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REPORT SNAPSHOT

Project Snapshot is a WT Infrastructure Solutions Inc. initiative to communicate the five to ten key pieces
of information that are important for the reader to take away from the report. Itis notintended to replace
a comprehensive review of the report.

A valid petition was presented to Town of the Blue Mountains in order to allow for Municipal
Drainage works to be developed to address the outlet capacity of water from areas
contributing to the Blue Mountain, Blue Mountain Diversion and Ford Municipal Drains.

The proposed works consist of two open drains to divert excess flows from the existing Blue
Mountain Drain and Ford Drain outlets to the Blue Mountain Diversion Drain Outlet. The
addition of these flows requires an increase in drain capacity crossing Lakeshore Road, the
Georgian Trail and Highway 26.

The estimated cost of the proposed works is $1.26 million plus HST and this cost has been
assessed to the impacted landowners, Ministry of Transportation and Town of the Blue
Mountains in accordance with the Drainage Act provisions. The petitioning landowners have
indicated that they will pay for the costs of all impacted landowners.

Subject to Town of the Blue Mountains Council procedure and the requirements of the
Drainage Act, this report has been considered at Council followed by a provisional by-law and
Court of Revision opportunity and based on the changes herein are in a position to enact a
by-law for construction, which will allow the project to proceed to final design, approvals and
construction. This is anticipated in the fall of 2023.
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1 INTRODUCTION
1.1 Background

As part of the development of the Craigleith area, there is a desire to address the drainage at the base
of the mountain. As indicated, in the background information, the intent is to define the watercourse(s)
as a municipal drain under the Municipal Drainage Act.

Existing flooding conditions of the local watercourses and the analysis of possible flooding mitigation
options was completed by Crozier Consulting Engineers. The requested works reported by Crozier
Consulting Engineers are as follow:

e Changing the alignment of the drainage works.

e Constructing/reconstructing or extending bridges or culverts.

e Constructing/reconstructing or extending embankments, walls, dikes, dams, reservoirs,
pumping stations or other protective works in connection with the drainage works.

e Additional improvements/alterations of the drainage work including extending the drainage
to an outlet.

The aforementioned requisition was brought forward by three developers who will be paying all of the
costs and the cost apportionment component of the Drainage Act would not apply; however, if there
are other landowners that benefit from the works, they may be assessed for benefit, outlet, injuring
liability, or special benefit.

The drainage design completed by Crozier has been the subject of a Peer Review by WT Infrastructure
and verified by a review as part of the Townwide Master Drainage Plan EA.

1.2 Scope Of Work
We have developed the following scope of work to achieve the project objective:
TASK 1: PROJECT INITIATION AND BACKGROUND REVIEW

e  Kick-off meeting with Town Staff.
e Review of background information.

TASK 2: PEER REVIEW OF DRAINAGE STRATEGY

e Complete a detailed review of the existing reporting on the drainage design.
e Preparation of a peer review report indicating areas of compliance and areas of potential
concern (as identified).

This is addressed in a separate report
TASK 3: DRAINAGE ACT COMPLIANCE

e Preparation of the Engineer’s Report or opinion as mandated by the Act.

e Facilitation of the Drainage Act process (onsite meeting, filing of report, court of revision
attendance, etc.)

e Finalization of the Engineer’s duty under the legislation.

1.3 Reference Material
The reference material used for the development of the study included:

= Regional Stormwater Management Plan Watercourse 7, 8, 9 & 10 — Draft Report, C.F.
Crozier & Associates Inc — April 2018

WT |1
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= Regional Spill Management Letter (February 2019)

= Regional SWM Proposed Solution Design Brief (November 2021)

= Figure summarizing municipal drain locations

= Request for Drainage Improvements Letter (June 2021)

= Existing and Proposed Flow Flowcharts (Figures 4&5)

= Figure 1A — Areas of Proposed Works

= Figure 1B — Regional SWM Proposed Works

= Watercourse 8 Plan & Profile

= Planning Report, Eden Oak - Indian Valley Draft Plan of Subdivision - April 2012
= Soil Survey of Grey County, J.E. Gillespie, and N.R, Richards — January 1954
= GIS Data —Town of Blue Mountains

MUNICIPAL DRAINAGE ACT

Municipal Drainage Act Process

The Municipal Drainage Act is intended to provide a legal avenue for agricultural land to be drained to

a sufficient outlet that equitably shares the costs of the drainage works between those that benefit
from the works including compensation for those impacted by the works.

The legislation is enforced at the municipal level of government.

The key components of the act is the process that allows for input into the works to be completed so
that the works completed are designed in a manner to provide the maximum benefit for all involved.

The Order of Procedure for the Municipal Drainage Act is as follows:

1.

Owner desiring drainage works circulates petition and obtains a majority of the names of other
owners in the area requiring drainage, or the names of owners holding 60% of the acreage in
the area requiring drainage. (To be a valid petition, the area described by lot and concession
should be a true drainage basin). 4(1)

Owner presents signed petition to council. 4(1)

Council considers the petition and within 30 days, sends copies of its decision to the
petitioners. 5(1)

If the Council decides not to accept the petition, any petitioner can appeal the decision to the
Tribunal. 5(2), 99. Note: An appeal to the Tribunal concerning any section of this Act is
implemented by notifying, in writing, the clerk of the initiating municipality. 99. Legal
assistance is not required.

If Council decides to proceed, they must appoint an Engineer within 60 days of reaching the
decision. 8(1), 8(3)

Council may instruct the Engineer to prepare a preliminary report. 10(1)

If an environmental appraisal is required, the Council must instruct the Engineer to prepare a
preliminary report. 10(1)

Engineer calls on-site meeting. 9(1)

Engineer prepares a report and files with the Clerk within six months, or as extended. 39(1)
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Council should pass a resolution that they intend to proceed. 41(1)
If Council decides not to proceed, any petitioner can appeal to the Tribunal. 45(2), 99

Council sends copies of report, and notice of meeting to consider report, to owners within the
municipality who are subject to assessment or compensation, other clerks, conservation
authority, railways, road authorities, public utilities, the Ministry of Natural Resources and the
Director. 41(1).

Other clerks send notice to assessed or compensated owners in their municipality. 41(2)

Council of the initiating municipality considers report at meeting held not less than 10 days
after the notices have been sent. 42 and 41(3)

Owners in the area requiring drainage may add or strike their names from the petition. 42
Council may adopt report, by provisional by-law if petition still has sufficient signatures. 44
If Council does not adopt the report, any petitioner can appeal to the Tribunal. 45(2), 99

Council within 5 days of adopting the report, to send a copy of the provisional by-law and the
date of the Court of Revision to local municipalities. 46(1)

All Councils, within 30 days of the adoption of the report, to send a copy of the provisional by-
law and the date of the Court of Revision to assessed or compensated owners. 46(2)

The Court of Revision is held by the initiating municipality not sooner than 20, nor later than
30 days from the date of mailing the by-law. 46(3)

Owner wishing to appeal his assessment must serve notice on the Clerk of the initiating
municipality at least 10 days before first sitting of the Court. 52

Owner may appeal to Tribunal against decision of Court of Revision by notifying clerk within
21 days of the pronouncement of the decision of the Court of Revision. 54(1)

Clerk to alter assessment on order of Court of Revision or Tribunal. 56

Owner or public utility may appeal from report of Engineer to Drainage Referee within 40 days
of mailing the notices, or the adoption of the report. 47(1). Note: Owners are advised to obtain
legal assistance in appealing to the Referee.

Owner or public utility may appeal from report of Engineer to Tribunal within 40 days of
mailing the notices, or the adoption of the report. 48(1), 99

Council of any municipality to which notice has been sent by the initiating municipality may
appeal from report of the Engineer to the Tribunal within 40 days of the date the provisional
by-law was sent by the initiating municipality. 50(1)

Council obtains Ontario Municipal Board approval for project if required. (See sections 64 and
65 of the Ontario Municipal Board Act.)

Council obtains any necessary permits.

Council of the initiating municipality may pass provisional by-law authorizing the work after
time for appeals elapsed, and no appeals or all appeals completed. 58(1)

Notice of intention to quash the by-law must be filed with the Clerk of the initiating
municipality within 10 days of passing the by-law. 52(2)
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31. If a notice of intention to quash the by-law is received, proceedings are delayed until a hearing
is held, or 3 months have passed without an application being made to the Referee. 58(2)

32. If the tendered bid exceeds the Engineer's estimate of contract price by one-third, Council
must hold a meeting to see if the petitioners want to proceed at the tendered cost. 59(1)

33. Work may commence if no appeals, or all appeals favorably resolved. 58(1)

34. If Council does not proceed with construction in a reasonable time, any petitioner can appeal
to the Tribunal. 58(5), 99

35. Council must amend by-law if insufficient or surplus funds are provided. 62

36. Local municipalities by-law to raise and pay cost within 60 days of completion of the drainage
works. 60

37. Council sends application for grant to the Ministry after the work is completed and time for
appealing assessments has expired and there are no appeals, or all appeals have been heard.
88

38. Any owner dissatisfied with the quality of the workmanship on the drain may, within 1 year of
completion, appeal to the Tribunal. 64,99

This procedure is to be coordinated with the Town of the Blue Mountain Council schedule and
procedures.

2.2 Petition

The Craigleith Landowner Group has requested that the Town pursues improvements to the Blue
Mountain Outlet and Diversion Drain and the Ford Outlet Drain to increase the outlet capacity to
Georgian Bay. This will alleviate the existing deficient capacity in the downstream systems of
Watercourses 7, 8 and 9 to improve overall drainage and provide relief for existing flooding conditions
in the Craigleith area.

The petition and staff report (See ) was presented to the Town of the Blue Mountains
Council at the Committee of the Whole meeting of August 11, 2021. Council made the following
motion that was carried by Council

THAT Council receive Staff Report PDS.21.082, entitled “Request for Drainage Act Improvements
to the Blue Mountain Outlet & Diversion Drain and the Ford Outlet Drain”.

AND THAT the Clerk be directed to send notification of this decision to the Grey Sauble
Conservation Authority; AND THAT Council authorize Staff to enter into an agreement with the
proponents (both jointly and severally) as referenced in Staff Report PDS.21.082 to obtain funds
to appoint an Engineer under Section 8 of the Drainage Act to prepare a report, and to complete
the works as recommended by the Engineer, and that this appointment be effective 30 days after
the mailing of the notice to Grey Sauble Conservation Authority;

AND THAT Council direct that this report shall be consistent with the results of the Craigleith Flood
Risk Assessment.

2.3 Site Meeting

In accordance with the requirements of the Drainage Act, a site meeting was held at 3:00 pm on June
3, 2022 near the crossing of the proposed municipal drain proximate to 204, 208 and 213 Lakeshore
Road East. The intent of the meeting in accordance with the Act was to describe the area to be drained
and to provide an opportunity for assessed properties to request a change in alignment or
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supplemental components (i.e. access crossings) to be provided for the implementation stage of the
project.

Ten (10) individuals plus the Drainage Engineer were in attendance at the meeting. There were some
concerns raised with respect to the following items:

1. Potential adverse impacts on the continuous flowing section of Watercourse 7. The project
description indicated that the works intended are to address peak flow drainage and the
diversion from Watercourse 7 is located approximately 160 m upstream from Watercourse
7’s crossing of Lakeshore Road. The landowner indicated that their concerns were addressed
by this information. No further action is required.

2. There were questions/concerns regarding the upstream developments in terms of traffic and
other issues that are not related to drainage. It was noted that the site meeting is not the
correct forum for those comments. No further action is required.

3. Concerns were raised from the owners of 213 Lakeshore Road East regarding the installation
of the ditching along their south property line and the use of Watercourse 8 in terms of
impacts on their property value and ability to develop the property further. They were also
concerned with respect to the land value assessment used in the draft report. It was
explained that the work in the ditching work along their property is within the municipal
right-of-way and would be typical for any road construction and that the property was
already encumbered by the existing Blue Mountain Municipal Drain and as Watercourse 8 is
a natural watercourse that the works proposed would not encumber their development
opportunity anymore than it currently is. The landowner was not satisfied with response as
their preference is to not have the municipal drain on their property or the road side ditching
installed. Based on the discussion, it was determined that reinstatement of some trees that
will be removed would be desirable and that the property value assessment should be
reviewed against local comparables.

There were no requests for additional crossings or alternative routing other than the request to
remove the municipal drain from the property at 213 Lakeshore Road East. This will be discussed
further in this report.

2.4 Area Requiring Drainage

The area requiring drainage is illustrated in Figure 2-1 and contains the following properties as
described in the petition:

= Parkbridge Lifestyle Communities Inc. - Part of Lots 161 and 173, and Lot 172, and Part of
Lot 169 Registered Plan 529
= MacPherson Builders (Blue Mountains) Limited — Lots 2,3,4,5,6 and 7 of Registered Plan
555; Part Lot 159 of Registered Plan 529, Part of Lot 20, Concession 2 and Helen Street,
Registered Plan 555 save and except Part 1, 16R-11489.
= Eden Oak (Trailshead) Inc. —228 Lakeshore Road East, Registered Plan 529, Part Lot 158
and Part Lot 173 shown as RP 16R4636 Part 1.
This is part of a larger area contributing to the Blue Mountain Outlet (Watercourse 7), Blue Mountain
Diversion Outlet (Watercourse 8) and the Ford Municipal Drain Outlet (Watercourse 9). Watercourse
10 is also in the area but is not directly impacted by the proposed works. Figure 2-2 illustrates the
overall area contributing to these outlets.
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Parkbridge

Eden Oak

MacPherson

Figure 2-1: Area Requiring Drainage
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Figure 2-2: Area Contributing to Outlets

2.5 Physiography and Soils

The four watercourses and their associated drainage areas are the subject of this report. To be
consistent with the draft report prepared by Crozier Consulting Engineers, the same watercourse
naming convention has been adopted in this study.

Table 1-1 summarizes the drainage area of each watershed while a brief description of each
watercourse and catchment area is presented below:

Watercourse 7 has a drainage area of approximately 180.8 ha and originates on the Niagara
Escarpment. Watercourse 7 traverses in the south and east side of the study area passing
through the Home Farm lands and along the east side of the Craigleith Ridge lands. The outlet
of Watercourse 7 is addressed in the Blue Mountain Outlet & Diversion Drain Municipal
Drain Report dated February 15, 1994.

Watercourse 8 has a drainage area of 8.2 ha which originates in the central portion of the
Home Farm lands above the Nipissing Ridge. It is mainly characterized by undeveloped lands
consisting of upper terrace lands, the Nipissing Ridge and lower terrace lands. The outlet of
Watercourse 8 is addressed in the Blue Mountain Outlet & Diversion Drain Municipal Drain
Report dated February 15, 1994.

Watercourse 9 has a drainage area of approximately 147.9 ha which traverses the Parkbridge
Craigleith Ridge Development from Grey Road 19 to Lakeshore Road. Watercourse 9 originates
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within the tablelands above the Escarpment and extends across the escarpment face and the
subject lands to Georgian Bay. The outlet of Watercourse 9 is addressed in the Ford Outlet
Drain Municipal Drainage Report.

e Watercourse 10 has a drainage area of 61 ha, and it is located on the west boundary of the
study area. Sub-watershed 10 consists of agricultural land across the tablelands, ski hills across
the escarpment face, and primarily undeveloped land along the upper and lower terraces of
the Nipissing Ridge.

Table 2-1 - Drainage area of each Watercourse

180.8
8.2
147.9
61
398

According to the Soil Survey of Grey County (1954), the surficial soils within the study area are
characterized as follows:

o The soil below the Nipissing Ridge is considered to be Group B. The soil is primarily Granby
sand, and the drainage is generally considered to be of poor.

e The soil traversing the Nipissing Ridge is considered to be Group A. The soil is identified as
Waterloo sandy loam and the soil can be considered to be of good drainage.

e The soil above the Nipissing Ridge is considered to be Group C. The soil is identified as Kemble
silty clay and is considered to be imperfectly drained.

As indicated in Section 1.4, there are two existing municipal drainage reports covering the project area.
They deal specifically with the outlets only and do not address the upstream drainage channels. The
upstream properties within the watershed can only be assessed if they do not have existing riparian
rights (i.e., drain into an existing natural channel) and are not collecting runoff artificially to outlet into
the municipal drain and that these works as necessary to achieve those objectives.

The Blue Mountain Outlet and Diversion Drain Report was developed by Todgham & Case Associates
Inc. and issued on February 15, 1994. This report was initiated by a petition signed by the Ministry of
Transportation to address an area of Part of Lot 21, Concession 2, in the former Township of
Collingwood. Figure 3.x illustrates the project area.

The Engineer’s report indicates that the existing 1800x1100mm corrugated steel arch culvert and the
downstream channel to Nottawasaga Bay does not have adequate capacity to convey the upstream
drainage area. There is available capacity in the existing 1900x1000mm corrugated steel arch culvert
located approximately 122 m west along Highway 26.

The proposed works were as follows:
e Replace the existing 1800x1100mm culvert with a new 1390x970mm culvert.

e Retain the outlet drain to Nottawasaga Bay as part of the drainage works (Blue Mountain
Outlet — W/C 7 Outlet).

WT | 8
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e Install a concrete weir at the new culvert to allow for the diversion to runoff to the diversion
drain.

e Install an enclosed relief drain of 113 m of 1535x935mm culvert to the diversion outlet.
e Retain the existing 1900x1000mm culvert across Highway 26 (Diversion — W/C 8).

e Retain the outlet drain to Nottawasaga Bay as part of the drainage works (Diversion Outlet —
W/C 8 Outlet).

The assessment for this drain was not fully available in the background information.

209683 HIGHWAY 26
PLAN 529; LOT 20

PLAN 529 LOT 21

PLAN 529 PT LOT 28

Ford RP:16R5343 PART 2

Outlet

PLAN 529 PT LOT 28 RP;
16R5343 PART 3

PLAN 529 LOT 31

Blue Mountain
Diversion Drain

| Blue Mountain
Outlet Drain

2.6.2 Ford Outlet Drain

The Ford Outlet Drain Report was developed by Todgham & Case Associates Inc. and issued on
February 15, 1994. This report was initiated by a petition signed by the Ministry of Transportation to
address an area of Part of Lot 21, Concession 2, in the former Township of Collingwood. The project
area is indicated in Figure 2-2 as Watershed 9.

The Engineer’s report indicates that the existing 1800x1100mm corrugated steel arch culvert was
structurally deficient and does not have adequate capacity to convey the upstream drainage area.
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Furthermore, the downstream channel to Nottawasaga Bay requires maintenance and the addition of
erosion control measures to convey the upstream drainage area.

The proposed works were as follows:
e Replace the existing 1800x1100mm culvert with a new 2440x915mm box culvert.

e Retain the outlet drain from Highway 26 to Nottawasaga Bay be improved by widening and
cleaning out as part of the drainage works (Ford Outlet — W/C 9 Outlet).

e Incorporate existing erosion protection works on the east bank of the channel be incorporated
as part of these drainage works and positive erosion protection materials be placed on the
westerly bank of the channel.

The assessments associated with this drain were as follows:

e Allowances were provided to the owners of the property (Roll 3-390 and 3-391 — Part of Lot
20 and 21) that owned the drain property and were impacted by construction by use of their
land and tree removal.

e The cost of the works was divided between public and private lands with the MTO (petitioner)
being assessed for majority of the work with the remainder distributed between public and
private owners based on benefit and outlet assessment.

2.7 Existing Conditions

The works illustrated in the Municipal drainage reports indicated in Section 2.5 appear to have been
implemented and it is not clear if there have been any upgrades to those works or significant
maintenance. Therefore, other than minor infill and the North Creek Resort at Blue, the majority of
the land has yet to be developed. As the last drainage report was completed in the timeline that would
anticipate any further development would have included some measure of stormwater management,
it is not anticipated that the peak flows would have increased since the last Engineer’s report.

However, as detailed the Crozier report ( ) the following represents the existing conditions.
Watercourses 7, 8, 9 and 10 and their associated watersheds are primarily characterized by the
Niagara Escarpment, Nipissing Ridge, and relatively flat lands between the Nipissing Ridge and
Georgian Bay. Each of the four watercourses lack natural valley features or consistent channels and
due to the variability of the existing topography, combined with the impacts of the upstream drainage
areas in terms of spring runoff, which occurs when much of the ground may be frozen thus limiting the
formation of channels of adequate capacity. As such, the flows will exceed the capacity of existing
channels and spill into adjacent watersheds prior to discharge to Georgian Bay.

In general terms, the topography is sloping from south to north with no significant defined low point,
which results in spillage and overtopping of the three constraints (Lakeshore Road, Georgian Trail and
Highway 26). It has been identified in the previous studies ( ) that the following are
the outlet specific conditions, and this is consistent with our review of the area.

2.7.1 Watercourse 7

Currently for this watercourse, flows above 6.0 m3/s spill into Watercourse 6 from the regional and
100-year storm events. As there is not adequate capacity within the existing outlets crossing
Lakeshore, Georgian Trail and Highway 26, the following conditions occur:

1. At Lakeshore Road, the excess flows will overtop the road and some of the flow will return
to Watercourse 7, while the remainder will spill to Watercourse 8.

WT | 10



| BLUE MOUNTAIN DIVERSION MUNICIPAL DRAIN | 21-2014.03

2. Atthe Georgian Trail, excess flows will flow west into Watercourse 8.
3. At Highway 26, excess flows will be conveyed by the culvert installed as part of the Blue
Mountain Diversion Drain Municipal Drain to Watercourse 8.

2.7.2 Watercourse 8

Watercourse is the smallest of the three primary watersheds and as such does not generate large
flows. As indicated in the previous section, Watercourse 8 accepts most of the spillage from
Watercourse 8 because it is the lowest outlet in the are. This is the case with Watercourse 9 as well.
The current culvert across Lakeshore does not have adequate capacity to convey the current design
flows and overtops Lakeshore Road. The culverts crossing Georgian Trail and Highway 26 do have
enough capacity for the flows associated with this watercourse alone.

2.7.3 Watercourse 9

Watercourse 9 conveys a larger area and, as such has relatively high flows which exceed the
downstream capacity of the outlet. The impacts of capacity restriction for each impediment are as
follows:

1. At Lakeshore Road, the excess flows will overtop the road and some of the flow will return
to Watercourse 9, while the remainder will spill to Watercourse 8.

2. Atthe Georgian Trail, excess flows will overtop the trail and some of the flow will flow back
to Watercourse 9 with the remaining flow being conveyed into Watercourse 8.

3. At Highway 26, excess flows will be conveyed to Watercourse 8 without overtopping
Highway 26.

2.8 Proposed Works

The original municipal drain report limited the works to the area from Lakeshore Road to Georgian
Bay. The objective of the proposed works is to reduce the amount of upstream flooding within the
area to be drained and formalize the current informal spillage of peak flows between watercourses in
order to allow for the development of the upstream lands. The proposed works to address the
upstream drainage issues requiring drainage include three primary components to an outlet under
the provisions of the Drainage Act as follows:

1. Expanded ditching to facilitate the spill from Watercourse 9 to Watercourse 8 consisting of
approximately 350 m located between Lakeshore Road and the Georgian Trail within existing
right-of-way.

2. A diversion channel to divert spill from Watercourse 7 to Watercourse 8 consisting of
approximately 240 m of ditching and 14.9 m — 1200mm x 1800 mm Concrete Box Culvert. This
work will require access to Lot 172 (208 Lakeshore Road East) and may impact the lands
associated with 213 Lakeshore Road. The remainder of the work would be completed within
the right-of-way.

3. Upgrades to the Watercourse 8 (Blue Mountain Diversion Drain) outlet crossing the Georgian
Trail with twin 1260mm x 1880 mm CSP pipe arch culverts and Highway 26 with twin 1200 mm
x 1800 mm concrete box culverts and improvements to the outlet to Georgian Bay.

Due to the configuration of the outlets and topography combined with the capacity of the existing
outlets limits the options for addressing the problem in this area to the use of Watercourse 8.
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2.9 Drawings and Specifications

Drawings and specifications shall be prepared by the Development group’s Engineering Consultant,
Crozier and are included in

2.10 Impact on other Municipal Drains

This project impacts both the works associated with the Blue Mountain and Blue Mountain Diversion
Drain (Watercourse 7 and 8) as well as the Ford Municipal Drain (Watercourse 9). However, as the
outlet and benefit to this work has not changed for the majority of the impacted landowners from
those projects, there will be no assessment of lands upstream of the lands to be drained.

2.11 Allowances

The proposed channel improvements and upgrades are primarily located within the municipal right-
of-way. However, the diversion channel from Watercourse 7 is located on Lot 172 (208 Lakeshore
Road East), Registered Plan 529 and will impact the property at 213 Lakeshore Road for construction
and culvert installation purposes. Furthermore, it will be necessary to gain access to the works from
this property for future maintenance. We have estimated the value of the damages associated with
construction and maintenance for these properties under Section 29 of the Drainage Act. Land values
have been assessed based on a combination of MPAC assessments and comparable vacant land values
in the area allowing for the developable areas of the property.

There are a number of trees that will be removed as part of the construction of the lands including a
large area of minor trees and shrubs that form a visual buffer between Lakeshore Road and Highway
26. Inorder to compensate property owners for the loss of trees, we have estimated the value of the
trees and provided an allowance under Section 30 of the Drainage Act. As part of the project, it is
recommended that a visual barrier of appropriate native species be reinstated the vacant land on 213
Lakeshore Road East and the proposed works. Table 2-2 illustrates the proposed allowances for these
works.

Table 2-2: Schedule of Allowances

424200000336600 PLAN 529 LOT 172 PT  Parkbridge Developments ~ $21,000 $21,000
LOTS 161;AND 173
AND RP 16R6640
PART 2

424200000336801 PLAN 529 PT LOT 174 = Kay Alison Caroline / $21,600 $7,500  $29,100
RP;16R3841 PART 2 Oegema Bernard Herman

Total $42,600 $7,500  $50,100

2.12 Cost Estimate

The estimated cost of the project including all associated incidental expenses and contingencies is as
follows in Table 2-3.

Table 2-3: Overall Project Cost Estimate

Item Quantity Cost
Clearing and Stripping 3,100 sg.m. $15,550
Excess Soil Management and Disposal 3,420 cu.m. $85,500
Fine Grading and Ditch Shaping 375LM $18,750
Reinstatement 3,310 sq.m. $16,550
Subtotal $151,900
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Item

Item

Item

Item

Item

Clearing and Stripping

Excess Soil Management and Disposal
Fine Grading and Ditch Shaping
Reinstatement

Subtotal

Removals

Clearing and Stripping

1200 x 1800 Box Culvert

End Treatment

Excess Soil Management and Disposal
Granulars (“B” and “A”) Road base and Frost Tapers
Asphalt Replacement

Traffic Control

Reinstatement

Tree Replacement

Subtotal

Clearing and Stripping

Removals

1260 x 1880 CSP Pipe Arch Culvert
End Treatment

Excess Soil Management and Disposal
Granular “A” base and Frost Taper
Reinstatement

Subtotal

Removals

Clearing and Stripping

1200 x 1800 Box Culvert

End Treatment

Excess Soil Management and Disposal

Granulars (“B” and “A”) Road base and Frost Tapers
Asphalt Replacement

Traffic Control

Reinstatement

Subtotal

Clearing and Stripping

Excess Soil Management and Disposal
Fine Grading and Ditch Shaping
Reinstatement

Subtotal

Quantity

1,940 sq.m.
1,200 cu.m.

360 LM

2,140 sq.m.

Quantity
LS
100 sg.m.
15 LM
LS
850 cu.m.
360 T
21T
LS
100 sq.m.
10

Quantity
300 sg.m.
LS
20LM
LS

1,200 cu.m.

175T
320 sq.m.

Quantity
LS
200 sq.m.
52 LM
LS

2,000 cu.m.

1130 T
NT
LS

200 sg.m.

Quantity
615 sq.m.
370 cu.m.
90 LM
630 sq.m.

Cost
$9,700
$30,000
$18,000
$10,700
$68,400

Cost
$10,000
$500
$67,500
$10,000
$21,250
$8,370
$4,170
$10,000
$500
$5,000
$137,290

Cost
$3,000
$2,000

$70,000
$10,000
$30,000
$4,375
$1,600
$131,670

Cost

$10,000

$2,000
$208,000
$30,000
$50,000
$26,250
$13,800
$60,000

$1,000
$414,050

Cost
$6,150
$9,250
$4,500
$3,150
$23,050
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Item Quantity Cost
Mobilization/Demobilization LS $20,000
Erosion and Sediment Control LS $25,000
Dewatering LS $10,000
Subtotal $55,000
Land LS $42,600
Trees LS $7,500
Subtotal $50,100
Construction and Allowances Subtotal $1,031,460
Drainage Engineer Report LS $ 23,298
Engineering Design (10%) 10% $ 96,581
Contingency 15% $144,872
HST 13% $163,457
Total $1,420,820

2.13 Assessment

In accordance with Section 21 to 28 of the Drainage Act, all of the costs associated with the works
recommended by this report are assessable and recoverable from the lands affected by the work
within the watershed and are eligible for assessment.

For the purposes of this report, lands that were previously assessed in the 1994 Engineer’s reports and
do not gain an incremental benefit to the proposed works are not assessed under these works.

All properties which do not have riparian rights and use stormwater collection systems to collect and
discharge them to a sufficient outlet as defined in the Drainage Act. Schedule A (Appendix A) illustrates
the assessment of estimated costs against affected lands and roads.

It should be noted that the final assessment shall be based on the actual cost of the works completed
with the exception of the defined allowances which are compensation in lieu of damages.

2.14 Special Benefit Assessment

In accordance with Section 24 and 26 of the Drainage Act, a special benefit is to be assessed for the
increased cost of drainage works caused by the existence of the public utility or authority. As such,
the Ministry of Transportation is to be assessed a special benefit for the costs associated with the
reinstatement of their roads as part of the drainage improvements.

We estimate the increase in cost to the project caused by Highway 26, Lakeshore and the Georgian
Trail to be as detailed in Table 2-3, 2-4 and 2-5

Table 2-4: Highway 26 Special Benefit Estimate

$26,250
$13,800
$60,000
§100,050

Additional Engineering and $18,010
Contingencies

Net Increase Due to Road $118,060

WT | 14



TOWN OF THE BLUE MOUNTAINS | BLUE MOUNTAIN DIVERSION MUNICIPAL DRAIN | 21-2014.03

Table 2-5: Lakeshore Road Special Benefit Estimate
Granular Base (“B” and “A” $8,370
Asphalt Reinstatement $4.170
Traffic Control and Signage $10,000
Estimated Construction Cost $22 540
Additional Engineering and $4,060
Contingencies
Net Increase Due to Road $26,600

Table 2-6: Georgian Trail Special Benefit Estimate

Estimated Cost

Granular Base (“B” and “A” $4,375
Additional Engineering and $ 800

Contingencies
Net Increase Due to Road $5,175

In accordance with Section 69 of the Drainage Act:

69 (1) Where a drainage works or a part thereof is to be constructed, improved, maintained or
repaired upon, along, adjoining, under or across the lands, permanent way, transmission lines,
power lines, wires, conduits or other permanent property of a public utility or road authority,
the public utility or road authority may construct, improve, maintain or repair such drainage
works or part. R.S.0. 1990, c. D.17,s. 69 (1).

Therefore, the MTO and Town have the option of completing construction within the right-of-way by
their own forces. If that option is exercised, the special benefit by the amount of the engineering and
contingency. The cost of these works must be separated in the procurement process such that they
can be assessed independently.

2.15 Maintenance

The Drainage Works to be known as the Blue Mountain Diversion Drain as improved under this report
from south of Lakeshore Road to the outlet at Nottawasaga Bay shall be maintained by the Town of
the Blue Mountains. All future maintenance costs associated with this drain shall be paid by the lands
assessed in Schedule ‘A’ in the same proportions except for special benefit which will not be used for
maintenance assessments.

The MTO shall be responsible to maintain the road crossing and any changes to the drainage associated
with their road crossing installed under this report at their sole expense.
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Schedule A
Schedule of Assessment
Blue Mountain Diversion Drain Outlet

Town of the Blue Mountains

Provincial Lands

Name Roll No. Lot or Part Area Columnl Owner Benefit Special Benefit Outlet Total Assessment
Highway 26 0.83 4% Ministry of Transportation S - S 118,060.00 $  11,139.77 $ 129,199.77
Total S 129,199.77

Municipal Lands

Name Roll No. Lot or Part Area Columnl Owner Benefit Special Benefit Outlet Total Assessment

Lakeshore Road 1.24 6% Town of the Blue Mountains S 26,600.00 $ 16,550.82 S 43,150.82
Georgian Trail 1.5776 8% Town of the Blue Mountains S 5,175.00 $ 21,056.91 S 26,231.91
Total S 69,382.73

Privately Owned Lands (Non-Agricultural)

Name Roll No. Lot or Part Area Columnl Owner Benefit Special Benefit Outlet Total Assessment
PLAN 529 PT LOT 158 AND PT;LOT 173

228 Lakeshore Road East

424200000334600 SHOWN AS RP 16R4636;PART 1 4.092 20% Eden Oak (Trailshead) Inc. S 201,697.24 S 5461771 S 256,314.95
2081 PLAN 529 LOT 172 PT LOTS 161;AND 173

akeshore Road East

424200000336600 AND RP 16R6640 PART;2 5.28 26% Parkbridge Lifestyle S 260,254.50 S 7047446 S 330,728.96
Grey Road 19 424200000334300 PLAN 529 PT LOT 159 5.96 29% Blue Mountains Ltd Macpherson Builders  $ 293,772.13 $  79550.72 $ 373,322.85
Grey Road 19 424200000334100 CON 2 S PT LOT 20 1.52 7% Blue Mountains Ltd Macpherson Builders  $ 74,921.75 S 20,288.10 $ 95,209.85
210 Lakeshore Road East 424200000336605 PLAN 529 PT LOT 173 RP;16R6640 PART 1 0.24 1% NOBLE THERESA LYNN $ 3,203.38 S 3,203.38

KAY ALISON CAROLINE / OEGEMA

213 Lakeshore Road East 424200000336801 PLAN 529 PT LOT 174 RP;16R3841 PART 2 0 0% BERNARD HERMAN S - S -
Total S 1,058,780.00
Total Assessment 20.74 $ 830,645.63 $ 149,835.00 $ 276,881.88 $ 1,257,362.50
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1.0 INTRODUCTION

CF Crozier & Associates Inc. has been retained by Parkbridge Lifestyle Communities Inc.
(Parkbridge) and MacPherson Builders Ltd. (MacPherson) to complete a Regional Stormwater
Management Plan to supplement the development applications for both developers in the
Craigleith area.

The Town of The Blue Mountains has requested that a Regional Stormwater Management Plan be
prepared to provide a comprehensive analysis of the local watercourses, as the local
watercourses experience significant flow interactions with each other. This report has been
prepared to document the existing flooding conditions of the local watercourses and analyze
possible flooding mitigafion options and is based on the Terms of Reference developed in
consultation with the Town of the Blue Mountains. The Terms of Reference is included in Appendix
A.

This study will build upon the findings the Grey Sauble Conservation Authorities Subwatershed
Study (1993) recognizing the historic identification of a flood damage center for Watercourse 7 at
its outlet downstream of Highway 26.

1.1 Study Area

This report will analyse four watercourses located within the study area of the Craigleith
Camperdown Subwatershed Study (prepared for GSCA by Gore & Storrie, November 1993). The
watercourse naming convention has been adopted in this report to be consistent with that study.
Watercourses 7, 8, 9 and 10 and their associated drainage areas are the subject of this report.

The study area has been outlined in Appendix B.
1.2 Study Purpose

Numerous residential properties are located adjacent to Watercourses 7, 8, 9 and 10 in the area
of Highway 26 and Lakeshore Road. Some of these residential properties have been identified to
experience historical flooding from these watercourses during high rainfall events and spring
freshet conditions.

As such, the Town has requested that a comprehensive analysis of Watercourses 7, 8, 2 and 10 be
prepared to assess the existing flooding conditions of the watercourses and make
recommendations fo improve upon the existing flood conveyance infrastructure downstream of
the Parkbridge Craigleith Ridge and MacPherson Home Farm developments.

1.3 Proposed Developments
This report has been prepared to supplement the development applications of two proposed
developments in the Craigleith area, the Parkbridge Craigleith Ridge Development and

MacPherson Home Farm Development.

Parkbridge Craigleith Ridge

The Parkbridge Craigleith Ridge development is comprised of three separate property parcels.
The largest 25 ha (62 acre) property is located south of Lakeshore Road and is legally described

C.F. Crozier & Associates Inc. Page 1
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as Plan 529, Part Lot 161, Town of The Blue Mountains, County of Grey. A smaller 1.2 ha (3 acre)
property is located south of Lakeshore Road and is legally described as Plan 529, Lot 172 and Part
Lot 173 as Part 2 RP 16R-6640, Town of The Blue Mountains, County of Grey. Finally, the third parcel
is an approximately 0.6ha undeveloped parcel located north of Lakeshore Road, bounded by
Lakeshore Road and Georgian Trail. This parcel is legally described as Plan 529 Part Lot 169, Town
of The Blue Mountains, County of Grey.

The Craigleith Ridge development traverses the Nipissing Ridge with a portion of development
lands on the upper terrace above the ridge, as well as below the ridge on the lower terrace lands.

The primary drainage features of the site is Watercourse 9 that bisects the site. Watercourse 7
bounds the site at the northeast and Watercourse 10 bounds the site at the west. Watercourse 8
also crosses the site in an ephemeral fashion, as there is no defined valley feature or channel
present on the lower terrace lands.

The development concept reflects a total of 211 residential units comprised of a mixture of single
detached, townhome and loft townhome units as well as a series of private roads, environmental,
open space and stormwater management facility areas. Parkbridge proposes the subject
community be developed as a land lease community geared towards the adult lifestyle and
recreation markets. In December 2016 a Functional Servicing and Stormwater Management
Report was prepared by Crozier in support of planning applications for the Craigleith Ridge
development.

MacPherson Home Farm Development

The MacPherson Home Farm development is approximately 60.25ha and is located at the top of
Nipissing Ridge to the southeast of the proposed Craigleith Ridge development. The lands are
legally described as Lotfs 2, 3, 4, 5, 6, and 7 — Plan 555, Part of Lot 159 — Plan 529, Part of Lot 20 —
Concession 2, and Part of Helen Street ROW — Plan 555.

Home Farm is bounded by County Road 19 to the west, Nipissing Ridge to the north and east, and
Tyrolean Lane to the south. The primary drainage features consist of Watercourse 7 crossing the
site, and the upper tributary reaches of Watercourse 8 which begins on the Home Farm site.

The Home Farm development is planned to contain 283 residential units that consist of 132
townhouse units and 151 detached units. In February 2015 a Functional Servicing & Stormwater
Management Report was prepared by Higgins Engineering Ltd. in support of planning
applications for the proposed development.

C.F. Crozier & Associates Inc. Page 2
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2.0 BACKGROUND & PREVIOUS STUDY

Watercourses 7, 8, 9 and 10 were first analyzed as part of the Craigleith Camperdown
Subwatershed Study (GSCA, 1993). That report analyzed 35 watercourses in  the
Craigleith/Camperdown area and examined hydrology, hydrogeology, and floodplain
characteristics along with other watershed elements.

Subsequent to the Craigleith Camperdown Subwatershed Study, various hydraulic investigations
of the Watercourses 7, 8, 9 & 10 have subsequently been undertaken to support development
applications within these subwatershed boundaries.

Watercourse 7

Watercourse 7 has been previously assessed by Crozier in support of the Eden Oak Trailshead
Development which is located immediately east of the Craigleith Ridge site at the base of the
Nipissing Ridge. Hydraulic analysis was completed to determine the development setbacks to the
development and summarized in the Functional Servicing and Stormwater Management Report
by Crozier (April 2012).

Higgins Engineering Ltd. studied the Watercourse 7 subwatershed further in support of the existing
Orchards subdivision located upstream of both the Craigleith Ridge and Home Farm
developments. To facilitate subdivision grading within the Orchards development, 8.21ha of lands
were diverted from the Watercourse 7 Subwatershed to the Watercourse 9 Subwatershed.

In support of the proposed Home Farm Development, Higgins Engineering Ltd. completed a
Functional Servicing and Stormwater Management Report (February 2015) which outlined the pre
and post development hydrology of Watercourse 7 with respect to the Home Farm development.
Higgins Engineering has proposed to divert 8.48ha from subwatershed 9 to subwatershed 7 to
facilitate the subdivision grading of Home Farm, and to restore the subwatershed areas between
Watercourse 9 and Watercourse 7. Once completed with the development of the Home Farm
lands, the land swap between Subwatershed 7 and Subwatershed 9 will remain at their historic
drainage areas.

Crozier has completed various site investigations and surveys to inventory the capacity of the
downstream drainage infrastructure (culverts, channels, outlets) of Watercourse 7 between
Lakeshore Road and the outlet to Georgian Bay.

Watercourse 8

Given the poorly defined channel and lack of valley feature as well as the relatively small
catchment area, Watercourse 8 has not been the subject of considerable formalized study.

Crozier has completed various site investigations and surveys to inventory the capacity of the
downstream drainage infrastructure (culverts, channels, outlets) of Watercourse 8 between
Lakeshore Road and the outlet to Georgian Bay.

C.F. Crozier & Associates Inc. Page 3
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Watercourse 9

Watercourse 9 has been previously assessed by Crozier in 2008 for the Craigleith Ridge
development property on behalf of a previous owner. This work was used in support of updates
to the planning designations for the subject lands. Crozier completed natural hazards
assessments, functional servicing and stormwater management designs for the previous concept
plan on the property. The results of the natural hazards assessments were presented and refined
with the Town and the Grey Sauble Conservation Authority (GSCA). Through this process, a
settlement was reached with the Town and the GSCA that confirmed the hazard land limits for
the subject lands.

Watercourse 9, upstream of Grey Road 19, has been assessed by Higgins in support of The
Orchards development located west of County Road 19 upstream of the Craigleith Ridge lands.
A subwatershed hydrologic model for the catchments upstream of County Road 19 was
completed and formalized in the Stormwater Management Design Brief and Functional Servicing
Report (Higgins, 2005).

The previous study of Watercourse 9 was expanded upon by Crozier in 2016 to support the
planning applications for the proposed Parkbridge Craigleith Ridge development. Summarized in
a Functional Servicing and Stormwater Management Report (December 2016), the Parkbridge
development proposes Watercourse 9 as the primary outlet for the development lands. A
hydrologic model of subwatershed 9 was constructed to guide the design of the proposed
stormwater management facilities to achieve “pre to post” peak flow attenuation.

Watercourse 10

The Watercourse 10 watershed was studied in detail by R.J. Burnside & Associates in a report titled
Stormwater Management Study for Craigleith Ski Club (2004) to provide future criteria for
development at the base of the Craigleith Ski Club.

In 2009, Crozier assessed Watercourse 10 in support of the Bannerman Development located south
of Lakeshore Road and directly west of the Craigleith Ride site on the lower terrace lands. At the
request of the MTO, Crozier completed a subwatershed-scale hydrologic assessment
corresponding hydraulic assessment of the existing Lakeshore Road and Highway 26 culverts for
capacity and recommendations of improvements.

C.F. Crozier & Associates Inc. Page 4
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3.0 EXISTING CONDITIONS & CURRENT FLOODING CONDITIONS

Watercourses 7, 8, 9 and 10 and the associated watersheds are primarily characterised by the
Niagara Escarpment, Nipissing Ridge, and relatively flat lands between the Nipissing Ridge and
Georgian Bay.

Downstream of the Nipissing Ridge, all four watercourses lack valley features and exhibit varying
levels of channel definition and historic channel alteration. Due to these channel characteristics
all four watercourses often experience flows exceeding the channel capacity which spill into the
adjacent watershed / lands generally towards Georgian Bay.

The surficial soils within the study area are characterized by the Soil Survey of Grey County (1954).
Below the Nipissing Ridge the soil is primarily Granby sand which is generally considered as
hydrologic soil Group B and is poor draining. The soils traversing the Nipissing Ridge are
characterized as Waterloo sandy loam (Group A) and is considered to be well draining. Above
the Nipissing Ridge the soils are characterized as Kemble silty clay (Group C) and is considered to
be imperfectly drained.

3.1 Watercourse 7

Watercourse 7 has a catchment area of approximately 180 ha and originates on the Niagara
Escarpment. Watercourse 7 tfraverses the south and east side of the study area passing through
the Home Farm lands and along the east side of the Craigleith Ridge lands.

Above the Nipissing Ridge, the drainage patterns are undefined and have varied historically.
During high flow events Watercourse 7 has been known to spill out onto the former farm fields of
the Home Farm lands which are generally low in relief.

During a site investigation by Crozier staff on March 28, 2016, Watercourse 7 was noted to lack a
valley feature across the Home Farm lands and was noted to breach the capacity of the channel
and spill in multiple locations. The spill flows observed were generally towards the north of
Watercourse 7 to undefined drainage features and large areas of ponding were observed. The
low relief of the Home Farm lands was observed and drainage routes were not obvious across the
site. It is believed that some spill flow to the north may be directed to Watercourse 8 and possibly
spill towards the Parkbridge lands and the residents of Lakeshore Road adjacent Watercourse 8.
There are multiple incised ravines that traverse the Nipissing Ridge before converging with the
main channel below the ridge. These ravines are believed to drain the large ponding areas on
the Home Farm site. A gravel access road was noted to have ditches that conveyed portions of
Watercourse 7 spill flows towards the northeast before re-converging with the main channel. Spill
flow from these ditches were noted to be redirected to Watercourse 6 to the east. Refer to
Appendix C for photos from the site investigation.

Below the Nipissing Ridge, Watercourse 7 is contained to a well-defined channel and passes
between a number of existing residential units adjacent to Lakeshore Road and Highway 26. The
outlet of this watercourse is downstream of Highway 26 and was identified as a flood damage
area in the original Craigleith Camperdown Subwatershed Study (GSCA, 1993), due to channel
constrictions imposed by existing residences.

The existing conditions peak flows of Watercourse 7 were established by the Grey Sauble
Conservation Authority’s Subwatershed Study (GSCA, 1993). The watershed hydrology model has
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subsequently been refined as development applications have proceeded in the watershed.
These flows are summarized in Table 1 below.

Table 1
Watercourse 7 Existing Hydrologic Flows (GSCA Model)
Location Return Period Peak Flow (m3/s)!
2-Year 2.89
5-Year 3.93
10-Year 495
Lakeshore Road 25-Year 5.79
50-Year 6.44
100-Year 7.39
Regional 9.72

MPeak flows per Craigleith Camperdown Subwatershed Study (GSCA, 1993)

In support of the Eden Oak Development, Crozier completed a hydraulic assessment of
Watercourse 7 as it crosses the lower terrace lands. The watercourse 7 hydraulic assessment is
summarized in the Functional Servicing & Stormwater Management Report (Crozier, 2012). The
hydraulic model was prepared using HEC-RAS modeling software to determine the existing flood
condifions of Watercourse 7 and associated development limits for the Eden Oak Development.

The hydraulic assessment identified a spill-flow condition at the base of the Nipissing Ridge at flow
rates above 6 m3/s. It was found that the exceeding flows overtopped the right overbank of
Watercourse 7 and spilled eastward into the Eden Oak Lands and ultimately into subwatershed 6.
The Eden Oak development applications proceeded under the premise of maintaining this spill
flow to Watercourse 6.

Table 2 summarizes the peak flows experienced at Lakeshore Road with and without the spill flow
condifion at Eden Oak.

Table 2
Watercourse 7 Existing Hydrologic Flows — With Spill Flow
) spill Flow at Eden Peak Flow ai. Peak Flow at )
Return Period Oak (m¥/s) Lakeshore (Spill) Lakeshore (No Spill)
(m?3/s) (m3/s)
2-Year 0 2.893 2.89
5-Year 0 3.943 3.94
10-Year 0 4,950 495
25-Year 0 5.791 5.79
50-Year 0.442 6.0 6.44
100-Year 1.393 6.0 7.39
Regional 3.720 6.0 9.72

Between the Nipissing Ridge and Georgian Bay, Watercourse 7 has experienced historical
flooding affecting various residential properties. In particular, residences upstream Lakeshore
Road and downstream of Highway 26 have experienced flooding issues during large storm events
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and spring freshet events. Crozier staff have observed the operational conditions of the
Watercourse 7 conveyance infrastructure in the Lakeshore Road and Highway 26 area on
numerous occasions throughout recent years. Photos from these site investigations are included
in Appendix C for reference.

Addifionally, Crozier has inventoried and assessed the hydraulic capacities of the existing
drainage infrastructure on Watercourse 7. The inventory is summarized in Table 3.

Table 3
Watercourse 7 Existing Drainage Infrastructure Inventory & Capacities
Maximum Approx. Tvoical Desian
Location Description Capacity Return yP g
; Standard
m3/s Period
Lakeshore Concrete box culvert | ) ) )
Road (0.95m x 1.9m) 3.8 <5-Year 25-Year
. . Twin CSP culverts :
Georgian Trail (1.2m diameter] 4.5 < 10-Year N/A
. CSP arch : 5
Highway 26 (0.9m x 1.35m) 2.0 <2-Year 100-Year
Outlet Channel between
Channel dwellings (0.60m x 0.90m) . < 2-vear N/A

! Maximum capacity of culverts operating under head without overtopping road
2 Town of the Blue Mountains Design Standard
3 Ministry of Transportation Design Standard

As outlined in Table 2, there is insufficient capacity of all hydraulic structures on Watercourse 7
based on the typical design criteria. It is noted that the outlet channel is the limiting section of
Watercourse 7 as it represents the lowest conveyance capacity. Given the close proximity of the
existing residences, 209725 & 209727 Highway 26, this location is highly flood susceptible under
existing conditions.

Due to the historical flooding events and poor capacity of the Watercourse 7 outlet channel, there
have been improvements previously implemented in an effort to mitigate flooding impacts. These
improvements include the construction of a lateral relief pipe located between Highway 26 and
Georgian Trail which is intended to divert flow from Watercourse 7 to Watercourse 8. When the
Highway 26 culvert reaches capacity the flow is infended to be diverted to Watercourse 8 via the
lateral relief structure. The ditch of Highway 26 also serves as additional flow conveyance from
Watercourse 7 to Watercourse 8 when the Highway 26 culvert is surcharged.

Table 4 summarizes the existing lateral flow diversion infrastructure and their capacities.

Table 4
Watercourse 7 Existing Flow Diversion Infrastructure Inventory & Capacities
Location Description Capacity (m3/s)
Highway 26 Concrete Arch Pipe (0.9m x 1.5m) 1.51
Highway 26 Highway 26 ditch (0.75m depth, 0.5%) 1.8

' Maximum capacity of culvert operating under head without overtopping Highway 26

C.F. Crozier & Associates Inc. Page 7
Project No. 1046-4031 & 721-3464



Craigleith Residential Development DRAFT - Stormwater Management Regional Plan
Parkbridge Lifestyle Communities & MacPherson Builders April 2018

When accounting for the capacities of the lateral concrete pipe, Highway 26 ditch, and the
existing outlet channel, the maximum capacity of the Watercourse 7 conveyance infrastructure
is approximately 4.5 m3/s which equates fo less than the 25-Year storm event.

3.2 Watercourse 8

Watercourse 8 is a relatively small subwatershed which originates in the central portion of the
Home Farm lands above the Nipissing Ridge. Subwatershed 8 drains approximately 13ha of
primarily undeveloped lands consisting of upper terrace lands, the Nipissing Ridge and lower
terrace lands. The portion of the subwatershed that is contained within the Home Farm
Development consists of the upper terrace lands and is vegetated with a mixture of meadows
and frees. Two distinct drainage draws drain the upper terrace and Nipissing Ridge lands, and
enter the lower terrace lands. Upon entry to the Craigleith Ridge lands downstream of the ridge,
the drainage draws become less defined resulting in runoff being conveyed primarily as sheet
flow where it infiltrates back info porous soils and fractures within the shallow bedrock.

Crozier has completed a hydrologic assessment of the Watercourse 8 subcatchment to determine
the existing flows experienced at Lakeshore Road.

Table 5
Watercourse 8 Existing Hydrologic Flows (Crozier Hydrologic Model)
Location Return Period Peak Flow (m3/s)!
2-Year 0.12
5-Year 0.25
10-Year 0.41
Lakeshore Road 25-Year 0.56
50-Year 0.65
100-Year 0.84
Regional 1.09

Between the Nipissing Ridge and Lakeshore Road, no defined channel exists. Downstream of
Lakeshore Road, Watercourse 8 re-develops info a small stream before crossing under Lakeshore
Road, Georgian Trail, and Highway 26.

Crozier has inventoried and assessed the hydraulic capacities of the existing drainage
infrastructure on Watercourse 8. The inventory is summarized in Table 6.
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Table 6
Watercourse 8 Existing Drainage Infrastructure Inventory & Capacities
Maximum Approx. . .
Location Description Capacity Return el e
h Standard
m3/s Period
Lakeshore CSP culvert . )
Road (0.35m diameter) 011 < 2-vear 25-vear
. . Twin CSP culverts
1 -
Georgian Trail (0.7m diameter] 2.5 <5-Year N/A
Highway 26 CSP arch (1.0m x 1.6m) 3.0 > 100-Year 100-Yeard
Outlet Channel on Municipally 4
Channel owned land 23 < 10-Year N/A

' Maximum capacity of culverts operating under head without overtopping road
2 Town of the Blue Mountains Design Standard

3 Ministry of Transportation Design Standard

4 Qutlet channel capacity calculated at Tm depth

33 Watercourse 9

Watercourse 9 traverses the Parkbridge Craigleith Ridge Development from Grey Road 19 to
Lakeshore Road. Watercourse 9 originates within the tablelands above the Escarpment, and
extends across the escarpment face and the subject lands to Georgian Bay.

The portion of the Watercourse 9 watershed, upstream of Grey Road 19 was examined by Higgins
Engineering Ltd. in a report titled The Orchards- SWM Implementation Report (Higgins, 2005) to
support the proposed The Orchards residential development. Higgins concluded that
approximately 116.6 ha of tablelands, escarpment face and development lands contribute to
Watercourse 9 upstream of Grey Road 19. Watercourse 9 crosses Grey Road 19 via culvert before
entering the Craigleith Ridge development. A portion of the drainage from the Orchards
development is conveyed through an existing stormwater management pond before discharging
to Watercourse 9 upstream of Grey Road 19.

Through the Parkbridge Development, the Watercourse 9 valley corridor bisects the upper and
lower terrace lands info west and east portions. Watercourse 9 is located within a deeply incised
ravine across the upper terrace lands and within a defined channel but unconfined valley setting
across the lower terrace lands. The upper terrace lands of the Parkbridge development is
predominately vegetated with cultural meadows and clusters of trees with series of well-defined
drainage draws that discharge to Watercourse 9.

Vegetation across the lower terrace lands of the Parkbridge development consists of cultural
meadows and clusters of trees, save and except a more densely treed area located in the vicinity
of the toe of the Nipissing Ridge within the western portion of the lower terrace lands.

An existing man made pond is located in the central portion of the Parkbridge site adjacent to
the bottom of the ridge. This pond intercepfts sheet flow from the ridge and stores the water with
a historic outlet structure discharging to Watercourse 9.

Given the lack of a confined valley feature of Watercourse 9 on the lower terrace lands, spill flow
escapes the channel overbanks on the east and west side of Watercourse 9 and ponds upstream
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of Old Lakeshore Road which is generally low in relief and lacks defined drainage features. This
spill flow drains to the south roadside ditches of Old Lakeshore Road which returns the spill water
to Watercourse 9. Some of this spill flow to the east is also conveyed to Watercourse 8 and overtops
Lakeshore Road in major events.

Downstream of the Nipissing Ridge, Watercourse 9 conveys flows under Lakeshore Road,
Georgian Trail, and Highway 26 and ultimately outlets via constructed channel between two
dwellings. Downstream of Highway 26 the channel has been constructed with gabion stone and
basket walls to Georgian Bay.

In order to support the proposed stormwater strategy for the Parkbridge Development, Crozier
completed a hydrologic model of subwatershed 9 existing conditions. The model builds on the
hydrologic model of the existing The Orchards development completed by Higgins Engineering
covering the upper subwatershed above County Road 19. The existing (pre development)
hydrologic flows at Lakeshore Road are summarized in Table 7.

Table 7
Watercourse 9 Existing Hydrologic Flows (Crozier Hydrologic Model)
Location Return Period Peak Flow (m3/s)
2-Year 1.37
5-Year 2.62
10-Year 4,01
Lakeshore Road 25-Year 5.26
50-Year 5.92
100-Year 7.31
Regional 9.07

Existing residential buildings are located adjacent to Watercourse 9 downstream of Highway 26.
As such, it was requested by the Town to assess the channel hydraulics of Watercourse 9
downstream of Highway 26 as well as through the Parkbridge development. A HEC-RAS hydraulic
model was completed by Crozier for Watercourse 9 traversing the Parkbridge development and
downstream of Lakeshore Road to the outlet at Georgian Bay. The HEC-RAS model upstream of
Lakeshore Road is included in the Functional Servicing and Stormwater Management Report
(Crozier, April 2018). The hydraulic model assessing the drainage infrastructure downstream of the
Craigleith Ridge development is included in Appendix D.

The existing residential buildings are approximately 2.8m from Watercourse 9 on the west and
approximately 5 meters to the east. The dwelling on the west was noted to have approximately
0.2-0.4m clearance from ground level to first floor, the dwelling on the east was noted to have
approximately 0.6-0.8m clearance from ground level to first floor. As such, flow rates that exceed
the channel banks would not necessarily result in residential buildings being flooded as the
buildings are higher than the channel banks and extreme flows would be dispersed upstream by
overtopping Old Lakeshore Road, the Georgian Trail, and Highway 26.
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Table 8
Watercourse 9 Existing Drainage Infrastructure Inventory & Capacities
Maximum Approx. . .
Location Description Capacity Return el e
h Standard
m3/s Period
Lakeshore Concrete box culvert : )
Road (1.55m x 1.05m) 2.6 S-vear 25-vear
Georgian Trail | 1.5m diameter CSP culvert 3.71 < 10-Year N/A
. Concrete box culvert
1 - - 3
Highway 26 (2.45m x 0.9m) 6.0 > 50-Year 100-Year
Outlet Chomgl be’rwegn two 35 < 10-Year N/A
Channel existing dwellings

' Maximum capacity of culverts operating under head without overtopping road
2 Town of the Blue Mountains Design Standard
3 Ministry of Transportation Design Standard

34 Watercourse 10

Watercourse 10 is located on the west boundary of the study area. Subwatershed 10 consists of
agricultural land across the tablelands, ski hills across the escarpment face, and primarily
undeveloped land along the upper and lower terraces of the Nipissing Ridge.

The Watercourse 10 valley corridor is located along the western limits of the lower terrace lands of
the Craigleith Ridge Development. As previously stated, along the lower terrace lands,
Watercourse 10 is located within a defined channel but unconfined valley setting. An incised
drainage draw, located in the western portion of the Craigleith Ridge upper terrace lands,
connects into the Watercourse 10 valley corridor.

There are various residential dwellings adjacent to Watercourse 10 downstream of Lakeshore
Road on route to Georgian Bay.

Crozier completed a Stormwater Management Implementation Report (2012) supporting the
detailed design of the Bannerman Development. Within the report a watershed hydrologic
assessment was completed for Watercourse 10. Subsequently, the hydraulic structures for the
Lakeshore Road, Georgian Trail, and Highway 26 were assessed for capacity. The results of the
hydrologic model and hydraulic capacity assessment are summarized in Tables 9 & 10,
respectively.

Table 9

Watercourse 10 Existing Hydrologic Flows (Crozier Hydrologic Model)
Location Return Period Peak Flow (m3/s)
2-Year 0.91
5-Year 1.61
Lakesh R
akeshore Road 25-Year 297
100-Year 4.04
C.F. Crozier & Associates Inc. Page 11
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Table 10
Summary of Existing Culvert Capacities along Watercourse 10 (Crozier, 2012)
Maximum Approx. . .
Location .Culve.ri Capacity Return el e
Dimensions Standard
m3/s Interval

Lakeshore Road | 900 mm @ CSP 1.41 <5-Year 25-Year?

750 mm @ CSP
Georgian Trail + 3.2 25-Year N/A

9200 mm @ CSP

Highway 26 | 2>mby1.50 501 > 100-Year 100-Year?
m Conc. Box

I Maximum capacity of culverts operating under head without overtopping road

2 Town of the Blue Mountains Design Standard

3 Ministry of Transportation Design Standard

It is noted that the Georgian Trail and Highway 26 culverts have sufficient capacity to meet typical
standards. The Lakeshore Road culvert was noted to be undersized to convey the full 25-Year
event. As a result a portion of flow conveyance is split between the Lakeshore Road culvert and
overtopping of Lakeshore Road.
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4.0 PROPOSED DEVELOPMENT STORMWATER MANAGEMENT STRATEGY & FUTURE CONDITIONS

4. Watercourse 7 & 8

4.1.1.Proposed SWM Design - Home Farm Development

In order to address the existing undefined drainage conditions of the Home Farm site as discussed
in Section 3.1, Higgins Engineering has proposed to improve the Watercourse 7 drainage channel
to safely convey flows through the site and formalize the drainage on the site. This strategy will
improve the local drainage condifions which have historically varied and is generally
unpredictable. Thus, any spill flow from Watercourse 7 to subwatershed 8 or subwatershed 6 that
is currently occurring above the Nipissing Ridge will be captured, which willimprove any localized
flooding concerns in these adjacent watercourses.

Drainage from developed lands within the Home Farm Subdivision have been proposed to be
directed to full quality/quantity control ponds within the development before being discharged
to Watercourse 7. To treat stormwater both north and south of Watercourse 7, two Stormwater
Management facilities have been provided.

Details of each facility as described in the Higgins Engineering Functional Servicing Report and
Stormwater Management Report (2016) have been outlined below:

North Pond

The proposed north stormwater management facility will serve as an end-of-pipe wet pond
providing quality, quantity, and erosion confrol for an area of 11.4%ha. The wet pond will be
implemented fo provide pre to post peak flow attenuation for all storms up to the 100-year.

South Pond

The proposed south stormwater management facility will serve as an end-of-pipe wet pond
providing quality, quantity, and erosion control for an area of 9.40ha. The wet pond will be
implemented to provide pre to post peak flow attenuation for all storms up to the 100-year.

Infiliration Basin
An infiliration basin is proposed to provide additional stormwater controls for an area of 0.82ha.
The infiltration basin is proposed o be sized to store the entire 100-Year storm.

The stormwater management facilities are proposed to achieve pre to post peak flow attenuation
up fo and including the 100-Year storm which will maintain the existing flow regime of Watercourse
7.

4.1.2.Proposed Development SWM Design - Parkbridge

The Parkbridge site contributes very little drainage areas to Watercourse 7 in the pre-development
conditfion. This has been maintained in the post developed condition as flows from developed
portions of the site have been directed toward internal storm sewer and stormwater management
facilities that outlet to Watercourse 9. Similarly, the subwatershed 8 area will be reduced in the
post development condition due fo site grading as developed areas within subwatershed 8 will
be directed tfoward the stormwater management facilities and ultimately Watercourse 9.
Subwatershed 8 flows from the upper terrace and the Nipissing Ridge will be conveyed through
the Parkbridge site via storm sewer to Lakeshore Road.
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4.2 Watercourse 9

4.2.1 Proposed SWM Design — Home Farm Development

As outlined in the Functional Servicing and Stormwater Management Report (Higgins, 2016), the
Home Farm development does not propose to contribute any post development runoff to
Watercourse 9. Thus, no impacts to Watercourse 9 is expected to result from the Home Farm
Development.

4.2.2.Proposed SWM Design — Parkbridge Development

Preliminary hydrologic design was completed and summarized in the Functional Servicing and
Stormwater Management Report (Crozier, April 2018).

The proposed Parkbridge SWM facilities have been designed to provide the amount of peak flow
quantity control needed in order to maintain or reduce peak flows based on pre-development
conditions, with results discussed below. Two Stormwater Management (SWM) Facilities (SWM
Facility #1, SWM Facility #2) are proposed to provide quality and quantity control for the Craigleith
Ridge development.

SWM Facility #1 is proposed to be constructed from the dugout pond at the base of the Nipissing
Ridge and converted into a wetland facility with half of the existing pond being used as the
operating SWM facility and half remaining in existing condition. SWM Facility #1 will service the
upper terrace lands totaling approximately 3.1ha.

SWM Facility #2 is proposed to be located on the east side of Watercourse 9 and service the
maijority of the lower terrace lands totaling approximately ha. The pond will be constructed as a
wet pond providing quality and quantity confrol.

A portion of the west lands (2.26ha) will be piped under Watercourse 9 and drain fo SWM #2, while
a portion of the west lands (1.75ha) drain to Watercourse 9 uncontrolled following stormwater
quality treatment.

Post-development hydrologic modeling was completed by Crozier and documented in the
Functional Servicing and Stormwater Management Report (Crozier, April 2018). A summary and
comparison of pre and post-development peak flows is provided below in Table 11.
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Table 11
Watercourse 9 Post-Development Hydrologic Flows
Peak Fl 3
Location Return Period eak Flow (m?/s) % Difference
Pre-Development Post-Development

2-Year 1.369 1.308 -4.5%
5-Year 2.617 2.463 -5.9%
10-Year 4.007 3.730 -6.9%
Loﬁig‘gre 25-Year 5.259 5.042 4%
50-Year 5917 5.680 -4.0%
100-Year 7.313 6.976 -4.6%
Regional 9.070 8.671 -4.4%

As shown above in Table 11, post-development peak flows at the Watercourse 9 crossing (and
downstream) will be reduced from pre-development levels thereby improving the flood
condifions downstream of the subject site, between Lakeshore Road and Georgian Bay.

Further to the reduction of peak flows, comparison of the pre and post development flow
hydrographs at Lakeshore Road indicate that the duration of extreme flows (i.e. in excess of the
3.5 m3/s outlet channel capacity) is not increased, thus, no prolongation of flood conditions will
be resulting from the Parkbridge development. The pre and post development flow hydrographs
have been included in the Functional Servicing and Stormwater Management Report (Crozier,
April 2018).

4.3 Watercourse 10

4.3.1.Proposed SWM Design — Parkbridge Craigleith Ridge Development

Based on the proposed Craigleith Ridge development plan, approximately 0.23ha of drainage
area will be redirected from Watercourse 10 to Watercourse 9. Furthermore, no post development
drainage areas from the Parkbridge development will discharge to Watercourse 10. As a result,
the existing hydrology of Watercourse 10 will be maintained by the Craigleith Ridge development.

4.4 Summary
Under the proposed post-development conditions, the Parkbridge Craigleith Ridge and
MacPherson developments will implement on-site stormwater management facilities to maintain

existing flow conditions of the receiving watercourses.

The Home Farm development will discharge all development area to Watercourse 7 with no
development area from the Home Farm site proposed to discharge to Watercourse 8 or 9.

The Craigleith Ridge development will discharge all development area to Watercourse 7 with no
development areas proposed to discharge to Watercourse 7, 8, or 10.

Table 8 outlines the proposed post-development conditions of each subwatershed, outlining the
total drainage area of each and the development areas of Home Farm and Craigleith Ridge
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developments draining to each watercourse. The subwatershed flow rates are also summarized.

Table 12
Watercourse 9 Post-Development Hydrologic Flows
Proposed Proposed
Drainage Craigleith Ridge Home Farm Regional 100-Year
Watercourse g Developed Area Developed Area Flow Rate Flow Rate
Area (ha) - " s n 5 -
discharging to discharging to (m3/s) (m3/s)
Watercourse (ha) Watercourse (ha)
7 180.8 0 21.7 7.39 9.72
8 8.2 0 0 1.09 0.84
9 147.9 13.5 0 8.671 6.976
10 61.0 0 0 - 4.04
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5.0 FLOOD CONVEYANCE OPPORTUNITIES

Based on the discussion presented in the preceding sections there currently exists various flooding
issues with each watercourse including spill flows from Watercourse 7 to 6, Watercourse 7 to 8 and
Watercourse 9 to 8. As previously discussed part of the objective of this report is to analysis a
comprehensive flood management solution for Watercourse 7, 8, 9, and 10. An evaluation of
possible infrastructure improvements to increase conveyance capacity for Watercourses 7, 8 and
9 are presented in section 5.1, 5.2, 5.3 respectively.

5.1 Watercourse 7

As noted earlier, the outlet to Watercourse 7 downstream of Highway 26 passes through a narrow
channelized section between two existing residences on private property. Given the constraints
of this area it was identified as a flood damage center with the original subwatershed study
completed in 1993 (GSCA).

Since that time, efforts to improve the flood susceptible nature of downstream properties have
been implemented. These works consist of a flow diversion upstream of Highway 26 which takes
flows from Watercourse 7 through an elliptical flow pipe to divert flows from Watercourse 7
westward towards Watercourse 8.

As the downstream reach of Watercourse 7 is within private property and is the most flood
susceptible, options to increase conveyance capacities of the multiple roadway and frail
crossings upsfream would only exacerbate existing issues. Further, the location of existing building
structures adjacent the Watercourses effectively limits the opporfunities to substantially increase
the channel capacities given the proximity of existing structural elements of the buildings.

5.2 Watercourse 8

Watercourse 8 was determined to have good opportunities for increased conveyance of flows to
Georgian Bay from upstream areas. Flows from Watercourse 8 upstream of Lakeshore Road are
intermittent and conveyed through a small diameter CSP cross culvert. However, downstream of
Lakeshore Road both the crossing culverts beneath the Georgian Trail and Highway 26 have
considerably larger capacities and no adjacent residential structures. The outlet of Watercourse
8 between Highway 26 and Georgian Bay is also contained within Municipal ownership. There are
no existing residences or structures in the vicinity of Watercourse 8 downstream of Lakeshore Road.

Between Lakeshore Road and Highway 26, Watercourse 8 is lowest in elevafion compared to
Watercourse 7 and Watercourse 9. The existing Lakeshore Road profile falls gradually from
Watercourse 9 to Watercourse 8 from the west, as well as from Watercourse 7 to Watercourse 8
from the east. Due to the lower profile of the downstream reaches of Watercourse 8, opportunities
for flow diversion from Watercourse 7 and 9 to Watercourse 8 are identified as potential flood relief
opportunities.

53 Watercourse 9

The outlet of Watercourse 9 passes beneath culverts at Lakeshore Road, the Georgian Trail and
Highway 26 as it makes its way towards Georgian Bay. Between Old Lakeshore Road and the
Georgian Trail the channel passes through undeveloped lands that have also been purchased by
Parkbridge. Downstream of Highway 26 the Watercourse 9 channel passes through private
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properties which have historically channelized the Watercourse. This limits opportunities for upsizing
of upstream roadway crossings due to the presence of the existing dwellings. However, unlike
Watercourse 7 the outlet channelization has maintained a channel width of approximately 2.5m,
roughly equivalent to width of the Highway 26 crossing culvert. The channel banks have further
been protected from erosion and are constructed of gabion baskets which have been
maintained in good repair. Hydraulic analysis of this section has indicated that normal flow, below
the 10 yearrainfall event are contained within the channel. Flows above the 10 year rainfall event
exceed the capacity of the channel, however, the existing structures are setback from the
channel with finished floor elevations well above the surrounding ground.

Given the setbacks to the existing Watercourse 9 outlet channel, there is a greater potential for
Watercourse 9 outlet improvements as compared to Watercourse 7. Watercourse 9 outlet
improvements (i.e. widening, deepening) may be possible to improve the flooding risk of the local
private dwellings.

5.4 Watercourse 10

The Parkbridge Craigleith Ridge and MacPherson Home Farm developments do not propose to
discharge the stormwater flows of any development areas to Watercourse 10. As a result, the
existing flow conditions of Watercourse 10 will be maintained. As discusses in Section 3.4 the
downstream drainage infrastructure has sufficient capacity to meet relevant design criteria. As
such, further assessment of Watercourse 10 is not included within the subject report.
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6.0 PROPOSED FLOOD CONVEYANCE STRATEGY

With the implementation of development on the subject MacPherson and Parkbridge lands exists
the opportunity to address and formalize a solution to a number of existing watershed issues. These
strategies are outlined further in the respective sections below.

6.1 Watercourse 7 & 8

6.1.1.Proposed Flood Management Strategy

The potential of improving the Watercourse 7 outlet channel was determined to be of low
probability given the proximity of the existing residences. Any improvements to the channel
dimensions would pose constructability constraints due to limited access and would likely require
structural alteration to one or both of the existing residences. As a resulf, this approach was
determined to have a low overall benefit to the regional flooding conditions.

Given the downstream conveyance constraints within Watercourse 7 below Highway 26 and the
distinct opportunity to improve capacity in the outlet of Watercourse 8, an examination on the
feasibility of directing a majority of flows from Watercourse 7 to Watercourse 8 was undertaken.

A hydraulic assessment of all structures within each watercourse was completed to determine the
available capacities and reasonable amount of flow that could be diverted. On the Watercourse
8 system it was determined that the available capacity of the Highway 26 cross culvert of under
MTO |jurisdiction was approximately 3.0 m3/s. Additional capacity at this crossing could be
obtained by supplementing the capacity with a second culvert barrel or replacement with a
larger culvert. However, utilizing overtopping flow conveyance across the Highway would be a
much more cost effective alternative.

It was noted that in existing conditions Watercourse 7 overtops Highway 26 when flows greater
than 5 m3/s are experienced. This overtopping is broad and would direct flows to lower yard areas
of existing residences downstream of the Highway 26 adjacent Watercourse 7 contributing to the
flood risk of these properties. The properties downstream of Highway 26 are lower in elevation than
the Highway 26 road profile, thus, any overtopping aft this location is not favorable.

Conversely, in the vicinity of Watercourse 8 the overland flow route across the Highway is not
constrained by existing residences which are flood susceptible. Flows overtopping Highway 26
adjacent Watercourse 8 would be collected by the downstream roadside ditch and pass through
a Municipally owned property where the current outlet channel is located. Further, future
residential development areas downstream of the Highway should be constructed higher than
the Highway 26 roadway elevation to keep flows out of private property and within the public
corridors. The current fill levels of residential properties on both sides of Watercourse 8 are
favorable to this approach.

As such, by limiting the flow within Watercourse 7 to the outlet capacity (1.2 m3/s) and moving the
surplus flows of Watercourse 7 to Watercourse 8 would assist with improvements to flood conditions
in the general area.

To accomplish this task, a conceptual relief flow channel design was developed to remove
extreme flows from Watercourse 7 and its susceptible downstream reaches and divert them to the
adjacent Watercourse 8. The proposed diversion consists of a secondary flood relief channel to
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be established at the southeast limits of the Parkbridge property and convey flows north and
westward toward Watercourse 8. At Lakeshore Road, the southern ditch would be formalized and
the existing 350mm diameter CSP cross culvert would be upgraded to allow for more conveyance
beneath the roadway while surplus flows would be conveyed overtopping Old Lakeshore Road
at the existing low point and directed towards Watercourse 8.

Downstream of Old Lakeshore Road, Watercourse 8 flows through a very narrow section of private
property (213 Old Lakeshore Road) that is part of an existing single family lot with the dwelling
located east of Watercourse 7. This property owner would need to be consulted regarding the
drainage redirection which would benefit them and lessen the flood / erosion risk of the existing
residence adjacent to Watercourse 7. Alternatively, the Municipality may consider obtaining the
lands to improve drainage conditions to the local area.

Once flows have been redirected to Watercourse 8 they can use the existing conveyance
infrastructure and overland flow route to Georgian Bay without impact to surrounding residences.
Refer to Figure 8 for a conceptual design of the flow diversion route. Capacity calculations for
various infrastructure components are included in Appendix D.

6.2 Watercourse 9

6.2.1.Proposed Flood Management Strategy

As outlined in Section 4.2.2., the proposed stormwater management facilities on the Parkbridge
site will reduce the severity and frequency of flows experienced by the downstream channel. The
water quantity control criteria for the Parkbridge site will be to match or reduce pre development
flows rates for all storms including the Regional Timmins storm so that downstream flooding
conditions will be maintained or be improved.

Given the unconfined nature of the existing Watercourse 9 channel and various spill flow
conditions across the lower terrace lands of the Craigleith Ridge site, the proposed site grading
will confine the spill flow to the Watercourse 9 channel. This has the potential of increasing the
peak flows experienced downstream if left unmitigated.

To help mitigate the downstream flooding risk of Watercourse 9, a flow relief channel may be
designed tfo divert flows to Watercourse 8. A channel may be graded between Old Lakeshore
Road and Georgian Trail to convey flow to Watercourse 8 within Parkbridge owned lands and the
Georgian Trail right-of-way. This channel will capture flows overtopping Lakeshore Road during
extreme flow events and convey this flow westward to Watercourse 8. Given the existing culvert
inverts there is approximately 0.6% slope from Watercourse 9 invert downstream of Old Lakeshore
Road to the Watercourse 8 invert upstream of Georgian Trail. The magnitude of flow diversion
chosen is dependent on the preferred level of flood proofing for the downstream channel.

Addifional flood mitigation strategies can be employed downstream of Highway 26 where
opportunities for outlet channel improvements are present. Assessment of the Watercourse 9
outlet channel configuration determined that a channel widening of 0.5m on both sides will result
in a capacity of approximately 6.0m3/s, which is equivalent to the existing Highway 26 culvert. A
widening of 1.0m on both side of the channel will result in a capacity which meets the Regional
peak flow (9.1m3/s). Unlike Watercourse 7, the outlet to Watercourse 9 presents a greater
opportunity for improvements due to the available space between existing residential dwellings.
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7.0 EVALUATION OF OPTIONS

Based on the preceding discussion and historic correspondence with the Town of the Blue
Mountains and Grey Sauble Conservation Authority, Crozier presents four potential flood relief
options for the Craigleith Area for consideration.

7.1 Summary of Options

Option 1: Divert all flows exceeding downstream capacities to Watercourse 8

Option 1 proposes to divert all flows in exceedance of Watercourse 7 & 9 capacities to
Watercourse 8 outlet. The Watercourse 7 and Watercourse 9 outlets will be maintained in existing
condifions with no capacity improvements fo either outlet proposed. Flows exceeding
Watercourse 7 outlet capacity (1.2 m3/s) will be diverted to Watercourse 8 via existing lateral relief
pipe and proposed flood relief channel upstream of Old Lakeshore Road. Similarly, the flows from
Watercourse 9 that are in exceedance of the Watercourse 9 outlet (3.5 m3/s) will be diverted to
Watercourse 8 via proposed flood relief channel between Old Lakeshore Road and Georgian
Trail.

The Highway 26 culvert at Watercourse 8 will be upgraded to convey the 100-Year flow, which is
approximately 11m3/s following the proposed flow diversions from Watercourse 7 and 9. The
existing Watercourse 8 outlet channel will be widened to accommodate the diverted Regional
flow of 15.2 m3/s. Given the size of the proposed culvert upgrade, an open cut installation would
be required on Highway 26.

Refer to Figure 5 for the Option 3 Drainage Network.

Option 2: Improve Watercourse 9 outlet to 6.0m3/s, divert remaining flow to Watercourse 8

Option 2 proposes to widen the Watercourse 9 outlet channel to match the culvert capacity of
Highway 26 (6.0m3/s) and divert the remainder to Watercourse 8. The outlet channel widening is
to be 0.5m on both sides of the channel.

The diversion channel from Watercourse 9 to Watercourse 8 remains, however, provides a lower
flow conveyance capacity due to the increased outlet capacity downstream.

Flows exceeding Watercourse 7 outlet capacity be diverted to Watercourse 8 via existing lateral
relief pipe and proposed flood relief channel as in Option 1.

The Highway 26 culvert at Watercourse 8 will be upgraded to convey the 100-Year flow, which is
approximately 8.4m3/s following the proposed flow diversions from Watercourse 7 and 9. The
existing Watercourse 8 outlet channel will be widened to accommodate the diverted Regional
flow of 12.7m3/s. Given the size of the proposed culvert upgrade, an open cut installation would
be required on Highway 26.

Refer to Figure 6 for the Option 3 Drainage Network.

Option 3: Improve Watercourse 9 outlet to convey Regional Flow

Under Option 3 it is proposed to widen the Watercourse 9 outlet channel to convey the Regional
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flow (2.1m3/s). No flow from Watercourse 9 will be diverted to Watercourse 8. The Highway 26
culvert at Watercourse 9 will be upgraded to convey the 100-Year flow (7.3m3/s). The outlet
channel widening is to be 1.0m on both sides of the channel.

Flows exceeding Watercourse 7 outlet capacity be diverted to Watercourse 8 via existing lateral
relief pipe and proposed flood relief channel as in Option 1 & 2.

The Highway 26 culvert at Watercourse 8 will be upgraded to convey the 100-Year flow, which is
approximately 8.4m3/s following the proposed flow diversion from Watercourse 7. The existing
Watercourse 8 outlet channel will be widened to accommodate the diverted Regional flow of
9.3m3/s. Given the size of the proposed culvert upgrade, an open cut installation would be
required on Highway 26.

Refer to Figure 7 for the Option 3 Drainage Network.

Option 4: Maintain Existing Spill Flow Conditions

Under Option 4 it is proposed to further quantify and maintain existing spill flow characteristics that
are currently occurring throughout the study area. It is noted that both the Home Farm and
Craigleith Ridge developments have implemented stormwater management facilities as part of
the development concepts, which will provide stormwater quantity control to respect the
downstream properties.

Spill flows currently occurring from Watercourse 7 to Watercourse 6 (at Eden Oak), Watercourse 7
to Watercourse 8 (at Home Farm), and Watercourse 9 to Watercourse 8 (at Parkbridge) will be
maintained and thus, downstream flow conditions will be maintained under existing conditions.
Under Option 4, no downstream flow conveyance infrastructure improvements are proposed.

Refer to Figure 4 for an outline of the Existing Flow Conditions.
7.2 Evaluation of Alternatives
Resulting from the preceding discussion, an evaluation matrix has been produced to help qualify

each of the proposed options. Table 13 outlines the key opportunities and constraints presented
by each option.
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Table 13

Evaluation Matrix for Options

remaining to
WC8

decreases culvert upgrade requirement.
Reduced conveyance requirement for
flood relief channel from WC9 to WCS8.
Minimal Highway 26 disturbance for

culvert upgrade (single location at WCS8).

Option Opportunities Constraints
Option 1 Extreme flows diverted away from Largest requirement for flood relief
Divert all existing residential dwellings in flood channel from WC9 to WC8.
exceeding susceptible areas (WC7 & WC9). Largest culvert upgrade for Highway 26
flows to WC8 No disturbance to existing private at WCs.
property at WC7 & WC9 outlefs. Proposed WC 7 relief channel passes
Minimal Highway 26 disturbance for through undeveloped private property
culvert upgrade (single location at WC8). between Lakeshore Rd. and Georgian
Trail.
Size of culvert improvement under
Highway necessitates open cut
installation.
Option 2 Extreme flows diverted away from Requires disturbance to private property
Improve WC existing residential dwellings in flood at WC9 outlet.
9 outlet to susceptible areas (WC7 & WC8). Proposed WC 7 relief channel passes
g-i?/re”;/s' Reduced flows diverted to WC8 through undeveloped private property

between Lakeshore Rd. and Georgian
Trail.

Size of culvert improvement under
Highway necessitates open cut
installation.

Option 3 Extreme flows diverted away from Requires disturbance to private property
Improve WC existing residential dwellings in flood at WC9 outlet.
9 outlet to susceptible areas (WC7). Requires most instances of Highway 26
convey Reduced flows diverted to WC8 disturbance for culvert upgrades (at
Eligv'or‘o' decreases culvert upgrade requirement. WC8 & WC9).

Eliminates flood relief channel from WC9 Size of culvert improvement under

to WC8. Highway necessitates open cut

installation.

Option 4 No downstream improvements to Does notf improve to existing flooding
Maintain Lakeshore Road, Highway 26, or outlets conditions downstream.
Existing Spill (maintain existing).
Flow
Conditions

C.F. Crozier & Associates Inc.
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8.0 CONCLUSIONS & RECOMMENDATIONS

The analysis presented in this report outlines the existing flooding conditions as wells as possible
opportunities and opftions to address the existing flooding conditions. Based on this analysis, our
conclusion and recommendations include the following.

e Conveyance of flows from Watercourse 7 to 8 and Watercourse 9 to 8 should confinue to
occur, by way of designed channels or maintaining existing spill flows.

e Existing Infrastructure should be improved between the Base of the Nippissing Ridge and
Georgian Bay to improve conveyance capacities.

e Both the Parkbridge and Home Farm developments should continue to provide post-
development to pre-development quantity control to avoid increasing downstream flows.

e Option 1 is the recommended alternative as Watercourse 8 was deemed to have the
highest opportunity forimproving conveyance infrastructure and can accommodate high
flows from Watercourse 7 and 9. Furthermore Option 1 involves the least disturbance to
private land owners.

e As flood waters are conveyed through various landowners (Town, MTO and Private lands)
obtain permission/approval to construct the required infrastructure requirements is a
significant aspect to implementing any of the Option, including Option 1. As such it is
recommended to initiate dialogue and obtain feedback form the Town, MTO and private
landowners in the area regarding the proposed flood mitigation plan. Based on responses
from the land owners the proposed options may be re-evaluated.

Respectfully submitted,

C.F. CROIZIER & ASSOCIATES INC. C.F. CROLZIER & ASSOCIATES INC.
DRAFT DRAFT

Jonathan M. Proctor, P.Eng. Brendan Hummelen, P.Eng.
Associate Project Engineer

C.F. CROLZIER & ASSOCIATES INC.

DRAFT

Brad Dickieson, EIT.
Engineering Intern

JP/BH/bd
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DECEMBER 4™, 2017
PROJECT NO: 1046-4031

' SENT VIA: EMAIL
Town of The Blue Mountains BWORSLEY@THEBLUEMOUNTAINS.CA
32 Mill Street, Box 310

Thornbury, ON NOH 2P0

Attention: Brian Worsley, P.Eng.
Manager of Engineering

RE: UPDATED TERMS OF REFERENCE — STORMWATER MANAGEMENT STUDY
PARKBRIDGE LIFESTYLE COMMUNITIES INC.
TOWN OF THE BLUE MOUNTAINS, GREY COUNTY

Dear Brian,

For your consideration, we are pleased to submit our Terms-of-Reference (TOR) for
engineering services related to the preparation of a Stormwater Management Regional
Plan examining combined solutions for Stormwater / Floodplain management for
watercourse 7, 8, 9, & 10.

1. Purpose

It is understood that the Town of The Blue Mountain has requested a supplemental analysis
as part of the Parkbridge Craigleith and MacPherson Home Farm properties illustrating the
optimal floodplain management solutfion for the local area. This study will build upon the
finding the Grey Sauble Conservation Authorities Subwatershed Study (1993) recognizing
the historic identification of a flood damage center for Watercourse 7 at its outlet
downstream of Highway 26.

2. Work Plan

Study Limits

This assessment will focus on Watercourse 7, 8, 9, & 10 in, through and downsftream of the
Parkbridge and Home Farm developments. As it is recognized the proposed
developments are proposing full stormwater management quality / quantity conftrols
onsife the study will focus on assessing identified flooding areas and/or capacity
constraints downstream of the noted developments to Georgian Bay such that post
development outlet rates consider the downstream capacity.

2.1. Phase 1 - Flood Risk Identification

Crozier and Associates has completed various hydraulic floodplain studies along the
subject tributaries. It is generally known that a number of these watercourses spill along

40 Huron Street, Suite 301

Collingwood, On  L9Y 4R3 \
T. 705.446.3510 |

.. 705.446.3520) CONSULTING ENGINEERS
CfC]'()?.}(‘”‘.C‘(I
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their downstream limits on route to Georgian Bay expanding flood potential fo the general
area. The proposed Study will review and identify these documented flood / spill
susceptible areas with and downstream of proposed developments.

2.2. Phase 2 - Flood Conveyance Opportunity Review

Given the downstream position of the subject lands in the respective watersheds,
providing safe conveyance of flows to Georgian Bay is the optimal method to address
flooding concerns. The study will examine opportunities to increase and / or optimize the
conveyance of flows to Georgian Bay to eliminate chronic flooding areas. As such,
capacity of conveyance routes / infrastructure adjacent areas identified within Phase 1
will be analysed for performance in major storm events (100 year, Regional). Additionally,
consideration will be given to the pre and post development erosion power versus hours
(probability density function).

Typical conveyance routes / infrastructure that will be addressed includes:
e Natural Watercourse Channels
e Municipal Ditches / Drains
e Culverts
e Overland Flow Routes

Based on the above assessment, the feasibility of utilizing existing watercourses /
infrastructure for conveyance of flows will be assessed.

2.3. Phase 3 - Flood Conveyance Improvements

Based on the results of the above noted phases, recommendations for floodplain
improvements within the subject Watershed will be analysed. This may include the
recommendation to optimize existing conveyance and infrastructures capacities or to
provide additional capacity to promote more efficient and safe conveyance to Georgian
Bay.

Preliminary designs and calculations of proposed flood improvements will be included to
demonstrate the design principle behind each solution to alleviate flood susceptible
areas. Figures which demonstrate the preliminary design infent will be prepared. Lastly,
fiming and friggers for implementation of improvements will also be assessed.

C.F. Crozier & Associates Inc. Page 2 of 3
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2.4. Phase 4 - Documentation

Documentation of all findings and recommendations will be included in a Stormwater
Regional Plan Report for submission to the Town of The Blue Mountains, County and Grey
Sauble Conservation Authority for review. This report will include relevant figures and
calculations supporting the proposed study.

3. Conclusions

We look forward to working with you on this project. Should you have any guestions,
please do not hesitate to contact the undersigned.

Yours truly,
C.F. CROZIER & ASSOCIATES INC.

Jon Proctor, P.Eng
Associate

J:\ 1000\ 1046-Parkbridge  Lifestyle\4031-Craigleith  Fogal Land Acqg\Letters\2017.12.04 Parkbridge TOR for SWM
Analysis.docx
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APPENDIX B

Study Area Existing Conditions
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APPENDIX C

Site Photos
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Watercourse 7

7.1 WC7 Spill Flow on Upper Terrace (Home Farm) 2016.03.31

7.2 WC7 Spill Flow on Upper Terrace (Home Farm) 2016.03.31
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7.3 WC7 Spill Location Eden Oak 2016.03.31

7.4 WC7 Upstream Lakeshore Road 2016.03.31
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7.5 WC7 Downstream Lakeshore Road 2016.03.31

7.6  WC7 Upstream Georgian Trail 2016.03.31
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7.7 WC7 Downstream Georgian Trial 2016.03.31

7.8  WC7 Downstream Georgian Trial 2016.03.31
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7.9  WC7 Outlet 2016.03.31
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Watercourse 8

8.1 WC8 Upstream of Lakeshore Road 2016.03.31
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8.2 WC8 Upstream of Lakeshore Road 2016.03.31
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8.3 WC8 Downstream of Lakeshore Road 2016.03.31
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8.4 WC8 Downstream of Georgian Trail 2016.03.31
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8.5 WC8 Upstream of Highway 26 2016.03.31

8.6  WC8 Downstream of Highway 26 (Outlet) 2016.03.31
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Watercourse 9

9.1 WC 9 Upstream of Lakeshore Road (Overbank berm) 2018.04.25

9.2  WC ? Location of Spill flow to WC8 Upstream Lakeshore 2018.04.25
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9.3 WC 9 Lakeshore Road South Ditch (facing east) 2018.04.25

9.4 WC? Upstream of Lakeshore Road 2016.03.31
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9.5 WC9 Upstream of Lakeshore Road 2016.03.31

9.6 WC9 Downstream of Georgian Trail 2016.03.31
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9.7 WC9 Downstream of Highway 26 2016.03.31

9.8  WC9 Downstream of Highway 26 2016.03.31
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9.9 WC9 Outlet channel between existing houses 2016.03.31
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APPENDIX D

Existing Hydraulic Structures Inventory & Calculations
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LAKESHORE ROAD
Description:

Size:

Upstream invert:
Downstream invert:
Length:

Slope:

Road Deck Elevation:

GEORGIAN TRAIL
Description:

Size:

Upstream invert:
Downstream invert:
Length:

Slope:

Road Deck Elevation:

HIGHWAY 26
Description:

Size:

Upstream invert:
Downstream invert:
Length:

Slope:

Road Deck Elevation:

WATERCOURSE 7 — CULVERTS

Concrete Box Culvert
0.95mrise x 1.9m span
181.5Tm

181.28m

9m

2.5%

182.74m

Twin CSP Culvert
Circular 1200mm dia.
179.04m

179.50m

10.5m

5.14%

180.57m

CSP Arch

0.9mrise x 1.35m span
178.40m

177.89m

22m

2.32%

179.64m

LATERAL DIVERSION PIPE (WC 7 to WC8)

Description:

Size:

Upstream invert:
Downstream invert:
Length:

Slope:

Road Deck Elevation:

Concrete Pipe Arch
0.9mrise x 1.5m span
178.41m

177.70m

115m

0.62%

179.64m (Highway 26)

C.F. Crozier & Associates Inc.



Solve For: Discharge

Culvert Calculator Report
WC 7 Georgian Trail Culvert

Culvert Summary

Allowable HW Elevation 180.57 m Headwater Depth/Height 1.25
Computed Headwater Eleve 180.57 m Discharge 4.5422 md¥/s
Inlet Control HW Elev. 180.44 m Tailwater Elevation 179.64 m
Outlet Control HW Elev. 180.57 m Control Type Entrance Control
Grades

Upstream Invert 179.04 m Downstream Invert 178.50 m
Length 10.50 m Constructed Slope 0.051429 m/m
Hydraulic Profile

Profile CompositeS1S2 Depth, Downstream 1.14 m
Slope Type Steep Normal Depth 0.58 m
Flow Regime N/A Critical Depth 0.83 m
Velocity Downstream 2.00 m/s Critical Slope 0.016487 m/m
Section

Section Shape Circular Mannings Coefficient 0.024
Section Material CMP Span 1.22 m
Section Size 1200 mm Rise 1.22 m
Number Sections 2

Outlet Control Properties

Outlet Control HW Elev. 180.57 m Upstream Velocity Head 0.37 m
Ke 0.90 Entrance Loss 0.33 m
Inlet Control Properties

Inlet Control HW Elev. 180.44 m Flow Control Unsubmerged

Inlet Type Projecting Area Full 2.3 m?
K 0.03400 HDS 5 Chart 2

M 1.50000 HDS 5 Scale 3

C 0.05530 Equation Form 1

Y 0.54000

j:\...\2018.03.08 - existing culverts.cvm

04/26/18 08:00:47 PM © Bentley Systems,

Inc.

CAiHE Academic SiteExton

Haestad Methods Solution Center

Watertown, CT 06795 USA

Project Engineer: adatta
CulvertMaster v3.3 [03.03.00.04]
+1-203-755-1666 Page 1 of 1



Culvert Calculator Report

WC 7 Highway 26 Culvert
Solve For: Discharge
Culvert Summary
Allowable HW Elevation 179.64 m Headwater Depth/Height 1.28
Computed Headwater Eleve 179.64 m Discharge 2.3380 m?¥/s
Inlet Control HW Elev. 179.64 m Tailwater Elevation 178.89 m
Outlet Control HW Elev. 179.62 m Control Type Inlet Control
Grades
Upstream Invert 178.40 m Downstream Invert 177.89 m
Length 22.00 m Constructed Slope 0.023182 m/m
Hydraulic Profile
Profile CompositePressureProfileS1 Depth, Downstream 0.62 m
Slope Type N/A Normal Depth 0.62 m
Flow Regime Subcritical Critical Depth 0.68 m
Velocity Downstream 2.93 m/s Critical Slope 0.019032 m/m
Section
Section Shape Arch Mannings Coefficient 0.025
Section Matefesll and Aluminum Var CR Span 145 m
Section Size 1390 x 970 mm Rise 0.97 m
Number Sections 1
Outlet Control Properties
Outlet Control HW Elev. 179.62 m Upstream Velocity Head 0.37 m
Ke 0.50 Entrance Loss 0.17 m
Inlet Control Properties
Inlet Control HW Elev. 179.64 m Flow Control Transition
Inlet Type 90° headwall Area Full 1.1 m?
K 0.00830 HDS 5 Chart 34
M 2.00000 HDS 5 Scale 1
C 0.03790 Equation Form 1
Y 0.69000
j:\...\2018.03.08 - existing culverts.cvm CAiHE Academic SiteExton
04/26/18 07:58:02 PM © Bentley Systems, Inc. Haestad Methods Solution Center Watertown, CT 06795 USA

Project Engineer: adatta
CulvertMaster v3.3 [03.03.00.04]
+1-203-755-1666 Page 1 of 1



Solve For: Discharge

Culvert Calculator Report
WC 7 Lakeshore Culvert

Culvert Summary

Allowable HW Elevation 182.74 m Headwater Depth/Height 1.35
Computed Headwater Eleve 182.74 m Discharge 3.7804 m?d/s
Inlet Control HW Elev. 182.74 m Tailwater Elevation 0.00 m
Outlet Control HW Elev. 182.69 m Control Type Inlet Control
Grades

Upstream Invert 181.51 m Downstream Invert 181.28 m
Length 9.00 m Constructed Slope 0.025556 m/m
Hydraulic Profile

Profile S2 Depth, Downstream 0.52 m
Slope Type Steep Normal Depth 0.40 m
Flow Regime Supercritical Critical Depth 0.76 m
Velocity Downstream 3.98 m/s Critical Slope 0.004066 m/m
Section

Section Shape Box Mannings Coefficient 0.013
Section Material Concrete Span 1.83 m
Section Size 1830 x 910 mm Rise 091 m
Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 182.69 m Upstream Velocity Head 0.37 m
Ke 0.20 Entrance Loss 0.07 m
Inlet Control Properties

Inlet Control HW Elev. 182.74 m Flow Control N/A

Inlet Type  90° headwall w 45° bevels Area Full 1.7 m?
K 0.49500 HDS 5 Chart 10

M 0.66700 HDS 5 Scale 2

C 0.03140 Equation Form 2

Y 0.82000

j:\...\2018.03.08 - existing culverts.cvm
04/26/18 07:59:02 PM © Bentley Systems, Inc.

CAiHE Academic SiteExton

Haestad Methods Solution Center

Watertown, CT 06795 USA

Project Engineer: adatta

CulvertMaster v3.3 [03.03.00.04]
+1-203-755-1666
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Solve For: Discharge

Culvert Calculator Report
Lateral Concrete Pipe

Culvert Summary

Allowable HW Elevation 179.64 m Headwater Depth/Height 1.35
Computed Headwater Eleve 179.64 m Discharge 1.4745 m3/s
Inlet Control HW Elev. 179.31 m Tailwater Elevation 179.31 m
Outlet Control HW Elev. 179.64 m Control Type Outlet Control
Grades

Upstream Invert 178.41 m Downstream Invert 177.70 m
Length 115.00 m Constructed Slope 0.006174 m/m
Hydraulic Profile

Profile PressureProfile Depth, Downstream 1.61 m
Slope Type N/A Normal Depth 0.44 m
Flow Regime N/A Critical Depth 0.51 m
Velocity Downstream 1.39 m/s Critical Slope 0.004035 m/m
Section

Section Shape Arch Mannings Coefficient 0.013
Section Material Concrete Span 1.49 m
Section Size 1490 x 910 mm Rise 091 m
Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 179.64 m Upstream Velocity Head 0.10 m
Ke 0.20 Entrance Loss 0.02 m
Inlet Control Properties

Inlet Control HW Elev. 179.31 m Flow Control N/A

Inlet Type Groove end projecting (arch) Area Full 1.1 m?
K 0.00450 HDS 5 Chart 0

M 2.00000 HDS 5 Scale 0

C 0.03170 Equation Form 1

Y 0.69000

j:\...\2018.03.08 - existing culverts.cvm
04/26/18 08:02:38 PM © Bentley Systems, Inc.

CAiHE Academic SiteExton

Haestad Methods Solution Center

Watertown, CT 06795 USA

Project Engineer: adatta
CulvertMaster v3.3 [03.03.00.04]
+1-203-755-1666 Page 1 of 1



Craigleith Residential Development Stormwater Management Regional Plan
Parkbridge Lifestyle Communities & MacPherson Builders March 2018

WATERCOURSE 7 - CHANNEL SECTIONS

DOWNSTREAM LAKESHORE ROAD

Description: Trapezoidal section
Bottom Width: 2.3m

Top Width: 3.8m

Depth: 1.15m

Average Slope: 3.8%

DOWNSTREAM HIGHWAY 26 (OUTLET)

Description: Rectangular section
Bottom Width: 0.61m

Top Width: 0.91Tm

Depth: 0.97m

Average Slope: 1.8%

HIGHWAY 26 DITCH (WC 7 to WC8)

Description: Triangular section
Bofttom Width: -

Top Width: 3.5m

Depth: 0.78m

Average Slope: 1.86%

C.F. Crozier & Associates Inc.



WC7 Downstream Lakeshore - Existing

Project Description

Friction Method

Solve For

Input Data

Channel Slope
Normal Depth

Section Definitions

Station (m)

Roughness Segment Definitions

Start Station

(0+00.00,

Options

current Roughness Vveighted
Method

Open Channel Weighting Method
Closed Channel Weighting Method

Results

Discharge
Elevation Range
Flow Area
Wetted Perimeter
Hydraulic Radius
Top Width
Normal Depth
Critical Depth
Critical Slope

Manning Formula

Discharge

0.03768
1.18

Elevation (m)

0+00.00
0+00.92
0+03.22
0+03.80

Ending Station

182.43)

Pavlovskii's Method
Pavlovskii's Method

Pavlovskii's Method

180.59 to 182.43 m

m/m

m

182.43
180.59
180.62
181.77

(0+03.80, 181.77)

11.27

3.36
4.91
0.68
3.47
1.18
1.24
0.03203

m?3/s

3 3 3 3 3

m/m

Roughness Coefficient

0.045

Bentley Systems, Inc. Haestad Methods SolBtati€GelritmwMaster V8i (SELECTseries 1) [08.11.01.03]
4/26/2018 7:31:45 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page
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WC7 Downstream Lakeshore - Existing

Results

Velocity 3.35 m/s
Velocity Head 0.57 m
Specific Energy 1.75 m
Froude Number 1.09

Flow Type Superecritical

GVF Input Data

Downstream Depth 0.00 m
Length 0.00 m
Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 m
Profile Description

Profile Headloss 0.00 m
Downstream Velocity Infinity m/s
Upstream Velocity Infinity m/s
Normal Depth 118 m
Critical Depth 1.24 m
Channel Slope 0.03768 m/m
Critical Slope 0.03203 m/m

Bentley Systems, Inc. Haestad Methods SolBtati€GelritmwMaster V8i (SELECTseries 1) [08.11.01.03]
4/26/2018 7:31:45 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 2 of 2



WC7 Downstream Lakeshore - Existing

Project Description

Friction Method Manning Formula

Solve For Discharge

Input Data

Channel Slope 0.03768 m/m
Normal Depth 118 m
Discharge 11.27 m3s

Cross Section Image

182.60
182.40
182.20
182.00
181.80 i
181.60 \
181.40
181.20
181.00
180.80
180.80
180.40

E lesvation

O+00 o+01 0+02 0+03 0+04
Station

Bentley Systems, Inc. Haestad Methods SolBtati€GelritmwMaster V8i (SELECTseries 1) [08.11.01.03]
4/26/2018 7:30:42 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1



Highway 26 Ditch - Existing

Project Description

Friction Method

Solve For

Input Data

Channel Slope
Normal Depth

Section Definitions

Station (m)

Roughness Segment Definitions

Start Station

(0+00.00,

Options

current Roughness Vveighted
Method

Open Channel Weighting Method
Closed Channel Weighting Method

Results

Discharge
Elevation Range
Flow Area
Wetted Perimeter
Hydraulic Radius
Top Width

Manning Formula

Discharge
0.00500 m/m
0.78 m
Elevation (m)
0+00.00 179.37
0+02.50 179.19
0+04.00 179.05
0+06.00 178.59
0+09.00 179.38
0+10.50 179.62
0+14.00 180.14
Ending Station
179.37) (0+14.00, 180.14)

Pavlovskii's Method
Pavlovskii's Method

Pavlovskii's Method

1.86 md/s
178.59 to 180.14 m

2.86 m?2

913 m

0.31

896 m

3

Roughness Coefficient

0.050

Bentley Systems, Inc. Haestad Methods SolBtati€GelritmwMaster V8i (SELECTseries 1) [08.11.01.03]
4/26/2018 7:28:32 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page
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Highway 26 Ditch - Existing

Results

Normal Depth
Critical Depth
Critical Slope
Velocity
Velocity Head
Specific Energy
Froude Number

Flow Type

GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Slope

0.78
0.54
0.04050
0.65
0.02
0.80
0.37

Subcritical

0.00
0.00

0.00

0.00
Infinity
Infinity

0.78

0.54

0.00500
0.04050

m/m

m/s

m/s

m/s

m/m

m/m

4/26/2018 7:28:32 PM
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Highway 26 Ditch - Existing

Project Description

Friction Method Manning Formula

Solve For Discharge

Input Data

Channel Slope 0.00500 m/m
Normal Depth 0.78 m
Discharge 1.86 mds

Cross Section Image

180.20

180.00
179.50 /
179.60

179.40 o z

179.20 \\

179.00 \
178.80 \/
178,80

178.40

0+00 O+02 0+04 0+D6 0+08 O+10 0+12 0+14
Station

E lesvation

Bentley Systems, Inc. Haestad Methods SolBtati€GelritmwMaster V8i (SELECTseries 1) [08.11.01.03]
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WC7 Outlet - Existing

Project Description

Friction Method Manning Formula

Solve For Discharge

Input Data

Channel Slope 0.01818 m/m
Normal Depth 097 m

Section Definitions

Station (m) Elevation (m)
0+00.00 179.20
0+00.00 177.67
0+00.61 177.67
0+00.91 178.64

Roughness Segment Definitions

Start Station Ending Station Roughness Coefficient
(0+00.00, 179.20) (0+00.91, 178.64) 0.035
Options
current Roughness vveighted Paviovskii's Method
Method
Open Channel Weighting Method Pavlovskii's Method

Closed Channel Weighting Method Pavlovskii's Method

Results

Discharge 1.23 mds
Elevation Range 177.67 to 179.20 m

Flow Area 0.74 m?2
Wetted Perimeter 260 m
Hydraulic Radius 028 m
Top Width 091 m
Normal Depth 097 m
Critical Depth 0.70 m
Critical Slope 0.04737 m/m

Bentley Systems, Inc. Haestad Methods SolBtati€GelritmwMaster V8i (SELECTseries 1) [08.11.01.03]
4/26/2018 7:25:37 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 2



WC7 Outlet - Existing

Results

Velocity
Velocity Head
Specific Energy
Froude Number

Flow Type

GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Slope

1.66
0.14
1.1
0.59

Subcritical

0.00
0.00

0.00

0.00
Infinity
Infinity

0.97

0.70

0.01818
0.04737

m/s

m/s

m/s

m/m

m/m

4/26/2018 7:25:37 PM
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WC7 Outlet - Existing

Project Description

Friction Method Manning Formula

Solve For Discharge

Input Data

Channel Slope 0.01818 m/m
Normal Depth 0.97 m
Discharge 1.23 mds

Cross Section Image

1759.40
179.20 [
179.00

178.80

178.60

178.40

E lesvation

178.20
178.00

177.80

177.60

0+00 O+01
Station

Bentley Systems, Inc. Haestad Methods SolBtati€GelritmwMaster V8i (SELECTseries 1) [08.11.01.03]
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Craigleith Residential Development

Parkbridge Lifestyle Communities & MacPherson Builders

Stormwater Management Regional Plan
March 2018

LAKESHORE ROAD
Description:

Size:

Upstream invert:
Downstream invert:
Length:

Slope:

Road Deck Elevation:

GEORGIAN TRAIL
Description:

Size:

Upstream invert:
Downstream invert:
Length:

Slope:

Road Deck Elevation:

HIGHWAY 26 CULVERT

Description:

Size:

Upstream invert:
Downstream invert:
Length:

Slope:

Road Deck Elevation:

WATERCOURSE 8 — CULVERTS

CSP Culvert
Circular 350mm dia.
180.09m

179.71m

9.5m

4%

181.01m

Twin CSP Culvert
Circular 750mm dia.
178.44m

177.76m

10m

6.8%

180.43m

CSP Arch

1.0mrise x 1.6m span
177.83

177.63m

25m

0.8%

179.31m

C.F. Crozier & Associates Inc.



Solve For: Discharge

Culvert Calculator Report
WC 8 Lakeshore Culvert

Culvert Summary

Allowable HW Elevation 181.01 m Headwater Depth/Height 3.02
Computed Headwater Eleve 181.01 m Discharge 0.1077 m¥/s
Inlet Control HW Elev. 180.64 m Tailwater Elevation 180.43 m
Outlet Control HW Elev. 181.01 m Control Type Outlet Control
Grades

Upstream Invert 180.09 m Downstream Invert 179.71 m
Length 9.50 m Constructed Slope 0.040000 m/m
Hydraulic Profile

Profile PressureProfile Depth, Downstream 0.72 m
Slope Type N/A Normal Depth 0.25 m
Flow Regime N/A Critical Depth 0.25 m
Velocity Downstream 1.48 m/s Critical Slope 0.038022 m/m
Section

Section Shape Circular Mannings Coefficient 0.024
Section Material CMP Span 0.30 m
Section Size 300 mm Rise 0.30 m
Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 181.01 m Upstream Velocity Head 0.11 m
Ke 0.90 Entrance Loss 0.10 m
Inlet Control Properties

Inlet Control HW Elev. 180.64 m Flow Control Submerged

Inlet Type Projecting Area Full 0.1 m?
K 0.03400 HDS 5 Chart 2

M 1.50000 HDS 5 Scale 3

C 0.05530 Equation Form 1

Y 0.54000

j:\...\2018.03.08 - existing culverts.cvm
04/26/18 08:08:10 PM © Bentley Systems, Inc.

CAiHE Academic SiteExton
Haestad Methods Solution Center

Watertown, CT 06795 USA

Project Engineer: adatta
CulvertMaster v3.3 [03.03.00.04]
+1-203-755-1666 Page 1 of 1



Solve For: Discharge

Culvert Calculator Report
WC 8 Georgian Trail Culvert

Culvert Summary

Allowable HW Elevation 180.43 m Headwater Depth/Height 2.61
Computed Headwater Elev: 180.43 m Discharge 2.4971 md¥/s
Inlet Control HW Elev. 180.19 m Tailwater Elevation 179.31 m
Outlet Control HW Elev. 180.43 m Control Type Outlet Control
Grades

Upstream Invert 178.44 m Downstream Invert 177.76 m
Length 10.00 m Constructed Slope 0.068000 m/m
Hydraulic Profile

Profile PressureProfile Depth, Downstream 1.55 m
Slope Type N/A Normal Depth 0.50 m
Flow Regime N/A Critical Depth 0.67 m
Velocity Downstream 2.74 m/s Critical Slope 0.035269 m/m
Section

Section Shape Circular Mannings Coefficient 0.024
Section Material CMP Span 0.76 m
Section Size 750 mm Rise 0.76 m
Number Sections 2

Outlet Control Properties

Outlet Control HW Elev. 180.43 m Upstream Velocity Head 0.38 m
Ke 0.90 Entrance Loss 0.34 m
Inlet Control Properties

Inlet Control HW Elev. 180.19 m Flow Control N/A

Inlet Type Projecting Area Full 0.9 m2
K 0.03400 HDS 5 Chart 2

M 1.50000 HDS 5 Scale 3

C 0.05530 Equation Form 1

Y 0.54000

j:\...\2018.03.08 - existing culverts.cvm
04/26/18 08:06:57 PM © Bentley Systems, Inc.
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Culvert Calculator Report

WC 8 Highway 26 Culvert
Solve For: Discharge

Culvert Summary
Allowable HW Elevation 179.31 m Headwater Depth/Height 1.36
Computed Headwater Eleve 179.31 m Discharge 3.0145 m?¥/s
Inlet Control HW Elev. 179.26 m Tailwater Elevation 178.63 m
Outlet Control HW Elev. 179.31 m Control Type Outlet Control
Grades
Upstream Invert 177.83 m Downstream Invert 177.63 m
Length 25.00 m Constructed Slope 0.008000 m/m
Hydraulic Profile
Profile CompositeM2PressureProfile Depth, Downstream 0.74 m
Slope Type Mild Normal Depth N/A m
Flow Regime Subcritical Critical Depth 0.74 m
Velocity Downstream 2.80 m/s Critical Slope 0.017599 m/m
Section
Section Shape Arch Mannings Coefficient 0.025
Section Matefesll and Aluminum Var CR Span 1.63 m
Section Size 1630 x 1120 mm Rise 1.09 m
Number Sections 1
Outlet Control Properties
Outlet Control HW Elev. 179.31 m Upstream Velocity Head 0.25 m
Ke 0.90 Entrance Loss 0.23 m
Inlet Control Properties
Inlet Control HW Elev. 179.26 m Flow Control N/A
Inlet Type Thin wall projecting Area Full 1.4 m?
K 0.03400 HDS 5 Chart 34
M 1.50000 HDS 5 Scale 3
C 0.04960 Equation Form 1
Y 0.57000

Project Engineer: adatta
j:\...\2018.03.08 - existing culverts.cvm CAiHE Academic SiteExton CulvertMaster v3.3 [03.03.00.04]
04/26/18 08:05:13 PM© Bentley Systems, Inc. Haestad Methods Solution Center Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1



Craigleith Residential Development Stormwater Management Regional Plan
Parkbridge Lifestyle Communities & MacPherson Builders March 2018

WATERCOURSE 8 - CHANNEL SECTIONS

DOWNSTREAM LAKESHORE ROAD

Description: Trapezoidal section
Bottom Width: 2.3m

Top Width: 3.8m

Depth: 1.15m

Average Slope: 3.8%

DOWNSTREAM HIGHWAY 26 (OUTLET)

Description: Trapezoidal section
Bottom Width: 1.5m

Top Width: 2.3m

Depth: 0.42m

Average Slope: 1.0%

C.F. Crozier & Associates Inc.



WC8 Downstream Lakeshore - Existing

Project Description

Friction Method

Solve For

Input Data

Channel Slope
Normal Depth

Section Definitions

Manning Formula

Discharge

Station (m)

0+00.00
0+10.00
0+10.50
0+12.10
0+12.60
0+24.60

Roughness Segment Definitions

Start Station

Options

current Roughness vveignted

Method

Open Channel Weighting Method
Closed Channel Weighting Method

Results

Discharge
Elevation Range
Flow Area
Wetted Perimeter

Hydraulic Radius

(0+00.00, 179.09)
(0+10.00, 179.00)
(0+12.60, 179.03)

178.57 to 179.09 m

Pavlovskii's Method
Pavlovskii's Method

Pavlovskii's Method

0.06400 m/m
043 m

Elevation (m)

179.09
179.00
178.59
178.57
179.03
179.09

Ending Station

(0+10.00, 179.00)
(0+12.60, 179.03)
(0+24.60, 179.09)

2.86 md¥s

0.87 m2
288 m
030 m

Roughness Coefficient

0.050
0.035
0.050

4/26/2018 7:34:01 PM

Bentley Systems, Inc. Haestad Methods SolBtati€GelritmwMaster V8i (SELECTseries 1) [08.11.01.03]
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WC8 Downstream Lakeshore - Existing

Results

Top Width
Normal Depth
Critical Depth
Critical Slope
Velocity
Velocity Head
Specific Energy
Froude Number

Flow Type

GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Slope

Supercritical

2.57
0.43
0.55
0.02551
3.27
0.54
0.97
1.79

0.00
0.00

0.00

0.00
Infinity
Infinity

0.43

0.55

0.06400
0.02551

3

m/m

m/s

m/s

m/s

m/m

m/m

4/26/2018 7:34:01 PM
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WC8 Downstream Lakeshore - Existing

Project Description

Friction Method Manning Formula

Solve For Discharge

Input Data

Channel Slope 0.06400 m/m
Normal Depth 043 m
Discharge 2.86 mds

Cross Section Image

179.30
179.20

179.10

..______-‘--. ____.——'—'-'.
172.00 \T-V—
178.90

178.80

E lesvation

178.70

178,50 L]

178.50
178.40

0+00 0+05 0+10 0+15 0+20
Station

Bentley Systems, Inc. Haestad Methods SolBtati€GelritmwMaster V8i (SELECTseries 1) [08.11.01.03]
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WCS8 Outlet - Existing

Project Description

Friction Method

Solve For

Input Data

Channel Slope
Normal Depth

Section Definitions

Manning Formula

Discharge

Station (m)

0+00.00
0+00.40
0+01.90
0+02.30

Roughness Segment Definitions

Start Station

Options

current Roughness vveignted

Method

Open Channel Weighting Method
Closed Channel Weighting Method

Results

Discharge
Elevation Range
Flow Area
Wetted Perimeter
Hydraulic Radius
Top Width
Normal Depth

(0+00.00, 178.14)
(0+00.40, 177.66)
(0+01.90, 177.57)

177.57 to 178.14 m

Pavlovskii's Method
Pavlovskii's Method

Pavlovskii's Method

0.01000 m/m
042 m

Elevation (m)

178.14
177.66
177.57
177.99

Ending Station

(0+00.40, 177.66)
(0+01.90, 177.57)
(0+02.30, 177.99)

0.46 m3s

0.69 m2
2.51
0.28
2.18
0.42

3 3 3 3

Roughness Coefficient

0.090
0.035
0.090

4/26/2018 7:36:04 PM
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WCS8 Outlet - Existing

Results

Critical Depth
Critical Slope
Velocity
Velocity Head
Specific Energy
Froude Number

Flow Type

GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Slope

025 m

0.07782 m/m
0.67 m/s
0.02 m
044 m
0.38

Subcritical

0.00 m
0.00 m

0.00 m

0.00 m
Infinity m/s
Infinity m/s

042 m

025 m

0.01000 m/m
0.07782 m/m

4/26/2018 7:36:04 PM
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WCS8 Outlet - Existing

Project Description

Friction Method Manning Formula

Solve For Discharge

Input Data

Channel Slope 0.01000 m/m
Normal Depth 0.96 m
Discharge 251 md¥s

Cross Section Image

179.40
179.20

179.00 .\

178.80
178.60 o

178.40 \

178.20

E lesvation

178.00
177.80
177.60

177.40

0+00 0+05 0+10 0+15 0+20
Station

Bentley Systems, Inc. Haestad Methods SolBtati€GelritmwMaster V8i (SELECTseries 1) [08.11.01.03]
4/27/2018 1:59:31 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1



Craigleith Residential Development

Parkbridge Lifestyle Communities & MacPherson Builders

Stormwater Management Regional Plan
March 2018

LAKESHORE ROAD
Description:

Size:

Upstream invert:
Downstream invert:
Length:

Slope:

Road Deck Elevation:

GEORGIAN TRAIL
Description:

Size:

Upstream invert:
Downstream invert:
Length:

Slope:

Road Deck Elevation:

HIGHWAY 26 CULVERT
Description:

Size:

Upstream invert:
Downstream invert:
Length:

Slope:

Road Deck Elevation:

WATERCOURSE 9 — CULVERTS

Concrete box culvert
1.05m rise x 1.5m span
180.47m

180.33m

9.25m

1.5%

181.98m

CSP Culvert

Circular 1500mm dia.
178.9m

178.1m

1Tm

6.4%

180.45m

Concrete box culvert
0.9m rise x 2.45m span
178.29m

178.08m

11.3m

1.8%

179.69m

C.F. Crozier & Associates Inc.



Craigleith Residential Development Stormwater Management Regional Plan
Parkbridge Lifestyle Communities & MacPherson Builders March 2018

WATERCOURSE 9 - CHANNEL SECTIONS

DOWNSTREAM HIGHWAY 26 (OUTLET)

Description: Trapezoidal section
Bottom Width: 1.5m
Top Width: 2.0m
Depth: 1.0m
Average Slope: 1.3%

C.F. Crozier & Associates Inc.
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Watercourse 9 - Floodline Analysis Plan: Existing 4/27/2018
RS =172 Culv Lakeshore Rd
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Elevation (m)

Watercourse 9 - Floodline Analysis
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Plan: Existing 4/27/2018

181.0 Tol
] 5

A A

B ok B 5

Legend

O
WS Regional

180.5 \\\\\\\\\\\\\\\\\\\\\\§ \\\\\\\\\\\\\\\\\§

180.0

179.5

179.0

i7854+—"7-+F+—"7 +—+—17 —+—+

WS 100-Yr
o
WS 6.0 cms

—_—

WS 10-Yr
e
WS 3.5 cms

WS 2-Yr

_—

Ground
- A
Ineff

[ J
Bank Sta

20 -10 0 10 20 30 40
Station (m)

Watercourse 9 - Floodline Analysis Plan: Existing 4/27/2018
RS =134  Culv Georgian Trail
1 | k 1 )
181.0- g

A A

180.5

AN

D

I,,_-/‘

180.0

179.5+

179.0

50

Legend

—
WS Regional
e
WS 100-Yr
. e
WS 6.0 cms
e —
WS 10-Yr
I
WS 3.5 cms
WS 2-Yr
I

Ground

Ineff

)
Bank Sta

i7854—F—+—+F+—7—+"++ 7+ —
-20 -10 0 10 20 30 40

Station (m)

50




Elevation (m)

Elevation (m)

Watercourse 9 - Floodline Analysis

RS =

S

134  Culv Georgian Trail
ske

Plan: Existing 4/27/2018

T'OST A

> ¢

3

T
-20 0

20 40
Station (m)

Watercourse 9 - Floodline Analysis Plan: Existing

S

RS =126.5

60

4/27/2018

180.0

o

.05% A

178.0

80

Legend

R
WS Regional
e
WS 100-Yr
L e
WS 6.0 cms
—_—,-
WS 10-Yr
- e
WS 3.5 cms
WS 2-Yr
I

Ground
)
Bank Sta

Legend

R
WS Regional
e e
WS 100-Yr
R
WS 6.0 cms
e W—
WS 10-Yr
S
WS 3.5 cms
WS 2-Yr
I

Ground

[ J
Bank Sta

-40

T
-20 0

20 40

Station (m)

60

80




Elevation (m)

Elevation (m)

Watercourse 9 - Floodline Analysis Plan: Existing 4/27/2018
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Watercourse 9 - Floodline Analysis Plan: Existing 4/27/2018
RS = 104.5 Immediately downstream of Hwy 26
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Watercourse 9 - Floodline Analysis
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Craigleith Residential Development DRAFT - Stormwater Management Regional Plan
Parkbridge Lifestyle Communities & MacPherson Builders April 2018

APPENDIX E

Improvement Options & Calculations

C.F. Crozier & Associates Inc.
Project No. 1046-4031



93UNOH  puuag] A T
¥9¥€-12£ 3 180-0001 sL a8, g...n_ Q'8 4 wangf
(e, Sedalemn
e FeoBen xgm_ﬂugoa_w 131100 8 DM 40 ALIDVAVD ISVIIONI
g sBp3noqioH au 8 ISYINODYILVM O1 MOT L33AIQ L NOILdO

m\mE §'¢€ = ALIOVdVD

TINNVHD 131100 X3
6 3SYNODYILYM

m\mE 0'9 = ALIDVdVD
8281 :ANI SA
8081 *ANISN
X089 "ONOD W04°0 X WsH'Z "X3

m\nE L€ = ALIDVdVD

dSD wwosL “X3

8 OM Ol TANNVHO
NOISIIAIQ “dd

(9°5)
8¢

$/gW 97 = ALIDVAVD
£€°081 :ANI SQ
£y°08L SANISN
XO8 "ONOD WSO’ L X Wss'L “X3

§/qw (1) = YNOIOT

g = VIR0l

6 3SINOJJILYM

u\nE T'SL = ALDVdVYD
%! ® HIAIM WOLLOS W8
TINNVHD 131NO0 "¥d
8 3SYNODYILYM

€8'£LL ANISN
XO8 'ONOD W|'Z X Wz'L NIML ¥d

i S/gW gL = ALDVAVD
| %50 ® HOLa'X3

m\nE §'L = ALIDVdVD
HEIEIEIEI IR R

HO¥V 3did "ONOD Wig'L X W40 "X3

5/gW §°T = ALIDVAVD

9L LLLIANISA
¥y'8L1 ANISN

d$D WwWoZ NIML ‘X3

m\mE LL'0 = ALIDVdVD
LL76L1 *ANI ST
60081 ‘ANISN
dS§O wwse ‘X3

8 OM OL TANNVHO mnw
NOISIIAIQ "dd

/g _ IYNOIDRY
g g0 = 3Y3R 00l
8 ISYNOJYILYM

N33¥D NI QILHOIMHOIH
SHYOM @3sOdOo¥d

m\ﬁE T'L = ALIDVdVD

TINNVHD 131100 X3
£ 3SYNODYILYM

m\mE 0°Z = ALIDVdVOD

HO¥V dSO WISE’L X Wg'0 "X3

m\nE §'v = ALIDVdVD
LL6L1*ANISA
60081 *ANISN

dSO WWOZL NIML "X3

m\nE 8¢ = ALIDVdVD
8C" NI Sa
LS 181 ‘ANISN
X089 "ONOD W'l X WS40 "X3

/g 16) = NOIO3
g pg = V30Ol

£ 3SINODJILVM

[«NERE]

(MO14 1I¥NOI93¥)
MO1d ¥vaA-00L

9¢
AVMHOIH

Tyl
NVIO¥O3IO

avoy
JYOHSINV1




Solve For: Discharge

Culvert Calculator Report

WC 8 HWY 26 - Improvement (Option 1)

Culvert Summary

Allowable HW Elevation 179.31 m Headwater Depth/Height 1.21
Computed Headwater Elev: 179.31 m Discharge 11.7490 m3/s
Inlet Control HW Elev. 179.31 m Tailwater Elevation 178.43 m
Outlet Control HW Elev. 179.30 m Control Type Inlet Control
Grades

Upstream Invert 177.83 m Downstream Invert 177.63 m
Length 25.00 m Constructed Slope 0.008000 m/m
Hydraulic Profile

Profile S2 Depth, Downstream 0.76 m
Slope Type Steep Normal Depth 0.71 m
Flow Regime Supercritical Critical Depth 0.92 m
Velocity Downstream 3.64 m/s Critical Slope 0.003902 m/m
Section

Section Shape Box Mannings Coefficient 0.013
Section Material Concrete Span 213 m
Section Size 2130 x 1220 mm Rise 1.22 m
Number Sections 2

Outlet Control Properties

Outlet Control HW Elev. 179.30 m Upstream Velocity Head 0.46 m
Ke 0.20 Entrance Loss 0.09 m
Inlet Control Properties

Inlet Control HW Elev. 179.31 m Flow Control Transition

Inlet Type  90° headwall w 45° bevels Area Full 5.2 m2
K 0.49500 HDS 5 Chart 10

M 0.66700 HDS 5 Scale 2

C 0.03140 Equation Form 2

Y 0.82000

j:\...\2018.03.08 - option 1.cvm

04/27/18 09:34:16 AM© Bentley Systems, Inc.

CAiHE Academic SiteExton
Haestad Methods Solution Center

Watertown, CT 06795 USA

Project Engineer: adatta
CulvertMaster v3.3 [03.03.00.04]
+1-203-755-1666 Page 1 of 1



WC8 OUTLET - Improved (Option 1)

Project Description

Friction Method Manning Formula

Solve For Discharge

Input Data

Roughness Coefficient 0.050

Channel Slope 0.01000 m/m
Normal Depth 090 m

Left Side Slope 3.00 m/m (H:V)
Right Side Slope 3.00 m/m (H:V)
Bottom Width 8.00 m
Discharge 15.23 m?3/s

Cross Section Image

\ ) o
0.80 m
1

} 200 m }

Bentley Systems, Inc. Haestad Methods SolBtati€GelritmwMaster V8i (SELECTseries 1) [08.11.01.03]
4/27/2018 9:20:14 AM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1



WC8 OUTLET - IMPROVED

Project Description

Friction Method

Solve For

Input Data

Roughness Coefficient
Channel Slope
Normal Depth

Left Side Slope

Right Side Slope
Bottom Width

Results

Discharge

Flow Area
Wetted Perimeter
Hydraulic Radius
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope

Manning Formula

Discharge

Subcritical

0.050
0.01000
0.90
3.00
3.00
8.00

15.23
9.63
13.69
0.70
13.40
0.66
0.03065
1.58
0.13
1.03
0.60

0.00
0.00

0.00

0.00
Infinity
Infinity

0.90

0.66

0.01000

m/m

m

m/m (H:V)
m/m (H:V)

3

m/m

m/s

m/s

m/s

m/m

4/27/2018 9:20:44 AM

Bentley Systems, Inc. Haestad Methods SolBtati€GelritmwMaster V8i (SELECTseries 1) [08.11.01.03]

27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666

Page

1 of

2



WC8 OUTLET - IMPROVED

GVF Output Data

Critical Slope 0.03065 m/m

Bentley Systems, Inc. Haestad Methods SolBtati€GelritmwMaster V8i (SELECTseries 1) [08.11.01.03]
4/27/2018 9:20:44 AM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 2 of 2
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Solve For: Discharge

Culvert Calculator Report

WC 8 Hwy. 26 - Improved (Option 2)

Culvert Summary

Allowable HW Elevation 179.31 m Headwater Depth/Height 1.21
Computed Headwater Elevation 179.31 m Discharge 8.3921 m?¥/s
Inlet Control HW Elev. 179.31 m Tailwater Elevation 178.45 m
Outlet Control HW Elev. 179.30 m Control Type Inlet Control
Grades

Upstream Invert 177.83 m Downstream Invert 177.63 m
Length 25.00 m Constructed Slope 0.008000 m/m
Hydraulic Profile

Profile S2 Depth, Downstream 0.74 m
Slope Type Steep Normal Depth 0.67 m
Flow Regime Supercritical Critical Depth 0.92 m
Velocity Downstream 3.74 m/s Critical Slope 0.003197 m/m
Section

Section Shape Box Mannings Coefficient 0.013
Section Material Concrete Span 3.05 m
Section Size 3050 x 1220 mm Rise 1.22 m
Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 179.30 m Upstream Velocity Head 0.46 m
Ke 0.20 Entrance Loss 0.09 m
Inlet Control Properties

Inlet Control HW Elev. 179.31 m Flow Control N/A

Inlet Type 90° headwall w 45° bevels Area Full 3.7 m?
K 0.49500 HDS 5 Chart 10

M 0.66700 HDS 5 Scale 2

C 0.03140 Equation Form 2

Y 0.82000

j:\...\2018.03.08 - option 2.cvm

04/27/18 09:31:01 AM© Bentley Systems, Inc.

Haestad Methods Solution Center

CAiHE Academic SiteExton

Watertown, CT 06795 USA

Project Engineer: adatta

CulvertMaster v3.3 [03.03.00.04]
+1-203-755-1666

Page 1



WC8 OUTLET - Improved (Option 2)

Project Description

Friction Method

Solve For

Input Data

Roughness Coefficient
Channel Slope
Normal Depth

Left Side Slope

Right Side Slope
Bottom Width

Results

Discharge

Flow Area
Wetted Perimeter
Hydraulic Radius
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope

Manning Formula

Discharge

0.050
0.01000
0.90
3.00
3.00
6.50

12.79
8.28
12.19
0.68
11.90
0.66
0.03104
1.55
0.12
1.02
0.59

Subcritical

0.00
0.00

0.00

0.00
Infinity
Infinity

0.90

0.66

0.01000

m/m

m

m/m (H:V)
m/m (H:V)

3

m/m

m/s

m/s

m/s

m/m

4/27/2018 9:25:41 AM

Bentley Systems, Inc. Haestad Methods SolBtati€GelritmwMaster V8i (SELECTseries 1) [08.11.01.03]

27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666
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WC8 OUTLET - Improved (Option 2)

GVF Output Data

Critical Slope 0.03104 m/m

Bentley Systems, Inc. Haestad Methods SolBtati€GelritmwMaster V8i (SELECTseries 1) [08.11.01.03]
4/27/2018 9:25:41 AM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 2 of 2



WC8 OUTLET - Improvement (Option 2)

Project Description

Friction Method Manning Formula

Solve For Discharge

Input Data

Roughness Coefficient 0.050

Channel Slope 0.01000 m/m
Normal Depth 090 m

Left Side Slope 3.00 m/m (H:V)
Right Side Slope 3.00 m/m (H:V)
Bottom Width 6.50 m
Discharge 12.79 m?3/s

Cross Section Image

\ - /D_

I 8.50m I

_|

[55]
=
=

Bentley Systems, Inc. Haestad Methods SolBtati€GelritmwMaster V8i (SELECTseries 1) [08.11.01.03]
4/27/2018 9:25:03 AM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1
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Watercourse 9 - Floodline Analysis Plan: Plan 03 4/27/2018

RS = 104.5 Immediately downstream of Hwy 26
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Watercourse 9 - Floodline Analysis Plan: Plan 03 4/27/2018
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Solve For: Discharge

Culvert Calculator Report

WC 8 Hwy. 26 Improvement (Option 3)

Culvert Summary

Allowable HW Elevation 179.31 m Headwater Depth/Height 1.62
Computed Headwater Elev: 179.31 m Discharge 7.4436 md/s
Inlet Control HW Elev. 179.31 m Tailwater Elevation 178.45 m
Outlet Control HW Elev. 179.18 m Control Type Inlet Control
Grades

Upstream Invert 177.83 m Downstream Invert 177.63 m
Length 25.00 m Constructed Slope 0.008000 m/m
Hydraulic Profile

Profile S2 Depth, Downstream 0.67 m
Slope Type Steep Normal Depth 0.61 m
Flow Regime Supercritical Critical Depth 0.85 m
Velocity Downstream 3.62 m/s Critical Slope 0.003157 m/m
Section

Section Shape Box Mannings Coefficient 0.013
Section Material Concrete Span 3.05 m
Section Size 3050 x 910 mm Rise 091 m
Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 179.18 m Upstream Velocity Head 0.42 m
Ke 0.20 Entrance Loss 0.08 m
Inlet Control Properties

Inlet Control HW Elev. 179.31 m Flow Control Submerged

Inlet Type  90° headwall w 45° bevels Area Full 2.8 m?
K 0.49500 HDS 5 Chart 10

M 0.66700 HDS 5 Scale 2

C 0.03140 Equation Form 2

Y 0.82000

j:\...\2018.03.08 - option 3.cvm
04/27/18 09:37:06 AM© Bentley Systems, Inc.

CAiHE Academic SiteExton

Haestad Methods Solution Center

Watertown, CT 06795 USA

Project Engineer: adatta

CulvertMaster v3.3 [03.03.00.04]
+1-203-755-1666

Page 1 of 1



WC8 OUTLET - Improved (Option 3)

Project Description

Friction Method

Solve For

Input Data

Roughness Coefficient
Channel Slope
Normal Depth

Left Side Slope

Right Side Slope
Bottom Width

Results

Discharge

Flow Area
Wetted Perimeter
Hydraulic Radius
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope

Manning Formula

Discharge

Subcritical

0.050
0.01000
0.90
3.00
3.00
4.50

9.58
6.48
10.19
0.64
9.90
0.66
0.03179
1.48
0.11
1.01
0.58

0.00
0.00

0.00

0.00
Infinity
Infinity

0.90

0.66

0.01000

m/m

m

m/m (H:V)
m/m (H:V)

3

m/m

m/s

m/s

m/s

m/m

4/27/2018 9:28:30 AM

Bentley Systems, Inc. Haestad Methods SolBtati€GelritmwMaster V8i (SELECTseries 1) [08.11.01.03]

27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666

Page

1 of

2



WC8 OUTLET - Improved (Option 3)

GVF Output Data

Critical Slope 0.03179 m/m

Bentley Systems, Inc. Haestad Methods SolBtati€GelritmwMaster V8i (SELECTseries 1) [08.11.01.03]
4/27/2018 9:28:30 AM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 2 of 2



WC8 OUTLET - Improved (Option 3)

Project Description

Friction Method Manning Formula

Solve For Discharge

Input Data

Roughness Coefficient 0.050

Channel Slope 0.01000 m/m
Normal Depth 090 m

Left Side Slope 3.00 m/m (H:V)
Right Side Slope 3.00 m/m (H:V)
Bottom Width 450 m
Discharge 9.58 mds

Cross Section Image

_|

080 m

|_

———a4s0m ————

Bentley Systems, Inc. Haestad Methods SolBtati€GelritmwMaster V8i (SELECTseries 1) [08.11.01.03]
4/27/2018 9:29:04 AM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1



Solve For: Discharge

Culvert Calculator Report
WC 9 HWY. 26 - Improvement (Option 3) - Additional CSP

Culvert Summary

Allowable HW Elevation 179.70 m Headwater Depth/Height 1.77
Computed Headwater Eleve 179.70 m Discharge 1.5394 m3/s
Inlet Control HW Elev. 179.49 m Tailwater Elevation 178.92 m
Outlet Control HW Elev. 179.70 m Control Type Outlet Control
Grades

Upstream Invert 178.08 m Downstream Invert 178.28 m
Length 11.30 m Constructed Slope -0.017699 m/m
Hydraulic Profile

Profile CompositeA2PressureProfile Depth, Downstream 0.73 m
Slope Type Adverse Normal Depth N/A m
Flow Regime Subcritical Critical Depth 0.73 m
Velocity Downstream 2.74 m/s Critical Slope 0.023813 m/m
Section

Section Shape Circular Mannings Coefficient 0.024
Section Material CMP Span 091 m
Section Size 900 mm Rise 091 m
Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 179.70 m Upstream Velocity Head 0.28 m
Ke 0.20 Entrance Loss 0.06 m
Inlet Control Properties

Inlet Control HW Elev. 179.49 m Flow Control N/A

Inlet TRReweled ring, 33.7° (1.5:1) bevels Area Full 0.7 m?
K 0.00180 HDS 5 Chart 3

M 2.50000 HDS 5 Scale B

C 0.02430 Equation Form 1

Y 0.83000

j:\...\2018.03.08 - option 3.cvm

04/27/18 09:38:16 AM© Bentley Systems,

Inc.

CAiHE Academic SiteExton

Haestad Methods Solution Center

Watertown, CT 06795 USA

Project Engineer: adatta

CulvertMaster v3.3 [03.03.00.04]
+1-203-755-1666

Page 1 of 1
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Craigleith Residential Development DRAFT - Stormwater Management Regional Plan
Parkbridge Lifestyle Communities & MacPherson Builders April 2018
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SPILL TO EDEN
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GEORGIAN
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HIGHWAY
26

100-YEAR FLOW
(REGIONAL FLOW)

WATERCOURSE 7

_ 3
Q100-YEAR = /-4 M™/s

_ 3
Qrecional = (9:7) m™/s

EX. 0.95m x 1.9m CONC. BOX
USINV: 181.51
DS INV: 181.28

CAPACITY =3.8 m3/s

EX. TWIN 1200mm CSP
US INV: 180.09
DS INV: 179.71

CAPACITY = 4.5 m3

/s

.......’.

EX.0.9m x 1.35m CSP ARCH
US INV: 178.40
DS INV: 17789

CAPACITY = 2.0 m3/s

LEGEND

WATERCOURSE 7
EX. OUTLET CHANNEL

CAPACITY = 1.2 m3/s

PROPOSED WORKS
HIGHLIGHTED IN GREEN

WATERCOURSE 8

_ 3
Q100-YEAR = 0-8 M™/s

_ 3
QrecionaL = (1:1) m™/s

EX. 350mm CSP
US INV: 180.09
DS INV: 179.71

CAPACITY = 0.11 m>/s

EX. TWIN 700mm CSP
USINV: 178.44
DS INV: 177.76

CAPACITY = 2.5 m3/s

EX. 0.9m x 1.5m CONC. PIPE ARCH
USINV: 178.41
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CAPACITY = 1.5 m3

/s

EX.DITCH @ 0.5%
CAPACITY = 1.8 m3/s

EX.1.0m x 1.6m CSP ARCH
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DS INV: 177.63

CAPACITY = 3.0 m3/s
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SPILL TO WC 8
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EX. 2.45m x 0.90m CONC. BOX
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DS INV: 178.28

CAPACITY = 6.0 mS/s

WATERCOURSE 9
EX. OUTLET CHANNEL

CAPACITY = 3.5 mS/s

EXISTING CONDITIONS

CROZIER
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Collingwood, ON L9Y 4R3

&ASSOCIATES 7210
Consulting Engineers oo
Drawn By Design By Project
B.D. B.D. 1000-4031 & 721-3464
Check By JP Check By B H Scale Drawing FlGURE 4
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26

100-YEAR FLOW

WATERCOURSE 7

_ 3
Q100-YEAR = /-4 M™/s

_ 3
Qrecional = (9:7) m™/s

EX. 0.95m x 1.9m CONC. BOX
USINV: 181.51
DS INV: 181.28

CAPACITY =3.8 m3/s

EX. TWIN 1200mm CSP

PR. DIVERSION
(52) CHANNEL TO WC 8

2.9

WATERCOURSE 8

_ 3
Q100-YEAR = 0-8 M™/s

_ 3
QrecionaL = (1:1) m™/s

EX. 350mm CSP
US INV: 180.09
DS INV: 179.71

CAPACITY = 0.11 m>/s

3.8
(5.6)

PR. DIVERSION
CHANNEL TO WC 8

EX. TWIN 700mm CSP

US INV: 180.09 US INV: 178.44
DS INV: 179.71 - DSINV: 177.76
CAPACITY = 4.5 m/s CAPACITY = 2.5 m/s

EX.0.9m x 1.35m CSP ARCH
US INV: 178.40
DS INV: 17789

CAPACITY = 2.0 m3/s

LEGEND

(REGIONAL FLOW)

WATERCOURSE 7
EX. OUTLET CHANNEL

CAPACITY = 1.2 m3/s

PROPOSED WORKS
HIGHLIGHTED IN GREEN

EX. 0.9m x 1.5m CONC. PIPE ARCH
USINV: 178.41
DS INV: 177.70

CAPACITY = 1.5 m3

/s

EX.DITCH @ 0.5%
CAPACITY = 1.8 m3/s

PR. TWIN 1.2m x 2.1m CONC. BOX
USINV: 177.83
DS INV: 177.63

CAPACITY = 11.7 m®

/s

WATERCOURSE 8
PR. OUTLET CHANNEL
8m BOTTOM WIDTH @ 1%

CAPACITY = 15.2 m3/s

WATERCOURSE 9

_ 3
Q100-YEAR = /-3 M™/s

_ 3
QrecionaL = (9:1) m™/s

EX. 1.55m x 1.05m CONC. BOX
US INV: 180.47
DS INV: 180.33

CAPACITY = 2.6 mS

/s

EX. 1500mm CSP
US INV: 178.90
DS INV: 178.10

CAPACITY = 3.7 m3/s

EX. 2.45m x 0.90m CONC. BOX
US INV: 178.08
DS INV: 178.28

CAPACITY = 6.0 mS/s

WATERCOURSE 9
EX. OUTLET CHANNEL

CAPACITY = 3.5 mS/s

OPTION 1: DIVERT FLOW TO WATERCOURSE 8
INCREASE CAPACITY OF WC 8 OUTLET

CROZIER
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_ 3
Q100-YEAR = 0-8 M™/s

_ 3
QrecionaL = (1:1) m™/s

PR. DIVERSION
CHANNEL TO WC 8

2.9
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Craigleith Residential Development — Regional Spill Management
Letter — February 8, 2019, C.F. Crozier & Associates Inc.



FEBRUARY 8, 2019
SENT VIA: EMAIL
PROJECT NUMBER: 1046-4031

Brian Worsley, P.Eng.

Manager, Development Engineering
Town of the Blue Mountains

32 Mill Street

PO Box 310

Thornbury, ON

NOH 2P0

RE: CRAIGLEITH RESIDENTIAL DEVELOPMENT
TOWN OF THE BLUE MOUNTAINS
REGIONAL SPILL MANAGEMENT LETTER

Dear Brian,

Further to our draft submission of the Regional Stormwater Management Plan dated April 2018
and subsequent conversations with yourself we have prepared this letter to provide addifional
information regarding the flooding characteristics of Watercourses 7, 8, ? and 10 in the Craigleith
areq.

BACKGROUND

As you are aware, C.F. Crozier & Associates Inc. (Crozier) had been retained by Parkbridge
Lifestyle Communities Inc. (Parkbridge) and MacPherson Builders Ltd. (MacPherson) to complete
a Regional Stormwater Management Plan to support the development applications for their
respective developments in the Craigleith area. The preparation of this report was requested by
The Town of the Blue Mountains (TOBM) due fo historical flooding of Watercourses 7, 8, ? and 10.
This Regional Stormwater Management Plan documents the existing flooding conditions of the
aforementioned watercourses and analyzes and recommends possible flood mitigation options.

A draft copy of the Regional Stormwater Management Plan — Watercourse 7, 8, 9 and 10 (Crozier,
April 2018) was provided previously for your review. This report determined that spill flows exist
between Watercourses 7 and 8 as well as Watercourses 9 and 8. This existing spill flow effectively
causes the backwater of these watercourses to act in unity during high return period storms. The
report analyzed various flood mitigation options, and recommended infrastructure improvements
that would maintain existing spill flow patterns and increase the conveyance capacity of
Watercourse 8.

40 Huron Street, Suite 301

Collingwood, ON L9Y 4R3 i )
T. 705.446.3510 !

F. 705.446.3520 CONSULTING ENGINEERS
cfcrozier.ca



Craigleith Residential Developments Regional Spill Management Letter
Parkbridge Lifestyle Communities & MacPherson Builders February 2019

PURPOSE

Subsequent to yourreview of the Regional Stormwater Management Plan, you raised the question
as to whether the proposed spill flow conveyance improvements could be considered watershed
diversion and as such require a Schedule C Environmental Assessment.

Our office is of the opinion that Schedule A activities more accurately describe the proposed
works. Schedule A projects are pre-approved and may proceed fo implementation without the
need for a full Class EA planning process. They are limited in scale, and have minimal adverse
environmental effects. As the underlying issue in this study area is undersized conveyance
infrastructure, the Regional Stormwater Management Plan effectively recommends a solution
similar in scope and description to the following pre-approved Schedule A project: “Culvert repair
and replacement where the capacity of the culvert is not increased beyond the minimum
municipal standard or the capacity required to adequately drain the area, whichever is greater,
and where there is no change in drainage area.”

This lefter has been prepared to further assess the existing spill flow characteristics between
Watercourses 7, 8, 9 and 10. Additional survey of the area has been completed to better
determine existing spill flow characteristics in support of this analysis. This subsequent assessment
includes addifional description of spill flow routes between these watercourses, as well as analysis
to determine approximate natural floodplain storage upstream of each watercourse crossing.

EXISTING CONDITIONS

As discussed in the Regional Stormwater Management Report, Watercourses 7, 8, 9 and 10 and
their associated watersheds are primarily characterized by the Niagara Escarpment, Nipissing
Ridge, and relatively flat lands between the Nipissing Ridge and Georgian Bay. Downstream of
the Ridge, all four watercourses lack valley features and exhibit varying levels of channel definition
and historic channel alteration. Due to these channel characteristics, all four watercourses often
experience flows exceeding the channel capacity which spill into the adjacent watershed / lands,
and ultimately tfowards Georgian Bay.

Watercourses 7, 9 and 10 have been the subject of multiple studies, including investigation of
culvert capacity and recommendations for improvement. Watercourse 8 has not been the
subject of considerable formalized study due to the poorly defined channel and lack of valley
feature, as well as the relatively small catchment area of 8 ha.

Watercourse 7:

As stated in the Regional SWM Report, Watercourse 7 conveys 7.4m3/s and 9.7m3/s in the 100-year
and Regional storms respectively. Upstream of Lakeshore Road, flows exceeding 6.0m3/s will spill
east through the Eden Oak Development to Watercourse 6 in existing conditions. Based on the
hydrologic modeling of Watercourse 7, approximately 84,750m3 and 18%,800m3 of water reaches
Lakeshore Road in the 100-year and Regional storms respectively.

The existing Watercourse 7 crossings at Lakeshore Road, the Georgian Trail, and Highway 26 do
not have capacity to convey the 6.0m3/s conveyed in Watercourse 7. Furthermore, due to the
local topography of Watercourse 7, no well-defined low point exists to convey flows exceeding
the culvert capacities of any of the crossings.

C.F. Crozier & Associates Inc. Page 2
Project No.: 1046-4031
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Based on additional survey data and subsequent review, the following flow paths were
determined for Watercourse 7:

Watercourse 7 at Lakeshore Road: Flows exceeding the Lakeshore Road culvert at Watercourse
7 will overtop Lakeshore Road. As there is no low point in the road at Watercourse 7, and the
overall topography slopes west, flows that overtop Lakeshore Road will split and a portion will
return to Watercourse 7 downstream of Lakeshore Road and a portion will flow west towards
Watercourse 8 between Lakeshore Road and The Georgian Trail. Prior to flows overtopping
Lakeshore Road approximately 60ms3 of backwater storage exists upstream of Lakeshore Road.

Watercourse 7 at the Georgian Trail: Flows that reach and exceed the Georgian Trail culvert will
be conveyed west along the Georgian Trail ditch to Watercourse 8 before water can overtop the
Georgian Trail. Prior to flows spilling west approximately 15ms3 of backwater storage exists upstream
of the Georgian Trail.

Watercourse 7 at Highway 26: Flows that reach and exceed the Highway 26 culvert will be
conveyed to Watercourse 8 by way of either the culvert and channel running parallel to Highway
26. Prior to flows being conveyed west approximately 70m3 of backwater storage exists upstream
of Highway 26.

Considering the volume of flow that spills to Watercourse 6 and the volume of flow that passes
through the Lakeshore Road culvert, there is approximately 31,800m3 and 75,250m3 surplus runoff
volume in the 100-year and Regional events, respectively, that would backwater upstream of the
culvert or spill via the aforementioned flow routes. The total available backwater storage of 145m3
upstream of the culverts corresponds to approximately 0.2% - 0.5% of the surplus volume that
cannot pass through the culverts. As such it is clearly evident that spill flow occurs in existing
conditions.

Based on these existing conditions water will spill from Watercourse 7 to 8, and there is not sufficient
existing natural backwater storage to mitigate or eliminate this spill flow. Refer to Figure 1 and
Figure 4 for an overview of the characteristics, spill flow and the Regional hydrograph of
Watercourse 7.

Watercourse 8:

As stated in the Regional SWM Report Watercourse 8 conveys 0.8m3/s and 1.1m3/s in the 100-year
and Regional storms respectively. Based on the hydrologic modeling of Watercourse 8,
approximately 5,550m3 and 19,950m3 of water reaches Lakeshore Road in the 100-year and
Regional storms, respectively.

The road and culvert elevations for Watercourse 8 are lower than the road and culvert elevations
of Watercourses 7 or 9. As such, Watercourse 8 is located at the low point of the area.

The Watercourse 8 culvert tfraversing Lakeshore Road does not have capacity to convey the 100-
year or Regional flow rates. Flows exceeding the culvert capacity overtop Lakeshore Road and
return to Watercourse 8 downstream of Lakeshore Road. Culverts tfraversing the Georgian Trail and
Highway 26 have capacity to convey the 100-year and Regional flows.

As such, Watercourse 8 does not spill to adjacent watercourses, but only receives spill flow from
other watercourses. Refer to Figure 2 and Figure 4 for an overview of the characteristics and
Regional hydrograph for Watercourse 8.

C.F. Crozier & Associates Inc. Page 3
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Watercourse 9:

As stated in the Regional SWM report Watercourse 9 conveys 7.3m3/s and 2.1m3/s in the 100-year
and Regional storms respectively. Based on the hydrologic modeling of Watercourse 9,
approximately 72,550m3 and 185,750m3 of water reaches Lakeshore Road in the 100-year and
Regional storms, respectively.

As with Watercourse 7, the local topography of Watercourse 9 has no well-defined low point to
convey flows exceeding the culvert capacities of any of the crossings.

Based on additional survey data and subsequent review, the following spill flow characteristics
were determined for Watercourse 9:

Watercourse 9 at Lakeshore Road: Flows exceeding the capacity of the culvert discharge in three
directions. A portion of flows will overtop Lakeshore Road west of Watercourse 9, and will drain
back to Watercourse 9 downstream of Lakeshore Road. A portion of flows exceeding the
capacity of the culvert will also spill east over the adjacent abandoned driveway at a similar
elevation as flows overtopping Lakeshore Road west of the watercourse. Subsequently these flows
will be conveyed east fowards Watercourse 8 along the Lakeshore Road ditch. Depending on
water surface elevations that spill east, a portion of flows could be conveyed over Lakeshore Road
between Watercourse 8 and 9 and will either drain to Watercourse 8 or 9. Prior to flows overtopping
Lakeshore Road or spilling to Watercourse 8, approximately 1320ms3 of backwater storage exists
upstream of Lakeshore Road.

Watercourse 9 at the Georgian Trail: Flows that reach and exceed the Georgian Trail culvert will
discharge in two directions. Some flows will overtop the Georgian Trail west of Watercourse 9, and
will drain back to Watercourse 9 downstream of The Georgian Trail. A portion of flows will spill to
Watercourse 8 by way of the open space area between Lakeshore Road and the Georgian Trail.
Prior to flows overtopping the Georgian Trail or spilling fo Watercourse 8, approximately 90m3 of
backwater storage exists upstream of Lakeshore Road.

Watercourse 9 at Highway 26: Flows that reach and exceed the Highway 26 culvert will be
conveyed to Watercourse 8 by way of the Highway 26 ditch, before overtopping the road. Prior
to flows being conveyed east approximately 50m3 of backwater storage exists upstream of the
Highway 26.

Considering the volume of flow that passes through the Lakeshore Road culvert, there is
approximately 28,050m3 and 86,200m3 surplus runoff volume in the 100-year and Regional events,
respectively, that contribute to backwater upstream of the culvert or spill via the aforementioned
flow routes. The total available backwater storage of 1460m3 upstream of the culverts corresponds
to approximately 1.7% - 5.2% of the surplus volume that cannot pass through the culverts.

Based on these existing conditions water will spill from Watercourse 9 to 8, and there is not sufficient
existing natural backwater storage to mitigate or eliminate this spill flow. Refer to Figure 3 and
Figure 4 for an overview of the characteristics, spill flow and the Regional hydrograph of
Watercourse 9.

C.F. Crozier & Associates Inc. Page 4
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SUMMARY

In summary, the subject watercourses exhibit the following characteristics under large storm

events:

Watercourse 7:

During the beginning of the rainfall event flows below 1.2m3/s will be conveyed by
Watercourse 7 fraversing Lakeshore Road, the Georgian Trail, and Highway 26 and
discharging to Georgian Bay.

Once flows exceed 1.75m3/s flows will exceed the Highway 26 culvert capacity. The 70ms3
of storage will be used prior to the peak flows occurring and flows will subsequently begin
to spill to Watercourse 8 via the existing culvert and channel along the south side of
Highway 26.

Once flows exceed 2.05m3/s flows will exceed the Georgian Trail culvert capacity. The
15m3 of storage will be used prior to the peak flows occurring and subsequently additional
spill flow occurs to Watercourse 8 via the Georgian Trail ditch.

Once flows exceed 2.73m3/s flows will exceed the Lakeshore Road culvert capacity. The
60m3 of storage will be used prior to the peak flows occurring and subsequently begin to
overtop Lakeshore Road with a portion of this flow spilling towards Watercourse 8 via the
open space between Lakeshore Road and the Georgian Trail.

Once flow exceeds 6.0m3/s flows will spill to Watercourse 6 through the Eden Oak Site prior
to reaching the Lakeshore Road culvert.

Watercourse 8:

During the beginning of the rainfall event flows below 0.18m3/s will be conveyed by
Watercourse 8 traversing Lakeshore Road, the Georgian Trail, and Highway 26, eventually
discharging to Georgian Bay.

Once flows exceed 0.18m3/s flows will overtop Lakeshore Road and return to Watercourse
8.

Watercourse 9:

During the beginning of the rainfall event flows below 2.63m3/s will be conveyed by
Watercourse 9 fraversing Lakeshore Road, the Georgian Trail, and Highway 26 and
discharging to Georgian Bay.

Once flows exceed 2.63m3/s flows will exceed the Lakeshore Road culvert capacity. The
1320m3 of storage will be used prior to the peak flows occurring and will subsequently
overtop Lakeshore Road as well as spill to Watercourse 8 via the Lakeshore Road ditch.
Once flows reaching the Georgian Trail culvert exceed 2.73m3/s the Georgian Trail culvert
capacity will be exceeded. The 90m3 of storage will be used prior to the peak flows
occurring and flows will subsequently overtop the Georgian trail and spill to Watercourse
8 via the open space between Lakeshore Road and the Georgian Trail.

IV.  Once flows reaching the Highway 26 culvert exceed 3.50m3/s the Highway 26 culvert
capacity will be exceeded. The 50m3 of storage will be used prior to the peak flows
occurring and flows will subsequently spill to Watercourse 8 via the Highway 26 ditch.
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CONCLUSION

Based on the information and analysis presented in this letter it is evident that existing spill flows
can and do occur between Watercourses 7 and 8, and between Watercourses ¢ and 8. The
solution presented in the Regional Stormwater Management Report are not “new diversion
channels”. More appropriately, these works are upsizing existing historic and undersized drainage
infrastructure to capacities required to adequately drain the area.

As such it is our opinion the proposed works suggested in our report, the Regional Stormwater
Management Plan — Watercourse 7, 8, 9 and 10 (Crozier, April 2018) consist of Schedule A activities
in accordance with the Municipal Class Environmental Assessment (MCEA) process.

We trust this information will be of assistance. Should you have any questions, please do not
hesitate to contact the undersigned.

Yours fruly,

C.F. CROLZIER & ASSOCIATES INC. C.F. CROLZIER & ASSOCIATES INC.
Jon Proctor, P.Eng. Brendan Hummelen, P.Eng.
Associate Project Engineer

C.F. CROZIER & ASSOCIATES INC.

Sarah O'Neill, B.Sc. Engineering
Operations Manager

Enclosures Figure 1 — Watercourse 7
Figure 2 - Watercourse 8
Figure 3 - Watercourse 9
Figure 4 — Watercourse Flow Chart
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APPENDIX D

Regional SWM Solution — November 24, 2021, C.F. Crozier &
Associates Inc.



N
\ 1 First Street, Suite 200 | T. 705.446.3510
Collingwood, ON | F. 705.446.3520

CONSULTING ENGINEERS HCIALI clcrezicned

MEMO

DATE November 24, 2021 PROJECT NO. 1966-5748
RE Regional SWM Solution

TO Brian Worsley, P.Eng.

FROM Jessie Elder, P.Eng.

This memorandum has been prepared to summarize the current proposed design for the
Craigleith Regional Stormwater Management Solution.

The concept of the design is to direct major flows from Watercourses 7 and 9 (which have
downstream capacity constraints within private properties) to Watercourse 8 (a publicly owned
outlet). Upgrades to the outlet structures along Watercourse 8 are proposed to provide sufficient
capacity to convey flows safely to Georgian Bay, similar to previous diversion pipes installed in
the 1990's from Watercourse 7 to Watercourse 8. Refer to Figure 1B for an overview of the
proposed design and fto Figure 5 for a flow chart of the proposed design flow directions and
capacities.

Watercourse 9 is the western most watercourse of interest in this area and flows through the
Parkbridge Craigleith Ridge development. As shown on Figure 1B, in existing conditions
Watercourse 9 spills over Lakeshore Road west of the watercourse crossing, and spills o the
southern Lakeshore Road ditch east of the crossing. We have proposed to control spill flows in
this area to spill over Lakeshore Road and to channelize flows back to Watercourse 9. We have
proposed a channel to direct surplus flows to Watercourse 8 downstream of Lakeshore Road
and upstream of the Georgian Trail crossing. The diversion channel invert will be higher than the
invert of the Watercourse 9 culverts under the Georgian Trail as to allow minor storm events to
continue in Watercourse 9 to Georgian Bay. Major flows will enter the diversion channel for
conveyance to Watercourse 8 as water backs up at the Watercourse 9 Georgian Trail culvert.
Flows from Watercourse 9 will join Watercourse 8 upstream of the Georgian Trail crossing.

Watercourse 7 flows through the MacPherson Home Farm development, then through the Eden
Oak Trailshead development and continues through the eastern corner of the Parkbridge
Craigleith Ridge development and 210 Lakeshore Road prior to reaching Lakeshore Road. To
divert flows from Watercourse 7 to 8, a diversion channel has been proposed at the downstream
end of the Eden Oak site, fravelling through the Parkbridge site fowards the southern Lakeshore
Road ditch. A combination of culvert sizing for Eden Oak roadways, berming and grading will be
used to control flows such that minor flows remain in Watercourse 7 and larger storm events are
directed into the diversion channel to Watercourse 8. A culvert has been proposed to convey
flows from the diversion channel under Lakeshore Road towards Watercourse 8.

The material in this memo reflects best judgment in light of the information available at the time of preparation. Any use
which a third party makes of this report, or any reliance on or decisions made based on it, are the responsibilities of such
third parties. C.F. Crozier & Associates Inc. accepts no responsibility for damages, if any, suffered by any third party as a
result of decisions made or actions based on this report.



Craigleith Regional SWM Solution Design Brief
Craigleith Landowners Group November 2021

Flows from Watercourse 8 and the proposed diverted flows Watercourses 7 and 9 will converge
in Watercourse 8 between Lakeshore Road and the Georgian Trail.

Culvert upgrades have been proposed for the Watercourse 8 crossings under the Georgian Trail
and under Highway 26. Channel upgrades have been proposed in the Town parcel
downstream of Highway 26, which the Town retains ownership of the lands containing this outlet.

The culvert upgrades and downstream channel upgrades proposed for Watercourse 8 are
within an existing Municipal Drain (Blue Mountain Diversion Drain). Upstream channelization
works are beyond the extent of the municipal drain and will be approved by the Town through
the appropriate process associated with the respective development application of each
developer proponent.

Sincerely,

C.F. CROLIER & ASSOCIATES INC.

Jessie Elder, P.Eng.

Project Engineer
/ie

Encl.

J:\ 1900\ 1966-Craigleith Landowners Group\5748-Craigleith Regional SWM\Memos\2021.11.24 SWM Solution Design Brief.docx
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APPENDIX E

Watercourse 7,8,9 — Regional SWM Proposed Works 0 - Figure 1B -
January 17, 2020, C.F. Crozier & Associates Inc.
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