except that % EPT was used instead of number of EPT
taxa. The method used to calculate the overall impairment status at each location is presented in
Table 4.7 4.
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Table 4.7.5 Criteria used to determine the impairment status at a location based on individual
benthic invertebrate indices (adapted from Conservation Halton, 2013)

Impairment status

index Unimpaired Possibly impaired Impaired
Taxa richness >13 <13
% EPT >10 5-10 <5
% Oligochaeta <10 10-30 >30
% Chironomidae <10 10-40 >40
% Isopoda <1 1-5 >5
% Gastropoda 1-1- 0or>10
% Diptera 20-45 <15 or >50
% Insect 50-80 <40 or>90
HBI <6 >7
SDI <3

Table 4.7.6 Criteria used to calculate an overall impairment status based on the cumulative results
from 10 individual benthic invertebrate based indices (adapted from Conservation
Halton, 2013)

# of indices indicating # of indices indicating findices indicating :
. . " . X - overall rating
unimpaired possibly Impaired impaired

unimpaired
5 <4 unimpaired
5 >4 possibly impaired
24 5 possibly impaired
<4 5 impaired
>5 impaired

possibly impaired

Fish Communities and Hab

The six baseline monitoring locations that were established for flow, water temperature and water
quality were examined and fish community sampling were conducted if the watercourses at those
locations were flowing. Fish community and habitat sampling were conducted following the
Ontario Stream Assessment Protocol (OSAP; Stanfield, 2013). Sites were established according
to Module S1.M1 and georeferenced using a Garmin 76CSx handheld gps. Fish were sampled
following the protocol for a single pass electrofishing survey using a Halltech HT 2000B Mrk 5
backpack electrofisher with one operator and two people collecting the fish with dip nets. All fish
were identified in the field, processed according to the OSAP protocol, and released. The number
of individuals of each species captured, their bulk weight and their size range were determined
for non-game species. Individual weights and lengths were determined for game species. Habitat
data were collected following Module S4.M2 of the OSAP protocol (Point-Transect Sampling for
Channel Structure, Substrate and Bank Conditions). The fish catch and habitat data were entered
into Excel and summarized.
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An Index of Biotic Integrity (IBI) is used by Conservation Halton to rate stream quality based on
the fish community that is present (Conservation Halton, 2013). The approach is modified from
Steedman (1988) and uses a composite IBl score derived by summing the scores from either nine
(9) sub-indices (for coldwater streams) or 8 sub-indices (for warmwater streams). The scores for
warmwater streams are standardized by multiplying them by 1.125. The sub-indices are:

Species Richness

» Number of native fish species present divided by the predicted maximum number of native
fish species present

» Number of darter and/or sculpin species present divid
number of darter and/or sculpin species present

» Number of sunfish and/or trout species present divid
of sunfish and/or trout species present

» Number of sucker and/or catfish species pr
number of sucker and/or catfish species pr

by the predicted maximum

e predicted maximum number

nt divided he predicted maximum

Local Indicator Species

» Presence or absence of Brook Trout g ations only)
» Percent of the sample that i ; blacknose and longnose dace (Rhinichthys
atratulus, R. cataractae)

Trophic Composition

» Percent of the g ' osed of omnivores
» Percent of th&sample that{is composed of piscivores

Fish Abundance
» Catch per minute of sampling

The predicted maximum number of native species, darter and/or sculpin species, sunfish and/or
trout species and sucker and/or catfish species that could be present are calculated using
equations that were derived by Steedman (1988) based on data from the Credit River, Humber
River, Don River, Rouge River and Duffins Creek. The equations used to predict the maximum
number of species that could be present are as follows:

Maximum native species richness = 8.24 log10(watershed area) - 0.47
Maximum darter/sculpin species richness = 3.33 log10(watershed area) - 0.25
Sunfish/trout species richness = 2.06 log10(watershed area) + 0.48
Sucker/catfish species richness = 1.45 log10(watershed area) + 0.42, where
Watershed area = the drainage area upstream from the sampling location.

VVvVYYVY
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For their calculations, Conservation Halton determined which species are omnivores and which
are piscivores based on information for adults of the species in Coker et al (2001), which ranks
the utilization/preference of fish species for nine food types (Andrea Dunn, personal
communication with C. Portt, February 21, 2017). The feeding group classifications used for the
calculation of the IBI in this study are provided in Appendix G. We categorized the fish species
present as omnivore, piscivores, or neither, based on information in the draft Humber River
Fisheries Management Plan (O.M.N.R. and T.R.C.A., 2005) with the following exceptions. Creek
chub was described as an insectivore, omnivore and piscivore in O.M.N.R. and T.R.C.A. (2005)
and was categorized as neither a piscovore or an omnivore for this study. Green sunfish was not
present in the Humber River (O.M.N.R. and T.R.C.A., 2005). It was categorized as neither a
piscivore nor an omnivore for this study.

4.7.7Error! Reference source
ed on the composite score are

The scores for each of the IBI sub-indices are provided in Tab
not found. and the criteria used to determine the quality ratig
provided in Table 4.7.8.

Table 4.7.7 Scoring criteria for the sub-indices used to calculate the fish community IBI.

IBI score

3 1
<0.67 and £0.33

Sub-index

Proportlon of predlcted maximum number of native sp ‘@ ‘
; >0.67 | <0.67 and <0.33 <0.33
species
Proportion of predicted maximum unfi or trout
species

Proportion of predicted mayi
species

20.67 | <0.67and<0.33 <0.33

20.67 | <0.67and<0.33 <0.33

Zae:;ent of the sample thaflis composed|of blacknose and longnose <50% S50%
Percent of the sample that is co Poséd of omnivores <20% 20% to 40% >40%
Percent of the sample that is composed of piscivores >2% <2%
Catch per minute of sampling 41025 >25 <4
Table 4.7.8 IBI scores used to assign the fish community 1Bl quality rating
Maodified 1Bl score IBI quality rating

9-20 poor

21-27 fair

28 - 37 good

38-45 very good
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Conservation Halton (2013) offers the following caution with respect to the use of the fish
community based IBI:

“It should be noted that with the IBI methodologies, assessment appears to be sensitive to the
capture of particular species such as darters, trout and suckers. Generally, a year catch that
fluctuated by the number of darter, sucker or trout species could shift the IBI scores
significantly. Scores may also fluctuate in response to Catch Per Unit Effort (CPUE) as annual
changes in summer staff may effect [sic] catch efficiency. It is also important to note that if
suitable information is not collected (i.e. the number or biomass of fish) IBI analysis cannot be
completed. For this reason, analysis based on historical information may not be possible.
Table 1 provides a summary of IBI ratings and associated scores.”

Results

Fish Utilization of headwater Drainage Features and P

ater drainage features that were sampled in
e the most frequently encountered species at
no other species, captured at 22 of the 30

May; Brook Stickleback and Fathead NV
that time, with one or both of 4 #
headwater drainage locations Where
frequently encountered speei

Most of the headwadte i eatures were dry by late summer and fish, again Brook
Stickleback and Fathea
present. Four ponds were
Pumpkinseed was the speci ost commonly captured in the ponds (Appendix G).

Sampling during the period Oct. 31 - Nov. 11, 2016 focused on ponds. Six of the ponds that were
examined were dry. Fish were captured from nine of the 12 ponds where water was present and
the landowner of one other pond stated that several fish species were present. Brook Stickleback
and Pumpkinseed were each captured from four ponds and Fathead Minnow were captured from
three (Appendix G).
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Table 4.7.9 Number of locations observed and sampled, gear type (NS=not sampled,
EF=electrofished, DIP=dipnet, V=visual observation) and the fish community present, by
sampling period and feature type (HDF=headwater drainage feature)

Sampling

Dates Feature type Fish community
dry 27 27
no fish captured/seen 24 5 3 32
Brook Stickleback only 9 2 1
HDF Fathead Minnow only 8 8
Fathead Minnow and Brook
. 3 3
May 9 - 20, Stickleback only
2016 other species 8 8
no fish 1 1
Brook Stickleback only 3 3
pond .
Fathead Minnow only 1
other species 1
Total 7 3 95
dry 26
no fish captured 1 2 3
August 10 - HDF Fathead Minnow a 1 ]
Sept. 20, 2
2016 1 1
4 4
Total 26 6 2 1 35
12 12
) captured 1 1
6 5
0 fish captured 2 3
825_3111' Brook Stickleback only 2 2
2016 pond Fathead Minnow only 1
Fathead Minnow and Brook 1 1
Stickleback only
other species 6 6
Total 18 13 31

Baseline Monitoring
Benthic Invertebrate Communities

Location Trafalgar South was dry when the benthic sampling was conducted so no sampling was
conducted there. The UTM coordinates of the benthic invertebrate sampling locations and the
habitat characteristics at each are presented in Appendix G, and photographs are also provided.
There was little flow and hydraulic head (a surrogate for water velocity) was zero at all of the
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locations except Trafalgar North. Trafalgar North was also the only one of these locations that
was not dry by late July.

The number of individuals of each taxon that was identified in each sample are provided in
Appendix G. The values for ten benthic invertebrate indices and the impairment status that is
indicated by each, as well as the overall impairment status at each location, are presented in
Table 4.7.8. The invertebrate communities at Trafalgar North and Fifth Line North were dominated
by Isopods. The invertebrate community at Thompson South was dominated by Chironomids and
the invertebrate community at Fifth Line South was dominated by oligochaete worms. The overall
impairment rating was “impaired” at Thompson South and “possibly impaired” at the other three
locations. All of the locations except Trafalgar North were dry later in the summer of 2016. This
suggests that the ‘impairment’ at those three sites may simply be absence of flow.

Table 4.7.10  Values for benthic invertebrate indices and impairmeit rating at each sampling location
Location Trafalgar North | Fifth Line South | Thompson South | Fifth Line North

Date 16.05.26 16.05.25 16.05.25 16.05.25

Index values ’

number of EPT taxa 2 0 |4 0

taxa richness 17 29 16

% EPT 3.1 5.3 0

% Oligochaeta 9.9 6 13.7 13.4

% Chironomidae 59.3 18.6

% Isopoda 6.2 61.4

% Gastropoda 0.3 0.3

% Diptera 33.8 59.6 20.3

% Insects 34.1 714 21.9

Hilsenhoff Biotic Index 8.8 6.9 7.8

Shannon-Weiner diversity 1.4 24 1.4

Impairment rating

Richness (# of Taxa) 2 unimpaired unimpaired unimpaired

% EPT possibly impaired | impaired impaired impaired

% Oligochaeta possibly impaired | possibly impaired | possibly impaired | possibly impaired

% Chironomidae impaired possibly impaired | impaired possibly impaired

% Isopoda impaired impaired impaired impaired

% Gastropoda unimpaired unimpaired possibly impaired | unimpaired

% Diptera impaired unimpaired impaired unimpaired

% Insects unimpaired impaired unimpaired impaired

Hilsenhoff (MFBI) possibly impaired | unimpaired unimpaired unimpaired

SDI per site impaired impaired impaired impaired

Unimpaired 3 4 3 4

Possibly Impaired 3 2 2 2

Impaired 4 4 5 4

Overall rating possibly impaired | possibly impaired | impaired possibly impaired
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Fish Habitat and Communities

Fish community and habitat sampling was conducted at the two baseline monitoring locations
where there was flow in late July -- Trafalgar North and Sixth Line. The other four sites were either
dry (Fifth Line North, Trafalgar North, Trafalgar South) or reduced to a few standing pools (Fifth
Line South). The wetted channel dimensions, hydraulic head (an indicator of velocity), and
substrate dimensions are summarized in Appendix G. The sampling site dimensions,
electrofishing effort, and catches are summarized in Table 4.7.9. Only one fish, a 16 g Creek
Chub, was captured at the Sixth Line location. Agricultural workers at that location stated that the
Centre Tributary was dry at this location earlier in the summer, which is consistent with the paucity
of fish.

At the Trafalgar North location a total of nine fish species w,
species, Rock Bass, and a 275 g Northern Pike. The sam

captured including three darter
as divided into two sections

move through the shallow area between the two se

and it is likely that predation by the
Northern Pike was responsible for the low n ers of fiSkQi

the downstream section of this site.
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Table 4.7.11

Sampling date, site dimensions, electrofishing effort, number of individuals and total

weight for each fish species captured, and fish community indices for locations where

base line fish community data were collected in 2016

Location

Sixth Line

Trafalgar North

Date

7/28/2016

7/20/12016

Station length (m)

53.7

447

Mean station width (m)

1.8

2.3

Station area (m?)

97

101

Upstream drainage area (km?)

9.746

29.34

Electroseconds

1526

1068

Electroseconds per m?

11

Sampling duration (minutes)

25

Species

Number

Number

Weight ()

Brown Bullhead

132

Common Carp

Creek Chub

275

Fantail Darter

Johnny Darter

Northern Pike

Rainbow Darter

276

Rock Bass

White Sucker

42

11

Total

Number of species

745
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Table 4.7.12 Fish community Index of Biotic Integrity metrics, scores and rating

Location Sixth Line | Trafalgar North
Upstream drainage area (km?) 9.746 29.34
Date 7/28/2016 7/20/2016
Elapsed time (minutes) 27 25
Total catch 1 95
Number of species 1 9
Number of native species 1 8
Number of darter and/or sculpin species 0 3
Number of sunfish and/or trout species 0 1
Number of sucker and/or catfish species 0 2
Percent of sample that is Rhinichthys species 0 0
Percent of samples that is omnivores 9.1
Percent of samples that is piscivores 0 9.1
Catch per minute of sampling 0 2.2
Predicted number of native species 8 12
Predicted number of darter and/or sculpin species 3 5
Predicted number of sunfish and/or trout species 3 4
Predicted number of sucker and/or catfishfSpec 2 3
IBI Scores 0
Number of native species 1 3
Number of darter and/or sculpi ies 1 3
Number of sunfish and/o 1 1
Number of sucker and/o 1 3
Percent of sample that is R ies 5 5
Percent of samples that is omni 5 5
Percent of samples that is piscivores 1 5
Catch per minute of sampling 1 1
Overall IBI 18 29
IBI rating poor good
4.7.4 Interpretation / Key Findings

Watershed Overview

The Sixteen Mile Creek watershed is approximately 372 square kilometres in size and drains to
Lake Ontario. The main branches of the creek originate along the Niagara Escarpment and then
flow southward through a variety of rural and urban settings. The watershed contains coldwater,
coolwater, and warmwater streams. The coldwater streams are associated with groundwater
discharge and are primarily in the headwaters and near the Niagara Escarpment (Conservation
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Halton, 2013). The streams that are further south, where there is little groundwater discharge,
tend to be either coolwater or warmwater (Conservation Halton, 2013).

The Primary Study Area for this project encompasses 32.8 square kilometres, which is about 9%
of the Sixteen Mile Creek watershed. Most of the primary Study Area is located within the East
Branch drainage area, but a small portion is located within the West Branch drainage area.
“‘Approximately 68 fish species” have been recorded in the Sixteen Mile Creek watershed since
the early 1900s (Conservation Halton, 2013). The species that have been reported from each of
the major sub-catchments within the study area are provided in Table 4.7.13.. The characteristics
of the main watercourse(s) in those sub-catchments are summarized below. The locations of the
sub-catchments are provided in Figure 4.7.7.
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Table 4.7.13 Fish species that have been reported from each of the sub-catchments that are discussed in this report. P indicates the species is present. Highlighted cells indicate that the presence of this species is first documented as a

result of fish sampling conducted during this study. Number of stations includes both historic sampling locations and locations sampled during this study

Lower Middle Lower Middle . East Middle Lower Middle . Omagh
24 26 26 5 7 39 19

Sub-catchment

Number of Stations 24 17

Number of Species 23 26 27 17 18 20 10 15 6
Common name Scientific name

Black Crappie Pomoxis nigromaculatus

Blacknose Dace Rhinichthys atratulus P P P

Blacknose Shiner Notropis heterolepis

Bluegill Lepomis macrochirus

Bluntnose Minnow Pimephales notatus P P P P

Brook Stickleback Culaea inconstans P P P P P P

Brook Trout Salvelinus fontinalis P

Brown Bullhead Ameiurus nebulosus P P P P

Chinook Salmon Oncorhynchus tshawytscha

Common Carp Cyprinus carpio P P P P

Common Shiner Luxilus cornutus P P P P

Creek Chub Semotilus atromaculatus P P P P P P

Fantail Darter Etheostoma flabellare P P P

Fathead Minnow Pimephales promelas P P P P P P

Golden Redhorse Moxostoma erythrurum

Golden Shiner Notemigonus crysoleucas P

Goldfish Carassius auratus P

Hornyhead Chub Nocomis biguttatus P

Johnny Darter Etheostoma nigrum P P P P

Largemouth Bass Micropterus salmoides P P P P P

Longnose Dace Rhinichthys cataractae P P P

Northern Hog Sucker Hypentelium nigricans P P

Northern Pike Esox lucius P P

Northern Redbelly Dace Chrosomus eos P P

Pumpkinseed Lepomis gibbosus P P P P P P P

Rainbow Darter Etheostoma caeruleum P P P P P P

Rainbow Trout Oncorhynchus mykiss P P

River Chub Nocomis micropogon P P P P

Rock Bass Ambloplites rupestris P P P P P P P
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Table 4.7.13 Fish species that have been reported from each of the sub-catchments that are discussed in this report. P indicates the species is present. Highlighted cells indicate that the presence of this species is first documented as a

result of fish sampling conducted during this study. Number of stations includes both historic sampling locations and locations sampled during this study

Lower Middle Lower Middle . East Middle Lower Middle . Omagh
24 26 26 5 7 39 19

Sub-catchment

1 — Lower Middle Branch downstream from the primary study area.

2 - Lower Middle Branch within the primary study area.

Number of Stations 24 17

Number of Species 23 26 27 17 18 20 10 15 6
Common name Scientific name

Rosyface shiner Notropis rubellus P

Sea Lamprey Petromyzon marinus

Silver Shiner Notropis photogensis P

Smallmouth Bass Micropterus dolomieu P P P

Stonecat Noturus flavus P P

Striped Shiner Luxilus chrysocephalus

White Sucker Catostomus commersonii P P P P P P
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West Branch

The West Branch of Sixteen Mile Creek passes through the western-most portion of the Study
Area and its drainage boundary is approximately the western boundary of the Primary Study Area.
This branch begins at the confluence of the Kelso Branch and the North Branch in downtown
Milton, where it is contained within a concrete channel. That channel continues downstream for
approximately 1.2 km, and then transitions to a 547 m long section of interlocking concrete
structures that ends approximately 260 m upstream of Derry Road. This hardened section suffers
from a lack of habitat structure, riparian vegetation, and natural substrate. From the end of the
interlocking concrete channel downstream, the channel is essentially natural and contained within
a defined valley, with a typical pool/riffle/run morphology, though it is constrained in a few location
by roads and bridge structures. The West Branch joins with the Lower Middle Branch at the edge
of the Supplemental Study Area. Summer flow in the West Br. is augmented by discharge
from the Kelso Reservoir and the Milton Wastewater Treatme ant also discharges to the West
Branch.

“ Though the community is generally
of Sixteen Mile Creek is an important
k Salmon. These introduced species

mainly spawn upstream of the Primary S approximately Regional Road 25
upstream to the Kelso Dam, however, some these species has been observed at
specific locations within the st 2 ream of Regional Road 25 (Andrea Dunn,
Conservation Halton. Personal £6 [ ith G. Coker, February 21, 2017). The fish
species present are appropria : i e habitat in this part of Ontario, being typical
inhabitants of medium to large size s with pool/riffle/run morphology with flow-sorted

coarse to fine substrate ow (<1 m), but with a range of depths and current speeds
inthe pools.

Of particular interest is th@ppreseg@e of Silver Shiner throughout this section of the West Branch
based on its capture at fivelg@edtions there in 2013. Silver Shiner are listed as "Special Concern”
in Schedule 3 of the Federal Species At Risk Act (SARA) (http://www.sararegistry.gc.ca, February
15, 2017), and as "Threatened" under the Ontario Endangered Species Act
(http://www.ontario.ca/environment-and-energy/species-risk-ontario-list, February 15, 2017).
Silver Shiner are found in larger, clear, warmwater streams of moderate gradient and hard bottom,
within the larger, deeper pools near ample current (Jenkins and Burkhead, 1993; Coad et al,
1995; Smith, 1985). Trautman (1981) states that it is most abundant in deep, swift riffles and in
the swifter eddies and currents of the pools immediately below such riffles. Silver Shiners utilize
the mid to upper reaches of the water column and may not be associated with the substrate
(Jenkins and Burkhead, 1993), suggesting that hard substrates may not be a critical part of its
habitat, but may simply be the most common substrate type in the type of stream it inhabits.
Spawning is thought to occur from late May to mid-June, and though spawning habitat is poorly
known, there is some evidence that spawning occurs in relatively deep riffles (COSEWIC, 2011).
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The tributaries discharging to the West Branch of Sixteen Mile Creek within the Primary Study
Area have their headwaters on the flat Peel Plain that surrounds the incised West Branch channel.
These are usually heavily impacted by agriculture and historical ditching practices, except where
they approach the valley of the West Branch, where they become steeper as they descend to the
West Branch channel. These tributaries receive little or no groundwater and typically dry
completely or to isolated standing pools during most summers.

The largest of the West Branch tributaries (TSMC(1)9, Figure 4.7.7) originates outside of the
Primary Study Area, north of Britannia Road. TSMC(1)9 drains a sizable portion of the Primary
Study Area on the east side of the West Branch through a network of swales, ditches and
watercourses with defined channels, and then drops into a steep-gradient, incised channel that
turns west to connect with the West Branch.

The fish community in intermittent watercourses is usually sed of a few fish species that

tolerant species may use these watercourses seas [ are accessible from higher quality
downstream habitats. In TSMC(1)9, the fish ty in the isolated pools located
approximately 170 m upstream from the West Branc s composed of White Sucker, Creek
Chub, and Brook Stickleback, which are all of poor instream conditions. Higher
up in this watercourse at Britannia Road, wh stream from the West Branch main
channel, only Fathead Minnow were mall isolated muddy pond. Fathead Minnows

are found in a broad range of hapita it is also very tolerant of low oxygen and high
alkalinities (Scott and Crossmg d Watkinson, 2004; Jenkins and Burkhead,
1993), and consequently it is ofteqithe dant fish in pools or other habitats that become

isolated during dry conditie and Watkinson, 2004).

Middle and East Bré ile Creek

The Middle and East B of 'Sixteen Mile Creek drain approximately 91% of the Primary
Study Area. Three main wa rses enter the the Primary Study Area from north of Highway
401: the Middle Branch at approximately Fifth Line, the East Middle Branch at approximately Sixth
Line, and the East Branch at approximately Trafalgar Road (Figure 4.7.7). The Middle Branch
and the East Middle Branch are approximately equal in size and they join about 1.2 km southeast
of Highway 401 to become the Lower Middle Branch. The East Branch is somewhat smaller and
meanders in the vicinity of Trafalgar Road for approximately 8.7 km, crossing it twice, before

joining with the Lower Middle Branch.

In this upper part of the Primary Study Area the Lower Middle Branch has a somewhat more
defined valley than the East Branch, but both are meandering channels that are bordered in
places by wetlands, and in other areas by agricultural operations. The Lower Middle Branch and
the East Branch join approximately 330 m upstream of Britannia Road to become the Lower
Middle Branch. The Lower Middle Branch flows in a southeast direction and occupies a broader
and increasingly incised valley. It exits the Primary Study Area approximately 2.2 km downstream
of Britannia Road. The Lower Middle Branch continues for another 9.3 km before it joins with the
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West Branch of Sixteen Mile Creek, briefly entering the Primary Study Area again in the vicinity
of Fifth Line and Baseline Road. There are four main tributaries of these watercourses: the Lower
Middle Tributary, the Centre Tributary, the Omagh Tributary, and tribuary TESMC(1b)11.

Lower Middle Branch

For discussion purposes, the Lower Middle Branch is divided into two sections, within the Primary
Study Area and downstream within the Supplemental Study Area. Within the Primary Study Area
the Lower Middle Branch has a lower gradient and is less constrained by its valley, and
consequently exhibits a more meandering form, than farther downstream. The general channel
form is a series of pool/riffle/run habitats. The fish community includes 27 species (Table 4.7.13),
retaining most of the species observed in the downstream section of the Lower Middle Branch in
the Supplemental Study Area, but also having species typical of léWer flow velocity and pond-like
situations where aquatic plants may be more plentiful. This r group of fish species include
Blacknose Shiner, Bluegill, Golden Redhorse, Northern Pi orthern Redbelly Dace. The

apparently persists (captured in 1998 and 2014) j
watershed in the vicinity of Britannia Road, and thi
the Ontario portion of the Lake Ontario watershe
tributaries in the state of New York. The Goldea R

ough it is known from Lake Ontario
is found in Ontario tributaries to Lakes

sized channel. It is therefore not surprising that these
ies in common (Table 4.7.13). Similar to the West Branch,

Branch, this portion of the L@ Vliddle Branch is an important migratory route for Rainbow Trout
which have been known to suctessfully spawn in the East Middle Branch upstream of the Primary
Study Area (Andrea Dunn, Conservation Halton. Personal communication with G. Coker.
February 21, 2017). Brown Trout and Chinook Salmon may also migrate through this area, but
this has not been documented. There is currently no evidence of successful Rainbow Trout,
Chinook Salmon, or Brown Trout spawning within the Primary Study Area (Andrea Dunn,
Conservation Halton. Personal communication. February 21, 2017). The fish species present are
typical inhabitants of medium to large, but relatively shallow, streams, with pool/riffle/run
morphology, flow-sorted coarse to fine substrates, and a range of current speeds from swift in the
riffle sections to slow in the pools. Silver Shiner has been captured throughout this portion of the
Lower Middle Branch.
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Middle Branch

Only about 3 km of the Middle Branch channel is within in the Primary Study Area and much of
that is a meandering channel within a wetland. The habitat appears to be similar along its length,
with a slight increase in gradient and flow velocity with distance upstream. The 17 species of fish
that have been reported from this reach (Table 4.7.13) include species typical of both riffle and
quiet-water habitats, both of which occur here. The lower number of fish species that have been
reported, relative to the Lower Middle Branch, may reflect the lower diversity of habitats within
this reach but could also be because there are only five sampling stations here, compared to
twenty-two sampling stations in the Lower Middle Branch. While there are no records of Silver
Shiner being captured in the Middle Branch within the Primary Study Area, it is possible that they
do occur here because both Emerald Shiner (typically a lake species) and Rosyface Shiner, which
are sometimes confused with Silver Shiner, have been reported

East Middle Branch

Similar to the Middle Branch, most of the 2 km of mea f the East Middle Branch
that is within the Primary Study Area is situated wit 18 species of fish have
been captured at one or more of seven sampling lo able 4.7.13). The species are typical

Shiner being captured, nor are there reco or Emerald Shiners that might be

misidentifications of Silver Shiner. Brook en captured in low numbers at the
upstream end of this reach, in the vicinity of 1, and it is thought that this represents the
downstream limit of a Brook Troutfpopulati t occurs upstream of the Primary Study Area
(Andrea Dunn, Conservation : munication. February 21, 2017). The East
Middle Branch is an important migratory-rot or Rainbow Trout, which have been known to
successfully spawn in the East,Mi Branch upstream of the Primary Study Area (Andrea Dunn,

Conservation Halton. P C ication. February 21, 2017).

East Branch

The East Branch flows for imately 8.7 km within the Primary Study Area, from Highway
401 to where it joins the LoweFMiddle Branch about 330 m upstream from Britannia Road. Itis a
fairly small meandering channel within a broad shallow valley, bordered by wetland for
approximately 50% of its length. There are a few locations where it appears to have been
straightened, and there are two large, on-line ponds downstream of Derry Road. Instream habitat
appears to be dominated by flatwater or run habitat, with some apparently deep channel sections.
The on-line ponds provide pool-like habitats as well. Riffles are short, and make up a relatively
small proportion of the available habitat, although they are more prevalent near the confluence
with the Lower Middle Branch. There is a concrete weir near the downstream end of the East
Branch, just downstream of Trafalgar Road. This weir would be a barrier to most fishes although
species such as Rainbow Trout, with good jumping ability, might be able to pass over it.

In August of 2016 flow appeared to have ceased in the East Branch, but there was standing water
in all of the places where it was examined.
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There have been 20 species of fish captured in this branch at one or more of 39 locations (Table
4.7.13). These include three previously unreported species; Brown Bullhead, Northern Pike and
Rainbow Darter, that were captured during the base line monitoring for this project. The base line
monitoring site is located downstream from the migration barrier that is just downstream from
Trafalgar Road, close to the Lower Middle Branch. The fish community is dominated by fishes
that prefer slow flowing or quiet habitats (e.g. Blunthose Minnow, Common Carp, Northern
Redbelly Dace, Rock Bass), but also include a few species that prefer flowing water (e.g.
Blacknose Dace, Creek Chub) and some species that prefer faster riffles (e.g. Fantail Darter,
Longnose Dace).

Lower Middle Tributary

This tributary originates north of Derry Road east of Eighth Line ap@joins the Lower Middle Branch

f standing water into the summer,
most of the tributary was dry in 2016. Water persistediifi‘the ditched section within the wetland
i and at the culvert beneath Trafalgar
Road. There are also a number of dug far ponds within this catchment that

contain water through the summer.

As in most watercourses that be t dry during most summers, the distribution of
fish and the composition of the dictated by local differences in flow duration and
the distribution of low flow refugia 0 fish species (Table 4.7.13) that have been captured at
one or more of the 24 d in this tributary are generally warmwater species that
inhabit slow moving pond habitats. Most of these fish are confined to the
lowest reaches of the & ributary, where water and flow persist longer and where they

can more easily recoloni he permanent habitat in the Lower Middle Branch.

The fish community throughoUt most of this tributary is composed of Fathead Minnow and/or
Brook Stickleback, both of which can survive in low oxygen/high temperature water in small
isolated pools (Stewart and Watkinson, 2004), and have a tendency to disperse into these
habitats during periods of higher flow in the spring. Pumpkinseed and Largemouth Bass also
occupy some of the dug farm and golf course ponds in this tributary.

Centre Tributary

The Centre Tributary originates outside of the Study Area in the built Bristol Phase 1 development
area of Milton. This watercourse is the boundary of the South Milton Primary Study Area from
James Snow Parkway to its confluence with the Lower Middle Branch. The first 1.3 km in the
Primary Study Area, east of James Snow Parkway, was historically straightened across
agricultural fields and as a section of the Fifth Line roadside ditch, but is in the process of
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naturalizing. East of Fifth Line it enters a shallow valley and continues as a natural, meandering
channel for 3.0 km to its confluence with the Lower Middle Branch, east of Sixth Line.

When examined in 1998 the Centre Tributary it was dry except for isolated pools and road
culverts. After the Phase 1 lands were developed in the early 2000s the Centre Tributary began
to flow permanently and the fish community became more diverse (AMEC, 2015). Fifteen fish
species have been captured in the Centre Tributary (Table 4.7.13). Most of these fishes are
adapted to slow-flowing watercourses with fine substrates, which is the dominant habitat in the
watercourse. Rainbow Darter and Stonecat prefer higher velocities and coarser substrates (Holm
et al, 2009) than are typical through most of this tributary, but they have only been captured at
the downstream end, near its confluence with the Lower Middle Branch.

Omagh Tributary

ilton urban area and flows
ia Road and Fourth Line.
Just upstream of Britannia Road, it is the roadside Britannia Road, in the
Primary Study Area, this watercourse meanders th ultural fields within a shallow valley
feature. The substrate is soil. Downstream of Fifth e Omagh tributary enters a deeper
wooded valley feature. Gradient increases and comes coarser as it descends to join

The Omagh Tributary arises at the south border of the

During most years the Omagh Tri anding pools. In the summers of 1998 and 2007
the only water upstream of Fift . ed to be within the culvert at Britannia Road
(AMEC, 2015). In 2016 the wa 2ared’similarly dry, but a number of persistent pools
were observed downstream of i in the forested valley. Approximately 160 m

downstream of Fifth Linefthe ourse passes through a culvert/weir structure under a farm
: ment of all fish. Of the 6 species of fish captured in the
Omagh Tributary (Tab 7. ly Brook Stickleback and Creek Chub are known to occur
upstream of this barrier.

Tributary TESMC(1b)11

TESMC(1b)11 originates along the north border of the Primary Study Area, in the vicinity of
Britannia Road (Table 4.7.13). Except for the most downstream 840 m of this tributary that is
within an incised wooded valley feature, TESMC(1b)11 is situated on the flat tablelands where it
is essentially a series of headwater drainage features, impacted by agriculture. By May 11, 2016,
flow had ceased at locations in the upper catchment area, and was less than 1 L/s in the main
channel of the downstream portion of the catchment area. By August the watercourse was
completely dry, but there was water in some farm ponds.

The fish community in intermittent watercourses is usually composed of a few fish species that
disperse into headwater features during the spring, when most watercourses are flowing, and are
tolerant of the conditions that occur in small isolated pools during the summer. The best examples
of such fishes in southern Ontario are Brook Stickleback and Fathead Minnow, which were the
only fish species captured in the watercourses of TESMC(1b)11 during the spring. Sampling
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during the fall of 2016, when all watercourses in this catchment were dry and the only remaining
surface water was in dug farm ponds, captured Brook Stickleback and Fathead Minnow in one
pond and Common Carp and Rock Bass were found in another. The dug farm pond containing
the Common Carp and Rock Bass was isolated to the extent that it would be unlikely for such
species to colonize this pond naturally; it is likely that these species were deliberately introduced
at some time in the past.

Headwater Drainage Features

Headwater drainage features are, by definition, intermittent or ephemerally flowing features. Most
headwater drainage feature flow during the spring freshette and are dry by mid-summer. The
duration of flow can be affected by factors such as surface storage, seasonal groundwater
discharge, vegetation cover, and watercourse slope. Some of t features may also flow after
precipitation events if infiltration capacity and evapotranspir are exceeded. These features
are often not apparent except when they are flowing becau not have a defined channel.
ese watercourse features

farm ponds, culvert or bridge crossings, or ditche i dwater drainage features perform
important flow attenuation and infiltration functions, ovide other ecological functions, their
potential as fish habitat is limited by their floy e persistence, or lack of persistence,

Fathead Minnow and Brook Stj most common colonizers and, where water

persists, occupants of these hé he Fathead Minnow is known as a "pioneer"
species, and in one of the first t ade i ittent drainage channels after rains, commonly
progressing upstream i ) ja their spillways (Becker, 1983). The Fathead Minnow is
tolerant of the warm te r dissolved oxygen concentrations that occur in isolated
pools and ponds, (Be JStewart and Watkinson, 2004), surviving where other fish
cannot. It shares this invasi 3§ with the Brook Stickleback (Stewart and Watkinson, 2004).

While conducting field wor uthern Ontario during the early spring, Fathead Minnows and/or
Brook Stickleback are occasionally encountered in the water laying on saturated cultivated fields,
or in small drainage furrows (George Coker, personal observation.). When flow ceases, the
hardiness of these fishes allows them to persist in small pools of isolated water (Becker, 1983;
Stewart and Watkinson, 2004) and even in flooded muskrat burrows (Becker, 1983).

4.8 Terrestrial Resources
4.8.1 Importance / Purpose

Terrestrial ecosystems encompass upland and wetland vegetation of natural and cultural origin,
providing habitat for wildlife which may utilize features on a transitory, seasonal or permanent
basis. Terrestrial ecosystems provide intrinsic functions or services regarding photosynthesis,
storage, and processing of carbon, minerals, and nutrients as well as moisture. The above- and
below-ground structure provided by vegetation interact with air and water to promote conservative
management and cycling of water and soil resources, manage a more stable microclimate, and
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in the process helps to sustain other reliant biota such as wildlife species, fish, and invertebrates.
The vertical and horizontal structure of vegetation systems, in conjunction with physical attributes
of soil and water, is capable of sustaining many species and populations of plants and animals
as habitat structure evolves in extent, age and complexity over decades and longer periods. At
watershed and larger scales, these services are integral to sustaining the fundamental hydrologic
and chemical cycles.

The purpose of terrestrial characterization is to further document and refine the understanding of
existing conditions in the study area, regarding vegetative cover, flora and fauna, and ecosystem
functions. The understanding of this system is hierarchical in nature and considers the ecological
form, function, and linkage of species and natural features and areas within the broader landscape
context; this will inform decisions on future development includimg refinement of the Regional
Natural Heritage System (NHS).

482 Background Information

The South Milton Subwatershed Study Area is situate southern rio at the western extent

The South Milton SWS is within the north@r f Ecodistrict 7E (Lake Erie - Lake
Ontario), which is the most southern Ecoreg d Ontario (Crins et al. 2009). This
Ecoregion also lies within the Decidug Rowe (1972) and is known commonly
as the Carolinian Zone. Ecoregio erized by predominantly deciduous forests of
Sugar Maple (Acer saccharum agus grandifolia), Ash species (Fraxinus sp),
Eastern Hemlock (Tsuga canad ern White Pine (Pinus strobus), and in more
southern areas by Tulip dron tulipifera), Black Gum (Nyssa sylvatica), Sycamore
(Platanus occidentalis ercus sp), and Hickory species (Carya sp). At a more

local scale, the stue [ [ odistrict 7E-4, which extends east from the Niagara
e Ontario to the Rouge River Valley, and from the shore of
Lake Ontario north to the idges Moraine. This Ecodistrict contains only 6% natural cover,
which is predominantly till p deciduous forest and till plain mixed forest, sand plain mixed
forest, and swamp forest. The remainder is mostly agricultural and developed land (Henson &
Brodribb 2005). The vicinity of the South Milton SWS is dominated by agricultural lands, with
natural areas concentrated in the Sixteen Mile creek, east Sixteen Mile creek, and their major
tributaries, and scattered woodlots and wetlands on the surrounding tablelands.

Various background reports and databases were reviewed for existing information on terrestrial
natural heritage in the general area of the South Milton SWS. A brief description of these
background studies, when they were completed, and the general area they covered are outlined
below. Species records, vegetation community types, and other details related to the terrestrial
ecological characteristics of the area were extracted, and are summarized in Appendix H1 and
H2.
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Federal and Provincial Species Atlases

vVvyyVvyyVvyy

Ontario Breeding Bird Atlas (OBBA), 2001 — 2005 (Cadman et al. 2007);

Atlas of the Mammals of Ontario (Dobbyn 1994);

Ontario Reptile and Amphibian Atlas Interactive Range Maps (Ontario Nature 2015);
Ontario Butterfly Atlas Online (Toronto Entomologists’ Association 2015)

Atlas of Ontario Odonata (Colin Jones, pers. comm. 2016)

Species at Risk Databases/ Correspondence

>

>

>

Element Occurrence Data for Provincially tracked species, plant communities and wildlife
concentration areas query (NHIC 2016);

Consultation with Aurora District MNRF for Specie
Information Request);

Conservation Halton Element Occurrence and
2016)

Risk (SAR) records (via an

Data (Conservation Halton

Regional Studies

>

Great Lakes Conservation Blueprint
Halton NAI (Dwyer et al. 2006);
Britannia Road Transportatios i provements: Environmental Study Report

iversity (Henson & Brodribb 2005);

Premier Gateway Subwate€ishéo
401 Corridor Integ ing Project, Town of Halton Hills: Scoped Subwatershed

Sixteen Mil€ ywatershed Update Study/Functional Stormwater and

Local Studies

Milton Phase 3 Monitoring (D&A 2016);

Milton Phase 2 Holistic Monitoring Study (D&A 2010 — 2014);

Derry Green Corporate Business Park Subwatershed Impact Study — Study Area 5A
(Savanta 2016);

Boyne Secondary Plan Wildlife Survey Data (Dougan 2010)
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Federal & Provincial Species Atlases

The following species atlases were queried for species records within and surrounding the
Primary and Supplemental Study Areas:

Ontario Breeding Bird Atlas (OBBA), 2001 — 2005 (Cadman et al. 2007);
Atlas of the Mammals of Ontario (Dobbyn 1994);

Ontario Reptile and Amphibian Atlas (Ontario Nature 2015);

Ontario Butterfly Atlas Online (Toronto Entomologists’ Association 2015)
Atlas of Ontario Odonata (Colin Jones, pers. comm. 2016)

vVvyvVyyVvyy

All of these sources used a corresponding 10 x 10 km grid square
spatial coverage for a range of species that have been doc nted in the general area. The
primary and Supplemental Study Areas are located within f 10 km grid squares: 17NJ91,
17NJ92, 17PJ01, and 17PJ02, as shown in Appendix H J91 encompasses most of
the northern portion of the study area, while square 1% of the southern section.
Squares 17PJ01 and 17PJ02 only contain very s of the study area, therefore may
not be as representative as those with more covera squares were included nonetheless
to ensure comprehensive coverage when p cies records queries. Because of the
size of the atlas squares, the combined p mental Study Area only covers a
percentage of each 10 x 10 km square. Spe
together cover 31.9% of square 17N 23.5° quare 17NJ92, 2.2% of square 17PJ01, and
only 0.79% of square 17PJ02.

tem; this provides consistent

05 (Cadman et al. 2007);

n et al. 2007) provides information on the distribution and
ted using five years (2001 — 2005) of birding data from
online database was queried on November 1st, 2016 for
, 17NJ92, 17PJ01 and 17PJ02. This resource was used to
in the area as well as to provide a comprehensive list of
ound during field investigations.

Ontario Breeding Bird Atlas (

species to compare with those

Atlas of the Mammals of Ontario (Dobbyn 1994);

The Atlas of the Mammals of Ontario (Dobbyn 1994) was created by the Federation of Ontario
Naturalists and provides historical and recent distributional data for all wild mammals found in
Ontario, based primarily on existing institutional data, and supplemented with volunteer records.
The Atlas was searched for mammal records within 10 x 10 km atlas grid squares 17NJ91,
17NJ92, 17PJ01, and 17PJ02, mainly to provide a list of potential Species-at-Risk that could be
residing in the study area. The age of the publication and low resolution of data, however only
provide general guidance on potential occurrence of species for the South Milton SWS area.

Ontario Reptile and Amphibian Atlas (Ontario Nature 2015);

The Ontario Reptile and Amphibian Atlas was recently developed by Ontario Nature as a citizen-
science based project that tracks the distribution of reptiles and amphibians across the province.
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Because there are wetlands, ponds, and amphibian breeding habitat present within many of the
subject properties, it was important to determine any historical records for this species group,
particularly species-at-risk, within the subwatershed study area. The four 10 x 10 km atlas grid
squares 17NJ91, 17NJ91, 17PJ01 and 17PJ02, were queried for all amphibian and reptilian
records dating back to pre-1976.

Ontario Butterfly Atlas Online (Toronto Entomologists’ Association 2016);

The Ontario Butterfly Atlas maps the distribution of butterfly species within the province, using
mainly observation data but also some museum records that date back to 1879. The atlas was
queried for all records in squares 17NJ91, 17NJ92, 17PJ01, and 17PJ02.

Atlas of Ontario Odonata (Colin Jones, pers. comm. 2016);

The Atlas of Ontario Odonata track the occurrences of odona
distribution across the province. Because this atlas is not

ecies in Ontario and maps their
available online, the Ministry

Provincially Tracked Species

Element Occurrence Data for Provinci ecies, Plant Communities and

Wildlife Concentration Areas quer

Terrestrial records from the MNRE i rough the Natural Heritage Information Centre.
records for the appropriate 1 x 1 km squares
udy Areas and extended 1km from the study area

that covering the primary and Suf :
id squares that are displayed in Appendix H3.

boundaries. This included

Consultation with A NRF for SAR records (via an Information Request);

A Species at Risk (SAR
2016, to acquire any specie
Study Areas.

request form was sent to MNRF Aurora District on June 3,
k records within or adjacent to the primary and Supplemental

Regional Studies

Conservation Halton Element Occurrence and Rare Species Data (Conservation Halton
2016);

Element occurrence and rare species data was received from Conservation Halton in May 2016.
This data contained georeferenced species records for significant and rare birds, reptiles,
amphibians, odonates and plants that have been observed within and adjacent to the primary and
Supplemental Study Area.
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Great Lakes Conservation Blueprint for Terrestrial Biodiversity (Henson and Brodribb
2005);

This document summarized available information on the biological diversity of the 39 ecodistricts
across the Great Lakes ecoregion. It considers threats to biodiversity, including habitat loss, land
use and development, exotic and invasive species, recreational uses, pollution, and climate
change. This blueprint also includes information on prominent species and vegetation
communities and conservation lands. Ecodistrict 7E-4 (Whitby) contains the South Milton SWS
lands, encompassing the City of Toronto, Peel Region, Halton Region and York Region. The
summary for this ecodistrict was reviewed for wildlife and vegetation species and vegetation
community targets to compare with this study’s findings.

Halton Natural Areas Inventory (Dwyer 2006);

The Halton Natural Areas Inventory is a collaborative effo ong local naturalist clubs and
government agencies to inventory and document flora an curring within the Region of
Halton’s natural areas, including existing and candid i Significant Areas (ESAs)
(Dwyer, 2006). A total of sixty-three (63) natural area
the Lake Ontario Shoreline to the Niagara Escarp apped and summarized. The ELC
and botanical inventory data for two NAI features, D in Woods and the Sixteen Mile Creek
and extension, were obtained from Conseguation Hal nd reviewed. Additionally, species’
status from the Halton NAl is used as the co
Milton SWS area.

Britannia Road TransportatiQ ovements: Environmental Study Report

ding nocturnal amphibian calling surveys and breeding
and 2013 by North-South Environmental. The vast majority
of the Britannia Road st : located within the South Milton SWS area, so the species
observed are directly appliCe to this study and will serve as a good comparison to species
detected during Phase 4 investigations. These species records are summarized in Appendix H1
and H2.

North Oakville Creeks Subwatershed Study (2006);

The North Oakville Creeks Subwatershed Study combines analysis, characterization,
implementation and management reports to plan for future urban development in the North
Oakville Development Area, north of Dundas Street. The study area located south of the South
Milton SWS lands and is bounded by Dundas Street to the south, Highway 407 to the north, Ninth
Line to the east and Tremaine Road to the west. A number of catchment areas within the North
Oakville Creek Subwatershed are relevant within the South Milton SWS, including Joshua’s
Creek, Morrison Creek, Fourteen Mile Creek, and Sixteen Mile Creek. The northern boundary of
this study (Highway 407) partially overlaps with the southern portion of the Supplemental Study
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Area; natural heritage information, including species records, from this study, may be relevant for
this project but were not available as part of the report resources.

401 Corridor Integrated Planning Project, Town of Halton Hills: Scoped Subwatershed Plan
(Dillon 2000);

The 401 Corridor Subwatershed Study was conducted to provide support for the Secondary Plan.
The study was scoped to specific portions of Subwatersheds 3, 4, 5 and 6 of Sixteen Mile Creek
within the 401 Corridor boundaries, which extend from Highway 401 to Steeles Avenue, and from
James Snow Parkway east to Winston Churchill. The 401 Corridor study area extends south and
partially into the South Milton SWS area, and therefore the terrestrial species records may provide
a good comparison to the species found during field investigations within the study areas to date.
These records were reviewed, and a list of species found are pr ed in Appendix H1 and H2.

Sixteen Mile Creek Subwatershed Update Stu ctional Stormwater and

Environmental Management Studies;
The Sixteen Mile Creek Subwatershed Update Stud

resources in two subwatershed areas that encompa rge portion of the South Milton SWS,
spanning from Trafalgar Road to Bronte eles Ave to south of Highway 407.
Included as Technical Appendices to the SU
Management Strategies (FSEMS); one for t -
2a (AMEC Environment & Infrastructure et al.

2013). Both Derry Green and Bg : outh Milton SWS area but do not overlap with
it. The SUS and FSEMS are igh level of study, the findings of which are
integrated into more detailed atershed 'Impact Studies (SIS). The terrestrial species
recorded during the SU ) can be found in Appendix H1 and H2.

Sixteen Mile Creek ershed Plan (Gore & Storrie Limited and Ecoplans Ltd. 1996);

The Sixteen Mile Creek hed Plan was prepared as part of the Halton Urban Structure
Review and provides ma ent strategies for achieving goals presented for resource
management during development. Subwatersheds 2 — 7 are located within the Primary and
Supplemental Study Areas, and therefore this study was reviewed for species records and other
features found in the background review for this study, which are summarized in Appendix H1
and H2. Data in this study, however, used species data from background sources (e.g. OBBA).

Local Studies

Milton Phase 3 Monitoring (Dougan 2016);

The Milton Phase 3 Monitoring study area borders the South Milton SWS to the northwest and
many of the amphibian and breeding bird monitoring stations overlap or are directly adjacent to
these lands. Monitoring stations that were located within the Primary and Supplementary stay
areas and were visited in 2016 are discussed as part of the field investigation sections. All of the
vegetation monitoring plots, as well as many of the amphibian and breeding bird stations, are
located outside of the Supplemental Study Area, but still help to provide an overall context to the
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landscape. For this reason, records outside of the South Milton SWS are discussed as part of the
background review and referenced in Appendix H1 and H2.

Milton Phase 2 Holistic Monitoring Study (Dougan 2010 — 2014);

The Milton Phase 2 (Sherwood) lands are located slightly northwest of the South Milton SWS,
just north of Louis St-Laurent Ave. The Phase 2 study area is bordered by Ontario Street South
to the east, Tremaine Road to the west and Highway 401 to the north. Dougan & Associates
(D&A) conducted terrestrial monitoring surveys including breeding bird and nocturnal amphibian
calling surveys in 2010, 2011 and 2014. This study involved creating a holistic monitoring plan for
the Indian Creek and Sixteen Mile Creek Area 2 subwatersheds, aiming to assess the impacts of
development on the subject watersheds and adjacent lands. This study was reviewed for breeding
bird and herpetofauna records, which are provided in Appendix and H2.

Derry Green Corporate Business Park Subwatershe
(Savanta 2016);

The Derry Green Subwatershed Impact Study is an

t Study — Study Area 5A

Secondary Plan Study Area is located between Jam w Parkway and Sixth Line, spanning
the area south of the CP Railway, and no d. This study was reviewed for any
relevant natural heritage information includi
these findings are provided in Appendix H1 a

Boyne Secondary Plan Wildlife pugan 2010);
The Boyne Secondary Plan s lands located between Tremaine Road and
James Snow Parkway, justnorth ofithe South Milton SWS, between Britannia Road and Louis St

e close proximity to the study areas, species records from
these studies were in of the background review and are summarized in Appendix

H1 and H2.
4.8.3 Methods / Analy
4.8.3.1 Ecological Land Classification
Methods

Vegetation communities within the South Milton SWS Primary and Supplemental Study Areas
were characterized according to the Ecological Land Classification (ELC) System protocol for
Southern Ontario, 1st approximation (Lee et. al., 1998). ELC classification and mapping for the
South Milton SWS area was compiled from a combination of existing mapping, aerial photo
interpretation, and confirmation through field surveys. The extent and resolution of existing ELC
data was established at the outset of the study as part of the gap analysis and work plan
refinement. Historical ELC mapping at Community Series level was available for some of the
study area based on previous studies by D&A, Savanta, Conservation Halton, and the MNRF.
This background information was overlain onto recent ortho-rectified aerial imagery
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(orthoimagery) to identify gaps and to determine areas that required updating through field
investigation.

As part of the field exercise to update the ELC for the South Milton SWS, site visits were carried
out by D&A between May 3, 2016, and November 11, 2016, on properties where access had been
provided. Each polygon was visited between one and three times during the 2016 season.
Savanta conducted ELC and botanical inventories between May 12, 2015, and October 12, 2015,
within the MP4LG properties. Specific dates and staff for site visits are summarized in Appendix
H4. All vascular plant species encountered were recorded following standard ELC protocol; this
included identifying species within the canopy, sub-canopy, understory, or ground layer and
recording relative abundance. Soil texture and moisture regime were also characterized by
representative topographic positions (e.g. table lands, valley slape, bottom lands). Additional
information collected for each polygon included human disturb (e.g. trails, garbage), invasive
species, and features requiring further investigation for p candidate significant wildlife
habitats such as cavity trees, seeps, and springs, or sta or old growth forest.

t 120 m of the adjacent lands were
egetation Type for ground-truthed
d. All of the ELC data collected was

classified to the highest level of detail possible; E
areas, and at least Communities Series for areas su

compiled into a Microsoft Access database d to ed ELC units in an ArcGIS feature
class where it could be managed, reviewe rol, and exported for analysis and
reporting.

Analysis
Background Review Results

ix H1 were reviewed to determine the current extent of
3, and to identify where gaps in knowledge occur. ELC data
ing background resources:

» Sixteen Mile Creek”Subwatershed Update Study/Functional Stormwater and

Environmental Management Studies (AMEC Environment & Infrastructure et al., 2013);

» Milton Phase 3 Monitoring (D&A 2016);

» Milton Phase 2 Holistic Monitoring Study (D&A 2010 — 2014);

» Derry Green Corporate Business Park Subwatershed Impact Study — Study Area 5A
(Savanta 2016);

» Boyne Secondary Plan Wildlife Survey Data (Dougan 2010)

This information was compiled into a geodatabase and used as base data that could be updated
through field surveys and interpretation of aerial imagery.

Field Investigation Results

In total, 1868 distinct polygons were mapped as part of this study, including anthropogenic (263
units; e.g. residential, roads), agricultural (312 units), and natural (1266; e.g. forest, wetland,
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meadow) areas. An additional 11 polygons had no data collected; ELC for these areas will be
determined in 2017. Appendix H6 is a detailed map of each individual polygon and corresponding
Vegetation Types, which include some areas outside of the South Milton Subwatershed Study
Area. For brevity, only the lands falling within the Primary and Supplemental Study Areas are
summarized below. Map T2 shows the ELC mapping at the level of Community Series.

A total of 1784 polygons were mapped within South Milton SWS, of which 255 are anthropogenic
(including roads), 299 are agricultural, 1219 are natural vegetation communities. The Primary and
Supplemental Study Areas are approximately 3283 ha and 2313 ha in size, respectively, totaling
5596 ha for the whole South Milton SWS. As shown on Map T2, the majority of the study area,
55%, is comprised of agricultural lands, with natural areas comprising 27% and anthropogenic
areas (including roads) 18% of the landscape.

Agricultural and anthropogenic areas occur mainly on the ta s, whereas most of the natural
2). A description of the
elow, and a breakdown

are undergoing natural succession and provide
ecological functions (e.g at). Furthermore, many of these areas are included in the

Cultural community series¢m@Ke up the second largest proportion of natural vegetation
communities (37%) within the*Primary and Supplemental Study Areas, next to terrestrial forests
(Table 4.8.1). These lands are primarily distributed across the tablelands where they border
agricultural and anthropogenic features, as well as adjacent to the valley lands of the Sixteen Mile
Creek and its tributaries (Map T2).

Cultural Meadow (CUM)

Cultural Meadows occupy 312 ha (21%) of the natural areas within the study area, which is the
second most abundant community series next to Deciduous Forests (Table 4.8.1). These cultural
meadow communities are scattered across the tablelands, most often occurring in agriculturally
dominant areas as linear features along small watercourses, between fields, and adjacent to
forested features (Map T2). The largest Cultural Meadows are located in the north half of the
South Milton SWS within the Middle Branch, East Branch, and Lower Middle Tributary
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subwatersheds, as well as along the north side of the 407 corridor in the Supplemental Study
Area.

The vegetation types in this community series are limited to Dry-Fresh Old Field Meadow Types
(CUM1-1)(Appendix H7), but these features occasionally contain small inclusions of Meadow
Marsh (MAM) and Cultural Woodland (CUW), or are complexed with Mineral Cultural Savannah
(CUS1), Mineral Cultural Woodland (CUW1), Reed-canary Grass Mineral Meadow Marsh
(MAM2-2), and Forb Mineral Meadow Marsh (MAM2-10).
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Table 4.8.1 Natural Area within the South Milton Subwatershed Study Area (Primary and Supplemental Study Areas)

. . Primary Study Area Supplemental Study Area Total
Vegetation Community (3283.1 ha) (2312.8 ha) (5595.9 ha)
# of # of # of
0, 0 0, 0 0,
Description ELC Code | Feature Area (ha) Al ALY Feature Area (ha) LGl OETL Feature [l LGl % Study Area*
S Area Area* S Area Area* S (ha) Area

Cultural
Cultural Meadow CUM 151 182.41 22.63% 130.01 18.93% 5.62% 225 312.41 20.93% 5.58%
Cultural Plantation CUP 15 13.91 1.73% 2.97% 0.88% 28 34.28 2.30% 0.61%
Cultural Savannah CUS 9 5.39 0.67% 0.59% 0.18% 10 9.47 0.63% 0.17%
Cultural Thicket Cut 37 28.99 3.60% 2.91% 0.86% 52 48.98 3.28% 0.88%
Cultural Woodland Cuw 53 49.59 6.15% 2.99% 0.89% 81 70.10 4.70% 1.25%
Hedgerow HR 124 46.56 5.78% 4.37% 1.30% 243 76.54 5.13% 1.37%
Terrestrial Forest
Coniferous Forest FOC 6 5.08 0.63% 0.04% 0.01% 7 5.37 0.36% 0.10%
Deciduous Forest FOD 88 212.85 26.40% 267.93 39.01% 11.58% 140 480.77 32.20% 8.59%
Mixed Forest FOM 24 30.48 3.78% 70.19 10.22% 3.03% 46 100.67 6.74% 1.80%
Wetland
Marsh MA 0 0.00% 0.17 0.02% 0.01% 1 0.17 0.01% 0.00%
Meadow Marsh MAM 106 45.06 6.56% 1.95% 149 178.53 11.96% 3.19%
Shallow Marsh MAS 23 1.84 0.27% 0.08% 29 10.81 0.72% 0.19%
Deciduous Swamp SWD 30 22.05 3.21% 0.95% 55 72.91 4.88% 1.30%
Mixed Swamp SWM 0 3.80 0.55% 0.16% 1 3.80 0.25% 0.07%
Thicket Swamp SWT 7 28.22 4.11% 1.22% 13 38.45 2.58% 0.69%
Aquatic
Open Aquatic OAO 48 20.04 2.92% 0.87% 107 43.93 2.94% 0.79%
Shallow Aquatic SA 6 0.02% 2.29 0.33% 0.10% 23 3.10 0.21% 0.06%

oating-leaved Shallow Aquatic 01% : .00% .00% : .03% .01%
Floating-leaved Shallow Aquati SAM 0.01% 0 0.00 0.00% 0.00% 3 0.37 0.03% 0.01%
Submerged Shallow Aquatic SAS 6 0.07% 0 0.00 0.00% 0.00% 6 2.25 0.15% 0.04%

ota .29% . .00% .10% . .00% .68%
Total 736 24.55% 483 686.82 100.00% 29.70% 1219 1492.92 100.00% 26.68%
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CUM1-1 (Dry-Moist Old Field Meadow Type)

A total of 225 Dry-Moist Old Field Meadow Type polygons were mapped within the South Milton
SWS. These features were most often dominated by Awnless Brome (Bromus inermis) and Reed
Canary Grass (Phalaris arundinacea), with associates including Kentucky Bluegrass (Poa
pratensis ssp. pratensis), Canada Goldenrod (Solidago canadensis var. canadensis) and Eastern
Late Goldenrod (Solidago altissima ssp. altissima). Cultural Meadows tended to be relatively low
in terms of species richness; on average, only 13 native species were observed within these
communities.

Cultural Plantation

Twenty-eight (28) Cultural Plantation polygons are mapped within the Primary and Supplemental
Study Areas. These features totaled 34 ha or 2.3% of the nat areas within the whole study
area (Table 4.8.1). Cultural Plantations are distributed thr ut the South Milton SWS and
adjacent to upland forests
are concentrated in the
e branch of the Sixteen
s of deciduous and mixed forest.
Smaller plantations are scattered across tableland a ithin each of the Sixteen Mile Creek
subwatersheds. The maijority of plantations ol UP3). However, several deciduous
plantations of Oak (Quercus sp) and one mi ' e also present (Appendix H7).

along the Sixteen Mile Creek (Map T2). Several |
southeastern portion of the Primary Study Area bor

The single White Pine Coniferg n the South Milton SWS was dominated by
White Pine (Pinus strobus) witt z e Spruce (Picea glauca). The understory and
shrub layers were typicallygdemi 0 by Whlte Pine and White Spruce, with some Box Elder
(Acer negundo), Europ€an Bug Rhamnus cathartica), Tartarian Honeysuckle (Lonicera

yccharum). The ground layer within this plantation type was
cluding Garlic Mustard (Alliaria petiolata), Jack-in-the-pulpit
obert (Geranium robertianum), and Thicket Creeper
s richness within this polygon was 43 species, including 30 native

typically a sparse mix @
(Arisaema triphyllum),
(Parthenocissus inserta). Spe
species.

CUP3-3 (Scotch Pine Coniferous Plantation Type)

The canopy layer of the single the Scotch Pine Coniferous Plantation within the South Milton SWS
was dominated by Scotch Pine (Pinus sylvestris), with associates including Bitternut Hickory
(Carya cordiformis), Blue Spruce (Picea pungens) and Red Oak (Quercus rubra). The understory
layer was also dominated by Scotch Pine, with abundant Bitternut Hickory and some American
Basswood (Tilia americana). The shrub layer was dominated by Tartarian Honeysuckle and
European Buckthorn, while the ground layer was typically a mix of species including Garlic
Mustard, Jack-in-the-pulpit, Broad-leaved Enchanter's Nightshade (Circaea canadensis), and
Herb Robert. Species richness within this polygon was 28 species, including 19 native species.
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Cultural Savannah

Ten (10) cultural savannah polygons were identified within thePrimary and Supplemental Study
Areas, which account for approximately 9.5 ha (<1%) of the natural areas (Table 4.8.1).
Individually, these features are generally small in area (<1 ha), with the exception of one 4 ha
polygon (1987.801) north of the lower middle branch of the Sixteen Mile Creek, and are found
within both tablelands and valleylands across the South Milton SWS (Map T2).

Two Cultural Savannah vegetation types were identified within the Primary and Supplemental
Study Areas; CUS1 (Mineral Cultural Savannah) and CUS1-1 (Hawthorn Cultural Savannah)
(Appendix H7). These communities are summarized below.

CUS1(Mineral Cultural Savannah)

The canopy layer of the Mineral Cultural Savannahs withi South Milton SWS was often
dominated by Black Walnut (Juglans nigra), Trembling ulus tremuloides), and Bur
Oak (Quercus macrocarpa), with associates includi

purpurea), Green Ash (Fraxinus pennsylvanica), Box r and Black Walnut. The ground layer

: 3 , Kentucky Bluegrass and Panicled
Aster (Symphyotrichum lanceolatum ssp. langeolate [ sociated species including Redtop
(Agrostis gigantea), Garlic Mustard, Commo d” (Asclepias syriaca), Canada Thistle

(Cirsium arvense), Fuller's Teasel ({9Jpse um) and Wild Carrot (Daucus carota). Average
@ munity type was 38 for all species and 22 for

Hawthorn Cultural Savannahs within the South Milton

species (Crataegus sp.), most commonly Dotted Hawthorn
including Black Maple (Acer nigrum), American Elm (Ulmus
americana), Sugar Maple and EUropean Buckthorn. The shrub layer generally consisted of a mix
of species, dominated by Hawthorns and European Buckthorn, with occasional Choke Cherry
(Prunus virginiana). The ground layer was typically dominated by European Buckthorn, Black
Maple, and Sugar Maple seedlings, with occasional Trout-lily (Erythronium sp.), Blue-stemmed
Goldenrod (Solidago caesia) and Common Dandelion (Taraxacum officinale). This community,
found in one polygon (921.008; Appendix H6), is notable for several tall and large diameter (>50
cm dbh) Black Maple trees that tower over the canopy of Hawthorns. These trees are likely old
growth based on their size and form, and would be remnants of the historic vegetation community
in this area, Fresh-Moist Black Walnut Lowland Deciduous Forest Type (FOD7-5), which is still

present upstream (Appendix H6). Species richness within this polygon was 40 for all species,
including 22 native species.
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Cultural Thicket

Cultural Thicket communities are numerous across the Primary and Supplmentary study areas
(52 polygons), and total approximately 49 ha, or 3.28% of natural areas within the study area
(Table 4.8.1). As shown on Map T2, Cultural Thickets are concentrated within the valleylands and
adjacent uplands of the main branch of the Sixteen Mile Creek; however, several small features
are also present in agricultural areas on the tablelands within each of the subwatersheds.

CUT1 (Mineral Cultural Thicket)

The canopy layers of the Mineral Cultural Thickets within the South Milton SWS were typically
dominated by Box Elder, Hawthorn, Common Apple (Malus pumila), and Common Lilac (Syringa
vulgaris) with associates including Hickory (Carya sp.), Green Ash, Trembling Aspen, Bur Oak
and American Elm. The understories were most often domin by European Buckthorn and
Hawthorn species, including Dotted Hawthorn and Englis thorn (Crataegus monogyna).

Black Cherry (Prunus serotina), and Bur Oak. The e typically dominated by
European Buckthorn, with associates including Gr

Riverbank Grape. The ground layers were mainly co ed of Garlic Mustard, Fringed Sedge

(Carex crinita), Broad-leaved Enchanter's N ogwood, Dame’s Rocket (Hesperis
matronalis), Spotted Jewelweed (Impatiens \€e Canary Grass, Riverbank Grape,
and Avens species (Geum sp.). On average, re documented within the 17 polygons
of this vegetation type including a native species (Appendix H7).

CUT1-4 (Gray Dogwood Cultur

The most abundant speci
the South Milton SW
comprised of Europe

y layer of the Gray Dogwood Cultural Thicket types within
ling Aspen and Red Oak. The understory was mainly
nd Hawthorn species, with some Apple species (Malus sp.).
by Gray Dogwood, with associates including Tartarian

deltoides), and European B orn. The ground layer was typically abundant with Red Oak and
European Buckthorn seedlings and Arrow-leaved Aster (Symphyotrichum urophyllum), with
occasional Sugar Maple, White Pine, Choke Cherry and European Privet seedlings, and Jack-in-
the-pulpit. Gray Dogwood Cultural Thickets were represented by 6 polygons, which had an
average richness of 45 species and 21 native species (Appendix H7).

CUT1-5 (Raspberry Cultural Thicket Type)

The most abundant species in the canopy layers of the Raspberry Cultural Thicket types within
the study area were Sugar Maple and Hawthorn species, with occasional American Basswood.
Hawthorn was also the most abundant species in the understory layers, with associates including
Norway Maple (Acer platanoides), Shagbark Hickory (Carya ovata), American Basswood, and
Riverbank Grape. The shrub layer was dominated by Common Red Raspberry accompanied by
Hawthorn. The ground layer was typically abundant with Garlic Mustard, Broad-leaved
Enchanter’s Nightshade, Herb Robert and Thicket Creeper. An average species richness of 34,
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including 17 native species, was observed across the two raspberry Cultural Thicket polygons
surveyed.

CUT1-7 (Hawthorn Cultural Thicket Type)

The canopy layer of the Hawthorn Cultural Thicket found within the South Milton SWS was sparse
and comprised of occasional Bur Oak. This community type is not listed in Lee et al. (1998) but
is included here because it best represents the species composition observed in this polygon.
The understory layer was dominated by Hawthorn species including Dotted and English
Hawthorn, as well as other unidentified Crataegus sp. Other occasional species found within this
layer include Green Ash and Bur Oak. The shrub layers contained a mix of species, including
Hawthorns, Tartarian Honeysuckle, Bur Oak and European Buckthorn. The ground layers
contained occasional Spiked Sedge (Carex spicata), Broad-leave® Enchanter’s Nightshade and
White Avens (Geum canadense). Species richness was 49 the single Hawthorn Cultural
Thicket surveyed, including 27 (63%) native species (Appeg

Cultural Woodland

Cultural Woodlands make up approximately 70 ha he natural areas within the Primary
ons (Table 4.8.1). As shown on Map

three polygons are larger than 4 ha

All of the Cultural Woodlands wi e South Milton SWS were classified to the Ecosite level
due to variability in cap®p and limited diversity of Cultural Woodland vegetation
types included in Lee A summary of this Ecosite is provided below.

The canopy layers of the eral Cultural Woodlands within the South Milton SWS were
dominated by Box Elder, Sugar Maple, Shagbark Hickory, Green Ash, Black Walnut, Bur Oak,
Black Locust (Robinia pseudoacacia), Weeping Willow (Salix x pendulina), and American
Basswood. Other abundant species in this layer include Bitternut Hickory (Carya cordiformis),
Hawthorn species, White Ash (Fraxinus americana), Norway Spruce (Picea abies) and American
Elm (Ulmus americana). The understories were mainly dominated by Green Ash, Black Walnut,
and European Buckthorn, with associates including Box Elder, Hawthorn Species, American Elm,
Bur Oak, White Ash, and Black Locust. The dominant species within the shrub layers include
European Buckthorn and Honeysuckle species, with abundant Gray Dogwood, European Privet,
Tartarian Honeysuckle, Common Red Raspberry, Black Raspberry (Rubus occidentalis), and
Riverbank Grape. The ground layers were often dominated by Awnless Brome and Reed Canary
Grass, with associates including Garlic Mustard, Greater Burdock (Arctium lappa), Wild Carrot,
Dame’s Rocket, Garden Bird’s-foot Trefoil (Lotus corniculatus), White Sweet-clover (Melilotus
albus), Canada Goldenrod and Eastern Late Goldenrod. A total of 32 polygons were classified as
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Mineral Cultural Woodland, which had an average species richness of 39 including 20 for native
species only (Appendix H7).

Hedgerow

Hedgerows account for approximately 77 ha (5%) of all the natural areas within the South Milton
SWS. (Table 4.8.1). A total of 243 hedgerow polygons were identified, primarily through
interpretation of orthoimagery. These features are widely distributed among the agricultural areas,
often providing connectivity between larger blocks of natural areas bordering the Sixteen Mile
Creek corridors (Map T2).

Typically, the canopy of the hedgerow polygons South Milton SWSwas dominated by Box Elder,
Hawthorn species, Black Walnut, and Bur Oak accompanied Sugar Maple, Large-toothed
Aspen (Populus grandidentata), and Red Oak. The unders layer was often dominated by
European Buckthorn, with Hawthorn species, White Ash orn Sumac (Rhus typhina).
The shrub layer was usually comprised of Gray Dog
Oak, and European Buckthorn. The ground layer w.
Bur Oak, and Eastern Late Goldenrod, with ass
Fuller's Teasel, and Trout-lily Species. Across the 3
average of 24 species were encountered, i ing an

erow polygons surveyed by D&A, an
ge of 11 native species.

Terrestrial Forest

Terrestrial Forests make up the lasge t of all of the natural areas within the Primary

are present within 193 different’y
Creek corridor and bordeiis

W are distributed primarily within the Sixteen Mile
ands, as shown on Map T2. Notable exceptions include

Branch subwatershead dwood Golf and Country Club between Derry Road and
Britannia Road.

Coniferous Forest

Coniferous Forests make up the smallest component of the terrestrial forests within the study
area at 5.37 ha (0.36%) and are present in only two areas within the South Milton SWS (Table
4.8.1). The largest of these is a group of Fresh-Moist Hemlock Coniferous Forest polygons within
the valley of the lower Sixteen Mile Creek, while the second, smaller polygon, is a narrow feature
of the same type along the East Sixteen Mile Creek west of Trafalgar Road and South of Britannia
Road (Map T2). A description of this community is provided in the following paragraph.

FOC3-1 (Fresh-Moist Hemlock Coniferous Forest Type)

The canopy layer of the Hemlock Coniferous forests South Milton SWSwas typically dominated
by Eastern Hemlock (Tsuga canadensis), with associates including Eastern White Cedar (Thuja
occidentalis), White Pine (Pinus strobus), and Trembling Aspen. The understory was dominated
by Eastern White Cedar and Trembling Aspen. The shrub layer was sparse but contained
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occasional Serviceberry species (Amelanchier sp). The ground layer contained a mix of species,
including Garlic Mustard, Jack-in-the-pulpit, Broad-leaved Enchanter’s Nightshade, Intermediate
Fern (Dryopteris infermedia), Herb Robert (Geranium robertianum), Avens species (Geum sp),
Common Motherwort (Leonurus cardiaca), and White Vervain (Verbena urticifolia). Species
richness across the three polygons surveyed was 17, with an average of 12 native species
observed (Appendix H7).

Deciduous Forest

Deciduous Forests make up approximately 481 ha (32%) of the natural areas within the Primary
and Supplemental Study Areas, which is the largest Community Series within the South Milton
SWS (Table 4.8.1). A total of 140 deciduous forest polygons were identified within the study areas.
These features are distributed throughout the study area but aggf€oncentrated in the lower half
along the Sixteen Mile Creek corridors and their tributaries T2). In the northern half of the
study area deciduous forests are more scattered, generall in size, and more often occur
on tableland areas rather than within the Sixteen Mile k corrid

The deciduous forests are also the most diverse gr of v ation communities within the study
area, with 22 vegetation types identified across ifferent Ecosites. Descriptions of these
vegetation communities are provided below

FOD (Deciduous Forest Type)

The deciduous forests encountered ilton SWS were typically dominated by Sugar
t, Eastern Hop-hornbeam (Ostrya virginiana),

Black Locust, American Bas ay'Elm, often with abundant Riverbank Grape

and Freeman Maple, nd Green Ash, Black Walnut, Red Oak, and European
Buckthorn. The shr A contained a variety of species including Willow species,
Common Red Raspbé erry, and Tartarian Honeysuckle. The ground layers were

ch as Thicket Creeper, Canada Goldenrod, Common Red
Raspberry, Garlic Mustard, € on and Greater Burdock, Chicory (Cichorium intybus), Broad-
leaved Enchanter's Nightshade, Running Strawberry Bush (Euonymus obovatus), Wild
Strawberry (Fragaria virginiana), Panicled Aster and New England Aster. On average, 22 species
were documented in across the 6 polygons classified to this community series, including 14 native
species.

FOD1-1 (Dry-Fresh Red Oak Deciduous Forest Type)

One Dry-Fresh Red Oak Deciduous Forest polygon was surveyed within the South Milton SWS.
The canopy of this feature was dominated by Red Oak (Quercus rubra) and Sugar Maple, with
abundant White Ash and Black Cherry. The understory was dominated by Sugar Maple, with
occasional White Ash and Black Cherry. The dominant species within the shrub layer was Gray
Dogwood and European Buckthorn, with some Box Elder, White Ash, Tartarian Honeysuckle, and
Riverbank Grape. The ground layer was comprised of various species such as Running
Strawberry Bush, Garlic Mustard, Wild Carrot, Yellow Avens (Geum aleppicum), Starved Aster
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(Symphyotrichum lateriflorum) and Heart-leaved Aster (Symphyotrichum cordifolium). A total of
33 species were documented within this polygon, including 26 (84%) native species
(Appendix H7).

FOD2 (Dry-Fresh Oak-Maple-Hickory Deciduous Forest Ecosite)

One Dry-Fresh Oak-Maple-Hickory Deciduous Forest Ecosite polygon was surveyed within the
South Milton SWS. The canopy of this feature was dominated by Bur Oak, with an abundance of
White Ash and White Pine, and occasional Sugar Maple, Shagbark Hickory, American Basswood
and American EIm. The understory was largely comprised of Sugar Maple, White Ash, Eastern
Hop-hornbeam, and Bur Oak. The dominant species in the shrub layer was Tartarian
Honeysuckle, accompanied by Gray Dogwood, Hawthorn, European Buckthorn, Choke Cherry,
Common Red Raspberry and Riverbank Grape. The ground layergontained a diversity of species,
including Awnless Brome, Broad-leaved Enchanter’s Nightshdade, Large-leaved Aster (Eurybia
macrophylla), Avens species, Virginia Waterleaf (Hydrophy, inianum), Panicled Aster, and
European Wood-sorrel (Oxalis stricta). A total of 32 speci ented within this polygon,
including 20 (71%) native species (Appendix H7).

FOD2-2 (Dry-Fresh Oak-Hickory Deciduous Forest
Three Dry-Fresh Oak-Hickory Deciduous Fore ons were surveyed within the South

e understory, the most abundant species was
, White Ash, Bur Oak, Red Oak, American

er groundcover species including Running Strawberry
, and Broad-leaved Enchanter’s Nightshade. An average of
this polygon, including 26 native species (Appendix H7).

FOD2-4 (Dry-Fresh Oak-HardWood Deciduous Forest Type)

One Dry-Fresh Oak-Hardwood Deciduous Forest Type polygon was surveyed within the South
Milton SWS. The canopy of this forest type was dominated by Red Oak and accompanied by a
mixture of species including Bur Oak, Sugar and Freeman Maple, Box Elder, Paper Birch (Betula
papyrifera), Black Walnut, Eastern Hop-hornbeam, and American Basswood. The understory
generally contained a similar mixture to the canopy, with the addition of Black Cherry and Choke
Cherry. The shrub layer was comprised of Gray Dogwood, Hawthorn, Honeysuckle Species,
European Buckthorn, Black Cherry, Choke Cherry and Cranberry Viburnum (Viburnum opulus
ssp. opulus). The ground layer was a mixture of groundcover species and seedlings, including
Bur and Red Oak, European Buckthorn, American Elm, Heart-leaved Aster, Blue-stemmed
Goldenrod (Solidago caesia), Garlic Mustard, Canada Anemone (Anemone canadensis), and
Wild Strawberry. A total of 69 species were documented within this polygon, including 34 (64%)
native species (Appendix H7).

Our File: TP116007 Page 156



Town of Milton Amec Foster Wheeler
Phase 1: Background Review and Subwatershed Characterization Environment & Infrastructure
South Milton Urban Expansion Area

March, 2017

FOD3-1 (Dry-Fresh Poplar Deciduous Forest Type)

One Dry-Fresh Oak-Hardwood Deciduous Forest Type polygon was surveyed within the South
Milton SWS. This forest type was dominated by large-toothed aspen, with occasional Green Ash,
Black Cherry, Bur and Red Oak. The understory was a mix of Sugar Maple, Bitternut Hickory,
European Buckthorn, American Basswood, and American EIm, while the shrub layer was
comprised of Blue-beech, White Ash, Tartarian Honeysuckle, Black Cherry, Common Red
Raspberry, American Basswood and American EIm. The ground layer contained a mix of species
including Garlic Mustard, Jack-in-the-pulpit, Sedge Species (Carex sp.), Lamb’s Quarters
(Chenopodium album), Broad-leaved Enchanter’s Nightshade, Running Strawberry Bush, Herb
Robert, Spotted Geranium (Geranium maculatum), Climbing Nightshade (Solanum dulcamara),
Violet Species (Viola sp.) and Poison Ivy (Toxicodendron radicans). A total of 69 species were
documented within this polygon, including 34 (64%) native specie®(Appendix H7).

FOD4 (Dry-Fresh Deciduous Forest Ecosite)

One Dry-Fresh Deciduous Forest Type polygon was su [ e South Milton SWS. The
canopy layer for this feature was dominated by Bo
understory had a similar tree composition, with th
layer was comprised of a mixture of species includin
Tartarian Honeysuckle, Choke Cherry, Cq

-osier Dogwood (Cornus stolonifera),
spberry and Black Raspberry. The

ground layer also contained a mixture o g Common Milkweed, Common
Burdock, Awnless Brome, European Swallo ynanchum rossicum), Philadelphia
Fleabane (Erigeron Philadelphicus) per, Panicled Aster, New England Aster, Colt’s-
foot (Tussilago farfara) and R jum pratense). A total of 55 species were

Five Dry-Fresh Suga ousForest Type polygons were surveyed within the Primary
2 dominant species in the canopy and understory layers for

Beech (Fagus grandifolia) e Ash, Black Walnut, White Pine, Bur Oak and American
Basswood. The understory and shrub layers were completely dominated by Sugar Maple. The
ground layer was abundant with Black Maple seedlings and some Sugar Maple seedlings, and a
mixture Garlic Mustard, Running Strawberry Bush, Woodland Strawberry, Zigzag Goldenrod
(Solidago flexicaulis), Herb Robert, Devil's Beggarticks (Bidens frondosa) Broad-leaved
Enchanter’s Nightshade, Canada Clearweed (Pilea pumila), Poison lvy and Common Dandelion.
An average of 43 species were documented within these polygons, including 32 native species
(Appendix H7).

FOD5-2 (Dry-Fresh Sugar Maple-Beech Deciduous Forest)

Five Dry-Fresh Sugar Maple-Beech Deciduous Forest Type polygons were surveyed within the
South Milton SWS. The canopy of this forest type South Milton SWSwas dominated by Silver and
Sugar Maple, and American Beech, with a Silver Maple dominated understory. The shrub layer
was also dominated by Sugar and Silver Maple shrubs, as well as the ground layer with seedlings.
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Other species present in the ground layer included Wild Strawberry, Spotted Jewelweed, Thicket
Creeper, False Solomon’s Seal (Maianthemum canadense), Virginia Smartweed (Persicaria
virginiana), Heart-leaved Aster and Starved Aster. An average of 31 species were documented
within these polygons, including 25 native species (Appendix H7).

FOD5-3 (Dry-Fresh Sugar Maple-Oak Deciduous Forest)

Eleven Dry-Fresh Sugar Maple-Oak Deciduous Forest Type polygons were surveyed within the
Primary and Supplemental Study Areas. In this forest type, the canopy was dominated by Sugar
Maple, with an abundance of Bitternut Hickory, Bur Oak, Red Oak, and American Basswood. The
understory was dominated by Sugar Maple, followed by Eastern Hop-hornbeam, and American
Elm. Sugar Maple and European Buckthorn dominated the shrub layer, while the ground layer
was dominated by Virginia Smartweed (Persicaria virginiana), wit abundance of Sugar Maple,
Garlic Mustard, Awnless Brome, and Poison Ivy. An averag 50 species were documented
within these polygons, including 33 native species (Appendi

South Milton SWS. The dominant species in the cano d understory layers for this forest type
were Sugar Maple, Bitternut Hickory, and Shagbark Hic . In addition to Sugar Maple shrubs,

Broad-leaved Enchanter’'s Nights b Robert. An average of 30 species were
i e species (Appendix H7).

FOD5-6 (Dry-Fresh Sugar Maple-Bagswood Deciduous Forest Type)

One Dry-Fresh Sugar ) Deciduous Forest Type polygons was surveyed within
the South Milton S e dominant canopy species was Sugar Maple, while
American Basswood [ sh were abundant. Sugar Maple also dominated in the

understory, with the occasie tarian Honeysuckle and American Elm. The shrub layer only
contained a few species, uding Tartarian Honeysuckle, Wild Black Currant (Ribes
americanum), Choke Cherry, and Common Red Raspberry. The ground layer contained a mixture
of species, including Eastern Helleborine (Epipactis helleborine), Avens species, Running
Strawberry Bush, Dame’s Rocket, Virginia Waterleaf, Canada Moonseed (Menispermum
canadense), Panicled Aster, Starved Aster, and Heart-leaved Aster. A total of 29 species were
documented within this polygon, including 22 (79%) native species (Appendix H7).

FOD5-7 (Dry-Fresh Sugar Maple -Black Cherry Deciduous Forest Type)

One Dry-Fresh Sugar Maple-Black Cherry Deciduous Forest Type polygon was surveyed within
the South Milton SWS. The canopy layer of this feature was dominated by Sugar Maple, followed
by Black Cherry and Eastern Hemlock. Sugar Maple also dominated the understory and shrub
layers, with occasional White Ash in the understory and Choke Cherry in the shrub layers. The
ground layer was dominated by Sugar Maple and False Nettle (Boehmeria cylindrica), with
occasional Greater Burdock, Devil's Beggarticks, Broad-leaved Enchanter’s Nightshade, Avens
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species, Fowl Mannagrass (Glyceria striata), Reed Canary Grass, Choke Cherry, and Canada
Goldenrod. A total of 48 species were documented within this polygon, including 36 (82%) native
species (Appendix H7).

FOD5-8 (Dry-Fresh Sugar Maple-White Ash Deciduous Forest Type)

One Dry-Fresh Sugar Maple-White Ash Deciduous Forest Type polygon was surveyed within the
South Milton SWS. The canopy layer in this feature was dominated by Black Maple and Sugar
Maple, with occasional White Ash, Red Oak, Shagbark Hickory, American Beech, and Eastern
Hemlock. Similar to the canopy, Sugar Maple dominated the understory, with associates including
Shagbark Hickory, American Beech, White Ash, Eastern Hop-hornbeam, American Basswood,
and Eastern Hemlock. The shrub layer was again dominated by Sugar Maple, with occasional
Shagbark Hickory, Choke Cherry, Poison lvy, and Riverbank &&rape. The ground layer was
abundant with Garlic Mustard, Broad-leaved Enchanter’s Ni ade, and Running Strawberry
Bush, with some Shagbark Hickory and White Ash s Intermediate Fern, Spotted
Geranium, Herb Robert, Dame’s Rocket, and Zigzag total of 42 species were

FODG6 (Fresh-Moist Sugar Maple Deciduous Forest

Three Fresh-Moist Sugar Maple Deciduou polygons were surveyed within the

features were dominated by Sugar

Cherry. The ground layers included pecies, including Garlic Mustard, Wild Leek,
Jack-in-the-pulpit, Lady Fern ( a var. angustum), Sedge species, Running
Strawberry Bush, White Trout- americanum), Wild Strawberry, Herb Robert, May

Apple (Podophyllum peltatum), ang . An average of 30 species were documented within
these polygons, includi i

the South Milton SWS. The eanepy layer in this forest was dominated by Sugar Maple and Black
Maple, with occasional Blue-Beech, American Beech, White Ash, and American EIm. The
understory had a similar composition, with the addition of occasional Hawthorn species. The
shrub layer was comprised of a few species including Tartarian Honeysuckle, European
Buckthorn, and Wayfaring-tree (Viburnum lantana). The ground layer was dominated by Zigzag
Goldenrod, with associates including Creeping Bentgrass (Agrostis stolonifera), Devil's
Beggarticks, Broad-leaved Enchanter’s Nightshade, Field Horsetail (Equisetum arvense), Spotted
Joe-Pye Weed (Eutrochium maculatum var. maculatum), Wild Strawberry, and Tall Buttercup
(Ranunculus acris). A total of 80 species were documented within this polygon, including 56 (76%)
native species (Appendix H7).

FOD7 (Fresh-Moist Lowland Deciduous Forest Ecosite)

Four Fresh-Moist Lowland Deciduous Forest Ecosite polygons were surveyed within the South
Milton SWS. The canopy layers within these features were dominated by Black Walnut and
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American Basswood, with occasional Sugar Maple and Green Ash. The subcanopy layers were
abundant with Riverbank Grape and Sugar Maple. Riverbank Grape and Black Raspberry were
abundant in the shrub layer, with some Sugar Maple and Sandbar Willow (Salix interior). The
ground layer was dominated by Awnless Brome, with associates including Garlic Mustard, Reed
Canary Grass, Black Raspberry, Eastern Late Goldenrod, Erect Hedge-parsley (Torilis japonica),
and Riverbank Grape. An average of 46 species were documented within these polygons,
including 47 native species (Appendix H7).

FOD7-2 (Fresh-Moist Ash Lowland Deciduous Forest Type)

One Fresh-Moist Ash Lowland Deciduous Forest Type polygon was surveyed within the South
Milton SWS. The canopy layers in this forest were abundant with Sugar Maple and Green Ash,
with occasional Eastern Cottonwood. Green Ash and Eastem» Cottonwood dominated the
understory, while the shrub layer contained Sugar Maple, Gr. ogwood, Eastern Cottonwood,
Choke Cherry, Common Red Raspberry, and Riverbank n the ground layer, Awnless
Brome and Canada Goldenrod were the most abund i ith occasional associates

total of 28 species were documented within this cluding 16 (62%) native species
(Appendix H7).

South Milton SWS. The canopy layg

i
iRed Raspberry, and Riverbank Grape were the most
ding Sugar Maple, Green Ash, and European Buckthorn.

FOD7-4 (Fresh-Moist Black Walnut Lowland Deciduous Forest Type)

Five Fresh-Moist Walnut Lowland Deciduous Forest Type polygons were surveyed within the
South Milton SWS. The canopy layers in these forests were dominated by Black Walnut with an
abundance of Box Elder and occasional Sugar Maple and White Willow. The subcanopy layers
were also dominated by Black Walnut, and abundant with Hawthorn species. Associates in this
layer were Box Elder, Tartarian Honeysuckle, Apple Species, European Buckthorn and White
Willow. The shrub layers were a mix of Box Elder, Green Ash, Tartarian Honeysuckle, Choke
Cherry, European Buckthorn, Wild Black Currant, Common Red Raspberry, and Black Raspberry.
The most abundant species in the ground layers were Sugar Maple seedlings, Awnless Brome,
Dame’s Rocket, Thicket Creeper, Reed Canary Grass, and Canada Goldenrod. An average of 55
species were documented within these polygons, including 32 native species (Appendix H7).
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FOD7-5 (Fresh-Moist Black Maple Lowland Deciduous Forest Type)

Two Fresh-Moist Black Maple Lowland Deciduous Forest Type polygons were surveyed within
the South Milton SWS. The canopy layers in this forest type were dominated by Sugar Maple and
Black Maple and occasional Bitternut Hickory, Green Ash, Black Walnut and American Basswood.
The sublayers were most abundant with Black Maple, with occasional American Basswood and
American EIm. Black Maple also dominated the shrub layer, with some Bur Oak and American
Basswood. The ground layer was abundant with Garlic Mustard, Trout-lily species, Spotted
Jewelweed, and Reed Canary Grass. An average of 56 species were documented across these
two polygons, including 39 native species (Appendix H7).

FOD9-1 (Fresh-Moist Oak-Sugar Maple Deciduous Forest Type)

One Fresh-Moist Oak-Sugar Maple Deciduous Forest Type p
South Milton SWS. The canopy layer within this forest was
Oak. In the subcanopy, European Alder was abundant, wi

on was surveyed within the
nated by Sugar Maple and Bur
ional Eastern Hop-hornbeam.

opulus). The most abundant species in the gro ere Canada Anemone and Wild
Strawberry. A total of 77 species were documented i
species (Appendix H7).

Two Fresh-Moist Shagbark Hicko orest Type polygons were surveyed within the
South Milton SWS. The canop -Moist Shagbark Hickory Deciduous Forests
were typically dominated by Sha ad Freeman Maple, with associates including Box

3asswood, and American EIm. Green Ash, Choke Cherry, and
~ shrub layer, with associates including Sugar Maple, Blue-
Beech, Shagbark Hicko
Cherry, Black Raspberry, E& n Hop-hornbeam, and Cranberry Viburnum. The ground layer
was abundant with Jack-in-the-pulpit, Awnless Brome, Woodland Sedge, Shagbark Hickory,
Broad-leaved Enchanter's Nightshade, Avens species, Fowl Mannagrass, Virginia Smartweed,
Kentucky Bluegrass, Zigzag Goldenrod, Common Dandelion, and White Trillium (Trillium
grandiflorum). An average of 84 species were documented across these two polygons, including
55 native species (Appendix H7).

Mixed Forest

Mixed Forests make up approximately 101 ha (7%) of the natural areas within the Primary and
Supplemental Study Areas (Table 4.8.1). A total of 46 mixed forest polygons were classified within
the study areas. The majority of these features were confined to the lower study area within the
west and lower middle branch of the Sixteen Mile Creek, where they were one of the dominant
community series (Map T2). Several smaller polygons also made up a large portion of the forest
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cover in the southern portion of the east branch and northern portion of the lower middle tributary
subwatersheds east of Trafalgar Road and North of Britannia Road.

The mixed forests within the South Milton SWS by 4 vegetation types across 3 different Ecosites.
Descriptions of these vegetation communities are provided below.

FOM2-1 (Dry-Fresh White Pine-Oak Mixed Forest Type)

One Dry-Fresh White Pine-Oak Mixed Forest Type polygon is mapped within the South Milton
SWS. This feature was surveyed from a nearby road, so the groundcover species could not be
observed. The dominant species in the canopy and understory layers within this forest type
included White Pine, Bur Oak, Red Oak, Norway Spruce, White Ash and Box Elder.

FOM2-2 (Dry-Fresh White Pine-Sugar Maple Mixed Forest T

Four Dry-Fresh White Pine-Sugar Maple Mixed Forest T.
South Milton SWS. The canopy layers for this forest
White Spruce, with an abundance of Sugar Maple,
Hemlock. The understory was a mixture of Sug
Raspberry and White Ash were abundant in the sh
Maple and Black Cherry. The ground laye

ons are mapped within the
inated by White Pine and
Oak, Americ asswood and Eastern
yer, with associates including Sugar
ed by Sugar Maple and White Ash

One Dry-Fresh Sugar Maple K Mixed Forest Type polygon is mapped within the South
Milton SWS. The canop f is Terest was dominated by Sugar Maple and Eastern Hemlock,
White Pine. The understory and shrub layer was also
bccasional American Beech, Choke Cherry and American

with occasional Broad-leave€ hanter’s Nightshade and American Beech. A total of 27 species
were documented within this polygon, including 21 (81%) native species (Appendix H7).

FOMG6-1 (Fresh-Moist Sugar Maple-Hemlock Mixed Forest Type)

Four Fresh-Moist Sugar Maple-Hemlock Mixed Forest Type polygons are mapped within the
South Milton SWS. The canopy layers of this forest type were typically dominated by Eastern
Hemlock and Sugar Maple, followed by American Beech, with associates including Eastern Hop-
hornbeam, White Pine, Red Oak, American Basswood, and American Elm. Sugar Maple
dominated in the understory layers, with abundant American Beech and some Paper Birch, White
Pine and Eastern Hemlock, while American Beech was most abundant in the shrub layers. The
forest floor was abundant with Garlic Mustard, Running Strawberry Bush, Herb Robert, and
Common Speedwell (Veronica officinalis). Other ground layer associates included Canada
Goldenrod, Intermediate Fern, Spinulose Wood Fern (Dryopteris carthusiana), Marginal Wood
Fern (Dryopteris marginalis), Woodland Strawberry, Climbing Nightshade and Blue-stemmed
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Goldenrod. An average of 23 species were documented across these four polygons, including 14
native species (Appendix H7).

Wetland

Wetlands account for approximately 304 ha or 20% of the natural areas within the Primary and
Supplemental Study Areas (Table 4.8.1). A total of 248 wetland polygons are mapped within the
study area, as shown on Map T2. Marshes are most common on the tablelands in small patches
within agricultural areas and along small watercourses, but also line the bottomlands of both
branches of the Sixteen Mile Creek. Swamps forests and thicket swamps, in contrast, are more
restricted in their distribution, consisting of larger blocks in the lower Sixteen Mile Creek in the
Supplemental Study Area, as well as in the northern portion of the Lower Middle Branch
subwatershed and western edge of the East Branch subwatersh long the Sixteen Mile Creek.

Meadow Marsh

natural areas within the
lygons of this type are

Meadow Marsh communities make up approximately
Primary and Supplemental Study Areas (Table 4.
mapped. These features are widely distributed thro
and valleylands of each branch of the Sixteen Mile k (Map T2). On the tablelands, these
communities most often border headwate :

agricultural areas but also line the bottomlan .Wv branches of the Sixteen Mile Creek. The
largest Meadow Marsh features were with Middle Branch and Middle East Branch
subwatersheds within the northerngportic :
The Meadow Marshes within th ﬁ
the the Mineral Meadow Ma ( 2) Ecosite. Descriptions of these vegetation communities
are provided below.

MAM2 (Mineral Meadov

Nine Mineral Meadow Ma
were typically dominated by Reed Canary Grass (Table 4.8.1). Other abundant species included
Garlic Mustard, Sedge species (Carex sp), Erysimum Species, Spotted Jewelweed, Kentucky
Bluegrass, Eastern Late Goldenrod, Panicled Aster, and Tufted Vetch (Vicia cracca). Average
species richness across the polygons surveyed was 32 species, including 20 native species
(Appendix H7).

MAM2-2 (Reed-canary Grass Mineral Meadow Marsh Type)

Twenty-six (26) Reed-canary Grass Mineral Meadow Marsh Type polygons are mapped within
the Primary and Supplemental Study Areas (Table 4.8.1). This meadow marsh type was
dominated by Reed Canary Grass and Canada Goldenrod. Other abundant species included
European Reed (Phragmites australis ssp. australis), Common Dandelion and Narrow-leaved
Cattail. On average, species richness was 28 across the polygons surveyed, including an average
of 14 native species (Appendix H7).
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MAM2-10 (Forb Mineral Meadow Marsh Type)

Thirteen (13) Forb Mineral Meadow Marsh Type polygons are mapped within the Primary and
Supplemental Study Areas (Table 4.8.1). The Forb Mineral Meadow Marshes within the study
area were typically dominated by Canada Goldenrod and Narrow-leaved Cattail (Typha
angustifolia). Other abundant species include Reed Canary Grass, Marsh Bedstraw (Galium
palustre), Purple Loosestrife, Smooth Goldenrod (Solidago gigantea), Panicled Aster, Gray
Dogwood, and Riverbank Grape. On average, species richness was 38 across the polygons
surveyed, including an average of 20 native species (Appendix H7).

Shallow Marsh

Shallow Marsh communities make up approximately 11 ha (<1%).of the natural areas within the
South Milton SWS, with a total of 29 polygons of this type classifi€d (Table 4.8.1). These features
are located primarily within agricultural lands and golf cour ithin the central portion of the
South Milton SWS (Map T2) and are generally small feat than 1 ha in size (Appendix
H7).

The Shallow Marshes within the South Milton SW re esented by three Vegetation Types
within the Mineral Shallow Marsh (MAS2) Ecosite. De tions of these vegetation communities
are provided below.

MAS2 (Mineral Shallow Marsh Ecosite

Two (2) Mineral Shallow Marsh Ecg . are mapped within the South Milton SWS (Table
4.8.1). These features were co e '

leaved and Broad-leaved CattailghRedtop

average species richnessga
(Appendix H7).

MAS2-1 (Cattail Minera

Seventeen (17) Cattail Minera allow Marsh Type polygons are mapped within the Primary and
Supplemental Study Areas (Table 4.8.1). These features were dominated by Broad-leaved Cattail
or Narrow-leaved Cattail, or a combination of these two species, with Canada Goldenrod and
Common Reed as abundant associates. The average species richness across these polygons
was roughly 7 species, including only 3 native species (Appendix H7).

rsh)

MAS2-9 (Forb Mineral Shallow Marsh Type)

One Forb Mineral Shallow Marsh Type was documented in the data provided by Savanta (Table
4.8.1). As only the community type was provided, details regarding the species composition and
other characteristics will be provided in a future update to the characterization report.

Deciduous Swamp

Deciduous Swamp communities make up approximately 73 ha (5%) of the natural areas within
the Primary and Supplemental Study Areas (Table 4.8.1). A total of 55 polygons of this type are
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mapped. These features are most common in tableland areas and along the east and middle
branches of the Sixteen Mile Creek where relatively large patches were present. The largest
Meadow Marsh features are within the Middle Branch and Middle East Branch subwatersheds
within the northern portion of the South Milton SWS.

The Deciduous Swamps within the South Milton SWS are represented by 5 Vegetation Types
across 4 Ecosites. Descriptions of these vegetation communities are provided below.

SWD1-2 (Bur Oak Mineral Deciduous Swamp)

Two Bur Oak Mineral Deciduous Swamp Type polygons are mapped within the South Milton SWS
(Table 4.8.1). These features were dominated by Bur Oak in the canopy, with Shagbark Hickory
an abundant associate and Silver Maple and American Basswoodfless common. The subcanopy
and understory consisted of the same species, along wi ommon Buckthorn and Gray
Dogwood. Ground cover species included Canada and enrod, Reed Canary Grass,
Panicled Aster, Fox sedge (Carex vulpinoidea), Hop S pulina), and Blunt Broom

SWS (Table 4.8.1). The canopy and subcanof atures were dominated by Green Ash

with occasional Crack Willow, while layers contained occasional Sandbar Willow
(Salix interior), Gray Dogwood ari pneysuckle. Common species include Reed-
canary Grass, Dame’s Rock 3 Aster, and Canada Anemone (Anemone
canadensis), and Purple LooseSs . On average, 26 species were observed within these

polygons, including 16 ve'specieS(Appendix H7).

Three (3) Silver Maple M aCiduous Swamp Type polygons were surveyed within the South
Milton SWS (Table 4.8.1). >’canopy layer of these features were dominated by Silver Maple,
with Green Ash, White Willow, and American Basswood being occasional associates, whereas
the subcanopy layers were often had Manitoba Maple, Trembling Aspen, and American EIm.
Abundant understory trees and shrubs included Green Ash, Silver Maple, Common Buckthorn,
Swamp Red Current (Ribes triste), and Poison Ivy (Toxicodendron radicans). The groundcover
layers were abundant with Reed Canary Grass, Asters (Symphyotrichum sp), Spotted
Jewelweed, and Goldenrods. Less common associates included Canada Anemone, Field
Horsetail (Equisetum arvense), Wild Strawberry, and Cattails. On average, 15 species were
observed in these polygons, including 11 native species (Appendix H7).

SWD3-3 (Swamp Maple Mineral Deciduous Swamp Type)

Four Swamp Maple Mineral Deciduous Swamp Type polygons are mapped within the South
Milton SWS (Table 4.8.1). These features were dominated by Freeman’s Maple in the canopy
and subcanopy, and also contained American ElIm and Green Ash in the understory. The ground
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cover was abundant with Poison Ivy, Clear Weed, and Enchanter’s nightshade. Species richness
for the one polygon surveyed by D&A was 24, including 15 (71%) native species (Appendix H7).

SWD4-1 (Willow Mineral Deciduous Swamp Type)

Five Willow Mineral Deciduous Swamp Type polygons were surveyed within the South Milton
SWS (Table 4.8.1). The canopy and subcanopy of these features were dominated by non-native
willows (e.g. White Willow), along with Manitoba Maple, Green Ash, and Bur Oak as less common
associates. Understory species included Red-osier Dogwood, Common Buckthorn, Riverbank
Grape, and American Elm, while the groundcover consisted of Canada Goldenrod, Purple
Loosestrife, and Reed Canary Grass. On average, 24 species were observed in these polygons,
including 13 native species (Appendix H7).

Mixed Swamp
Mixed Swamp communities make up approximately 4 ha the natural areas within the
South Milton SWS (Table 4.8.1). This community type e feature at the southern

he Supplemental Study
feature; it was mapped based on

Thicket Swamp

Thicket swamp communities make
South Milton SWS (Table 4.8.1).
clustered in the northern portig
branches, as well as the south
Creek (Map T2).

38 ha (2.6%) of the natural areas within the
ons of this type mapped. These features were
on SWS within the middle and middle east
outh Milton SWS along the east Sixteen Mile

The Meadow Marsh@
within theMineral Thicke
are provided below.

outh Milton SWS were represented by 2 Vegetation Types
T2) Ecosite. Descriptions of these vegetation communities

SWT2 (Mineral Thicket Swamp Ecosite)

One Mineral Thicket Swamp Ecosite was surveyed within the South Milton SWS (Table 4.8.1).
This feature was dominated by Black Walnut, with occasional Sugar Maple in the canopy and
understory layers. Black Walnut was most abundant in the shrub layer, and the ground layer
contained occasional Garlic Mustard, Colt’s-foot and Riverbank Grape. A total of 8 species were
observed in this polygon, including 4 (50%) native species (Appendix H7).

SWT2-2 (Willow Mineral Thicket Swamp Type)

Three Willow Mineral Thicket Swamp Type polygons were surveyed within the South Milton SWS
(Table 4.8.1). These features were dominated by Heart-leaved Willow (Salix eriocephala).
Occasional ground layer associates included Spotted Jewelweed, Purple Loosestrife, Reed
Canary Grass, and Hybrid Cattail (Typha x glauca). On average, 7 species were observed across
these polygons, including 4 native species (Appendix H7).
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SWT2-9 (Gray Dogwood Mineral Thicket Swamp Type)

Two Gray Dogwood Mineral Thicket Swamp Type polygons were surveyed within the South Milton
SWS (Table 4.8.1). These features were dominated by Black Maple and Sugar Maple in the
canopy layers, with abundant Black Walnut and occasional associates including Box Elder,
Freeman Maple, Green Ash, American Basswood, and American Elm. Black Maple, Sugar Maple,
and Hawthorn species dominated the understory, with occasional Green Ash, Choke Cherry, Bur
Oak, American Basswood and American Elm. In the shrub layers, Gray Dogwood and Hawthorn
species were the most abundant, along with occasional Green Ash, Staghorn Sumac, Common
Red Raspberry and Riverbank Grape. Black Maple seedlings and Common Scouring-rush were
the most abundant species on the ground layer, followed by Sugar Maple seedlings, Woodland
Sedge, Yellow Trout-lily and Dame’s Rocket. On average, 89 speci@s were observed across these
polygons, including 51 native species (Appendix H7).

Aquatic

Aquatic communities make up the smallest portion
ha in total or 3.33% of all the natural areas withi
(Table 4.8.1). A total of 139 polygons are mapped, w are primarily small (< 0.5 ha) features
in agricultural or anthropogenic areas (M . the aquatic features, including the
largest, are concentrated within the Rattles lub, Wyldewood Golf and Country
Club, and Oakville Executive Golf Course.

Open Aquatic

One hundred and seven (107)
the natural areas were idg
These communities
within the golf course
aquatic features were a

ygons making up approximately 44 ha (3%) of
the Primary and Supplemental Study Areas (Table 4.8.1).
ghout the South Milton SWS, but were concentrated
e upper East Sixteen Mile Creek (Map T2). Smaller open
Il among agricultural lands.

OAO (Open Aquatic)
These communities were typically abundant with Narrow-leaved Cattail and Thicket Creeper, with

occasional European Reed, Poison vy, Broad-leaved Cattail, and Red Fescue (Festuca rubra
ssp. rubra) along shoreline areas.

Shallow Water

Twenty-three (23) Shallow Water polygons were surveyed within the South Milton SWS, making
up approximately 3 ha (<1%) of the natural areas (Table 4.8.1). These features were most
common in the southeastern portion of the South Milton SWS within agricultural areas, golf
courses, and occasionally along the east branch of the Sixteen Mile Creek (Map T2).
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One shallow water polygon was surveyed within the South Milton SWS. This community was
dominated by Duckweed species (Lemna sp). A total of 21 species were observed in this polygon,
including 13 (65%) native species.

Floating-leaved Shallow Aquatic

Four Floating-leaved Shallow Aquatic polygons making up less than 1 ha (<1%) of the natural
areas within the South Milton SWS were identified (Table 4.8.1). These features were all small
(<0.5 ha), and are isolated within the lower middle branch subwatershed. The largest feature,
located north of Derry Road along the western edge of the primary study area, is part of a larger
complex of wetland features within the corridor of the middle branch of the Sixteen Mile Creek.
One Vegetation Type was identified within this community series and is described below.

SAF1-3 (Duckweed Floating-leaved Shallow Aquatic Type)
Two Duckweed Floating-leaved Shallow Aquatic Type pol

all located within the Wyldewood
dominated by Reed Canary Gras

48.3.2 Botanical Inventor
Methods

An inventory of vasc
same time as the EC
surveys were suppleme
reptiles, breeding bird su
data management, QA/QC, analysis, and mapping. The taxonomy, nomenclature and provincial
ranks for each of the species are consistent with the Natural Heritage Information Centre (NHIC
2014). Regional ranks follow Varga et al. (2005) for the Greater Toronto Area and Crins et al.
(2006) for Halton Region.

Analysis
Background Review Results

Data from eight (8) background resources were reviewed in order to compile a comprehensive
list of species that are known to occur within the Primary or Supplemental Study Areas or natural
features that are contiguous with the South Milton SWS (i.e. Sixteen Mile Creek). These resources
included:

» Britannia Road Transportation Corridor Improvements: Environmental Study Report

Our File: TP116007 Page 168



Town of Milton Amec Foster Wheeler
Phase 1: Background Review and Subwatershed Characterization Environment & Infrastructure
South Milton Urban Expansion Area

March, 2017

(North-South Environmental 2011 & 2013)

» Sixteen Mile Creek Subwatershed Update Study/Functional Stormwater and
Environmental Management Studies (AMEC Environment & Infrastructure et al., 2013);

» Milton Phase 2 Holistic Monitoring Study (D&A 2010 — 2014);

» Milton Phase 3 Monitoring (D&A 2016)

» North Oakville Creeks Subwatershed Study;

» Premier Gateway Subwatershed Study;

» 401 Corridor Integrated Planning Project, Town of Halton Hills: Scoped Subwatershed
Plan (Dillon 2000);

» Element Occurrence Data for Provincially tracked species, plant communities and wildlife

concentration areas query (NHIC 2016);
» Consultation with Aurora District MNRF for Species
Information Request);
» Great Lakes Conservation Blueprint for Terrestrial Bi ity (Henson & Brodribb 2005)
» Conservation Halton Element Occurrence Data Halton, 2016)

isk (SAR) records (via an

upplemental Study Areas. Of these,
371 (75%) are native to Ontario. A complete list of the spegies compiled from all of the background
resources reviewed is provided in Appendix

Field Investigation Results

it). Of those identified to species, 240 (38%) species
are not native to Ont (10%) ornamental species, and 13 (2%) agricultural

species.

In terms of growth form, the niajority of species observed, 333 (56%), were forbs, including 205
(32%) native species and 149 (24%) non-native species. Trees made up the second richest
group, with 84 (13%) species including 55 (9%) native and 29 (5%) non-native species. Shrubs
were represented by 58 (9%) species, of which 37 (6%) are native, and 21 (3%) are non-native.
Grasses represented 9% (56 species) of the flora, with more non-native species than native
species (32 species vs. 24 species), and 50 (8%) sedge species were recorded for the South
Milton SWS, including one non-native species. Finally, 14 (2%) native fern species were
observed, and 16 (3%) vines, including 10 (2%) native and 6 (1%) non-native vines.

In terms of Coefficients of Conservatism (CC), 319 of the 730 species observed (44%) are taxa
that are typically associated with a wide variety of plant communities and disturbance regimes
(CC =0 - 3; Appendix H8). Only 216 (30%) species are typically associated with specific habitat
types but have a moderate tolerance to disturbance (CC= 4 - 6), and only 59 (8%) are species of
late-successional and low-disturbance plant communities (CC = 7,8) or with a high fidelity to
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communities with a narrow range of environmental conditions (CC = 9,10). Finally, 136 (%) of the
species observed have no CC values assigned, which are typically non-native species. Average
CC for the native species observed was 3.5.

Obligate upland species were the most numerous group and represented 29% of all species
included in this analysis, whereas obligate wetland species represent only 15%. Overall, the flora
of the South Milton SWS is dominated by species favoring upland conditions, with 325 species
having CW >0 versus 212 species with CW <0 Appendix H8. An additional 58 species are equally
likely to occur in wetland and upland habitats (CW = 0). Overall, average CW for the species
observed was 0.8.

4.8.3.3 Breeding Birds
Methods

An extensive survey effort was conducted across the Sout SWS area for breeding birds.
Savanta staff conducted surveys on 18 different days ( urs) during 2015 and D&A

incidental observations. Point count and area searc ect survey locations were conducted
primarily in the Primary study area on a s ties in the South Milton SWS where
access had been provided; additionally, sit
coverage of the various habitat types within
bird point count stations and feature g area search transects. A total of 105 point
count stations and additional arg transects were conducted across the South Milton
SWS.

Surveys generally followg [ es outlined in the Ontario Breeding Bird Atlas (Cadman et

window. Open habitats and iCultural areas were targeted for surveys that extended past 10:00
a.m.; generally, birds that usethese habitats sing more regularly later in the day, unlike birds that
use forested habitats that are more active earlier in the morning. Repeat surveys for each point
count location and area search transect were completed at least one week apart and during
appropriate weather conditions (i.e. with light winds and no heavy rain). Point count surveys were
conducted for five minutes for roadside stations, and 10 minutes non-roadside surveys. The
reduced survey effort for roadside surveys was conducted to allow increased coverage of
agricultural habitats, and that we expected the community of bird species to be similar among
survey locations. Additional details regarding survey visits are presented in Appendix H5.

Analysis

Background Review Results

During the 2001 to 2005 Ontario Breeding Bird Atlas, 105 breeding bird species were reported
from the two 10 x 10 km squares (17NJ91 and 17NJ92) that encompass the vast majority of the
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primary and Supplemental Study Areas within the South Milton Subwatershed Study lands
between 2001 and 2005 (Cadman et al. 2007).

Field Investigation Results

In total, 117 bird species were reported within and adjacent to the Primary and Supplemental
Study Areas within the South Milton SWS (Appendix H5). Appendix H2 provides a summary of
species records by source.

Of the 117 species, 16 species were considered migrants, including: Black-bellied Plover
(Pluvialis squatarola), Semipalmated Plover (Charadrius semipalmatus), Least Flycatcher
(Empidonax minimus), Ruby-crowned Kinglet (Regulus calendula), Swainson’s Thrush (Catharus
ustulatus), Pine Siskin (Spinus pinus), Tennessee Warbler ( thlypis peregrina), Magnolia
Warbler (Setophaga magnolia), Bay-breasted Warbler (Seto a castanea), Blackpoll Warbler
(Setophaga striata), Palm Warbler (Setophaga palmar ck-throated Green Warbler

ull (Larus argentatus), Caspian Tern
ant (Phalacrocorax auritus), Bald Eagle
(Falco peregrinus).

(Hydroprogne caspia), Double-c
(Haliaeetus leucocephalus) and,Pe

Five of the species were not 2 to Onfario: Mute Swan (Cygnus olor), Rock Pigeon
(Patagioena livia), Eurqg arli turnus vulgaris), House Sparrow (Passer domesticus),

understand these relations all of the breeding bird species documented within the South
Milton SWS lands were grouped according using the Habitat Association lists contained within
Appendix 3 of the Atlas of the Breeding Birds of Ontario (Cadman et al. 2007). Five major habitat
associations were recognized: (1) Woods and Forests; (2) Grassland, Agricultural, Open; (3)
Shrub and Early Succession; (4) Wetlands; and (5) Urban and Suburban. A sixth, Unassigned,
only applied to one species, Turkey Vulture (Cathartes aura).

The breakdown of breeding bird species present within the South Milton SWS lands is as follows:

30 - Woods and Forests

20 - Grassland/Agricultural/Open
19 - Shrub and Early Succession
15 - Wetlands

10 - Urban

1 - Unassigned
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Typical breeding bird species documented from the South Milton SWS from each group included
the following:

Woods and Forests: Downy Woodpecker, Eastern Wood-Pewee, Great Crested Flycatcher,
Red-eyed Vireo, and White-breasted Nuthatch.

Grassland/Agricultural/Open: Killdeer, Horned Lark, Barn Swallow, Vesper Sparrow,
Savannah Sparrow, and Common Grackle.

Shrub and Early Succession: Willow Flycatcher, Gray Catbird, Cedar Waxwing, Song
Sparrow, and Northern Cardinal.

Wetlands: Canada Goose, Mallard, Great Blue Heron p Sparrow, and Red-winged
Blackbird.

Urban: Mourning Dove, Blue Jay, American C
Robin.

capped Chickadee, and American

All five of the habitat guilds of birds appeafet distributed across the Primary and
Supplemental Study Areas within the South . This is not surprising as these five
habitat associations are also widelyadistrib After all, the study area can be generally

described as an agricultural land ected by various branches and tributaries of Sixteen
Mile Creek. Scattered throughq are a number of remnant woodland and wetland
habitats, again mostly associate@ h Mile Creek Valley. Also mixed throughout are
successional habitats trapsitioni m open habitats to woodland habitats, as well as numerous

4.8.3.4 Anurans
Methods

Nocturnal amphibian call su s were conducted at a total of 120 locations for the South Milton
SWS area; this included 30 properties surveyed by Savanta during 2015 and 80 locations across
the Primary study area by D&A. D&A also conducted surveys at 17 amphibian monitoring stations
within or adjacent to the South Milton SWS as part of the Milton Phase 3 Subwatershed Study
monitoring program during 2016. Survey results from all three sources have been amalgamated
for the South Milton SWS characterization (Map T3-1).

Amphibian call surveys were completed according to the protocol outlined in the Marsh Monitoring
Program (MMP) (BSC, 2009), including seasonal timing and weather conditions. During each
visit, surveyors documented amphibian calls for a 6-minute duration at each of the monitoring
stations. The duration of each point count was extended from the standard 3-minute
recommendation to 6 minutes to help ensure that all species present were documented and that
calling intensity was accurately recorded given that moderate to loud ambient background noise
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was present across much of the study area. Survey locations are shown on Map T3-1, and survey
information is provided in Appendix H5.

Analysis
Background Review Results

The studies reviewed for background information identified eight (8) anuran species that
potentially occur within and adjacent to the Primary study area:

American Bullfrog (Lithobates catesbeianus);

American Toad (Anaxyrus americanus);

Gray Treefrog (Hyla versicolor);

Green Frog (Lithobates clamitans);

Northern Leopard Frog (Lithobates pipiens);

Spring Peeper (Pseudacris crucifer);

Western Chorus Frog - Great Lakes populatio seudacris riata); and
Wood Frog (Lithobates sylvaticus).

VVyVYyVYVYYVYYVYY

Full choruses were heard from American Toad, Gray frog, and Spring Peeper. Green Frog

properties in 2015, resultinglingdf9 species records. Savanta surveys were all completed within
the Primary study area on partiCipating landowner properties and are depicted on Map T3-1. D&A
Milton Phase 3 Monitoring was completed during the spring and early summer of 2016 at 17 point
count stations of which 2 are within the Primary study area, 4 within the Supplemental Study Area,
and 11 are northwest of the study areas (Map T3-1). The surveys resulted in 42 species records.
Details of all species records can be found in Appendix H5.

Within the primary and Supplemental Study Area, a total of seven (7) anuran species were
documented. Species documented included:

American Bullfrog (Lithobates catesbeianus);
American Toad (Anaxyrus americanus);
Gray Treefrog (Hyla versicolor);

Green Frog (Lithobates clamitans);

Northern Leopard Frog (Lithobates pipiens);

vVvyvVvyyVvyy
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» Spring Peeper (Pseudacris crucifer); and
» Western Chorus Frog - Great Lakes population (Pseudacris triseriata)

Of the species observed, American Bullfrog is the most dependent on permanent aquatic habitat.
They tend to be found in habitats ranging from large lakes to ornamental ponds including vernal
pools, and along streams and creeks (Dodd, 2013), but prefer forested habitats. American
Bullfrogs require waterbodies that are large, open-canopied, and permanent or almost permanent
including but not limited to lakes, oxbows, both natural and manmade ponds, and slow moving
watercourses (Babbitt et al. 2003). Sites with shallow water and significant emergent and
submergent vegetation are preferred for oviposition (Dodd, 2013). They are classified as area-
sensitive (OMNR, 2000) and are often one of the first species to disappear with increased
urbanization of the landscape.

American Toads are habitat generalists as they occur in a nge of habitats ranging from

0 woodlands and woodland ponds which can
range from intermediate (greate hs) to long hydroperiods (permanent). Prime

as calling perches (Dodd, 201
pasture ponds.

Green Frog are also ists as they will inhabit anything from a large lake to a small
pond; woodland pools aqd seeps and springs; streamside riparian communities (Dodd,
2013). They are ubiquitou ghout southwestern Ontario; a study completed by Hecnar and
M’Closkey (1996) found the 104 of 117 sites they surveyed in ponds including Essex Plain,
Stratford Plain, and the Grey-Bruce Uplands. Although they are a generalist, they prefer habitat
that is relatively unaffected by urbanization and agriculture but will still inhabit wetlands adjacent
to farm fields (Dodd, 2013). They do not tend to migrate far from breeding sites as they tend to
stay near water throughout the year. Therefore, they prefer wetlands with long hydroperiods. They
commonly breed in lakes, ponds, and slow-moving watercourses including stormwater
management ponds, canals, and ditches as long as they have permanent water. They will also
utilize small woodland ponds (Dodd, 2013).

Northern Leopard Frog prefers open habitat of varying sized connected wetlands with remnant
forest features (Dodd, 2013). They also utilize wet meadows, marshes, and open forest habitat
as feeding sites away from breeding ponds (Sutton, 2004). Preferred breeding sites have clear
water range in both size and quality. They are known to use ponds smaller than 0.4 ha, protected
sections of a lake, as well as golf course ponds (Dodd, 2013). Their ideal breeding habitat includes
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shallow ponds that warm up quickly with significant cover of emergent and submerged vegetation
particularly on the shoreline (Dodd, 2013). They use the vegetation as cover from predation, as
well as a place to attach their egg masses.

Spring Peeper inhabit largely hardwood and mix-hardwood forests and, less commonly,
coniferous forests (Dodd, 2013). In more urban settings they will inhabit riparian forests.
Terrestrial foraging habitat can range from 100 to 1,000 m away from breeding sites (Herrmann
et al. 2005). Breeding sites can be very small and can vary greatly including but not limited to
lakes shores, stormwater management ponds and manmade ponds, bogs, marshes, ditches,
seepage swamps, and floodplain forests. Breeding sites may range in hydroperiods, but they
prefer hydroperiods of greater than four months that are not permanent (Babbitt et al. 2003).
Habitat connectivity between breeding habitat and forest habitat isgkey for this species as it relies
on both marsh and wetland habitats as well as terrestrial fores

Western Chorus Frog (great lakes population) prefer areasthat preuide a mix of complementary

he Great Lakes where the shoreline
perimeter to flooded area ratio (Price

et al. 2004). Terrestrial foraging areas and breee i usually within approximately 100m
but have been found up to 200m away (Kram ceding habitat typically includes grassy
marshes, ditches, small swamps, wg and have been known to breed in shallow

wetlands on golf courses (Dodd, iNg sites are water bodies can include temporary
and/or permanent, shallow, fish rgent vegetation with an open canopy (Dodd,
2013).

Western Catchment

A total of five (5) anura
area. Species detected |

American Toad;
Gray Treefrog;
Green Frog
Spring Peeper; and
Northern Leopard Frog

vVvyvVyyVvyy

The surveys completed within the western catchments resulted in very few species records.
Between the three data sources, there is a total of six point count locations within the South Milton
SWS area and ten additional sites to the north and west of the study areas.

The main tributary of Sixteen Mile Creek is contained within a valley that has a complex of
deciduous and mixed forest communities with a thin meadow marsh community along the
watercourse. No frogs were recorded along this watercourse within the study area, but American
Toads and Spring Peepers were heard upstream in low abundance. There were no call stations
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located within the floodplain of this watercourse although it is not likely to provide significant breed
habitat. There are several farm ponds east of this watercourse that provide breeding habitat for
American Toad, Gray Treefrog, Green Frog, Northern Leopard Frog, and Spring Peepers. There
were full choruses for both American Toad and Spring Peeper. These species tend to like more
open marsh wetland for breeding and tend to be able to breed in degraded habitat.

Outside the study area to the northwest were records of Western Chorus frog (Great Lakes
population) in a high abundance indicate that there is likely breeding habitat. There is also records
of Wood Frog in two forests, but this species was not detected within the study area.

Central Catchments: Middle Branch, Middle East Branch, and Lower Middle Branch

A total of five (5) anuran species were documented within th stern catchments. Species
detected included:

» American Toad;

» Gray Treefrog;

» Green Frog

» Spring Peeper; and

» Northern Leopard Frog
The north end of the Middle Sixteen Mile Cree € e north Study area boundary and just
south of Derry Rd, contains floodp djacent to meadow marsh and shallow marsh
communities with pockets of sw, pads were found to be calling throughout this
corridor in both small wet spo elds, meadow marshes, and shallow marshes,
and within the riparian woodlands Ihis’indicates that there is a significant area of breeding habitat
available to American orridor. Green Frog was heard calling in the meadow
marsh/shallow mars 2st of Sixth Ln and north of the Railway tracks. Spring
peeper was also hea i this location from several wet pockets. Both Spring Peeper

ling along the same tributary but south of Derry Rd. Northern
Leopard frog was heard cz low abundance along this tributary where there was minimal
tree cover. The survey results’indicate that this reach of the Middle Sixteen Mile Creek contains
abundant breeding habitat for American Toad, Green Frog, and Spring Peeper and minimal
breeding habitat for Northern Leopard frog.

Middle Sixteen Mile Creek flows through two golf courses south where the natural features
surrounding the watercourse become forested. The golf courses also contain several large open
ponds with thin emergent vegetation shores. The most abundant species in this area was green
frog followed by Northern Leopard Frog and Spring Peeper. There was one record for Gray Tree
Frog in one of the ponds with six individuals calling. This indicates that the golf courses provide
breeding habitat for the four species.

North of Britannia Road, Middle Sixteen Mile Creek confluences with East Sixteen Mile Creek.
The floodplain at this location becomes wider and more open with patches of thicket and forested
valley slopes. South of Britannia there are records for American Toad, Gray Treefrog, Green Frog,
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and Spring Peeper calling. There are two permanent ponds located south of the watercourse that
likely provides breeding habitat for the four species listed above.

Eastern Catchments: East Branch and Lower Middle Tributary

A total of seven (7) anuran species were documented within the western catchments. Species
detected included:

American Toad;

Gray Treefrog;

Green Frog;

Spring Peeper;

Northern Leopard Frog; and
Western Chorus Frog

vVvyYVYyvVvyYyvyy

There were no point count stations located north of th
The habitat appears to have minimal tree cover a
observed in this area as an incidental record durin

South of the railway tracks west of Eighth Lip
providing breeding habitat for American Toa
Peepers. Despite the isolated nature of the w
habitat, the features in this area p
within the study area based on r@
South of Derry Rd. west of Eightf , an isolated mid-block woodlot provided breeding habitat
for Spring Peepers and ydreefragy, The woodlot is relatively small but has a mix of upland

the higher diversity locations for amphibians
ies and relative abundance.

amphibians. The wetlands, p, meadows, and upland forests in this area provide a mix of
breeding and foraging habitatsthat support a high diversity and abundance of amphibian habitat
in the Primary study area South Milton SWS. All seven frog and toad species recorded within the
South Milton SWS were documented in this general area. American Toad, Gray Treefrog, Green
Frog, Northern Leopard Frog, and Spring Peeper had the highest abundance; the adjacent area
(to southeast) was also the only location in the South Milton SWS where Western Chorus Frog
was recorded. As well, American Bullfrog was recorded in a small pond that is connected to the
East Sixteen Mile Creek tributary southwest of Britannia Road. Additionally, this area had one of
the highest abundances of Gray Treefrog in the South Milton SWS; only one other location within
the Primary Study Area had a full chorus of this species during 2016 surveys.

The golf course east of Trafalgar contains fewer ponds and wetland features than the golf courses
in the central catchment. Northern Leopard Frog, Spring Peeper, and Gray Treefrog were heard
calling in high abundance from the natural feature north of the golf course and within the ponds.
American Toad was also heard calling along some of the creeks and are likely breeding there. A
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single American Bullfrog was heard by Savanta in 2015 in one of the ponds at station P12-F. The
ponds within this property are some of the largest ponds within the study areas and may provide
enough habitat for them to breed.

Of the eight species recorded in background studies and Ontario Nature Herpetological Atlas;
seven were recorded within the South Milton SWS. Despite the number of surveys conducted,
and the coverage across the South Milton SWS, it is somewhat surprising that Wood Frog was
not detected. The lack of detection does not rule out the possibility that it is present in some of
the higher quality wetland and woodland areas, but it does confirm that Wood Frog is rare. Its
calling window tends to be much shorter than other amphibians, and can be hard to predict as
the can start breeding while there is still ice on the ponds (Dodd, 2013). Therefore future surveys
should consider this, and potentially adjust the timing of call surveys to increase the likelihood of
detecting this species.

4.8.3.5 Salamanders

Methods

Salamander surveys were conducted by D&A and ponds located in the northern and
northeastern portion of Drumquin Woods during e ring 2016 (Map T3-1). The primary
objective of the surveys was to determine if de ander (Ambystoma jeffersonianum)
and/or the Jefferson Salamander depena i lyploid types are present within
Drumquin Woods. The trapping survey perio d to coincide with adult Ambystomid
seasonal migrations to breeding pg and Cohen, 1995; JSRT, 2009; COSEWIC,
2010). Trapping was conducted ated in the northeastern corner of Drumquin
woods over six nights in 2016 e mornings of April 8, 9, 11, 13, 14, and 17
(Appendix H5) (Map T4). A total 0 raps were used, including nine (9) in the western

Savanta staff conducied iti rapping in nine (9) other locations across two properties on
March 10 and March 2§ '
Drumquin Woods, and in parate 4.75ha woodlot located approximately 400m north of
Drumquin woods. Savanta als® conducted a movement survey on March 15th in the north section
of Drumquin Wods. In addition, Savanta set 46 salamander cover boards in 2015 in the South
Milton SWS area. All trapping and cover board locations are provided on Map T4-5 Salamander
Survey Locations (see Savanta 2016 Terrestrial Data spreadsheet for coordinates of traps, and
2015 data for cover board locations).

Prior to fieldwork, Wildlife Animal Care Committee Research Protocol (WACCRP), Wildlife
Scientific Collector's Authorization (WSCA) and Endangered Species Act (ESA) permits were
obtained.

The following documents were reviewed prior to fieldwork, and their recommendations were
followed where applicable:

» Canadian Council on Animal Care Species-specific Recommendations on Amphibians &
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Reptiles

» Canadian Council on Animal Care Guidelines on The Care and Use of Wildlife

» USGS National Wildlife Health Center Restraint & Handling of Live Amphibians

» In addition, although toe-clipping was not performed, the USGS National Wildlife Health
Centre Toe-Clipping of Frogs and Toads (also covers salamanders) was reviewed for
general insights

The protocol for trapping in the 2016 season was undertaken to minimize the length of time that
captured specimens spent in traps. This lessened the potential of trapped specimens becoming
fatigued and/or oxygen deprived.

Analysis

Background Review Results

ecies found within the atlas
observations of six (6)

The Ontario Nature Reptile and Amphibian Atlas was revij
squares 17NJ91, 17NJ92, 17PJ01 and 17PJ02. Thi
species of salamanders, including:

» Mudpuppy (Necturus maculosus)
» Red-spotted Newt (Notophthalmus cens)
» Jefferson Salamander (Ambystoma j
» Jefferson Salamander Complex.- unid er
» Spotted Salamander (Amb, ' um)
» Eastern Red-backed Sz iton ruber)
In addition, field surveys d oyne SIS Areas 5a, 5b and 6 studies completed in 2016

» Eastern Red-backe ander (Pseudotriton ruber)

Field Investigation Results

During D&A and Savanta’s trapping investigations in April 2016, several minnows, tadpoles, and
predacious diving beetles were observed. No adult anurans or salamander species were detected
in traps.

During Savanta’s salamander trapping, one (1) species, Spotted Salamander (Ambystoma
maculatum) was detected near the northwestern corner of Drumquin Woods (in the Lower Middle
Tributary Catchment) on March 28th 2016 (see Map T3-1). Spotted Salamanders typically prefer
mature deciduous forests with vernal pooling, but local populations can also inhabit mixed and
coniferous woods (Petranka, 2010). Additional salamander trapping in Drumquin Woods and the
further north 4.75ha woodlot is planned for Spring 2017, depending on property access. D&A
received the required permits from the MNRF on March 9th 2017. Reptiles (Snakes & Turtles)
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Methods

Snake and turtle surveys within the South Milton SWS were conducted in targeted areas that had
been identified based on desktop assessment and, in some cases based on knowledge that sites
may provide suitable habitat. D&A conducted targeted reptile surveys across five properties under
appropriate weather conditions, and also recorded incidental reptile observations during other
surveys for ELC, odonates and breeding birds. Savanta conducted nine (9) targeted snake
transects over nine properties and deployed twenty-seven (27) snake cover boards across seven
(7) properties in 2015. Savanta also conducted turtle nesting surveys at 13 stations located across
seven (7) properties and turtle basking surveys at twenty-five (25) points across nineteen (19)
properties. Roadside mortality surveys were also conducted by Savanta in 2015 using twelve (12)
transects. Survey information is provided in Appendix H5, and survey locations are shown on Map
T3-3.

Snake surveys were conducted using area searches thro itable habitat types within the

recorded for snakes and turtles during other field
and vegetation surveys. Targeted surveys that ha
Milksnake (Lampropeltis triangulum) were
Concern to Not at Risk in Ontario (OMNRF,

ally been recommended for Eastern
as it was down-listed from Special

Targeted turtle basking and nesti onducted at the same time as targeted snake
surveys. Specific information reg presented in Appendix H5. Directed searches
were conducted in suitable habita | perties; the approach involved searching for

Analysis
Background Review Results

Review of historical and recent data sources (Appendix H2) identified records for two (2) species,
including:

» Eastern Gartersnake (Thamnophis sirtalis sirtalis)
» Snapping Turtle (Chelydra serpentina)

The Reptile and Amphibian Atlas of Ontario (Ontario Nature 2015) provided an additional twelve
(12) species records for the grid squares 17NJ91, 17NJ92, 17PJ01 and 17PJ02. These species
include:

» Blanding's Turtle (Emydoidea blandingii)
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Pond Slider (Trachemys scripta)

Snapping Turtle (Chelydra serpentina)

Midland Painted Turtle (Chrysemys picta marginata)
Northern Map Turtle (Graptemys geographica)

Eastern Gartersnake (Thamnophis sirtalis sirtalis)

Eastern Milksnake (Lampropeltis t. triangulum)

DeKay's Brownsnake (Storeria dekayi)

Northern Red-bellied Snake (Storeria o. occipitomaculata)
Northern Ring-necked Snake (Diadophis punctatus edwardsii)
Northern Watersnake (Nerodia sipedon sipedon)

Smooth Greensnake (Opheodrys vernalis)

VVVVYyVVYVYVYYVYYVYY

Field Investigation Results

A total of four (4) reptile species were detected in the pri Supplemental Study Areas

d effort of Savanta (2015

1) Eastern Milksnake, forty-eight (48)

observations, including two (2) Eastern Gartersnakes
i s, and three (3) unidentified turtle

Midland Painted Turtles, seventeen (17) Smapping

es, one (1) dead Snapping Turtle, and one (1)
ity surveys.

Gartersnakes, ten (10) dead Midl
dead unidentified turtle species d

Table 4.8.2 Summary of Reptile chservations based on subwatershed within the South Milton SWS

. Lower
Common Name Scientific Name s He Middle .
Branch Branch Branch Branch

Eastern 9
Gartersnake sirtalis
Eastern Lampropeltis 1
Milksnake triangulum
Midland Painted Chrysemys picta
. 30 10
Turtle marginata
. Chelydra
Snapping Turtle serpentina 8 3
Unidentified turtle 1
species

Typically, the turtle observations were concentrated in and around golf course ponds. For
example, sixteen (16) Midland Painted Turtles, and one unidentified turtle species were observed
on the Royal Ontario Golf Club property, and an additional four (4) Midland Painted Turtles, one
(1) Snapping Turtle and one (1) unidentified turtle species were observed on the adjoining
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Wyldewood Golf Course property to the south. These occurrences were all located within or
directly beside the ponds on the properties.

Both of the Eastern Gartersnakes were detected in the Lower Middle Branch, one next to a
hedgerow bordering an agricultural field, and the other in a small cultural thicket adjacent to a
small pond. The Eastern Milksnake was observed beside a small pond in an agricultural field in
the Lower Middle Branch catchment just west of Fifth Line.

4.8.3.6 Odonates
Methods

Odonate (i.e. damselflies and dragonflies) surveys were conducted by D&A from the primary
study area in July 2016 over five (5) days, under suitable weat onditions (i.e. mostly sunny,
warm/hot and not too windy). These surveys covered nine areas totaling 26.5 hours (see
Figure T3-3). The areas visited were selected by examini ble aerial photography using
Google Earth and choosing what appeared to represe tion of breeding habitats.

System. The surveys consisted of walking within a
locations. Survey locations and times are sum
3. Species were identified by sight or with theie
insect net and 16x magnification hand lens.
utilized Jones et al. (2008) and Lam ‘

g the perimeter of suitable breeding
endix H5 and presented on Map T3-
inoculars, as well as using an aerial

ences. Many of the locally rare and uncommon

species were photographed for de i poses.
Savanta also collected odonate € ocations within the South Milton SWS in 2015.
Although most data was entally in conjunction with breeding bird surveys, a number

arized in Appendix H5 and presented on Map T3-3. One of
garches for Rapids Clubtail (Gomphus quadricolor), which is
designated Endangered in € 0 (OMNR 2016) and Canada (COSEWIC 2016). Searches were
conducted by Peter Burke in [ale May (for exuviae) and early to mid-June (for adults) 2015 at two
locations within the Supplemental Study Area (Burke, pers. comm., March 2016). The first area
was along Sixteen Mile Creek, south of Lower Base Line. The second was also along Sixteen
Mile Creek, a one kilometre stretch upstream and downstream of Fourth Line.

Analysis
Background Review Results

A total of 46 species of damselflies and dragonflies (i.e. odonates) are on file with the Atlas of
Ontario Odonata (Colin Jones, pers. comm., 2016). Appendix H2 provides a complete list of
odonate species recorded by background source.
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Field Investigation Results

In total, 50 odonate species were recorded within and adjacent to the South Milton SWS lands
(Appendix H9). The number of damselflies and dragonflies documented were approximately the
same, with 27 damselfly species documented versus 23 dragonfly species.

4.8.3.7 Lepidoptera
Methods

A total of four days, totaling 18 hours, of butterfly surveys were conducted in the 2016 field season
by D&A in locations that were pre-determined based on air photo interpretation of the study area.
A total of seven sites were visited, based on accessibility and natural habitat being present (see
Map T3-3).
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The surveys involved dg a searches for butterflies using binoculars; surveys were
conducted during er, between 8:00 a.m. and 4:00 p.m. (Appendix H5).
Incidental observations were also recorded during other field surveys.

Savanta also observed a ntmiber of lepidopteran species during 2015 Breeding Bird Surveys,
across 26 properties in the South Milton SWS. Details of these surveys are provided in
Appendix H5.

Analysis
Background Review Results

Records of 72 species of butterfly were found within the four 10x10 km squares (Toronto
Entomologists’ Association, 2015) that incorporate the primary and Supplemental Study Areas
(Appendix H9).

Field Investigation Results

A total of 33 species of butterfly were observed during D&A’s 2016 field investigations, and
Savanta documented a total of 40 species during 2015 surveys (Appendix H9).
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4.8.3.8 Winter Wildlife
Methods

Savanta conducted winter wildlife surveys in 2013 and 2015 at fourteen (14) properties in 2013
and thirteen (13) properties in 2015, as well as ten (10) roadside transects. Map T3-3 shows the
locations of these transects.

While D&A was unable to conduct winter wildlife surveys in winter 2016, due to the timing of when
this study commenced, winter wildlife surveys for raptors and owls have been completed in winter
2017. Locations have been targeted for properties that have the highest potential for supporting
raptor and owl wintering habitat. Updates from these field investigations will be provided as part
of the next iteration of reporting and evaluation of significance.

Analysis

Background Review Results

The background studies reviewed for the South Miltg S did not prQuide results for dedicated
winter wildlife surveys. Therefore, characterization e st area is based on results from field
investigations conducted Sin the Primary and Suppl Study Areas.

Field Investigation Results

Savanta conducted winter wildlife surveys in 2 d on the South Milton SWS lands. The
following species were observed:

2013 species observed include:

Gray Squirrel (
Deer Mouse latus)
White-Tailed D s virginianus)

Red fox (Vulpes vulpe
Raccoon (Procyon lotor)

Eastern Cottontail (Sylvilagus floridanus)
Ermine (Mustela erminea)

Long-tailed Weasel (Mustela frenata)

VVYyVVYVYVYVYYVYY

2015 observations include:

» White-tailed Deer (Odocoileus virginianus)
» Coyote (Canis latrans)

» Eastern Cottontail (Sylvilagus floridanus)
» Gray Squirrel (Sciurus carolinensis)
» Red Squirrel (Tamiasciurus hudsonicus)
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Red Fox (Vulpes vulpes)

Deer Mouse (Peromyscus maniculatus)

Meadow Vole (Microtus pennsylvanicus)
Muskrat (Ondatra zibethicus)

Northern Short-tailed Shrew (Blarina brevicauda)
Raccoon (Procyon lotor)

Long-tailed Weasel (Mustela frenata)
Short-tailed (Least) Weasel (Mustela nivalis)
Porcupine (Erethizon dorsatum)

VVVYyVYVYVYYVYYVYY

Additional winter surveys will be conducted during 2017 and will target open country habitat with
adjacent forested habitat. Sites will be prioritized based on thosgythat are most consistent with
SWH criteria.

4.8.3.9 Other Wildlife

Methods
Non-target wildlife species observed during the vafi@us fi urveys, including mammals, were
recorded based on occurrences documented in t kground reports, and as incidental

observations during field investigations duri 016.

Analysis

Background Review Results

A total of 36 mammal species @
the Primary and Supplemental ] e
(Appendix H2).

e four 10 x 10 km grid squares surrounding
as (Atlas squares: 17NJ91, 17NJ92, 17PJ01, 17PJ02)

Field Investigation

A total of 12 species of 1 re detected during 2016 field observations, including:

i. Beaver (Castor canadensis)

ii. Coyote (Canis latrans)

iii. Eastern Chipmunk (Tamias striatus)

iv. Eastern Cottontail (Sylvilagus floridanus)
v.  Gray Squirrel (Sciurus carolinensis)

vi.  Mink (Neovison vison)

vii. Muskrat (Ondatra zibethicus)

viii. Red Squirrel (Tamiasciurus hudsonicus)
ix. Virginia Opossum (Didelphis virginiana)
X.  White-tailed Deer (Odocoileus virginianus)
xi.  Unidentified Bat Species

xii.  Unidentified Peromyscus mouse species
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4.8.4 Interpretation / Key Findings
48.4.1 Ecological Land Classification

Field Investigation Key Findings

Extensive ELC coverage for the South Milton Subwatershed Study was developed using
background data from previous studies undertaken by D&A, Conservation Halton data, and
ground-truthed seasonal investigations during 2015 and 2016 by Savanta and D&A.

Overall, the South Milton SWS Primary and Supplemental Study Areas are dominated by
agricultural lands. However, the natural areas within Primary and Supplemental Study Areas
contain a diverse range of vegetation communities ranging from Open Aquatic to Dry-Fresh
Deciduous Forests. A total of 52 different ELC Vegetation Tyf€s across 27 Ecosites and 19
Communities Series were mapped. Treed communities, su orests and swamps, dominate
the corridors and valleys of both branches of the Sixteen whereas the tablelands are
dominated by agricultural features with only scattered small natu reas. Overall, the natural
areas tended to be more diverse in terms of bot umber oFspecies, as well as the
ural and anthropogenic areas.

Several provincially rare vegetation com i countered within the Primary and

» FODG6-2 (Fresh-Moist SugaffMap Maple Deciduous Forest Type) - S37?

» FOD7-4 (Fresh-Moist B Lowlang Deciduous Forest Type) - S2S3

» FOMS3-2 (Dry-Fresh SuganiMa 3k Mixed Forest Type) - S3S5

» SWD1-2 (Bur Oak Min iduous Swamp) - S3

» SWT2-2 (Willoy [ wamp Type) - S3S5
Fresh-Moist Sugar Ma ple Deciduous Forest was found in one polygon within the
Lower Middle Branch Sub d. Fresh-Moist Black Walnut Lowland Deciduous Forests were

found in 7 polygons along thefloodplains of the Mid East Branch and East Branches of the Sixteen
Mile creek. Dry-Fresh Sugar Maple-Hemlock Mixed Forests were observed in 5 polygons across
the Primary and Supplemental Study Areas. Four of these polygons were found along north and
west facing slopes within the West Branch and East Branches of the Sixteen Mile Creek, in the
southern portion of the South Milton SWS. One additional polygon was observed in a headwater
area in the lower East Branch subwatershed. Bur Oak Mineral Deciduous Swamp is found in two
very small polygons (<1 ha); one along the southern edge of the Middle Branch subwatershed,
and the other an isolated woodland along a hedgerow within the Lower Middle branch
subwatershed north of Britannia Road. Lastly, Willow Mineral Thicket Swamps were found among
3 polygons in the South Milton SWS; one in the Middle Branch subwatershed, one in the East
Branch subwatershed, and one along the north edge of Drumquin Wetland in the Lower Middle
Tributary subwatershed.
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Areas and/or polygons with notable vegetation communities were also observed throughout the
South Milton SWS. These features and general areas include:

Mature forests: 18 polygons were identified with indicators of mature forest, including numerous
large-diameter trees (>50 cm dbh) or numerous large-diameter dead trees (snags). These
features are generally located within the Sixteen Mile Creek corridor in the lower study area, but
several features are located within the corridor of the east Sixteen Mile Creek in the middle
northern portion of the South Milton SWS within the Wyldewood Golf and Country Club as well
as in the Middle East Branch of the Sixteen Mile Creek.

High biodiversity features: Numerous polygons were identified that contain many species and
a high proportion of native species. These areas are generally logated within the lower sections
of the Sixteen Mile Creek valleys, deciduous forests south of annia Road between 5th Line
and Trafalgar Road, within Drumquin Wetland, and in th uous forest along the Middle

(SAR, Rare, or Uncommon) species were i
and Supplemental Study Areas. These poly
generally associated with the Sixtee

Seeps and springs: Seepage
each polygon were also screened
(Actaea rubra), Canada

can indicate seepage, including Red Baneberry
anadensis), and Speckled Alder (Alnus rugosa) (Ringius
occur along steep slopes where bedrock is close to the
able soils. Seepage areas were observed along lower slopes
Mile Creek valley and lower East Sixteen Mile Creek valley

surface, as well as o
and gullies within the

Alder, were also noted throughout the central portion of the East Sixteen Mile Creek corridor and
adjacent areas in forests, swamps, woodlands, and meadows, as well as Drumquin Wetland.
Many of these areas are also associated with coarse textured soil (Chapman and Putnam, 1984),
which may allow for seepage and/or groundwater upwelling.

Key natural features will be evaluated during the Phase 2 assessment process. This will include
identifying and evaluating features features that include the following:

» Wetland features following Ontario Wetland Evaluation System protocols

» Woodlands following guidelines in the Natural Heritage Reference Manual and the
Region’s criteria for significant woodlands

» Significant Valleylands following guidelines in the Natural Heritage Reference Manual

» Significant Wildlife Habitat for areas that support rare vegetation community types

» Habitats that support provincially Endangered or Threatened species
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4.8.4.2 Botanical Inventories
Background Review Key Findings

In total, records for 193 significant species were identified from the background studies.
Significant species were considered to be those that are listed federally or provincially as Species
at Risk (Endangered, Threatened, Special Concern), and/or uncommon or rare globally (Grank),
nationally (Nrank), provincially (Srank) and/or locally (regionally) (Ecodistrict 7E-4, Regional
Municipality of Halton). All of the 193 species are native to Ontario and the Regional Municipality
of Halton.

A total of five (5) federally and provincially listed species at risk species were identified in the
review of background data. These included: American Ginseng (Ranax quinquefolius), Butternut
(Juglans nigra), White Prairie Gentian (Gentiana alba)gand Few-flowered Club-rush
(Trichophorum planifolium), which are designated as Endan nd Dense Blazing Star (Liatris
spicata), which is designated as Threatened.

Fifteen (15) species that are considered Critically | i 1), Impefited (N2), and Vulnerable
(N3) in Canada were also reported in these back dies; including, Cooper’s Milkvetch
(Astragalus neglectus), Smooth Yellow False Foxglov ureolaria flava), Carey's Sedge (Carex
caryana), Northern Hawthorn (Crataegus] ptuinosa dissona), Eastern Burning Bush

(Euonymus atropurpureus), White Prairie { na alba), Honey-locust (Gleditsia
triacanthos), Dense Blazing Star (Liat ' Yoodland Flax (Linum virginianum), American
Gromwell (Lithospermum latifoliuna)y’V i ebells (Mertensia virginica), American Ginseng
(Panax quinquefolius), Moss BHIO gta), Pitch Pine (Pinus rigida), Few-flowered
Club-rush (Trichophorum planifolitig al three (2) species have numeric range ranks

over their status; these include Butternut and Bearded
h Pine is restricted to eastern Ontario, so this record may

(e.g. N3N5) which indicate

above species with the exce
Violet (Viola novae-angliae).

on of Large Toothwort (Cardamine maxima) and New England

At the regional and local levels, 149 of the 493 species detected in the background data are
considered rare or uncommon in Ecodistrict 7E-4, while 140 are rare or uncommon in the Regional
Municipality of Halton (Varga et al. 2005). Based on the Halton NAI (Crins et al. 2006)
assessment), 138 of these species are considered rare or uncommon in Halton. These species
are too extensive to summarize here but are included in Appendix H1.

The specific locations of several significant species were confirmed through a data request to
Conservation Halton (CH, 2017). The species that are known to occur within the primary or
Supplemental Study Areas based on this data include:

» Saskatoon Berry (Amelanchier alnifolia)
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Poke Milkweed (Asclepias exaltata)
Tall Bellflower (Campanula americana)
Giant Blue Cohosh (Caulophyllum giganteum)

Blue Cohosh (Caulophyllum thalictroides)

New Jersey Tea (Ceanothus americanus)

Hawthorn (Crataegus coccinioides syn. C. conspecta)
Eastern Burning Bush (Euonymus atropurpurea)
Butternut (Juglans cinerea)

Virginia Bluebells (Mertensia virginica)

Common Evening Primrose (Oenothera biennis)

Red Pine (Pinus resinosa)

Swamp White Oak (Quercus bicolor)

Red-sheathed Bulrush (Scirpus microcarpus)
Lowbush Blueberry (Vaccinium angustifolium)

Early Sweet Blueberry (Vaccinium pallidum)

VVYV VYV VVYVVYVYVYYVYYVYYVYY

Additional significant species with records from withi
the Sixteen Mile Creek Valley include Big Blueste
(Brachyelytrum erectum), Richardson’s Sedge (
americanus), Slender Wheat Grass (ElyRUs
Bedstraw (Galium tinctorium), Eastern Mz yceria septentrionalis), Woodland
Sunflower (Helianthus divaricatus), \Minterber x verticillata), Twinleaf (Jeffersonia diphylla),
Sycamore (Platanus occidentali nakeroot (Polygala senega), Pennsylvania
Smartweed (Persicaria pensy pse (Rosa carolina), Soapberry (Shepherdia
canadensis), White Goldenrod , Sqaurrose Goldenrod (Solidago squarrosa),
Yellow Pimpernel ( Taenidiagii ), and Marsh Speedwell (Veronica scutellata).

e Supplemental Study Area within
pogon gerardii), Bearded Shorthusk
ichardsonii), Buttonbush (Ceanothus
ssp. trachycaulus), Stiff Marsh

The locations of the
creek valleys in the Sup

imarily from the lower west Sixteen and Central Sixteen Mile
udy Area. Virginia Bluebells is also known from one isolated
location west of 6th Line | ver middle branch of the Sixteen Mile Creek, at the west edge
of the primary and Supplemental Study Areas. Butternut is also known from the Milton Boyne
(Phase 3) study area which is directly northwest of the primary and Supplemental Study Areas.

The majority of significant species records are listed in Appendix H1, in particular species at risk,
and provincially rare species were obtained from the Sixteen Mile Creek ANSI report (MNRF,
2014). The area encompassed by that study was primarily outside of the Supplemental Study
Area in the southern portion of the Sixteen Mile Creek valley. These species also typically occur
within specific habitats (e.g. tallgrass prairie) that have not been identified within the Primary or
Supplemental Study Areas and therefore are unlikely to occur within the South Milton SWS.
However, these records are included in this study because of the contiguity of the Sixteen Mile
Creek system with the South Milton SWS.
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Field Investigation Key Findings

In total, 172 significant species were observed within the Primary and Supplemental Study Areas
during field investigations by D&A and Savanta Inc. This included species that are listed federally
or provincially as a Species at Risk (Endangered, Threatened, Special Concern), or is uncommon
or rare at the global (Grank), national (Nrank), provincial (Srank) or regional/local level (Ecodistrict
7E-4, Regional Municipality of Halton). These species are indicated in Appendix H8, and a
summary of these species is provided below in Table 4.8.3 along with a comparison to the findings
from the background resources.

Only one of the five species at risk from the background review, Butternut (Juglans nigra), was
observed in the South Milton SWS (Appendix H8). In addition to Butternut, the provincially
imperiled (S2) Honey Locust (Gleditsia triacanthos), was also fotind. The Honey Locust were
observed in several locations throughout the properties surve D&A but were all planted rather
than naturally occurring.

tions that areSumcommon or rare within
at were detected in the background
fragilis), which is considered to be

The number of species observed during field investi
Ecodistrict 7E-4 totaled 126, including 57 of the 14
review. One notable species is Fragile Fern (Cyst
extirpated from this Ecodistrict by Varga et ucher specimen for this species was
collected to ensure proper identification; the rved in a seepage area at the base
of a slope in a mixed Sugar Maple-Hemlock fare [ similar habitat to where this species

Of the plant species observed : { or rare within Halton based on Varga et al.
(2005), including 50 that were not ted in the review of background information. Similarly, 53
species were observed mon are rare in Halton according to Crins et al. (2006); all
¥ studies that were reviewed.

Table 4.8.3 Occurrence of significant plant species based on background documents and field
inventory in the South Milton SWS area.

Number of Species Observed During

Number of Species Records in

Level of Significance Field In;/relzti)g’ag;r;sn EaDgggijg)n 2016a Background Resources
National (COSEWIC 2016) 1 5
Provincial 1 5
(MNRF 2015)
Regional
(Ecodistrict 7E-4; Varga et al. 126 148
2005)
Local (Halton; Varga et al. 2005) 108 138
Halton NAI (Crins et al. 2006) 53 136

Our File: TP116007 Page 190



Town of Milton Amec Foster Wheeler
Phase 1: Background Review and Subwatershed Characterization Environment & Infrastructure
South Milton Urban Expansion Area

March, 2017

Areas that support vegetation species of conservation concern will be evaluated during the
Phase 2 assessment process. This will generally include identifying and evaluating features that
support:

» Provincially rare plant species
» Regionally rare plant species
» Provincially Endangered or Threatened plant species

4.8.4.3 Breeding Birds
Background Review Key Findings

Of the 105 species documented in the background review, 30 are considered to be significant,
based on national, provincial, regional and local status ranki , and area sensitivity. Nine
species are ranked designated Threatened nationally by C WIC, including Bank Swallow
(Riparia riparia), Barn Swallow (Hirundo rustica), Bobolink ( x oryzivorus), Chimney Swift
(Chaetura pelagica), Common Nighthawk (Chordeiles dwi rn Meadowlark (Sturnella

species are ranked designated Special Concern by
(Contopus virens) and Grasshopper Sparro

IC, including Eastern Wood-Pewee
S savannarum).

Of the 105 breeding bird species, eight (8) spé en designated Threatened in Ontario,
including Bank Swallow, Barn Swe astern Meadowlark, Eastern Wood-Pewee,

Grasshopper Sparrow, Peregrine eregrinus anatum) and Wood Thrush (OMNRF
2016). Provincially, all 105 spe al conservation ranks (i.e. S-ranks) of S5 and
S4, indicating that their populatio e secure-or apparently secure in Ontario (NHIC 2016). A

total of eight species h g esignated Threatened in Ontario by the Ministry of Natural

Eight (8) species are considered to be locally rare in Halton Region, including Carolina Wren
(Thryothorus ludovicianus), Common Nighthawk, Eastern Whip-poor-will, Long-eared Owl (Asio
otus), Orchard Oriole (Icterus spurius), Red-headed Woodpecker, Upland Sandpiper (Bartramia
longicauda), and Yellow-billed Cuckoo (Coccyzus americanus) (Mcllveen 2006). In addition, 31
species are regionally uncommon in Halton Region (Mcllveen 2006). Many of these species, such
as Common Nighthawk, Eastern Whip-poor-will, and Peregrine Falcon were reported within one
or both of the squares (17NJ91 and 17NJ92).

Field Investigation Key Findings

Of the 90 native breeding bird species during field investigation, nine (9) are recognized as
Species at Risk. That is, they are designated Special Concern, Threatened or Endangered in
Canada (COSEWIC 2016) or Ontario (OMNRF 2016). Species designated Threatened or
Endangered in Canada receive protection under the federal Species at Risk Act (2002)
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(Government of Canada 2002). Similarly, species designated Threatened or Endangered in
Ontario receive protection under the provincial Endangered Species Act (2007) (Government of
Ontario 2007). Special Concern Species receive protection as Significant Wildlife Habitat (OMNR
2000; OMNRF 2015) under the 2014 Provincial Policy Statement (PPS) (OMMAH 2014) under
the provincial Planning Act (Government of Ontario 1990). The nine species and their associated
status are depicted in Appendix H9. They include the following:

i. Common Nighthawk (Chordeiles minor)
ii. Chimney Swift (Chaetura pelagica)
ii. Eastern Wood-Pewee (Contopus virens)

iv. Bank Swallow (Riparia riparia)
V. Barn Swallow (Hirundo rustica)
vi. Wood Thrush (Hylocichla mustelina)
Vii. Grasshopper Sparrow (Ammodramus savannar
viii. Bobolink (Dolichonyx oryzivorus)
iX. Eastern Meadowlark (Sturnella magna)
Thirty-one (31) of the 90 native breeding species sidered locally rare or uncommon

(Mcllveen 2006) (Appendix H9). This includes the follo six locally rare species:

i. Yellow-billed Cuckoo (Coccyzus &
ii. Common Nighthawk (Chosdeiles m

iii. Osprey (Pandion haliagft
iv. Common Raven (Cg
V. Orchard Oriole (IctertiSkspdirit

Vi. Clay-colored
Clay-coloured Sparr8 ded as locally rare or uncommon as the Halton Natural Areas
Inventory (NAI) describ as casual local summer resident (Mcllveen 2006), which

suggests its relative abune e s
2014; Curry and Hamilton Naguralists’ Club, 2006) and the Toronto Region (TRCA 2013), and
according to Ontario Breeding Bird Atlas data (Cadman et al. 2007), its appears to be more poorly
distributed in Halton Region compared to neighbouring areas, we interpreted its status to be rare
in Halton Region.

Twenty-five (25) of the species are considered locally uncommon. This includes:

i. Hooded Merganser (Lophodytes cucullatus)

ii. Wild Turkey (Meleagris gallopavo)

iii. Black-billed Cuckoo (Coccyzus erythropthalmus)
iv. Chimney Swift (Chaetura pelagica)

V. Green Heron (Butorides virescens)
Vi. Northern Harrier (Circus cyaneus)
Vii. Sharp-shinned Hawk (Accipiter striatus)
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viii. Cooper’s Hawk (Accipiter cooperii)
iX. Red-bellied Woodpecker (Melanerpes carolinus)
X. Pileated Woodpecker (Dryocopus pileatus)
Xi. Willow Flycatcher (Empidonax traillii)
Xii. Horned Lark (Eremophila alpestris)
Xiii. Purple Martin (Progne subis)
Xiv. Northern Rough-winged Swallow (Stelgidopteryx serripennis)
XV. Red-breasted Nuthatch (Sitta canadensis)
xvi.  Marsh Wren (Cistothorus palustris)
xvii.  Blue-gray Gnatcatcher (Polioptila caerulea)
xviii.  Eastern Bluebird (Sialia sialis)

XiX. Northern Mockingbird (Mimus polyglottos)

XX. Mourning Warbler (Geothlypis philadelphia)

XXi. Chestnut-sided Warbler (Setophaga pensylvani
xxii.  Pine Warbler (Sefophaga pinus)

xxiii.  Eastern Towhee (Pipilo erythrophthalmus)

xxiv.  Vesper Sparrow (Pooecetes gramineus,

xxv.  Grasshopper Sparrow (Ammodramus sa m)

Fifteen (15) of the 90 native breeding bird spe
that they require large areas of suitable habita
Appendix H9). Two-thirds (10) of the [ rmally associated with forested habitats, four

ch (Sitta canadensis)

Vii. White-breasted Nuthatch (Sitta carolinensis)

viii. Blue-gray Gnatcatcher (Polioptila caerulea)

iX. Ovenbird (Seiurus aurocapilla)

X. American Redstart (Setophaga ruticilla)

Xi. Pine Warbler (Setophaga pinus)

Xii. Savannah Sparrow (Passerculus sandwichensis)
Xiii. Grasshopper Sparrow (Ammodramus savannarum)
Xiv. Bobolink (Dolichonyx oryzivorus)

XV. Eastern Meadowlark (Sturnella magna)

Distribution of significant breeding bird species based on subwatershed areas in the Primary and
Supplemental Study Areas is summarized in Table 4.8.4.
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Table 4.8.4 Summary of significant breeding birds based on subwatershed within the South Milton
SWS area.

West Lower Middle Middle Mid East East |Lower Middle

Status Categories

Branch Branch Branch Branch Branch Trib
National & Provincial SAR
(Total No.=9) 4 ! 3 2 ! !
Priority Species in BCR 13
(Total No. = 31) 17 27 17 12 25 24
Locally Rare Species (Total ” 4 ” 1 3 5
No. = 6)
Locally Uncommon Species
(Total No. = 25) 12 18 15 12
Area Sensitive Species (Total 9
No. = 15)

48.4.4  Anurans (Frogs and Toads)
Field Investigation Key Findings

documented; of those species, 6
a Vulnerable (S3) provincia

osest suitable breeding and foraging habitat on the
s also recorded west of the study areas as a part of the Milton
Phase 3 monitoring in 20 )8, As a part of the Derry Green Subwatershed Study (2014),
Savanta recorded 3 calling viduals in a small marsh located on a property northwest of the
intersection of 5th Line and Main St E. approximately 200 m away from the Primary study area.
Breeding habitat for this species would be considered candidate Significant Wildlife Habitat -
Species of Conservation Concern. Therefore, it will be important to further document the
occurrence of this species, particularly with regard to habitat associated with the Renaissance
Lands and adjacent properties.

American Bullfrog is classified as uncommon in Halton Region (Curry, 2006) and is area-sensitive
(OMNR, 2000). American Bullfrog was found in an online pond associated with East Sixteen Mile
Creek north of Britannia and calling from a pond on the Piper’s Heath Golf Club. Given the local
rarity status of this species and that its occurrence is a trigger for SWH, locations where it is
confirmed will be considered for evaluation as SWH.

Our File: TP116007 Page 194



Town of Milton Amec Foster Wheeler
Phase 1: Background Review and Subwatershed Characterization Environment & Infrastructure
South Milton Urban Expansion Area

March, 2017

4.8.4.5 Salamanders
Field Investigation Key Findings

Jefferson Salamander or Jefferson Salamander-dependent polyploids were not detected during
surveys conducted in 2016. Salamander surveys will continue during 2017, with additional
trapping surveys conducted in Drumquin Woods and surrounding areas. Findings from these
surveys will be incorporated with existing data and used to evaluate the significance of the
features present, and the habitat functions provided with regard to Significant Wildlife Habitat,
and/or Jefferson Salamander habitat.

4.8.4.6 Reptiles (Snakes and Turtles)

Background Review Key Findings

Of the twelve reptiles recorded in the broader area, 7 specie e considered to have National,

Provincial, or local significance.

Nationally, Blanding’s Turtle is considered Endan
species (Northern Map Turtle, Snapping Turtle,
Concern by COSEWIC.

015). Three additional
Milksnake) are listed as Special

Provincially, three species have S-rankings
vulnerable or imperiled, respectively. These sf
Turtle (S3) and Snapping Turtle (S3

dicating that their populations are
landing’s Turtle (S3), Northern Map

ocked Snake. Northern Map Turtle is also listed as area-
ides a summary of species records by background source.

Blanding's Turtle (Emydoidea¥blandingii) was identified by the Ontario Reptile and Amphibian
Atlas (Ontario Nature 2015) as having several records within the grid squares covering the study
area.

Field Investigation Key Findings

Midland Painted Turtle, Eastern Gartersnake, and Eastern Milksnake are considered to have
secure populations, nationally and provincially. Snapping Turtles, however, are designated as
Special Concern federally and provincially, and have a provincial S-ranking of S3, indicating that
their populations are vulnerable. The majority of Snapping Turtle observations were located in the
Lower Middle Branch and Middle Branch and were typically adjacent to or within the creek or
nearby ponds. Snapping Turtles are a Special Concern species in Ontario, and as such, loss of
habitat and habitat fragmentation is a major threat to their resilience as a species. Typically,
Snapping Turtles thrive in habitat containing slow-moving water such as ponds, river edges and
slow streams with dense aquatic vegetation and a soft mud bottom (COSEWIC 2008).
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Finally, the specific locations for element occurrence records for Blanding’s Turtle were provided
by the NHIC in early 2017. One of the element occurrence records results in Category 2 and 3
habitats for Blanding’s Turtle overlapping with portions of the southwest Supplemental Study Area
area with (MNRF 2013). This includes wetlands and areas adjacent to wetlands within 2km of a
confirmed Blanding’s Turtle observation. Surveys may be required in these areas to determine if
Blanding’s Turtle is using ponds within 2 km of the confirmed observation.

4.8.4.7 Odonates
Background Review Key Findings

Only one of the 46 species documented in the background review, Rapids Clubtail (Gomphus
quadricolor), is a Species at Risk at the national or provincial leyéP It is designated Endangered
in Canada (COSEWIC 2016) and Ontario (OMNRF 2016), an s a provincial conservation rank
of S1, indicating its Ontario population is critically imperil 2016). Three other species
have subnational conservation ranks (i.e. S-ranks) of ating populations that are
vulnerable or imperiled, including River Bluet
(Arigomphus villosipes) (S2S3), and Lilypad Clubt

Eastern Red Damsel (A
Hagen’s Bluet (Enallag
Midland Clubtail (
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Rusty Snaketail (Qphiogomphus rupinsulensis)

An additional 16 species are c@
February 2016), including:

sidered uncommon in Halton Region (Van Ryswyk, pers. Comm.,

American Rubyspot (Hetaerina americana)
Autumn Meadowhawk (Sympetrum vicinum)
Band-winged Meadowhawk (Sympetrum semicinctum)
Canada Darner (Aeshna canadensis)

Fawn Darner (Boyeria vinosa)

Fragile Forktail (Ischnura posita)

Halloween Pennant (Celithemis eponina)
Lilypad Clubtail (Arigomphus furcifer)
Powdered Dancer (Argia moesta)

Prince Baskettail (Epitheca princeps)

River Jewelwing (Enallagma anna)
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Springtime Darner (Basiaeschna janata)
Stream Bluet (Enallagma exsulans)
Sweetflag Spreadwing (Lestes forcipatus)
Taiga Bluet (Coenagrion resolutum)
Unicorn Clubtail (Arigomphus villosipes)

vVvyyVvYyyvyy

Field Investigation Key Findings

Of the 50 species documented by Savanta and Dougan & Associates between 2012 and 2016,
44 are considered “secure” or “apparently secure” in Ontario (NHIC 2016); the remaining six had
S-ranks of S1 to S3, meaning their provincial conservation status varied from “critically imperiled”
to “vulnerable”. Azure Bluet (Enallagma aspersum) and Double-striped Bluet (Enallagma
basidens) are ranked “vulnerable” (S3); River Bluet (Enallagm@’anna) and Painted Skimmer
(Libellula semifasciata) are ranked “imperiled” (S2); Unicor btail (Arigomphus villosipes) is
ranked as “vulnerable/imperiled” (S2S3); and Slender Blu ma traviatum) is considered

Halton Region at the time of the Natural Areas Inve
in Halton Region has also increased from r.
isn’t clear if that is a reflection of greater surv
distribution. The Sixteen Mile Creek subwat
were documented in are shown in T

observed in the Lower Middle Br D

In addition, 28 of the 50 species d@ ented between 2012 and 2016 are locally significant. That
¢ on in Halton Region (Van Ryswyk, pers. comm., Feb
e original source for the status of odonata in Halton
al odonate expert and Natural Heritage Ecologist at
pdated the local status ranks in 2016 to better reflect current
ocally rare and uncommon species are listed in Table 4.8.5.

othfels 2006). Status of Azure Bluet
n during the last decade, although it

e six provincially significant species
of the six provincially significant species were
Creek subwatershed.

Region, Brenda Va
Conservation Halton, recén
knowledge in the Region.

Almost 86% of the locally significant species (i.e. 24 of 28) were documented within the Lower
Middle Branch subwatershed of Sixteen Mile Creek. Since the Lower Middle Branch
subwatershed occupies the largest amount of land of all the subwatersheds within the primary
and Supplemental Study Area, this total isn’t surprising.
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Table 4.8.5 Summary of significant Odonates based on subwatershed within the South Milton SWS area.

Common Name

Scientific Name

West
Branch

Lower
Middle
Branch

East
Branch

Amec Foster Wheeler
Environment & Infrastructure

Lower
Middle
Trib

Provincially Significant in Ontario (NHIC 2016)
1 |River Bluet Enallagma anna v
2 |Azure Bluet Enallagma aspersum v
3 |Double-striped Bluet Enallagma basidens 4
4 |Slender Bluet Enallagma traviatum 4
5  |Unicorn Clubtail Arigomphus villosipes v
6 |Painted Skimmer Libellula semifasciata 4
Total 2 4 0 0
Rare in Halton Region (Van Ryswyk, pers. comm., February 2016)
1  |Elegant Spreadwing Lestes inaequalis
2 |Blue-fronted Dancer Argia apicalis 4
3 |River Bluet Enallagma anna v
4 |Double-striped Bluet Enallagma basidens v
5 |Slender Bluet Enallagma traviatum v
6 |Rusty Snaketail Ophiogomphus rupinsulensis
7 |Painted Skimmer Libellula semifasciata v
Total 5 1 0
Uncommon in Halton Region (Van Ryswyk, pers. comm., Febr
1 |River Jewelwing Calopteryx aeg v
2 |American Rubyspot v 4 v
3 |Spotted Spreadwing v v
4 |Northern Spreadwing v v
5 |Sweetflag Spreadwing v
6 | Swamp Spreadwing v
7  |Powdered Dancer v v
8  |Rainbow Bluet v v 4 v
9  |Azure Bluet v
10 |Stream Bluet Enallagma exsulans v v v v
11 |Skimming Bluet Enallagma geminatum v v 4 4
12 |Orange Bluet Enallagma signatum 4 4 4
13 |Fragile Forktail Ischnura posita v v v
14 |Sedge Sprite Nehalennia irene v
15 [Shadow Darner Aeshna umbrosa v 4 4
16 |Unicorn Clubtail Arigomphus villosipes v
17 |Common Baskettail Epitheca cynosura v
18 |Halloween Pennant Celithemis eponina v v
19 |Eastern Amberwing Perithemis tenera v v
20 |Band-winged Meadowhawk |Sympetrum semicinctum v v
21 |Autumn Meadowhawk Sympetrum vicinum v
Total 9 19 7 9
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All of the significant odonate species documented in 2015 and 2016, with the exception of Azure
Bluet, Slender Bluet and Band-winged Meadowhawk (Sympetrum semicinctum), have been
recorded along, or regularly inhabit creeks or their margins, although some prefer slower stretches
of moving water (Catling & Brownell 2000; Lam 2004; Jones et al. 2008; Paulson 2011). As such,
and assuming that the breeding habitats and water quality remain the same, these species should
be able to persist across the South Milton SWS riparian system into the future.

The total number of odonates recorded within the last five years from within and adjacent to the
South Milton SWS lands is greater than what is on file at the Ontario Odonata Atlas (OOA). Fifty
(50) species were recently recorded, compared to 46 species on file with the OOA (for all years
up to and including 2016). The fact that only two years of survey effort, from a ‘relatively’ small
area surveyed, resulted in a list of species larger than what was on file with the OOA for the four
10 x 10 km squares that encompass the study areas (i.e. 40,0 a), suggests that relatively little
field survey work had been completed and reported to th rior to these recent studies.
Nevertheless, this 2012 — 2016 survey work is likely a rea ction of the species present

number of natural habitats, would round out the list

The following 15 species were recorded fro
OOA.

iii. Swamp Spreadwing

iv Blue-fronted Da

V.

Vi a basidens)
Vii. a geminatum)
viii. a signatum)

iX. Slender Bluet (E gma traviatum)

X. Sedge Sprite (Nehalennia irene)

Xi. Shadow Darner (Aeshna umbrosa)

Xii. Common Baskettail (Epitheca cynosura)
Xiii. Calico Pennant (Celithemis elisa)

Xiv. Painted Skimmer (Libellula semifasciata)
XV. Eastern Amberwing (Perithemis tenera)

Conversely, the following 11 species have been documented from the surrounding 10 x 10 km
OOA atlas squares but were not recorded within the primary or Supplemental Study Areas.

i. Eastern Red Damsel (Amphiagrion saucium)
ii. Aurora Damsel (Chromagrion conditum)

iii. Taiga Bluet (Coenagrion resolutum)

iv. Hagen’s Bluet (Enallagma hageni)

V. Canada Darner (Aeshna canadensis)
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Vi. Springtime Darner (Basiaeschna janata)
Vii. Fawn Darner (Boyeria vinosa)

viii. Lilypad Clubtail (Arigomphus furcifer)

iX. Midland Clubtail (Gomphus fraternus)

X. Rapids Clubtail (Gomphus quadricolor)
Xi. Prince Baskettail (Epitheca princeps)

48.4.8 Lepidoptera
Background Review Key Findings

Of the 72 species of butterfly that were documented in the background review, two species are
considered Federally significant: Monarch (Danaus plexippus) and Mottled Duskywing - great
lakes pop. (Erynnis martialis) (COSEWIC 2016). Provincially,, Monarch is ranked Special
Concern, and Mottled Duskywing is considered Endangered total of seven species have
provincial S-rankings of S3 or S2, indicating that their pop s are vulnerable or imperiled,

(Papilio
White (Pieris

In Halton Region, 23 species are considere ncommon immigrants or residents.
American Snout (Libtheana carinenta) and G pwtalVare both rare immigrants. Common
Buckeye (Junonia coenia), Fiery Skipper (H 2us), and Pipevine Swallowtail (Battus
philenor) are rare immigrants asd olonists. Six species, including Columbine

Duskywing (Erynnis lucilius),
(Satyrium edwardsii), Milbert’s
pop. (Erynnis martialis),

g (Pholisora catullus), Edwards’ Hairstreak

seasonal colonist. A
Halton Region.

Of the 33 species documented during site investigation, Monarch is significant federally and
provincially. Federally, it is considered to be Endangered (COSEWIC 2015), and it is assessed
as being Special Concern by both the federal Species at Risk Act and provincially by the MNRF
(2015). Monarch also has a provincial S-ranking of S2N, S4B, indicating that its non-breeding
populations are imperiled while its breeding populations are apparently secure (NHIC 2015).
Additionally, the Hickory Hairstreak and Large Marble are both ranked S3, indicating vulnerable
populations (NHIC 2015). In addition, Wild Indigo Duskywing is considered Locally Significant in
Halton Region. However, it should be noted that this species has very recently expanded its range
substantially in southern Ontario, including both Hamilton and Halton Regions; its present status
in Halton Region is unknown, but it is likely more widespread and common than it was during the
last NAI (Wormington 2006). As shown in Table 4.8.6, the majority of the significant species were
observed along the Lower Middle Branch.
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In comparison to 2016 field investigation results, the Ontario Butterfly Atlas reports are nearly
double the number of species observed by D&A and Savanta. Of the 74 species records, two
species reported are federally or provincially significant: the Mottled Duskywing (Great Lakes
pop.), which is Endangered federally (COSEWIC 2016) and provincially (MNRF 2015), and the
West Virginia White which is Special Concern at the provincial level (MNRF 2015). In addition, 17
species were reported by the Atlas that are considered to be Locally Significant in Halton Region,
while D&A only observed two. Expanding on the Lepidoptera surveys that were conducted during
2016 by including additional habitats, over a greater time span (April to September), it is likely
that the number of species observed would be higher. For example, habitat-specific surveys in
early May at some woodlots containing Toothwort may reveal additional records of West Virginia
White; at present, this species is mainly known in Halton Region from large wooded sites along
the Niagara Escarpment. Mottled Duskywing, which requires san oils and large stands of New
Jersey Tea, is known from Halton Region only along the Niagara Escarpment; as such, it is
unlikely to occur in the present study area
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Table 4.8.6 Summary of significant Lepidoptera occurrences within the Sixteen Mile Creek
subwatersheds

Middle Lower Lower
Common Name Scientific Name Middle Middle
Branch .
Branch Trib

Provincially Significant in Ontario (NHIC 2016)

Hickory Hairstreak Satyrium caryaevorum 1 1 1
Large Marble Euchloe ausonides 1

Monarch Danaus plexippus 1 1 1

Total 2 1 3 1 1

Rare in Halton Region

Common Buckeye Junonia coenia 1

Common Sooty Wing Pholisora catullus 1

Leonard’s Skipper Hesperia leona 1

Painted Lady 1 1

Pipevine Swallowtail 1

Two-spotted Skipper 1 1

Wild Indigo Duskywing 1

Total 2 6 1
Uncommon in Halton Region

Acadian Hairstreak Satyrium acadica 1 1
Total 1 1

4.8.4.9 Winter Wildlife
Field Investigation Key Findings

All of the species documented by Savanta during winter wildlife surveys are common and
widespread in Ontario and Halton Region. Surveys conducted by D&A during winter 2017 will
provide an evaluation of potential raptor and owl overwintering areas within the Primary and
Supplemental Study Areas.
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4.8.4.10 Other Wildlife
Background Review Key Findings

While the maijority of the species documented in the background review are common and
widespread in Ontario and Canada, a few are considered significant, including three species of
endangered bats including Little Brown Myotis (Myotis lucifugus), Northern Myotis (Myotis
septentrionalis), and Tricolored Bat (Perimyotis subflavus), as well as the rare, likely extirpated
Snowshoe Hare. Species records are summarized in Appendix H2. While targeted Maternal
Roost Surveys were not carried out for bats as part of this study, in a smaller-scale Impact
Assessment capacity once development plans are proposed, these surveys should be conducted
as per the Aurora District Bat Survey Protocol, if forests and certain swamps communities are to
be impacted (Aurora District MNRF, 2016). As per the protocolgthese surveys would involve
flagging the appropriate ELC communities that have been rmined as having high snag
densities (>10 snags/ha), and conducting acoustic monit ver a minimum of 10 nights
between June 1 and June 30.

Field Investigation Key Findings

are considered to be common and
SEWIC 2016) and Ontario (OMNRF

All of these species observed during field investig
widespread, with stable populations both ingCanada
2016; NHIC 2016).

4.9 Synopsis of Discipline Fi

49.1 Hydrogeology (Groug S

A significant amount of detai pformation exists within, and adjacent to, the
Primary Study Area. Based_on thel@roundwater team’s local knowledge base, the preliminary
background review, ealegi data from the landowners ongoing hydrogeological
investigation and grg : discussions with the TAC the scope of field work and

analysis for the ground
setting.

ater compBhent was finalized to further characterize the hydrogeological

The Primary study Area is situated within the Peel Plain physiographic region which is
characterized by a glacial till plain that generally slopes from northwest to southeast and has local
areas of incised slopes adjacent to more major water courses.

The surficial geology within the Primary and Supplemental Study Areas consist primarily of fine
grained sediments characterized by the glaciolacustrine silt and clay and glaciolacustrine derived
silty to clayey till (Halton Till). Areas of glaciolacustrine sand and gravel occur in the eastern
portion of the Primary Study Area. Additional drilling confirmed this setting but also indicated there
were areas mapped as coarse grained that were fine grained sediments.

The underlying bedrock within the study area is comprised of the Upper Ordovician Queenston
Formation characterized by red shale. The shale is generally extensively weathered at the surface
(bedrock/overburden contact) and is more competent with depth.
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A major component of the current study’s field work was to assess the bedrock topography and
confirm and refine the extent and depth of an existing buried valley through the drilling program
as well as the prevalence of sand and gravel deposits at the base of the buried valley. A bedrock
valley in and to the northwest of the Primary Study Area has been recognized through mapping
in previous studies. . Two minor bedrock valley systems exist north of Steeles Avenue, enter from
the northwest and north of the study area and extend southeast across Steeles Avenue and
Highway 401. The current study confirms this northerly connection to the main bedrock valley in
the Primary Study Area. The bedrock valley tends to follow the Lower Middle Branch to the Main
Branch of Sixteen Mile Creek, as well as a subtle bedrock valley slope to the southeast. The
topography within the valley ranges from 190 masl to less than 170 masl.

The geological stratigraphy and the surface and bedrock topograp.
which control groundwater flow. The overall stratigraphic ¢
include the following:

are the major characteristics
cteristics were confirmed and

» The thickness of the overburden in the study

30 m in bedrock valleys, but is most often i
» The overburden materials generally consis
deposits.
The majority of the basal sand and gfav
» Discontinuous sand and gravel deposits

within the Primary Study Area

\4

till.
» The surficial sand and : [§7are relatively thin and in some cases not as
prevalent as originallyan )
» There is no ap
basal sand a
clay.

) gravel an@ground surface through the till and glaciolacustrine silt and

The following characteristics
Study Areas:

ate to the domestic wells within the Primary and Supplemental

» Discrete sand/gravel lenses within the overburden and sand and gravel deposits at the
bedrock contact provide adequate water supplies.

» The record review for water supply wells found that only about 35% of the wells were
completed in overburden deposits and the remainder were completed in the shale
bedrock.

» The Queenston shale is generally not considered a good aquifer (for water quality or
quantity), but serves as the most significant local aquifer, due to the lack of other aquifers
in much of the study area. In particular, the upper portions of the shale, where it is fractured
and weathered, can be an important zone of groundwater movement.
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There are 17 active permits in the Primary Study Area; however, 16 of these are for construction
dewatering and one permit for golf course irrigation. Construction dewatering is usually temporary
and golf course dewatering for irrigation is seasonal. The amount of dewatering for construction
will depend on the depth and size of the excavation and whether it has intercepted the more
permeable sand and gravel deposits or shallow fracture bedrock.

The Highly Vulnerable Aquifer (HVA) mapping provided by Conservation Halton indicates a very
small HVA just south of Highway 401 within the study area.

Groundwater level data from monitoring wells indicate the following:

» The depth to groundwater varies across the Primary St
wells within the upper 2.5 m.

» Groundwater tends to be closer to ground surface in aphic lows and slightly deeper
in topographic highs. Groundwater levels tend t 4 m) in deeper wells within
the till.

» Seasonal trends in the monitoring wells ten

» All but one of the monitoring well sites sho

Area with a majority of the

Creek. Steeper gradients occur
cuts more deeply into the Queeg

erall fractured nature of the upper shale bedrock is expected
rovides a larger-scale connection through the Primary Study
bedrock may therefore be connected to recharge areas further
Area where hydraulic connection through the overburden may be

Area and beyond. The uppé
upgradient of the Primary Stud
more prevalent.

The amount of recharge is limited to a greater extent by the lower permeability of the surficial
sediments. The recharge values may be higher or lower depending the overall clay, silt and sand
content within surficial unit. Where the surficial sand exists, higher recharge values will exist. Higher
depressional focused recharge can also occur in topographic lows. The Significant Groundwater
Recharge Mapping provided by Conservation Halton indicates areas of medium vulnerability that
are related to the surficial sands within the Primary Study Area.

Groundwater discharge to stream reaches is very limited throughout the Primary and Supplemental
Study Areas. Spot flow measurements and observation indicate that all the tributaries feeding the
Lower Middle Branch and the West Branch can be dry at times in the summer months except for
those that are fed by stormwater management ponds within Milton. Seepage areas were noted along
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lower slopes in both West Sixteen Mile Creek and lower East Sixteen Mile Creek where deeper cuts
have occurred and valley walls are steep. The groundwater discharge observations for the
tributaries within the study area are consistent with historical observations from the previous
subwatershed studies.

All of the mini piezometers within wetlands or vernal pools are dry or show downward gradients
except 2 mini piezometers. These 2 piezometers go from downward to upward gradients in June
and then become dry. The seasonal reversal of hydraulic gradient is likely a result of increased ET
and a reduction in the water table as opposed to a larger scale groundwater flow system discharge.

4.9.2 Hydrology and Hydraulics (Surface Water)

The hydrologic and conditions within the Primary and Supple
characterized through a desktop review of background informati
development of hydrologic and hydraulic computer models.

tal Study Areas have been
field reconnaissance, and the
ixteen Mile Creek Watershed
part of various Secondary
Planning Studies for the Town of Milton. Although th [ ithi area are generally lower
d gentle“overland slopes provide
opportunity for reduced runoff potential during stor . The hydraulic structures along the

standards; relatively frequent overtopping of'
conditions, particularly during formative € he Yspringtime coinciding with snow
accumulation and melt conditions coupled wit

The study area extends acrossgS and 7 of the Sixteen Mile Creek Watershed
with smaller portions located wi

for the Sixteen Mile Cree d has been reflned within the limits of the study area to
generate peak return p ory (Regional) Storm event flows at key locations within
the study area. Due conditions which prevailed through the course of the
2016 monitoring progra ation gathered is considered insufficient for the purpose of

model calibration; nevertf e HSP-F hydrologic model has been calibrated and validated
extensively as part of previolsstudies conducted over the past 20 years, hence is considered to
be representative of the hydrologic conditions within the Watershed and the current study areas.

Floodline mapping has been developed for the regulated watercourses through the Primary and
Supplemental Study Areas. The mapping is generally consistent with the current Regulatory
floodline mapping for the watercourses.

4.9.3 Stream Morphology

Watercourses and headwater drainage features within the Primary and Supplemental Study
Areas were assessed through a combination of desktop analysis and field reconnaissance to
characterize channel morphology and dominant processes affecting stability. This has included
review of background studies, historic aerial photographs, delineation of meander belt widths,
rapid field assessments and detailed field sites.

Our File: TP116007 Page 206



Town of Milton Amec Foster Wheeler
Phase 1: Background Review and Subwatershed Characterization Environment & Infrastructure
South Milton Urban Expansion Area

March, 2017

There are five subwatersheds of Sixteen Mile Creek that are associated with perennial flowing
watercourses within the Primary and Supplemental Study Areas, (West Branch, Lower Middle
Branch, Middle Branch, Middle East Branch and East Branch). Each subwatershed has numerous
additional ftributaries and headwater features that contribute discharge and sediment
downstream. Through the characterization process of watercourses within the Primary and
Supplemental Study Areas, it was determined that:

» Permanent watercourses are generally considered stressed/transitional indicating that
channel morphology is within the range of variance of streams of similar hydrographic
character but that evidence of instability exists. Dominant processes affecting the stability
of the channel vary depending on reach and location within the subwatershed. Processes
observed indicated that there is a mixture of aggradationp, degradation, widening and
planform adjustment occurring.

» Predominantly, only main branch watercourses h r round flow. The majority of
tributary watercourses are intermittent and do no nected flow year round but
may have disconnected pools. Tributary water, rt year round flow have
headwaters within the developed areas of . [ e drainage area, these

sourced from headwater drainage
wash load or suspended sediment.
» Estimated bankfull hydraulics iadi
flows. Should flows (di
production remains unck

494 Water Quality

e median grainsize is transported at bankfull
ation) increase in the future and sediment
radation will likely increase.

respect to contaminant loadings under existing land use
e condition which would be used to verify the performance

and monitoring. Statistical a ses have been completed for water quality data provided at two
(2) long-term monitoring stations within the Sixteen Mile Creek Watershed, downstream of the
Primary and Supplemental Study Areas. The water quality monitoring data indicates that the
existing surface water quality along the Sixteen Mile Creek downstream of the study area is
generally of relatively higher quality for the rural land use conditions which prevail throughout
most of the watershed. Concentrations of organics, nutrients, and TSS are lower than have been
reported in other areas of the Watershed for largely agricultural land use conditions, and
concentrations of various metals are below values reported elsewhere in the Watershed as well
as PWQOQO’s. The lower concentrations are considered potentially attributable to the influence of
stormwater management practices within urbanized areas of the Watershed. PWQO
exceedances are noted for silver, with some exceedances occurring for cadmium, cobalt, copper,
and iron. Although concentrations of lead were noted to be higher at the monitoring stations
downstream of the study area compared to other locations in the Watershed, PWQO
exceedances were noted to be highly infrequent.
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495 Aquatic Resources

The characterization of the fish and benthic invertebrate communities and their habitats in the
permanently flowing branches of Sixteen Mile Creek relied primarily on existing information. The
field investigations undertaken as part of this studied focussed on smaller watercourse and
headwater drainage features, for which there was less information available.

The aquatic resources in the Primary Study Area can be summarized as follows:

» The Middle Branch, East Middle Branch, and East Branch of Sixteen Mile Creek all
originate north-west of the Primary Study Area and are permanently flowing. The
groundwater discharge which provides the base flow in these watercourses appears to
occur almost exclusively upstream from the Primary Stu rea.

» The West Branch of Sixteen Mile Creek also origina orth-west of the Primary Study
Area. Summer flow in the West Branch is aug water released from Kelso
Reservoir and the West Branch also receives t m the Milton Wastewater
Treatment Plant.

» No areas of groundwater discharge that co

gnificant amount of base flow have

» The permanently flowing watercourg ithi rimary Study Area are warmwater,
based on the temperature monitoring C , nservation Halton in 2011. This is

een documented within the Primary and/or
Supplemental Study Arg anently flowing branches that have been

thoroughly sampled. T es such as Rainbow Darter and Fantail Darter
that are generally conside tive of good water quality. This is consistent with
the benthic inveqd ities which rate water quality as unimpaired or possibly
impaired. The j appears to under-rate the quality of the permanently
flowing water

» Silver shiner, w dered threatened in Ontario, occurs in the West and Lower

» Due to the absence of Significant groundwater discharge, most of the headwater drainage
features that originate within the Primary and Supplemental Study areas are intermittent
or ephemeral. The duration of flow has increased in some of the watercourses that receive
flow contributions from stormwater management facilities in the Town of Milton, but in
drought years, such as 2016, most of these have little or no flow. As a consequence, the
streams that originate in the Primary Study Area tend to have simple fish communities
composed of species such as Brook Stickleback and Fathead Minnow that can tolerate
the harsh conditions that occur in isolated pools and that move upstream to recolonize
streams when flow is present.
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49.6 Terrestrial Resources

Results from the terrestrial characterization have a range of implications for the next steps of the
South Milton SWS. This includes, but is not limited to:

» Follow-up studies during 2017 to address gaps

» Integration of results across disciplines to identify supporting functions

» Assessing the significance of features with regard to Provincial, Regional, and Local
Natural Heritage Policy

» Assessing the existing Regional NHS with regarding key features, buffers, linkages, and
enhancement areas

2016 fieldwork, a number of
up fieldwork during 2017. This

Based on input from the South Milton SWS TAC and results fr,
properties within the study area have been identified for fo
includes:

» Properties identified by Conservation and H
» Additional properties in Drumquin Woods f
» Areas with identified NHS key features or buff

the Supplemental Study Area boundan
» Properties identified by D&A as requ iti d investigation

Salamander surveys
ages/enhancement areas that border

The assessment of natural heritage will follow criteria and direction provided in the
Natural Heritage Reference Map@a Rolicies, Town Policies, Ecoregional Criteria for
Significant Wildlife Habitat, andthe End pecies Act to determine the significance and/or
candidate significance of the folloV

Wetlands
Woodlands
Significant Wildlife
Valleylands
Habitat for Endangered/Threatened Species

vVvyyvyyvyy

The analysis and assessment of features types listed above will be integrated with an analysis to
assess the key features, buffers, linkages, and enhancement areas that make up the Region’s
Natural Heritage System. The analysis will follow the direction provided in the Natural Heritage
System Definition and Implementation Guide (North-South Environmental 2009).
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5.0 INTEGRATION — CHARACTERIZING THE SUBWATERSHED
5.1 Integration Approach

The foregoing investigations and discussions of the existing natural systems proceeded on a
discipline-specific basis, working toward an integrated characterization and assessment of the
features, functions and form related to the existing systems. This integration allows for a fuller
understanding of the fundamental environmental components and systems within the study area.
An integrated characterization and assessment of each study discipline generally occurs on two
levels, namely: i) integrated characterization to validate or confirm the findings of respective
disciplines, and ii) an integrated characterization of key environmental features and systems to
define the functions, attributes, and interdependencies, and to thereby provide guidance for
establishing management opportunities and requirements based on future land uses.

Primary environmental elements stemming from the disci pecific characterization work

described in the previous report sections include:
» Natural Heritage (including wetland/woodlo

» Watercourses (including headwater drainag
» Recharge and Discharge Areas

i. Natural Heritage Units

» diversity andssi

>

>

> (size and land use)

> e to sustainability of habitats and functions

» feature size, p community diversity, and proximity to other features

ii. Watercourses (including headwater drainage features)
» presence/absence of form/stability
baseflow /intermittent/permanent
groundwater discharge (reach specific)
presence/absence of riparian corridor vegetation
bankfull/riparian/flood flows
floodplain
sediment transport
fish habitat (direct/indirect)
benthic invertebrates
» temperature/water quality
iii. Recharge and Discharge Areas
» rate of infiltration/recharge

VVyVYyVYVYYVYYVYY
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» location of functional recharge areas
» functional relationship to watercourse, wetland or terrestrial feature
» quantity of groundwater flux

The foregoing factors/considerations (and others) have been summarized as they relate to the
respective environmental units, features and systems. The following sections provide insight
regarding these units, features and systems, which will be used in subsequent study stages
(Phase 2, 3 and 4 of this SMSWS) to inform the land use and infrastructure (road and services)
planning process in an iterative manner.

5.2 Principles of Integration

The fieldwork and accompanying assessments, associa with the subwatershed
characterization, has been used to establish various principlesgunique to the overall study area.
These principles reflect the properties and characteristics of pective subwatersheds, which

depending on their nature, have implications related to f ment.

ics). It should be noted that by their
ciplines, which essentially lead to the
integrated understanding of how the subwa

5.2.1 Groundwater Characterization and

I. The fractured nature of thedppe
provides the main path i movement of groundwater, both laterally and
to depth throughout the maje ary Study Area. This active hydraulic zone is likely
limited to the uppe the more permeable sand and gravel deposits in the eastern

the local groundwater levels and available groundwater
for storage and harge where it exists. Infiltration can be reduced through
impervious area and compaction of the shallow till and
glaciolacustrine silt/cl2

Attempt to maintain or enhance infiltration where functionally appropriate and minimize
compaction of the shallow overburden.

ii. Reduced water levels may impact terrestrial communities dependent on a high water table
and reduce groundwater discharge where it exists in stream reaches and effect aquatic
resources.

Attempt to maintain or enhance infiltration where functionally appropriate. Also implement
best management practices for underground servicing to minimize water table lowering.

ii. A reduction in water levels may reduce available water in local water wells.

Attempt to maintain or enhance infiltration where functionally appropriate and minimize
compaction of the shallow overburden.

Our File: TP116007 Page 211



Town of Milton Amec Foster Wheeler

Phase 1:

Background Review and Subwatershed Characterization Environment & Infrastructure

South Milton Urban Expansion Area
March, 2017

iv.

Vi.

Vii.

viii.

5.2.2

The fractured nature of the upper till and glaciolacustrine silt/clay, along with macropores,
appears to provide an additional capacity to infiltrate and store precipitation when the shallow
water levels are sufficiently low, thus buffering runoff for medium intensity rainfall events.

Compaction or removal of the shallow overburden may reduce this buffering capacity

Smaller scale depressional topography can focus local shallow groundwater and may
increase local recharge.

Efforts should be made to maintain or create where functionally important.
Locally some surficial sand and gravel deposits provide capacity for storm water infiltration.

These areas should be used for enhanced infiltration given due regard to water quality.

Shallow groundwater levels adjacent to terrestrial featur
infiltration/recharge out of these features as part of th

ay act to buffer the amount of
| water balance.

Maintaining infiltration within the buffer areas surr@unding th features may maintain the

The upper fractured Queenston Shale bedro
groundwater flow system. Installation of vario
where the overburden is thin and gro
to the quantity and direction of ground

Infrastructure trenches shoulg [ sing best management practices to minimize

Study Area but thegpotentialfor significant dewatering during subsurface infrastructure
installation should’be consi

prior to construc

Surface Water Cha ization and Functions

The Regional Storm Floodplain along the riverine systems through the SMSWS area is
contained within the defined valleys; the floodplains within the headwater systems
generally encompass existing agricultural lands.

Flood protection for the SMSWS Area to be integrated with planning of the NHS and
management plan for watercourses.

Drainage systems located within or adjacent to terrestrial units to be protected, such as
woodlots and wetlands, may contribute overland drainage to the terrestrial units on a
frequent basis; therefore, depositing sediments and nutrients is important for
sustainability.

Drainage features with floodplains that include woodlots and wetlands should continue to
contribute drainage, sediments and nutrients by appropriately managing the existing
alignment or by being realigned in a manner that does not impact the terrestrial unit.
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Vi.

Vii.

viii.

5.2.3

Wetlands and woodlots provide temporary flood storage when located within drainage
system floodplains.

The flood storage function of the area wetlands and woodlots should be appropriately
managed either within the terrestrial units or replicated locally within the drainage system.

. Ifunmitigated, the conversion of agricultural lands to urban land uses will increase the rate

and volume of storm runoff locally, and potentially further downstream.

Stormwater management systems should be implemented to manage the increased rate
and volume of runoff from future development and no increase water levels within
identified downstream Flood Damage Centres.

Drainage systems contribute runoff to riparian vegetation along the drainage system
corridor, therefore contributing to the formation a ustainability of the riparian
vegetation.

The flow regime within the channel 8ysSte velopment should be managed to

mitigate potential impacts to the chaniiel sySte ability. Stormwater management and
natural channel design technigue iéquired to provide for long-term and sustainable
channel stability. Source S e implemented on-site to appropriately manage
groundwater recharge g icating pre-development water budget.

Headwater drainage fea contribute and convey sediment to the downstream
drainage system emoving contaminants and are, therefore, an integral
component o annel formation process.

The headwater @ em function of “natural” sediment contribution to downstream
systems should ated by using innovative drainage systems and BMPs

(i.e. replication of lostgeadwater drainage features within appropriate land uses).

Occupied silver shiner habitat has been identified along the defined riverine systems within
the study area.

Stormwater management infrastructure, including Low Impact Development measures
and measure to appropriately manage wetland water budgets, may potentially extend
flows within the receiving watercourses, augment baseflows, and mitigate thermal impacts
from future development, thereby sustaining silver shiner habitat.

Geomorphic Characterization and Functions

Land use changes such as the removal of headwater drainage features or vegetation and
increases in imperviousness, will increase flow discharges and diminish the development
of resisting forces.
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Headwater drainage features are critical to maintaining proper flow and sediment
conveyance across the landscape. It is necessary to ensure that all important functions
of the headwater drainage features are adequately characterized as they are often
removed or consolidated as a result of land use changes. Maintaining appropriate
hydrologic and sediment regimes will be necessary to preserve the function of the
headwater channels and their role in maintaining stream health in downstream areas.

Channel erosion is a necessary natural process; however anthropogenic pressures such
as uncontrolled stormwater runoff, may accelerate and exacerbate natural erosion
processes resulting in a loss of property, threats to infrastructure and environmental
degradation.

Erosion and deposition within a channel can occur a esult of the balance of between

the sediment supply and the hydrologic regime. A

regarding the capacity of each watercourse
or flow regime. Application of appropriate

The incorporation of the meander
corridor allows the lateral migration o cross its floodplain while also ensuring
the maintenance of stream form and

The meander belt widtha SOCi backs represent a constraint to development
and land use planning.

Many of the w
are associated W

Woodland patches that make up Core areas of the NHS and/or provide important
ecological functions (e.g. Significant Wildlife Habitat) should be protected, and adjacent
areas managed to ensure features and functions are not impacted.

Where mature forests within the study area intersect with headwater features, intermitted
streams, and permanent watercourses, erosion has created incised valleys with a range
of topographical conditions that support a high variability in understory microhabitats.

Key functions provided by hydrology and fluvial aspects of headwater features, intermittent
streams, and permanent watercourses will be identified for these areas to assess
management options that may help to maintain and/or enhance the associated
topographical and ecological variability where these areas are present.
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Vi.

525

Some woodlands present on the tablelands are associated with localized catchments and
drainage that may be linked to headwater features. For example, localized wetland
features within woodlands south of Derry Road that intersect with the Middle Branch and
East Branch subwatershed boundary have localized drainage features that are
reminiscent of sloughs that typically occur on impervious soils. Despite the small size of
these features and the seasonal hydroperiod, they provide important habitat for amphibian
species across the primary study area.

The habitat functionality of these localized drainage features should be effectively
maintained and/or restored locally where opportunities exist.

. Woodlands and swamps found in lowland areas and on wet soils are generally associated

courses, and therefore linked
s that result from a range of
orted by localized linkages to

with the floodplain areas of permanent and intermittent wa
to the season fluxes in hydrology, soil, and nutrient i
flooding events. Additionally, some features may b
ground water.

Ecological functions related to hydrologic
watercourses should be considered when d ] fining SWM plans. Where features
may be supported by local ground water fun opportunities for recharge should be
identified within buffer areas and adja

Open wetlands such as meadow mars allow arsh features are typically linked to

floodplains associated with i ercourses, and permanent or intermittent
tributaries. Additionally, sin features associated with headwater drainage
features are generally lig land-use practices. Where present, they can
provide seasonal or pe or wildlife species that tend to utlllzed open

characteristics for atures should be maintained and enhanced where possible.

Some of the successional areas (i.e. cultural thickets and meadows) are large enough to
support species that tend to be area sensitive. Additionally, Species at Risk that utilize
successional habitat and actively managed agricultural lands such as Bobolink, Eastern
Meadowlark, and Barn Swallow were present within the agricultural tableland areas across
the primary study area.

Large early successional areas that are known to support area-sensitive species and
Species at Risk should be identified, and appropriate management and/or permitting
strategies developed consistent with existing provincial and regional policy.

Water Quality Characterization and Functions

Existing water quality is generally of higher quality, with lower concentrations of nutrients,
microorganisms, TSS, and most metals compared to values reported elsewhere within the
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Sixteen Mile Creek Watershed. With the exception of certain metals, the existing surface
water quality has demonstrated few PWQO exceedances.

Based on future land use conditions within the study area, stormwater management
infrastructure should be designed to maintain and potentially improve the current water
quality conditions to the greatest extent possible.

ii. The headwater areas provide a hydrologic function, nutrients, sediment, particulate matter
and organics to the downstream aquatic habitat.

The headwater area aquatic habitat support function should be maintained through
implementing a drainage system that includes the use of open swales and ditching in a
strategic manner.

iii. The main permanently flowing watercourses support dj
sensitive species and the Threatened Silver Shiner.

se fish communities including

5.2.6 Aquatic Characterization and Functions

Mile Creek (West Branch, Middle B
and Supplemental Study Areas.

Land use changes within Supplemental study area can be expected to
have a relatively small e in the main watercourses.

ii. The permanently flowingma s of Sixteen Mile Creek provide good quality
habitats that suppoitgéi ish communities within the Primary Study Area including
sensitive darte n the West Branch and Lower Middle Branch, the

the fish communitie occupy them. Key habitat attributes include flow regimes, water
quality and riparian buffers.

iii. Most of the headwater drainage features that originate within the Primary and
Supplemental Study Areas are ephemeral. If fish are present, they are typically tolerant
species such as Brook Stickleback and Fathead Minnow.

The management focus for ephemeral headwater drainage features that originate within
the Primary and Supplemental Study Areas should be on the maintenance of functions
that support the high quality habitats that are downstream. This approach will inherently
maintain or create habitat for the tolerant species that utilize the intermittent and
ephemeral features.

5.3 Applications of Principles

The integration principles outlined in the preceding section will be applied to develop a constraint
ranking for the watercourses and headwater drainage features within the study area. Each
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watercourse will be assessed on a reach-by-reach basis, based upon various environmental
factors and considerations, and a “consensus” constraint rating has been developed accordingly.
The findings of the assessment will ultimately provide guidance regarding the management
opportunities and requirements for each of the surface drainage features within the study area.
The following sections summarize the approaches and criteria applied, by discipline, in developing
the individual constraint rankings for the area watercourses.

5.3.1 Fisheries

Fish habitat evaluation has been guided using the Credit Valley Conservation and Toronto and
Region Conservation document “Evaluation, Classification and Management of Headwater
Drainage Features: Guidelines (2014), to establish constraint rankings consistent with the
approach applied in the January 2000 Subwatershed Stu and the November 2015
Subwatershed Update Study for Sixteen Mile Creek Areas 2 7. While the terminology and
some of the class boundaries differ somewhat betwe two systems, the resulting
classification and attendant habitat values and recomme ion strategies, indicate that
the change in classification system is not expected
outcomes of the January 2000 and the November . ¥The 2014 guidelines are
provided below.

i. Permanent - Provides direct habitat g, breeding, and/or migration) as a
result of year round groundwater di d/or'permanent standing surface water
within a storage feature (i.e. | etlands, refuge pools, etc.). Habitat may be either
existing or potential (i.e. isola@ted er). Permanent habitat also may include critical
fish habitat (i.e. habitat th @ i y, essential to the fish life cycle, and generally
habitat that is not easi pliC2 eated). Hydrogeological studies and/or water

balance calculations required to confirm groundwater contributions, as
le of the development application(s).

ii. Seasonal - Pfovi imitedidirect habitat onsite (e.g. feeding, breeding, migration and/or

extended contrib ffom wetlands or other surface storage areas that support
intermittent flow conditions, or rarely ephemeral flow conditions. Occasionally, limited
permanent refuge habitat may be identified within seasonal habitat reaches.

iii. Contributing - Provides indirect (contributing) habitat to downstream reaches — functions
generally increase with flow and/or as flows move downstream with increasing length of
channel or channel density (e.g. extent of contributing area). There are two types of
contributing habitat:

a. Complex contributing habitat — generally as a result of intermittent (or less
commonly ephemeral) surface flows, can have marginal sorting of substrates —
generally well vegetated features that influence flow conveyance, attenuation,
storage, infiltration, water quality, sediment, food (invertebrates) and organic
matter/nutrients (i.e. there are two types of nutrients, e.g. dissolved nutrients, and
course/fine matter). Generally, two structural types: a) defined features with
natural bank vegetation consisting of forest, scrubland/thicket or meadow (as
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defined in OSAP or ELC); or b) poorly defined features (swales) typically
distinguished by hydrophilic vegetation.

b. Simple contributing habitat — generally as a result of ephemeral (or less commonly
intermittent) surface flows — generally not well-vegetated features that influence
flow conveyance, attenuation, storage, infiltration, water quality and sediment
transport. Generally two types: a) defined features characterized by crop
cultivation, mowing or no vegetation; or b) poorly defined features (swales) may
contain terrestrial vegetation.

iv. Not Fish Habitat - The pre-screened drainage feature has been field verified to confirm
that no features and/or functions associated with headwater drainage features is present
— generally characterized by no definition or flow, no groundwater seepage or wetland
functions, and evidence of cultivation, furrowing, prese of a seasonal crop, lack of
natural vegetation, and fine textured soils (i.e. clay and/@F'silt).

v. Recharge Zone - Coarse-textured soils describe nd and/or gravel have been
confirmed through field verification; majority of will be infiltrated. These

owever the key function

sh habitat or indirect contributions
through surface flow conveyance, allochthonou sediment transport provided.

The upstream limit of permanent fish habit determined by direct sampling, or by
examining the habitat at the farthe pcation where fish were collected, and then

of seasonal fish habitat has been determined
g location where fish were seasonally present,
e that type of habitat changed to something less likely to
gth of time at any time of year.

by examining the habitat at the
and then extending upst c

Broad-Level Constrai

The following general con rankings for each class of watercourse aquatic habitat are
presented in the Evaluation, Classification and Management of Headwater Drainage Features:
Guidelines (ref. CVC and TRCA, 2-14). Broad-level constraints (High, Medium, Low) have been
assigned to each sub-class of management recommendations to feed into the Integrated
Constraint Rating for each watercourse section.

i Protection — Permanent Fish Habitat, Critical Habitat and Species at Risk (SAR).
Protection 1 (High Constraint) — permanent, critical fish habitat or habitat associated with species
at risk. Generally associated with permanent groundwater discharge or wetland storage — either

habitat and/or flow source characteristics may be difficult to replicate or maintain.

Protection 2 (High Constraint with rehabilitation potential) — permanent fish habitat generally
with permanent standing surface water associated with a wetland and/or pond flows.
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ii. Conservation — Seasonal Fish Habitat.

Conservation 1 (Medium Constraint) — seasonal fish habitat associated with seasonally high
groundwater discharge or seasonally extended contributions from wetlands potential permanent
refuge habitat may be provided by a storage feature.

Conservation 2 (Medium Constraint) — seasonal fish habitat associated with intermittent surface
flows.

iii. Mitigation — Contributing Fish Habitat

Mitigation 1 (Medium Constraint) — Complex contributing fish
natural vegetation communities that support complex, contri
water quality, sediment, organic matter, food and nutrients

itat: flows conveyed through
ing fish habitat i.e. influences
ownstream habitat.

Mitigation 2 (Medium Constraint or Low Constrai
that support simple contributing fish habitat, i.e. | low conveyance, attenuation and
storage to downstream reaches.

iv. No Management Recommendatio

V. Recharge Protection — Rec
surface flow, sediment tra

o direct habitat or indirect habitat providing
onous contribution to downstream fish habitat.

Management

A fisheries high constrajat’re nnial watercourses that supports, or has the potential to
support, high qualit medium constraint has been assigned to reaches
exhibiting intermitten conditions which have been observed to support fish habitat. A low
fisheries constraint is as atercourses that are not considered fish habitat, or have little

potential to contribute to fis at based on the flow regime identified.

All watercourses within the South Milton SWS Primary Study Area have been evaluated with
respect to the criteria provided in the document Evaluation, Classification and Management of
Headwater Drainage Features Guidelines (ref. CVC and TRCA, 2014). This document also
provides general management recommendations for each class of watercourse as follows.

1. Protection — Permanent Fish Habitat, Critical Habitat and Species at Risk (SAR).
Protection 1 (High Constraint) — permanent, critical fish habitat or habitat associated with species
at risk. Generally associated with permanent groundwater discharge or wetland storage — either

habitat and/or flow source characteristics may be difficult to replicate or maintain.

» Preserve the existing drainage feature and groundwater discharge or wetland in-situ,
particularly if species at risk are present;
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» Maintain external drainage;

» Incorporation of shallow groundwater and base flow protection techniques such as
infiltration treatment;

» Use natural channel design techniques or wetland design to restore and enhance existing
habitat features, if necessary; realignment not generally permitted;

» Drainage feature must connect to downstream watercourse/habitat;

» Stormwater management (e.g. extended detention outfalls) are to be designed and
located to avoid and/or minimize impacts (i.e. sediment, temperature) to fish habitat;

» Examine need to incorporate groundwater flows through infiltration measures (i.e. third
pipes, etc.) to ensure no net loss and potential gain.

Protection 2 (High Constraint with rehabilitation potential) — pegmanent fish habitat generally
with permanent standing surface water associated with a wetl and/or pond flows.

» Preference is to maintain existing surface water
» Maintain external drainage or if catchment drai

ean roof drainage) as necessary;
wetland creation and incorporating

level controls (i.e. restore original catchmen
Replicate on-site surface water sources incl

t) — seasonal fish habitat associated with seasonally high
Ally extended contributions from wetlands potential permanent
by a storage feature.

refuge habitat may be provide

» Maintain existing seasonal groundwater or wetland surface flows,

» If catchment drainage has been previously removed due to diversion of stormwater
management flows, restore lost functions through enhanced lot level controls (i.e. restore
original catchment using clean roof drainage), as feasible;

» Replicate on-site seasonal groundwater or surface flows using infiltration measures and/or
wetland creation, if necessary;

» Maintain external flows,

» Use natural channel design techniques to replace existing habitat features to maintain
overall fish productivity of the reach;

» Drainage feature must connect to downstream habitat.
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Conservation 2 (Medium Constraint) — seasonal fish habitat associated with intermittent surface
flows.

» Replicate on-site surface flows;

» Maintain external flows; or if catchment drainage has been removed restore lost functions
through enhanced lot level controls, as feasible;

» Use natural channel design techniques to replace existing habitat features to maintain
overall fish productivity of the reach;

» Drainage feature must connect to downstream habitat.

3. Mitigation — Contributing Fish Habitat

Mitigation 1 (Medium Constraint) — Complex contributing fis
natural vegetation communities that support complex, co

bitat: flows conveyed through
ing fish habitat i.e. influences

» Replicate functions through enhanced lot
vegetated swales (herbaceous, shrub and
pockets, or replicate through constructed wetla atures;

functions. If catchment drainage ha jously removed due to diversion of
stormwater management flo unctions through enhanced lot level controls
roof drainage);

ectly to downstream fish habitat (i.e. direct

» Replicate functions bydl6t level conveyance measures (e.g. vegetated swales) connected
to the natural heritage system, as feasible and/or Low Impact Development (LID)
stormwater options (refer to TRCA’s Water Management Guidelines for details);

» Replicate on-site flows and outlet flows at the top end of vegetated swales, bioswales, etc.
to maintain feature functions.

4, No Management Recommendation Required (Low Constraint) — Not Fish Habitat.

» The pre-screened drainage feature has been field verified to confirm that no feature and/or
functions associated with headwater drainage features are present — generally
characterized by evidence of cultivation, furrowing, presence of a seasonal crop, and lack
of natural vegetation.
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5. Recharge Protection — Recharge Zone - No direct habitat or indirect habitat providing

surface flow, sediment transport, or allochthonous contribution to downstream fish habitat.

» Maintain overall water balance by providing mitigation measures to infiltrate clean
stormwater, unless the area qualifies as a Significant Recharge Area under the Source
Water Protection Act. These areas will be subject to specific policies under their respective
legislation.

5.3.2 Fluvial Geomorphology

The approach applied to establish fluvial geomorphologic constraint rankings for the area
watercourses is summarized in Table 5.3.1.

Table 5.3.1 Summary of Geomorphological Constraints & Management Strategies

Ranking | Definition | M%ab ment Strategy
Reaches that comprise a defined channel with well-

yatercourseo be protected/enhanced in
current form and location. Modification

High geomorphological form and function and are high-qua through enhancement may be
systems that could not be re-located a igated in a“{nacceptable.
post-development scenario.
Reaches that may or may not :
Watercourse to remain open.
morphology (form) but do .
. Enhancement is recommended and
. and have potential for re . e
Medium relocation/restoration is acceptable,

Brphic provided maintenance and enhancement

of channel functions occurs.

Watercourse may be eliminated and
drainage incorporated into SWM systems,
if not required to meet drainage density
targets. Alternatively, watercourse may
remain open and realignments would be
acceptable, if it is required to meet
drainage density targets; no riparian
corridor or setbacks required.

Ephemeral headwa ems that lack defined bed and
Low banks (form) but do pefform a geomorphic function
through the conveyance of flow and sediment.

Management options for Medium geomorphological constraint streams build upon the fisheries
strategies described above (and potentially High constraint streams where modification through
enhancement is acceptable) include:

» Do nothing: leave the corridors in their present condition and develop outside of their
boundaries. It is preferable that streams are not altered. If required from a fisheries
management strategy, enhancement to the riparian vegetation may be required.
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» Enhance existing conditions: maintain the present location of the corridor but enhance
existing conditions (e.g. re-establish a meandering planform, connect channel to
functioning floodplain, establish a low-flow channel, restore riparian vegetation). Again,
this builds upon the fisheries strategy and must address channel functions, such as the
effective conveyance of flow and sediment. Instream structures, such as pools and riffles
could be added to provide a more diverse form. Care must be taken to ensure the
sediment balance is considered (which may in fact result in some local bank erosion).

» Re-locate and enhance existing conditions: many of the reaches within the study area
have undergone extensive straightening and modification for agricultural drainage
purposes. As such, they are not as sensitive to re-location and would benefit from
enhancements such as the re-establishment of a meandering planform with functioning
floodplain and development of a riffle-pool morphology. the event that these reaches
are re-located, the corridor width associated with ea each must, at a minimum, be
maintained.

develop the surrounding lands, with
a minimal buffer (a corridor width js not pre ed for these systems).

» Combination of stormwater ma pen conveyance techniques: the
function of headwater streams ca d through the combined implementation
of stormwater manageq des with sufficient maintenance of open

conveyance systems alesito meet drainage density targets. The swales in
the post developme e part of a public open space and may also
facility. A corridor width is not prescribed for

required to meet inage density targets. Alternatively, watercourse may remain
open and realignments would be acceptable, if it is required to meet drainage density
targets; no riparian corridor or setbacks required.

It should be noted that the net constraint rankings in all cases are equivalent or greater than the
geomorphological constraint rankings. Therefore the management strategies as described above
or better are applicable on a reach basis.

5.3.3 Hydrology

The constraint rankings based upon the hydrologic function afforded by the drainage features has
been established primarily based upon the volume of runoff conveyed by the feature, as indicated
by the drainage area to the feature. In addition, the physical condition of the feature has been
considered in establishing the constraint ranking, as this relates to the anticipated complexity
associated with replicating the conveyance function within a reconstructed corridor.
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Watercourses within well-defined riverine systems with large contributing drainage areas (i.e.
several hundred or several thousand hectares) and defined regulated floodplains have been
assigned a high constraint ranking. Watercourses with defined regulated floodplains, but with
less defined corridors and relatively smaller drainage areas (i.e. generally greater than 100
hectares) have been assigned a medium constraint ranking. Those watercourses without defined
floodplains and with smaller drainage areas (generally less than 100 hectares) have been
assigned a low constraint ranking.

5.3.4 Hydrogeology

Constraint rankings based upon groundwater inputs have been assigned based upon the
presence/absence of baseflow and the manner in which groundwater contributions support local
or downstream aquatic habitat. The groundwater constraint rafilkings have been established in
conjunctions with the aquatic constraint rankings.

5.3.5 Terrestrial

Much of the Terrestrial Integration as it relates to th
be realized through the on-going evaluation of feat
wetlands, and significant wildlife habitat. Much of th
woodland habitat, and thus significant woatlas tured within the existing Greenbelt
lands and the Sustainable Halton NHS. WEe s will follow the Ontario Wetland
Evaluation System, and will be conducted in - ith the Ministry of Natural Resources

gnificance of natural heritage features will
as significant woodlands, significant
imary and secondary study area with

7E (MNRF 2015).

As part of the integ
watercourses, the fo
based upon terrestria
secondary study area:

disciplines to identify reach-based constraints for
wing approaeh has been applied to identify preliminary constraint rankings
actions agsociated with each watercourse reach within the primary and

High — assigned to reaches that flow through or directly adjacent to identified core natural areas
and/or provide a linkage function between core natural areas.

Medium- assigned to stream reaches that flow through other existing terrestrial features or
provide a terrestrial linkage and enhancement opportunity between terrestrial features.

Low- assigned to stream reaches that do not flow through terrestrial features or provide a linkage
opportunity.

5.3.6 Net Watercourse Constraint Rankings

The discipline-specific constraint rankings for the area watercourses will be used to develop
preliminary overall constraint rankings for each of the area watercourses. The discipline-specific

and overall watercourse constraint rankings will be reviewed with the TAC, and incorporated into
the updated Phase 1 report.
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5.3.7 Preliminary Working Targets

The following preliminary working targets have been developed based upon the study goals and
objectives outlined in Section 3.8. In addition, it is recognized that the objectives/targets and
management strategies outlined in the 1996 Watershed Plan for Subwatersheds 2, 3, 4, 5, 6 and
7 (ref. Gore & Storrie Limited and Ecoplans Ltd., February 1996, Tables D.2 to D.7) shall be
considered and applied as appropriate in the development of the management strategies; relevant
excerpts from the 1996 Watershed Plan are provided in Appendix ‘I'. The working targets
provided in Table 5.4.1, as well as the requirements outlined in the February 1996 Watershed
Plan, will serve to guide the evaluation and development of recommendations to manage and
mitigate the impacts of the future development within the South Milton SWS.
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able 5.4
D D

Objective/Target

Amec Foster Wheeler
Environment & Infrastructure

20 a) ateqie A 0

1 To prevent, eliminate or minimize the risks to life and property caused by flooding and erosion hazards and not create new or aggravate existing hazards.
Natural Hazards » To ensure new development does not increase the frequency and intensity of flooding, » Provide post-to-pre development flood control for all events up to the Regional
the rate of natural stream erosion or increase slope instability. Storm event, and provide erosion controls to reduce critical flow exceedance at
» To establish development standards and land use controls that ensure future key locations along receiving watercourses. Guidance on future locations and form
development is located outside of, and appropriately setback from, flooding and erosion of flood controls to be generally set by SWS.
hazards. » Develop floodline mapping and meander belt widths as part of the SWS to refine
» To ensure that new development, including infrastructure, incorporates appropria hazard limit definition.
mitigation measures in order to avoid adverse impacts to natural features and are » Develop watercourse and stormwater management plan for the future
it relates to natural hazards. development to mitigate adverse impacts as determined by impact assessment.
» To consider climate change adaptation measures as part of the development » Develop stormwater management plan which incorporates measures to address
and erosion management strategies. increased risk due to climate change and/or allows for adaptive management.
2 To protect, restore or, where appropriate, enhance the biodiversity, connectivi the natural heritage features and areas throughout the Study Area for the long
term..

Natural Heritage » To ensure that natural heritage features and areas, associated NHS, » Build on the recommendations and guidance for the NHS based on the
including their ecological and hydrologic functions, are protected from adverse Sustainable Halton Phase 3 Natural Heritage System Definitions and
impacts of development. Implementation Guide

» To ensure that buffers, corridors and linkages betweenine » Develop mapping and resources that identify key features and functions
surface water features and groundwater features are m associated with Core areas of the NHS, and evaluate key sensitives and
possible, improved through the establishment of the natura constraints associated with proposed secondary plan areas

» To establish innovative development stand » Develop mapping and resources that provide conceptual management
future development does not negatively im recommendations for areas within the existing NHS currently identified as

» To consider climate change mitiga Enhancement, Linkage, and/or Buffers
development of natural heritage manag g » Integrate the stormwater and watercourse management plan with the natural

» To consider opportunities for maintaining ancing the desthetic and recreational heritage system
value of the NHS, as part th anagement strategies. >

3 To protect, improve or restore the er resources within, adjacent to and downstream of the Study Area, including their associated ecological and hydrologic /

Water Resources

>

yrphology are maintained or improved to
riffles, etc.), dynamic channel form and

To prevent nutrient enrichmen contamination of surface and groundwater
resources from development and related activities.

To ensure surface and groundwater features and their hydrologic functions are
protected, improved or restored.

To maintain linkages and related functions among groundwater features, surface water
features, hydrologic functions, and natural heritage features and areas.

To consider climate change mitigation and adaptation measures as part of establishing
management strategies.

To ensure that the riparian rights of downstream landowners is respected.

» Provide erosion controls to maintain critical flow exceedance at critical locations
along receiving watercourses as determined by the Subwatershed Study.

» Provide stormwater quality treatment for infiltrated surface water.

» Meet or exceed stormwater quality control requirements for future development in
accordance with Provincial (MOECC - TSS based or any updates to MOECC
Guidelines) standards.

» Work toward maintaining pre-development groundwater recharge and
groundwater discharge at significant surface water and natural heritage features.

» Develop stormwater management plan which incorporates measures to address
increased risk due to climate change and/or allows for adaptive management.

» Develop stormwater management and drainage plan which respects the rights of
downstream landowners.
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Table 5.4.1 Preliminary Working Targets for South Milton Subwatershed Study

Amec Foster Wheeler
Environment & Infrastructure

To mitigate negative impacts related to the quality and guantity of stormwater within, adjacent to, and downstream of the Study Area.

Stormwater Management

>
>

To maintain/enhance baseflow to the receiving regulated watercourses.
To ensure that post- to pre-development peak flow control (as a minimum) achieves
flood control objectives for all storm events (2 year to 100 year) and including th
Regional Storm event.

To ensure that stormwater runoff controls maintain or enhance existing flow-

watercourses.
To ensure that the treatment of runoff mitigates surface water qualit
development in accordance with Ministry of the Environment a
guidelines, to an enhanced standard.
To mitigate thermal impacts from stormwater runoff to the extent pos
To consider Low Impact Development (LID), Green Infrastructure and Be
Practices (BMPs) to treat stormwater at its source.
To consider climate change mitigation and adaptation me
stormwater management strategies.

Work toward maintaining pre-development water budget

Provide post-to-pre development flood control for all events up to the Regional
Storm event.

Provide erosion controls to reduce critical flow exceedance at key locations along
receiving watercourses.

Meet or exceed stormwater quality control for future development in accordance
with Provincial (MOECC — TSS based or any updates to MOECC Guidelines)
standards.

ncorporate stormwater management measures and practices which mitigate
thermal enrichment from urban development.

Develop a stormwater management plan which allows for incorporating LID BMP’s
into the future development.

Develop stormwater management plan which incorporates measures to address
increased risk due to climate change and/or allows for adaptive management.
Work toward maintaining pre-development water budget

Our File: TP116007

Page 227




Town of Milton Amec Foster Wheeler
Phase 1: Background Review and Subwatershed Characterization Environment & Infrastructure
South Milton Urban Expansion Area

March, 2017

ACRONYMS

<to be compiled for next round>

Our File: TP116007 Page 228



Town of Milton Amec Foster Wheeler
Phase 1: Background Review and Subwatershed Characterization Environment & Infrastructure
South Milton Urban Expansion Area

March, 2017

REFERENCES

AMEC Environment and Infrastructure (AMEC). 2015. Sixteen Mile Creek, Areas 2 & 7
Subwatershed Update Study. Prepared for the Town of Milton, March 2013, Revised May
2015.

AMEC Environment & Infrastructure, Blackport and Associates, C. Portt and Associates, Dougan
& Associates, Parish Aquatic Services. TBD. Environmental Monitoring Plan; Milton Boyne
Survey — Phase 3. Town of Milton.

AMEC Environment & Infrastructure. 2013. Sixteen Mile Creek Areas 2 & 7 SUS Technical
Appendix: Functional Stormwater and Environmental Management Strategy, Derry Green
Corporate Business Park Secondary Plan Area. Town of Milton, 2013.

ortt and Associates, Dougan &
ix: Functional Stormwater and

AMEC Environment & Infrastructure, Blackport & Associates,
Associates, and Parish Geomorphic. 2013a. Technical

Environmental Management Strategy, Boyne Surve lan Area. Town of Milton.
March 2013.

AMEC Environment & Infrastructure, Blackport & A C. Portt and Associates, Dougan &
Associates, and Parish Geomorphic. 2013b. Sixte e Creek, Areas 2 and 7 Subwatershed
Update Study (SUS). Town of Milton. M

AMEC Earth and Environmental. 2010. Sixte eas 2 and 7 Subwatershed Update

Aquafor Beech Limited, North- i ntal Inc., and Aboud & Associates. 2014.
Britannia Road Transpo ovements, Environmental Study Report —
Terrestrial and Aquatic Resolees gional Municipality of Halton. September 2014.

Babbitt, K.J., Baber, M, 3 . 2003. Patterns of larval amphibian distribution along a
] i dian Journal of zoology 81:1539-1552.

Becker, G.C. 1983. sconsin. Univ. of Wisconsin Press. Madison, Wisconsin.

1052 pp.

Bode, R.W. 1988a. Quality urance work plan for biological stream monitoring in New York
State. Stream Biomonitoring Unit, Bureau of Monitoring and Assessment. Division of Water,
NYS Department of Environmental Conservation. August, 1988.

Bode, R.W. 1988b. Methods for rapid biological assessment of streams. Stream Biomonitoring
Unit, Bureau of Monitoring and Assessment. Division of Water, NYS Department of
Environmental Conservation. February, 1988.

Borisko, J. 2002. Water Quality Monitoring with Benthic Macroinvertebrates. Citizen’s
Environment Watch. Toronto.

BSC (Bird Studies Canada). 2009. Marsh Monitoring Program Participant's Handbook for
Surveying Amphibians. 2009 Edition. 13 pages. Published by Bird Studies Canada in
cooperation with Environment Canada and the U.S. Environmental Protection Agency.
February 2009.

Our File: TP116007 Page 229



Town of Milton Amec Foster Wheeler
Phase 1: Background Review and Subwatershed Characterization Environment & Infrastructure
South Milton Urban Expansion Area

March, 2017

Cadman, M.D., D.A. Sutherland, G.G. Beck, D. Lepage, and A.R. Couturier (eds.) 2007. Atlas of
the Breeding Birds of Ontario, 2001 — 2005. Bird Studies Canada, Environment Canada,
Ontario Field Ornithologists, Ontario Ministry of Natural Resources, and Ontario Nature,
Toronto. xxii + 706 pp.

Catling, P.M. and V. R. Brownell. 2000. Damselflies and Dragonflies (Odonata) of Ontario:
Resource Guide and Annotated List. ProResources, 2336 Scrivens Drive, Metcalfe, Ontario,
Canada. 200 pp.

Chapman, L.J. and D.F. Putnam. 1984. The Physiography of Southern Ontario; Ontario
Geological Survey, Special Volume 2. Government of Ontario, Ontario. 270p.

Chu, C., N.E. Jones, A. R. Piggot and J.M. Buttle. 2009. Evaluation of a Simple Method to Classify
the Thermal Characteristics of Streams Using a Nomogram ofiDaily Maximum Air and Water
Temperatures. North American Journal of Fisheries Mana ent 29: 1605-1619.

Coad, B.W., H. Waszczuk, and I. Labignan. 1995. Encycl f Canadian fishes. Canadian

Conservation Halton. 2016a. Species Element Oc CH_EO_Points_2008-
14MiltonSubWa.shp; CH_EO_Polygons_2 iltohSubWa.shp). South Milton
Subwatershed Study Area, provided by Conserv alton GIS Departmant, May 2016.

Conservation Halton. 2016b. : Species (GIS file:
CH_Rare_Species 090917MiltonSubWa ) ilton Subwatershed Study Area,
provided by Conservation Halton arf 2016

Conservation Halton 2013. Lon [ pental Monitoring Program Grindstone Creek,
Sixteen Mile Creek and ) oring. Conservation Halton, Burlington, ON.
176 pp.

COSEWIC (Committee g : Sf Endangered Wildlife in Canada). 2016. Canadian Wildlife
Species at Risk (Q ittee on the Status of Endangered Wildlife in Canada.
Web site:  htip .registtelep-sararegistry.gc.cal/virtual_saral/files/species/Csar-2015-

COSEWIC (Committee on th@Status of Endangered Wildlife in Canada). 2015. Canadian Wildlife
Species at Risk. Committee on the Status of Endangered Wildlife in Canada. Web site:
http://lwww.cosewic.gc.ca/eng/sctO/rpt/rpt_csar_e.cfm [accessed January 2017]

COSEWIC. 2011. COSEWIC assessment and status report on the Silver Shiner Notropis
photogenis in Canada. Committee on the Status of Endangered Wildlife in Canada. Ottawa.
xi + 45 pp. (www.sararegistry.gc.ca/status/status_s.cfm).

COSEWIC (Committee on the Status of Endangered Wildlife in Canada). 2010. Assessment and
Status Report on the Jefferson Salamander Ambystoma jeffersonianum in Canada.
Committee on the Status of Endangered Wildlife in Canada. Ottawa. Xi + 38 pp.
(http://www.sararegistry.gc.ca/status/status e.cfm)

COSEWIC (Committee on the Status of Endangered Wildlife in Canada). 2008. COSEWIC
assessment and status report on the Snapping Turtle Chelydra serpentine in Canada.
Committee on the Status of Endangered Wildlife in Canada. Ottawa. vii + 47 pp.
(www.sararegistry.gc.ca/status/status_e.cfm).

Our File: TP116007 Page 230



Town of Milton Amec Foster Wheeler
Phase 1: Background Review and Subwatershed Characterization Environment & Infrastructure
South Milton Urban Expansion Area

March, 2017

Crins, W.J., W.D. Mcllveen, A.G. Goodban, and P.G. O’Hara. 2006. The Vascular Plants of Halton
Region, Ontario. pp. 1 —78. In: J.K. Dwyer (Ed.) Halton Natural Areas Inventory 2006. Volume
2 — Species Checklists. 184pp.

Crins, W.J., P.A. Gray, P.W.C. Uhlig, and M.C. Wester. 2009. The Ecosystems of Ontario, Part
1: Ecozones and Ecoregions. Ontario Ministry of Natural Resources, Peterborough Ontario,
Inventory, Monitoring and Assessment, SIB TER IMA TR- 01, 71pp.

Crowley, J. 2016. American Toad (Anaxyrus americanus). Ontario Nature. Retrieved from:
https://www.ontarionature.org/protect/species/reptiles_and amphibians/american_toad.php

Curry, B. 2006. The Herpetofauna of Halton Region, Ontario. pp. 97 — 112. In: J.K. Dwyer (Ed.)
Halton Natural Areas Inventory 2006. Volume 2 — Species Checklists. 184pp.

Curry, B. and Hamilton Naturalists’ Club. 2006. Birds of Ha
Hamilton Naturalists’ Club. 676 pp.

on and Surrounding Areas.

D&A (Dougan & Associates). 2010. Boyne Secondary Pla i Survey Data. Vol:1.

D&A (Dougan & Associates). 2010 — 2014. Milton P
Milton. 2014.

Dillon Consulting. 2000. 401 Corridor Integrated Pl
Subwatershed Plan. Town of Halton Hills, 2000.

Dobbyn, J.A.S. 1994. Atlas of the Mammal
Mills, Ontario. 120pp.

Dodd, C.K., Jr. 2013. Frogs of the and Canada. Johns Hopkins University Press,
Baltimore. 2 Volumes, i-xxvijgt"

DSEL (David Schaeffer Enginectihg Ltd”),"3" abourin and Associates, Savanta Inc.,
GeoProcess Resear iategyand WSP Canada Inc. 2016. Subwatershed Impact Study
for Areas 5A, 5B, ey Lands, Phase 3, in the Town of Milton, Region of

Dwyer, J.K. (Project Coordi 2006a. Halton Natural Areas Inventory. 2006: Volume 1 Site
Summaries. Prepared b amilton Field Naturalists’ Club, Halton-North Peel Naturalists’
Club, and the South Peel Naturalists’ Club, in association with Conservation Halton and Halton
Region. 335 p.

Dwyer, J.K. 2006b. Halton Natural Areas Inventory. 2006: Volume 2 Species Checklists

EC (Environment Canada) 2014. Bird Conservation Strategy for Bird Conservation Region 13 in
Ontario Region: Lower Great Lakes/St. Lawrence Plain - Abridged Version - July 2014. 34 pp.
Available at: http://www.ec.gc.ca/mbc-com/F43BE8A4-376F-4525-B1CD-
2E78B43989D8/BCR_13_ON%20FINAL_Abridged October 2014.pdf

FBMP (Forest Breeding Bird Program). 2008. Forest Bird Monitoring Program - Site Set-up and
Bird Survey Instructions. Spring 2008 Revised Edition. Canadian Wildlife Service. Guelph,
Ontario. 6pp.

Gore & Storrie Limited and Ecoplans Ltd. 1996. Sixteen Mile Creek Watershed Plan. Regional
Municipality of Halton.

Our File: TP116007 Page 231



Town of Milton Amec Foster Wheeler
Phase 1: Background Review and Subwatershed Characterization Environment & Infrastructure
South Milton Urban Expansion Area

March, 2017

Government of Canada. 1990. Planning Act, Revised Statutes of Ontario (1990, c. P.13).
Retrieved from the ServiceOntario e-Laws website: http://www.e-
laws.gov.on.ca/html/statutes/english/elaws_statutes 90p13 e.htm

Government of Canada. 1994a. Migratory Birds Convention Act, Statutes of Canada (1994, c.
22). Retrieved from the Department of Justice Laws Website: http://laws-
lois.justice.gc.ca/eng/acts/M-7.01/FullText.html

Government of Canada. 1994b. Migratory Birds Regulations, Consolidated Regulations of
Canada (1994, c. 1035). Retrieved from the Department of Justice Laws Website: http://laws-
lois.justice.gc.ca/eng/regulations/C.R.C., ¢. 1035/FullText.html

Government of Canada. 2002. Species at Risk Act (SARA). Available at: http://laws-
lois.justice.gc.ca/eng/acts/S-15.3/index.html

Government of Ontario. 2007. Endangered Species Act,
Retrieved from the Service Ontario
laws.gov.on.ca/html/statutes/english/elaws statutes

Hall, P.W., C. D. Jones, A. Guidotti, and B. Hubley.
Ontario. Royal Ontario Museum, Toronto. 488

utes of Ontario (2007, c. 6).
website: http://www.e-

Guide to Butterflies of

Halton Region, 2006. Halton Region Official Pla 06. Available: http://www.halton.ca/
ppw/Planning/OP/ROP.htm

Harding, J.M. 1997. Amphibians and Reptile
Press. Ann Arbor, Michigan. 378

Hecnar, S., and Robert T. M'Clo
Ecology. 77(7): 2091-2097

Henson, B.L and K.E. Brodribb:
Biodiversity. Volumeg odi

Lakes Region. University of Michigan
nal Dynamics and the Status of Amphibians.

5. Great Lakes Conservation Blueprint for Terrestrial
ummaries. Nature Conservancy of Canada and Ontario

Herrmann H.L., Babb J. ber, M.J., Congalton, R.G., 2005. Effects of landscape
ibj distribution in a forest-dominated landscape. Biological
Conservation 123: 139-1%

Hilsenoff, W.L. 1982. Using a biotic index to evaluate water quality in streams. Department of
Natural Resources. Madison, Wisconsin. Tech. Bull no. 132.

Hilsenoff, W.L. 1987. An improved biotic index of organic stream pollution. Great Lakes
Economist Vol. 20 (1): pp 31-39.

Holm, E., N.E. Mandrak, and M.E. Burridge. 2009. The ROM field guide to freshwater fishes of
Ontario. Royal Ontario Museum, Toronto. 462 p.

Howe, RW., G.J. Niemi, S.J. Lewis, and D.A. Welsh. 1997. A standard method for monitoring
songbird populations in the Great Lakes Region. The Passenger Pigeon 59(3): 189 — 194.

Jenkins, R.E., and N.M. Burkhead. 1993. Freshwater fishes of Virginia. American Fisheries
Society, Bethesda, Maryland.

Our File: TP116007 Page 232



Town of Milton Amec Foster Wheeler
Phase 1: Background Review and Subwatershed Characterization Environment & Infrastructure
South Milton Urban Expansion Area

March, 2017

Jones, C., A. Kingsley, P. Burke and M. Holder. 2008. The Dragonflies and Damselflies of
Algonquin Provincial Park and Surrounding Area. Published by The Friends of Algonquin
Park, Whitney, Ontario. 263 pages.

Jones, C., KIM. Somers, B. Craig and T.B. Reynoldson. 2007. Ontario Benthos Biomonitoring
Network: Protocol Manual. Queen’s Printer for Ontario, 109pp.

JSRT (Jefferson Salamander Recovery Team). 2009. Draft Recovery Strategy for the Jefferson
Salamander (Ambystoma jeffersonianum) in Ontario. Ontario Recovery Strategy Series.
Prepared for the Ontario Ministry of Natural Resources, Peterborough, Ontario. vi + 27 pp.

Kramer, D. 1973. Movements of Western Chorus Frogs Pseudacris triseriata triseriata Tagged
with Co60. Journal of Herpetology, 7(3), 231-235.

Kurta, A. 1995. Mammals of the Great Lakes Region (Revised
376pp.

Lam, E. 2004. Damselflies of the Northeast. A guide to

ition). University of Michigan.

y Plan Study. Town of Halton Hills.

Mcllveen, W.D. 2006. The Birds Q i ntario. pp. 79— 96. In: J.K. Dwyer (Ed.) Halton
Natural Areas Inventory 20 me ies Checklists. 184pp.

Plant List. Forest Infor aper No. 123, Ontario Forest Research Institute, Sault
Ste. Marie, Ontario. 550 pp. + appendices.

NHIC (Natural Heritage Information Centre). 2011. NHIC List of Vascular Plants for Ontario.
Acquired by request Feb 24, 2011.

NHIC (Natural Heritage Information Centre). 2011. NHIC Srank definitions. Accessed at:
http://nhic.mnr.gov.on.ca/MNR/nhic/glossary/srank.cfm

NHIC (Natural Heritage Information Centre). 2014. Ontario Vascular Plant Species List. April
2014. Ontario Ministry of Natural Resources. https://contrib.ontario.ca/environment-and-
energy/get-natural-heritage-information

NHIC (Natural Heritage Information Centre). 2015. NHIC Species Lists. Available at:
https://www.ontario.ca/page/get-natural-heritage-information

NHIC (Natural Heritage Information Centre). 2016a. NHIC Species Lists. Available at:
https://www.ontario.ca/page/get-natural-heritage-information

Our File: TP116007 Page 233



Town of Milton Amec Foster Wheeler
Phase 1: Background Review and Subwatershed Characterization Environment & Infrastructure
South Milton Urban Expansion Area

March, 2017

NHIC (Natural Heritage Information Centre). 2016b. Element Occurrence Data for Provincially
tracked species, plant communities and wildlife concentration areas. Ontario Ministry of
Natural Resources.

North-South Environmental Inc. 2009. Sustainable Halton Phase 3 Report 3.02 - Natural Heritage
System Definition & Implementation. 50 pp.

Oldham, M.J. 1999. Natural Heritage Resources of Ontario: Rare Vascular Plants. Third Edition.
Natural Heritage Information Centre, Ontario Ministry of Natural Resources, Peterborough,
Ontario. 53 pages. http://www.mnr.gov.on.ca/MNR/nhic/species/rarevascular.pdf

Oldham, M.J., W.D. Bakowsky, and D.A. Sutherland. 1995. Floristic Quality Assessment System
for Southern Ontario. Natural Heritage Information Center, OMNR (Ontario Ministry of Natural
Resources). Peterborough, Ontario. 69 pp.

OMMAH (Ontario Ministry of Municipal Affairs and Housing).
50 pp. Available at: http://www.mah.gov.on.ca/AssetFa

4. Provincial Policy Statement.

Blanding’s Turtle (Emydoidea
https://files.ontario.ca/environment-and-ene
_en.pdf

esources). 2013. Ontario Wetland Evaluation
System, Southern on, Version 3.2. 293 pp.

OMNREF (Ontario Mig | Resources and Forestry). 2015. Significant Wildlife Habitat
Criteria  Schedule EcOregion 7E, January 2015. 41 pp. Available at:
https://www.ontario.ca
ecoregion-7e

OMNREF (Ontario Ministry of Natural Resources and Forestry). 2016a. Species at Risk in Ontario
(SARO) List. Updated 26, October 2016. Available at: https://www.ontario.ca/environment-
and-energy/species-risk-type

OMNREF (Ontario Ministry of Natural Resources and Forestry). 2016b. Letter re: Information
Request for the South Milton Urban Expansion SWS, Town of Milton, Regional Municipality
of Halton. Aurora District. August 12, 2016.

OMNDM (Ontario Ministry of Northern Development and Mines). 2010. OGSEarth Surficial
Geology data in GIS format. Retrieved from: http://www.mndm.gov.on.ca/en/mines-and-
minerals/applications/ogsearth/surficial-geology

Ontario Nature. 2015. Ontario Reptile and Amphibian Atlas Interactive Range Maps. Available
online at: https://www.ontarionature.org/dynamic-maps/dynamic-maps/

Our File: TP116007 Page 234



Town of Milton Amec Foster Wheeler
Phase 1: Background Review and Subwatershed Characterization Environment & Infrastructure
South Milton Urban Expansion Area

March, 2017

OPIF (Ontario Partners in Flight). 2008. Ontario Landbird Conservation Plan: Lower Great
Lakes/St. Lawrence Plain, North American Bird Conservation Region 13. Ontario Ministry of
Natural Resources, Bird Studies Canada, Environment Canada. Final Draft, June 2008. Draft
February 2006 version available online at: http://www.bsc-eoc.org/PIF/PIFOntario.html

Paulson, D. 2011. Dragonflies and Damselflies of the East. Princeton University Press, Princeton,
New Jersey. 538 pp.

Petranka, J. 2010. Salamanders of the United States and Canada. Smithsonian Books. 587 pp.

Plourde, S.A., E.L. Szepesi, J.L. Riley, M.J. Oldham and C. Campbell. 1989. Distribution and
Status of the Herpetofauna of Central Region, Ontario Ministry of Natural Resources. Parks
and Recreational Areas Section, OMNR, Open File Ecological Report SR8903, Central
Region, Richmond Hill, Ontario. 27pp.

Price, S.J., Marks, D.R., Howe, R.W., Hanowski, J.M., and Ni
spatial scale for conservation and assessment of anur,
the western Great Lakes, USA. Landscape Ecology.

Ringius, G.S. and R.A. Sims. 1997. Indicator pl
Resources Canada. 218 pp.

Riley, J.L. 1989. Distribution and Status of the Vascula
of Natural Resources. Richmond Hill. 1 )

Rothfels, C. 2006. The Dragonflies and Dams

135 — 158. In: J.K. Dwyer (Ed. al Areas Inventory 2006. Volume 2 — Species
Checklists. 184pp.

, G.J. 2004. The importance of
lations in coastal wetlands of

adian forests. Natural

species in

nts of Central Region. Ontario Ministry

Shannon, C.E. and V 949. The mathematical theory of communication. Univ. Il
Press., Urbana lll.

Stanfield, L. (editor). 2013. io Stream Assessment Protocol. Version 9.0. Fisheries Policy
Section. Ontario Ministry of Natural Resources. Peterborough, Ontario. 505 pp.

Scott, W.B and E.J. Crossman. 1973. Freshwater fishes of Canada. Fisheries Research Board
of Canada. Bulletin 183. Ottawa, Canada. 966 p.

Smith, C.L. 1985. The inland fishes of New York State. New York State Department of
Environmental Conservation, Albany, New York. 522 pp.

Spear, P.A., Boily, M., Giroux, I., Deblois, C., Helena, M., Levasseur, and M., Leclair, R. 2009.
Study design, water quality, morphometrics and age of the bullfrog, Rana catesbeiana, in sub-
watersheds of the Yamaska River drainage basin, Québec, Canada. Aquatic Toxicology.
91(2): 110-117.

Stewart, KW., and D.A. Watkinson. 2004. The freshwater fishes of Manitoba. University of
Manitoba Press, Winnipeg. 276 pp.

Our File: TP116007 Page 235



Town of Milton Amec Foster Wheeler
Phase 1: Background Review and Subwatershed Characterization Environment & Infrastructure
South Milton Urban Expansion Area

March, 2017

Stebbins, R.C. and N.W. Cohen. 1995. A Natural History of Amphibians. Princeton University
Press. Princeton, New Jersey. 301 pp.

Sutton, W.B. 2004. The ecology and natural history of the northern leopard frog, Rana pipiens
schreber, in West Virginia. Marshall University.

TMIG (The Municipal Infrastructure Group Ltd.). 2016. Derry Green Corporate Business Park

— Subwatershed Impact Study — Study Area 5A. Town of Milton. November 2016. Report
Prepared for Orlando Corporation and Menkes Developments Ltd. Report prepared in
association with Aqualogic Consulting, R.J. Burnside & Associates Limited, Savanta Inc., and
Shad & Associates Inc.

Toronto Entomologists’ Association. 2015. Ontario Butterfly Atlas. Available online at:
http://www.ontarioinsects.org/atlas_online.htm

Trautman, M. B. 1981. The fishes of Ohio with illustrated
University Press, Columbus, Ohio. 782 pp.

TRCA (Toronto and Region Conservation Authority) . una Ranks and Scores.
December 2013. PDF provided by Paul Prior (

TSH, Parish Geomorphic, Natural Resource Solu
Morrison Environmental Limited, Environmental
Oakville Creeks Subwatershed Study.

Varga, S., D.Leadbetter, J. Webber, J. Kaise ( . Kamstra, D. Banville, E. Ashley, G.
Miller, C. Kingsley, C.Jacobse ebby, E. Mosley, and E. Zajc. 2005. Draft.
s of the Greater Toronto Area. Ontario Ministry of

s. Revised Edition. Ohio State

Natural Resources. Aurora

Voss, E. G., and A. A. Reznicek. ield Manual of Michigan Flora. The University of Michigan
Press. 990 pp.

Wormington, A. 2006

In: J.K. Dwyer (Ed:
184pp.

e Butte
{alton Nz

s of Halton Region, Ontario: A Preliminary List. pp. 113 — 134.
ral Areas Inventory 2006. Volume 2 — Species Checklists.

Our File: TP116007 Page 236



Town of Milton
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South Milton Urban Expansion Area
March, 2017

Amec Foster Wheeler
Environment & Infrastructure

1954: MEMS(1) flows through riparan corridor adjacent
to Sixth Line (centre) with ESMC(11) corridor in the
bottom right.

ESMC(6) flow through
Road on the right.

Sixth Line. ESMC(7) has been impounded to allow for
irrigation practices.

8

1954: MSMC(2) flows through the ce'ntre of the image
between Sixth Line (right) and Trafalgar Road (left).
Channel is impounded behind dam structure.

1978: Development around MSMC(2) watercourse.
ESMC(3) has been realigned to existing Trafalgar Road
crossing. ESMC(4) has been straightened and online
pond introduced.
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ks

1954: ESMC(1b) and tributaries crossing Loer Base
Line Road south of Fifth Line. Surrounding landscape

elopment and land clearing on
dominated by agriculture.

ributaries have been afforded a

1978: SMC(1) and SM
Fourth Line on the right.

Supplemental Study Areas.
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Legend

Watercourses
Primary Study Area
|| Secondary Study Area
® Conservation Halton Monitoring Sites

SXM-216

Figure 4.7.2. onservation Haton’s Ing term environmental monitoring locations that
are within the study area. Source: Conservation Halton (2013). Note that the location of
SXM-38 is incorrectly displayed in Conservation Halton (2013).
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Legend

@® 2016 Baseline Monitoring Sites
Watercourses
Primary Study Area
_ Secondary Study Area

TRAFA! GH NORT,

Figure 4.7.3. South Miltn subwatershed study baseline monitoring locations.
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Legend
Watercourses
Primary Study Area
—— Maijor Subcatchment Divisions

Figure 4.7.7. Location of the major drainage systems that are discussed in Section 4.7.
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