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1. INTRODUCTION AND BACKGROUND 
 

Avila Investments Ltd. proposes to construct a residential and commercial subdivision on their property located 
within the southerly part of Mount Forest within the Township of Wellington North (Township), ON. The 
approximately 31.13 ha, irregularly shaped subject property, is located as shown in Figure No. 1. 
 
For the purposes of this report, Highway No. 6 is assumed to travel in a north-south direction. Therefore, the 
subject property is located on the northwesterly corner of the intersection of Highway No. 6 and Bentley Street, 
along the southerly boundary of the Mount Forest settlement area. Agricultural lands are located easterly and 
southerly of the subject property. The subject property is also bound by former rail lands and the Saugeen River 
to the west, and residential lands fronting South Water Street to the north. 
 
The Draft Plan of the proposed subdivision is provided as Figure No. 2, and consists generally of the following: 
 

- 231 lots for single detached dwellings (Lots 1-116, 131-245; 231 units; 12.296 ha), 
- 30 lots for semi-detached dwellings (Lots 117-130, 246-261; 60 units, 1.672 ha), 
- Seven (7) blocks for street townhouse dwellings (Blocks 262-268; 120 units, 3.106 ha), 
- Two (2) blocks for commercial development (Blocks 269-270; 2.953 ha), 
- One (1) block for park/ open space area (Block 271; 2.574 ha), 
- One (1) block for stormwater management (Block 273; 1.722 ha), 
- Two (2) blocks for walkways (Blocks 272 & 274; 0.141 ha), 
- One (1) block for a hydro substation (Block 286; 0.060 ha), and, 
- Approximately 6.615 ha of roadway, road widening/ reserves, and daylight triangles. 

 
An outlet channel is proposed to be constructed from the proposed stormwater management (SWM) facility, 
located in Block 273, to the Saugeen River via the former rail lands. The proposed outlet channel is designed to 
convey flows from the proposed SWM facility, and a portion of adjacent external lands, to the Saugeen River. 
 
A Natural Heritage Environmental Impact Assessment (EIA) was previously completed for the subject property 
by AWS Environmental Consulting Inc. in December 2014. The EIA provides required mitigation measures 
related to the stormwater management design. 
 
A previously approved Preliminary Servicing and SWM Report was prepared by GM BluePlan Engineering Ltd. 
(GMBP) in March 2017 (previous GMBP File: 108025), which was submitted in support of Draft Plan Approval 
for the proposed subdivision.  
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GMBP has been retained by Avila Investments Ltd. to provide a SWM Report to document the detailed SWM 
design of the proposed development. This SWM Report is provided to update and supplement the previously 
approved Preliminary Servicing and SWM Report, to address the stormwater quantity control and quality 
treatment for site runoff to the satisfaction of the Township, the Saugeen Valley Conservation Authority (SVCA), 
and the Ministry of the Environment Conservation and Parks (MECP) in support of an Environmental Compliance 
Approval for the proposed works. 
 
 

2. EXISTING CONDITIONS AND DRAINAGE 
 
Under existing conditions, the majority of the approximately 31.13 ha subject property is used for agricultural 
purposes; the site is actively farmed with row crops. The westerly portion of the subject property located adjacent 
to the Saugeen River and defined by the Saugeen Valley Conservation Authority (SVCA) as ‘Core Greenland’, 
consists of a forested, sloped area. 
 
The subject property slopes generally downward from Highway No. 6 to the northerly and westerly property 
boundaries. The easterly portion of the subject property generally slopes moderately downward with more mild 
slopes existing throughout the central portion, and a steeper descent within the westerly portion located adjacent 
to the Saugeen River.  
 
Under existing conditions, runoff draining from the subject property to the northerly property boundary, generally 
drains as overland flow to the rear of the existing residential properties fronting South Water Street and unopened 
municipal rights-of-way (ROWs). Runoff draining to the westerly property boundary, generally drains as overland 
sheet flow directly to the Saugeen River. The westerly and northerly portions of the Highway No. 6 and Bentley 
ROWs are considered to drain through the subject property.  
 
Portions of the easterly adjacent external lands (lands easterly of Highway No. 6), southerly adjacent external 
lands (lands southerly of Bentley Street), and westerly adjacent external lands (former rail lands), herein referred 
to collectively as the ‘adjacent external lands’, are considered to drain generally to the location of the proposed 
outlet channel, for existing conditions analysis purposes. 
 
Ultimately, the entirety of the subject property, and the adjacent external lands upstream of the proposed outlet 
channel, are considered to drain to the Saugeen River under existing conditions. The reach of the Saugeen River 
downstream of the subject property has been identified as having a “cool water thermal regime” by the previously 
completed EIA. 
  
The existing drainage conditions of the subject property and adjacent external lands are represented as eight 
(8) catchment areas as described below and shown in Figures No. 3 and 4: 
 
Catchment 10 – represents the northerly portion of the subject property ultimately draining to the Saugeen River 
via the adjacent 130 South Water Street Property. Under existing conditions, runoff from Catchment 10 is 
expected to drain to an existing on-site berm located along a portion of the subject property’s northerly boundary. 
In relation to adjacent properties, the existing on-site berm extends generally from the 250 Harris Street property 
to the 130 South Water Street property. Runoff draining to the existing on-site berm is directed northerly to a 
point of discharge within the adjacent 130 South Water Street property. This outlet location is proposed to be 
generally maintained under post-development conditions. The existing ground cover within the catchment 
consists generally of row crops/ seeded legumes. 
 
Catchment 11 – represents the portion of the subject property draining to the adjacent 250 Harris Street 
property. Under existing conditions, runoff from Catchment 11 is expected to drain as overland flow and ultimately 
outlet to the Saugeen River. The existing ground cover consists generally of row crops/ seeded legumes. 
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Catchment 12 – represents the portion of the subject property draining to the adjacent unopened Harris Street 
ROW. Under existing conditions, runoff from Catchment 12 is expected to drain as overland flow and ultimately 
outlet to the Saugeen River. The existing ground cover consists generally of row crops/ seeded legumes. 
 
Catchment 13 – represents the portion of the subject property draining to the unopened portion of the South 
Water Street ROW located adjacent to the northerly property boundary. Under existing conditions, runoff from 
Catchment 13 is expected to drain as overland flow and ultimately outlet to the Saugeen River. The existing 
ground cover consists generally of row crops/ seeded legumes. 
 
Catchment 14 – represents the remaining portion of the subject property. Under existing conditions, runoff from 
Catchment 14 is expected to drain as overland flow and ultimately outlet to the Saugeen River; either directly or 
via the rear-yard area of the adjacent 241 South Water Street property. The existing ground cover consists 
generally of row crops/ seeded legumes. 
 
Catchment 20 – represents the portion of the adjacent Highway No. 6 and Bentley Street ROWs expected to 
drain through the subject property to the Saugeen River under existing conditions. The existing pervious ground 
cover consists generally of grass. The existing impervious ground cover consists generally of the westerly and 
northerly portions of the Highway No. 6 and Bentley Street roadways, respectively. 
 
Catchment 30 – represents the easterly adjacent external lands located easterly of Highway No. 6. The existing 
pervious ground cover consists generally of crops, and the existing impervious ground cover consists generally 
of rooftops, driveways and the easterly portion of the Highway No. 6 roadway. Runoff from Catchment 30 
currently appears to drain to a low point located to the east of the Highway No. 6 and Bentley Street intersection. 
However, there does not appear to be an outlet across Highway No. 6, and it is believed that surface runoff is 
removed via infiltration or evapotranspiration. Furthermore, the existing topography within Catchment 30 is 
expected to permit runoff ponding within it to spill northerly to Murphy Street via the 180 Murphy Street property, 
prior to spilling across Highway No. 6. For conservative consideration, the runoff from Catchment 30 is assumed 
to drain across Highway No. 6 without impediment, to drain along the southerly roadside ditch of Bentley Street 
to the location of the proposed outlet channel, and to drain ultimately to the Saugeen River; runoff from 
Catchment 30 is not considered to drain through the subject property. 
 
Catchment 31 – represents the westerly and southerly adjacent external lands consisting of the former rail lands 
and lands located southerly of Bentley Street. The existing pervious ground cover consists generally of crops, 
and the existing impervious ground cover consists generally of rooftops, driveways and the easterly portion of 
the Highway No. 6 roadway. Under existing conditions, runoff from catchment lands located southerly of Bentley 
Street is expected to drain generally to and along the southerly roadside ditch of Bentley Street, to a low point 
located approximately 790 m westerly of the Bentley Street and Highway No. 6 intersection; runoff ponding within 
this low point is expected to spill ultimately northerly across Bentley Street to the former rail lands. However, it 
is not easily discernable how, or if, runoff from the former rail lands drains across the ridge formed by the former 
rail bed located adjacent to Blocks 271 and 273. For conservative consideration, the runoff from Catchment 31 
is assumed to drain across the former rail bed without impediment to the location of the proposed outlet channel 
and drain ultimately to the Saugeen River; runoff from Catchment 31 is not considered to drain through the 
subject property. 
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2.1 Stormwater Management Criteria 
 
Based on the existing drainage conditions, the requirements of the Township, SVCA and MECP, and the required 
mitigation measures outlined in the previously completed EIA, the criteria used to develop the appropriate SWM 
approach for the proposed development, are as follows: 

 
1. Total post-development peak flow rates draining from the subject property to the Saugeen River are to 

be attenuated to less than, or equal to, the existing peak flow rates for all of the following design storm 
event return periods: 2-, 5-, 10-, 25-, 50- and 100-year. 
 

2. In addition, for the 2-, 5-, 10-, 25-, 50-, 100-year design storm events, post-development peak flow rates 
draining from the subject property, are to be attenuated to less than, or equal to, the existing peak flow 
rates draining to the following outlet locations within the northerly adjacent lands: 
 

A. 130 South Water Street property 
B. 250 Harris Street property 
C. Unopened Harris Street ROW 
D. Unopened portion of the South Water Street ROW 
 

3. The proposed on-site storm sewer system is to convey the runoff associated with a 5-year design storm 
event, at minimum. 

 

4. Hydrological modelling shall consider a Type II 6-hour SCS rainfall distribution as per the Township’s 
Municipal Servicing Standards (Standards). 
 

5. The SWM design shall demonstrate no negative impacts to water quality or fish habitat within the 
receiving waters of the Saugeen River: 

 
a. An “Enhanced” level of water quality treatment (80% TSS Removal) is to be provided for runoff 

draining from the proposed development prior to discharging from the subject property. 
 

b. The design of the outlet channel, from the proposed SWM facility to the Saugeen River, shall 
incorporate the design parameters provided in the previously completed EIA. This includes: 

 
i. Lining the outlet channel with larger diameter riprap to promote aeration of, and prevent 

erosion by, conveyed flows. 
 

ii. Providing a minimum 1 m of vertical drop at the outlet channel’s confluence with the 
Saugeen River to prevent ‘fish access’ to the outlet channel. Erosion measures shall be 
provided to prevent undercutting of the outlet channel or plunge pool creation. 

 
iii. Placement of three (3) partially embedded boulders (>0.3 m Ø) at the outlet channel’s 

confluence with the Saugeen River to promote quick ‘mixing’ of its discharge waters with 
native river waters. 

 

c. The SWM design shall provide thermal controls to reduce thermal impacts due to runoff draining 
from the developed portions of the subject property prior to discharging to the Saugeen River. 
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3. POST-DEVELOPMENT CONDITIONS AND DRAINAGE 
 
Under post-development conditions, the impervious level of each drainage catchment within the subject property 
is calculated generally as a weighted average based on the land uses within them. The impervious levels 
considered for each land use are described in the following Table 1. 
 

Table 1: Design Impervious Level by Land Use 

Land Use Impervious Level 

Single detached lot 50% 

Semi-detached lot 55% 

Street townhouse blocks 60% 

Commercial blocks 90% 

On-site roadways, road widening/ reserves,  
daylight triangles, hydro substation  

65% 

Walkways 10% 

SWM block 
Combined area of proposed access road and maximum 
wetted surface area within proposed SWM facility

Park/ Open Space Negligible 

 
 
In addition to the proposed on-site development, Bentley Street is proposed to be reconstructed, from its 
intersection with Highway No. 6 to approximately 675 m westerly of the same intersection. The existing roadside 
ditch is proposed to be filled in, and curb and gutter is proposed to be installed along the northerly side of the 
reconstructed roadway. Along the southerly side of the reconstructed roadway, curb and gutter is proposed from 
the Highway No. 6 intersection to a point located approximately 150 m westerly of the same intersection. The 
southerly roadside ditch of Bentley Street is proposed to be cleaned out and re-graded, with existing driveway 
culverts being replaced, as required; the existing outlet of the southerly roadside ditch is considered to be 
maintained under post-development conditions. 
 

3.1 Areas Draining from Subject Property via Proposed SWM Facility 
 

3.1.1 Drainage to Proposed SWM Facility 
 

Under post-development conditions, the majority of the subject property, as well as the easterly and northerly 
portions of the Highway No. 6 and Bentley Street ROWs, respectively, are expected to drain to the proposed 
SWM facility via a combination of the proposed storm sewer and as overland flow. The storm sewer is proposed 
to consist of two separate systems: the primary and secondary storm sewer systems. 
 
The proposed primary storm sewer system consists mainly of on-site storm sewer installed within the subject 
property, and a portion of off-site storm sewer installed along Bentley Street, easterly of Street ‘A’, and Highway 
No. 6, northerly of Bentley Street. The primary storm sewer system is proposed to include several rear-yard 
catchbasins along the northerly property boundary. The outlet pipes of these rear-yard catchbasins, are 
proposed to drain to the trunk storm sewer portion of the primary storm sewer system, located along the proposed 
on-site roads, and have backflow preventors installed on their downstream end. 
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The primary storm sewer system is expected to drain most of the developed portions of the proposed subdivision 
with the exception of relatively small northerly, westerly and southwesterly portions of the subject property. The 
westerly portion of the Highway No. 6 ROW is considered to drain to the primary storm sewer system. The portion 
of Bentley Street located easterly of the proposed Street ‘A’ and proposed to be reconstructed with curb and 
gutter, is also considered to drain to the primary storm sewer system.  
 
In general, the primary storm sewer system is expected to provide adequate capacity to convey the runoff 
draining from its tributary lands to the forebay of the proposed SWM facility during a 5-year design storm event, 
at minimum. The storm sewer leads draining the rear-yard catchbasins to the trunk storm portion of the primary 
storm sewer system, are designed with sufficient capacity to convey the runoff draining from their respective 
rear-yard areas during a 100-year design storm event, provided capacity is available with the trunk storm sewer 
portion.  
 
During design storm events of greater than the 5-year return period, or if the primary storm sewer were to become 
obstructed, runoff may surcharge in the primary storm sewer system and be conveyed by the proposed on-site 
roadways to the proposed SWM facility via the northerly overland flow route; proposed grading throughout the 
subdivision is expected to prevent the flooding of proposed residences in the conveyance of these flows to the 
SWM facility. The northerly overland flow route, provided by the access road proposed within the SWM block 
(Block 273), between the SWM facility and Street ‘D’, is designed to provide adequate capacity to convey the 
runoff expected to drain from the tributary lands of the primary storm sewer system during a 100-year design 
storm event. The northerly overland flow route is proposed to discharge to the forebay of the proposed SWM 
facility at its northeasterly corner. The northerly overland flow route is proposed to be lined with ‘turfstone’ to 
provide a driving surface for the access road and protection from the effects of erosion. An analysis of the flow 
capacity and design flow within the northerly overland flow route is provided in Section 4.6. 
 
The proposed secondary storm sewer system consists mainly of off-site storm sewer installed along the 
northerly side of the reconstructed Bentley Street, and a portion of on-site storm sewer installed within the 
proposed SWM block.  
 
The secondary storm sewer system is expected to drain the northerly portion of the Bentley Street ROW located 
westerly of Street ‘A’, as well as the front-yard areas of the proposed lots adjacent to it (southwesterly portion of 
subject property). Rear-yard areas of Lots 1 to 4, and 34 to 36, are also considered to drain to the secondary 
storm sewer system.  
 
In general, the secondary storm sewer system is expected to provide adequate capacity to convey the runoff 
draining from its tributary lands to the forebay of the proposed SWM facility during a 5-year design storm event, 
at the minimum.  
 
During design storm events of greater than the 5-year return period, or if the secondary storm sewer were to 
become obstructed, runoff may surcharge in the secondary storm sewer system and be conveyed along the 
northerly curb and gutter of the reconstructed Bentley Street roadway to the proposed SWM facility via the 
southerly overland flow route. The southerly overland flow route is proposed to be constructed as a grassed 
swale extending from Bentley Street to the southeasterly corner of the proposed SWM facility. The southerly 
overland flow route is designed to provide adequate capacity to convey the runoff expected to drain from the 
tributary lands of the secondary storm sewer system during the 100-year design storm event. An analysis of the 
flow capacity and design flow within the southerly overland flow route is provided in Section 4.6.  
 
Rear-yard areas of Lots 36 to 46 are considered to drain directly to the proposed SWM facility as overland flow 
under post-development conditions. 
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3.1.2 Proposed SWM Facility 
 
The SWM facility, designed generally as a wetland-type facility, is proposed to be constructed within Block 273 
to provide peak flow rate attenuation and water quality treatment to runoff draining from the proposed 
development. 
 
The SWM facility is proposed to generally have a 0.3 m-deep permanent pool throughout with 1.3 m-deep 
sections located near its inlet and outlet. The deeper section at the SWM facility’s inlet, immediately downstream 
of the storm sewer systems’ outlets, is designed to serve as a forebay to encourage pollutant removal. At the 
SWM facility’s outlet, the deeper section is provided to serve as a stilling basin to encourage the minimization of 
re-suspension and discharge of settled pollutants from the SWM facility.  
 
Two berms are proposed to be constructed within the SWM facility that extend into its storage area from opposite 
sides of the facility in a “serpentine” design. The berms, proposed to extend approximately 0.3 m above the 
permanent pool elevation, are intended to increase the effective flow path between the SWM facility’s inlet and 
outlet locations under low-flow conditions.  
 
The outlet system of the proposed SWM facility is designed to have three (3) outlets: 
 

 First Controlled Outlet – A 200 mm Ø pipe outlet within a new double ditch inlet catchbasin (DDICB; 
OPSD 705.040). The DDICB’s top of grate elevation is proposed to be equal to that of the permanent 
pool. When runoff ponds within the SWM facility to an elevation above the DDICB’s top of grate, runoff 
is considered to drain from the DDICB via the 200 mm Ø pipe as orifice tube flow to a secondary DDICB. 
 

 Second Controlled Outlet – Twin 250 mm Ø pipe outlets within a secondary ditch inlet catchbasin 
manhole (DICBMH; OPSD 702.040). When the elevation of the ponding runoff within the SWM facility 
is greater than the secondary DICBMH’s top of grate elevation, then discharge from the facility is 
considered to be governed by the second controlled outlet. Runoff drains via the second controlled 
outlet as orifice tube flow to the proposed outlet channel. 

 
 Third Outlet – A 9 m-wide emergency overflow weir. When the elevation of ponding runoff within the 

SWM facility is greater than the elevation of the top of the weir, runoff is expected to spill from the SWM 
facility to the outlet channel via the weir, while continuing to discharge via the second controlled outlet. 
The emergency overflow weir is designed to convey the expected unattenuated inflows to the SWM 
facility during a 100-year design storm event. 

 

The stage-storage-discharge calculations for the proposed SWM facility are included as Appendix A. Analysis of 
the proposed SWM facility’s significant design elements, is provided in Section 4.7.  
 

3.1.3 Drainage from Proposed SWM Facility 
 
The outflows from the SWM facility drain to the proposed outlet channel located westerly of the facility. The outlet 
channel is proposed to span generally from the outlet system of the SWM facility within Block 273, westerly to 
the adjacent former rail bed lands, and along the northerly side of the existing rail bed to the Saugeen River. 
 
Immediately downstream of the SWM facility, the outlet channel is proposed to have a minimum 15 m-long 
cooling trench to mitigate the thermal impacts due to the SWM facility’s outflows prior to being conveyed to the 
Saugeen River. The cooling trench consists of a layer of clear stone layer wrapped in geotextile fabric and 
overlain by rip rap. At the surface, the cooling trench is proposed to be an open-air trapezoidal-shaped channel. 
Analysis of the cooling trench design is provided in Section 6.2. Downstream of the cooling trench, the outlet 
channel is proposed to be an open-air trapezoidal-shaped channel lined with rip rap.  
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The adjacent external lands are considered to drain to the outlet channel downstream of the proposed cooling 
trench. However, the entire span of the proposed outlet channel is expected to provide adequate capacity to 
convey the flows draining from the proposed SWM facility and external lands during a 100-year design storm 
event. During design storm events of greater than the 100-year return period, or should the outlet channel 
become obstructed, surcharging runoff would spill from the proposed outlet channel, generally along its northerly 
bank, and be conveyed as overland sheet flow through Block 271 to the Saugeen River. 
 
Further analysis of the proposed outlet channel’s design is provided in Section 4.8. 
 

3.2 Areas Draining Uncontrolled from Subject Property  
 
Under post-development conditions, small and isolated areas in the northerly and westerly portions of the subject 
property are expected to drain from the subject property uncontrolled as piped and overland flow. 
 
The northerly portion of the subject property proposed to drain uncontrolled to the adjacent northerly property 
(130 South Water Street) under post-development conditions, is reduced in area from existing conditions This 
portion of the subject property includes rear-yard areas of Lots 200 to 209. Runoff from this northerly portion is 
proposed to be collected and conveyed by a new storm sewer lead and swale, located along the rear of the 
subject lots, that discharges generally to the same outlet location within the adjacent northerly property (130 
South Water Street) as under existing conditions. This proposed storm sewer lead is designed with adequate 
capacity to convey the runoff draining from its tributary lands during a 100-year design storm event, at minimum. 
Neighbouring property owners were consulted at length during the Draft Plan stage, and the owners of the 130 
and 136 South Water Street properties have confirmed a willingness to assist and cooperate by providing the 
Township with easement rights for the construction and maintenance of a storm lead and overland flow route to 
municipal roadside ditches located along the southerly side of South Water Street. 
 
The westerly portion of the subject property, including a majority of the park/ open space block (Block 271), and 
rear-yard areas of Lots 43-52, are also considered to drain ultimately to the Saugeen River as uncontrolled 
overland flow under post-development conditions. 
 
Along the northerly property boundary, catchbasins proposed within some rear-yard areas have a lower top of 
grate elevation than that of the structure within the proposed roadway (trunk storm sewer portion) to which its 
outlet pipe drains. During design storm events greater than the 5-year return period, the flow capacity of the 
primary storm sewer may be surcharged. To prevent surcharging runoff from spilling from the trunk sewer portion 
to these rear-yard areas, it is proposed to install backflow preventors on the downstream ends of the outlet pipes 
of these rear-yard catchbasins.  
 
During conditions where the flow capacity provided by the primary storm sewer system is surcharged, runoff 
from these rear-yard areas may spill ultimately to adjacent northerly lands. Additional considerations for the 
drainage of these rear-yard areas during major storm events, considered by this report to be storms greater than 
the 5-year return period up to, and including, the 100-year design storm event, is provided in Section 5. For 
conservative sizing purposes, these rear-yard areas are considered to drain to the proposed SWM facility under 
post-development conditions. 

 

3.3 Adjacent External Lands 
 
Under post-development conditions, the adjacent external lands are not expected to drain via the primary or 
secondary storm sewer systems and are not expected to drain to the proposed SWM facility either by piped or 
overland flow.  
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As it is not apparent that the adjacent external lands, in reality, drain to the location of the proposed outlet channel 
under the existing conditions or the post-development conditions of the proposed development, the provision of 
additional capacity within the proposed outlet channel to accommodate the runoff draining from them is 
considered to be conservative. 

  
Furthermore, the SWM design does not propose drainage works intended to convey the flows from the adjacent 
external lands to the proposed outlet channel. It is assumed that the conveyance of runoff draining from the 
adjacent external lands to the proposed outlet channel be the responsibility of the future developer(s) of those 
lands. The proposed SWM design is not intended to accommodate the conveyance of runoff draining from the 
adjacent external lands as overland flow along the northerly portion of the reconstructed Bentley Street roadway; 
it is expected that the overland flow route would be contained to the southerly portion of the Bentley Street ROW. 
 

3.4 Modelled Catchment Areas 
 
The post-development drainage conditions of the subject property and adjacent external lands are represented 
as nine (9) catchment areas as described below and shown in Figures No. 4 and 5: 
 
Catchment 100 – represents the portion of the subject property expected to drain to the proposed SWM facility 
mainly via the primary storm sewer system under post-development conditions. In general, this includes the 
entirety of the proposed development within the subject property with the exception of westerly and northerly 
portions of the subject property.  
 
Catchment 101 – represents the portion of the subject property expected to drain to the proposed SWM facility 
via the secondary storm sewer system under post-development conditions. In general, this includes the front-
yard areas of lots fronting Bentley Street, westerly of Street ‘A”, and rear-yard areas of Lots 1 to 4, and 34 to 36. 
 
Catchment 102 – represents the proposed SWM block (Block 273). For conservative design purposes, the 
entirety of the SWM block is considered to drain to the proposed SWM facility under post-development 
conditions. The impervious level of this catchment conservatively considers the expected maximum ponding 
area within the proposed SWM facility as well as the access road proposed along the facility’s perimeter. 
 
Catchment 110 – represents the westerly portion of the subject property expected to drain uncontrolled form 
the subject property, ultimately to the Saugeen River, during all design storm events. In general, this includes 
the majority of Block 271, and the rear-yard areas of Lots 43 to 54. Runoff from Catchment 110 generally drains 
from the subject property as overland flow either directly to the Saugeen River, or via the adjacent unopened 
portion of the South Water Street ROW. 
 
Catchment 111 – represents the northerly portion of the subject property expected to drain uncontrolled form 
the subject property to the Saugeen River under post-development conditions via the adjacent 130 South Water 
Street property, during all design storm events. This generally includes the rear-yard area of Lots 200 to 209 and 
Block 274. The existing berm within this area is proposed to be removed, and swales and a storm sewer lead 
are proposed to be constructed along the rear-yard boundary of these lots and block. The outlet location of the 
proposed swales is expected to generally maintain the existing point of discharge from the subject property to 
the adjacent 130 South Water Street property. From Lots 200 to 209, the only impervious surfaces expected to 
drain to the proposed swales are the rear halves of their proposed dwellings’ rooftops; the impervious level of 
this catchment is modelled with this consideration. 
 
Catchment 201 – represents the portion of the adjacent Highway No. 6 and Bentley Street ROWs expected to 
drain to the proposed SWM facility via the primary storm sewer system, under post-development conditions. The 
impervious level of these lands is expected to be increased from existing conditions due to the driveways and 
intersections proposed as part of the development. 
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Catchment 202 – represents the portion of the adjacent Bentley Street ROW expected to drain to the proposed 
SWM facility via the secondary storm sewer system, under post-development conditions. The impervious level 
of these lands is expected to be increased from existing conditions due to the driveways proposed as part of the 
development. 
 
Catchment 300 – represents the easterly adjacent external lands located easterly of Highway No. 6. These 
lands are expected to be generally maintained from existing conditions (Catchment 30) under post-development 
conditions. For conservative consideration, the runoff from Catchment 300 is assumed to drain across Highway 
No. 6 without impediment to the location of the proposed outlet channel and drain ultimately to the Saugeen 
River; runoff from Catchment 300 is not considered to drain through the subject property. 
 
Catchment 301 – represents the westerly and southerly adjacent external lands consisting of the former rail 
lands and lands located southerly of Bentley Street. These lands are expected to be generally maintained from 
existing conditions (Catchment 31) under post-development conditions. For conservative consideration, the 
runoff from Catchment 301 is assumed to drain across the former rail bed without impediment to the location of 
the proposed outlet channel and drain ultimately to the Saugeen River; runoff from Catchment 301 is not 
considered to drain through the subject property. 
 
 

4. QUANTITY CONTROL CRITERIA, PARAMETERS, MODELLING AND DESIGN ANALYSIS 
 
4.1 Design Rainfall Events 
 

As per the Township’s Standards, rainfall within lands under the jurisdiction of the SVCA shall be represented 
as an SCS Type II rainfall distribution. Furthermore, it is a requirement that the rainfall intensity be based on the 
Ontario Ministry of Transportation (MTO) Intensity-Duration-Frequency (IDF) curves. The IDF data retrieved from 
the MTO‘s online IDF Curve Lookup tool for the subject property’s location, is provided as Appendix B, and the 
corresponding rainfall depths for the modelled 6-hour storm events are summarized in the following Table 2.   
 

 Table 2: Design Rainfall Events – Based on MTO IDF Curve Data (2010) 

Design Storm Event – 
Return Frequency 

2-Year 5-Year 10-Year 25-Year 50-year 100-Year 

Duration (min) 360 360 360 360 360 360 

Depth (mm) 40.0 52.8 61.4 72.2 80.1 88.0 

Intensity (mm/hr) 29.6 39.1 45.5 53.5 59.4 65.2 

 
 

4.2 Site Soil Conditions 
 

The soil types within the subject property and the adjacent external southerly and westerly lands, are 
characterized generally as Listowel silt loam and Teeswater silt loam, as per the Wellington County Soils Map 
(Ontario Soil Survey Report No. 35) published by the Department of Agriculture. The soil type within the easterly 
adjacent external lands is characterized generally as Listowel silt loam and Harriston silt loam.  
 
Listowel and Harriston silt loams are known to be generally of the Hydrologic Soil Group (HSG) BC; Teeswater 
silt loam is generally of the HSG B. 
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On March 28, 2019, 12 testholes (Boreholes 1 – 12) were excavated across the subject property on March 28, 
2019 by CMT Engineering Inc. (CMT). Five (5) additional testholes (Test Pits 1 – 5) were excavated by CMT 
within the northwesterly portion of the subject property on September 16, 2019. The location and logs of these 
testholes are provided as Appendix C. 
In review of the information provided by the Wellington Soils Map and local testholes, the soils within the subject 
property and portions of external, adjacent lands, can be generally characterized as an HSG BC soil.  
 
With reference to MTO Design Chart 1.09, the typical SCS Curve Number values for an HSG BC soil given the 
existing and post-development ground cover within the subject property and external, adjacent lands, are 
summarized in Table 3 below. 
 

Table 3: SCS Curve Number Values by Ground Cover Type 

Ground Cover Type SCS Curve Number Value 

Crop and other improved land* 78 

Pasture & other unimproved land 71 

Woodlots and forest 65 

Impervious surfaces 98 

*Lawns considered to be Crop and other improved lands 

 
 
The pervious SCS Curve Number values used for each of the modelled catchments are generally weighted 
based on the area of each of the pervious ground cover types within the catchment area. 
 

4.2.1 SWM Facility Considerations 
 
The proposed SWM facility is designed as a wetland-type facility which requires the maintenance of a permanent 
pool for its intended function. The proposed elevation of the SWM facility’s bottom is approximately 410.70 m 
within its forebay and stilling basin areas, and approximately 411.70 m throughout the remainder.  
 
Of the testholes completed on March 28, 2019 by CMT, Borehole 12 is located centrally within the proposed 
SWM facility. Its logs indicate that a “sandy silt till” layer exists within the range of the SWM facility’s proposed 
bottom elevations. A sample was obtained from within this layer and analyzed in a “Particle Size Distribution 
Report”; provided as part of Appendix C. The Particle Size Distribution Report estimated that the sample had a 
Coefficient of Permeability of less than 1.0 x 10-6 cm/s (or ~ 0.315 m/year).  
 
Therefore, it is anticipated that the existing soils located within the area of the proposed SWM facility are 
adequate to support the maintenance of a permanent pool given the elevations proposed for the SWM facility’s 
bottom. During construction, should it be discovered that existing soils within the area are not suitable for the 
maintenance of a permanent pool, the installation of a clay or plastic/ rubber liner may be required.   
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4.3 Existing Catchment Areas 
 
For existing analysis purposes, the approximately 31.13 ha subject property and approximately 41.65 ha external 
lands, are modelled as eight (8) drainage catchments; summarized in Table 4 below and shown on Figures No. 
3 and 4. The existing conditions MIDUSS computer modelling is attached as Appendix D.  
 

Table 4: Existing Conditions Catchments 

Catchment General Description Area (ha) 
Impervious 
Level (%) 

10 
Portion of subject property draining to Saugeen River  

via the northerly adjacent 130 South Water Street property 
1.88 0 

11 
Portion of subject property draining to Saugeen River  
via the northerly adjacent 250 Harris Street property 

0.77 0 

12 
Portion of subject property draining to Saugeen River  

via the northerly adjacent unopened Harris Street ROW 
0.41 0 

13 
Portion of subject property draining to Saugeen River via the 

northerly adjacent unopened portion of the South Water Street ROW 
19.81 0 

14 
Remaining portion of subject property draining uncontrolled to 

Saugeen River 
8.26 0 

20 
Portion of Highway No. 6 and Bentley Street ROW lands draining to 

Saugeen River via subject property 
1.44 0 

30 
External easterly lands 

(lands east of Highway No. 6) 
12.96 4 

31 
External westerly and southerly Lands 

(former rail bed lands and lands south of Bentley Street) 
27.25 3 

 
The results of the existing conditions routing analysis are summarized in Section 4.5. 
 

4.4 Post-Development Catchment Areas 
 
For post-development analysis purposes, the approximately 31.13 ha subject property and approximately 
41.65 ha external lands, are modelled as nine (9) drainage catchments; summarized in Table 5 below and shown 
on Figures No. 4 and 5. The post-development conditions MIDUSS computer modelling is provided as 
Appendix E.  
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Table 5: Post-Development Conditions Catchments 

Catchment General Description Area (ha) 
Impervious 
Level (%) 

100 
Portion of subject property draining to Saugeen River  

via primary storm sewer system and SWM facility 
25.39 60 

101 
Portion of subject property draining to Saugeen River  
via secondary storm sewer system and SWM facility 

0.56 50 

102 Proposed SWM block 1.72 70 

110 
Westerly portion of subject property draining uncontrolled to  

Saugeen River as overland flow 
3.01 10 

111 
Northerly portion of subject property draining uncontrolled to 

Saugeen River via the adjacent 130 South Water Street property 
0.45 35 

201 
Portion of Highway No. 6 and Bentley Street ROW lands draining to 

Saugeen River via primary storm sewer system and SWM facility 
1.16 60 

202 
Portion of Bentley Street ROW lands draining to Saugeen River via 

secondary storm sewer system and SWM facility 
0.28 75 

300 
External easterly lands 

(lands east of Highway No. 6) 
12.96 4 

301 
External westerly and southerly Lands 

(former rail bed lands and lands south of Bentley Street) 
27.25 3 

 
 

The results of the post-development conditions routing analysis are summarized in Section 4.5. 
 

4.5 MIDUSS Quantity Control Modelling Results 
 

MIDUSS modelling software was used to model the existing and post-development conditions runoff draining 
from the proposed development and the adjacent external lands during the various design storm events. Results 
from the models are summarized in the following tables, and the modelling is provided for reference in 
Appendices D and E. 

 
 

The following Tables 6 and 7 summarize the total peak flow rates discharging to the Saugeen River from the 
modelled catchments under existing and post-development conditions, respectively. 
 
 



STORMWATER MANAGEMENT REPORT 

MOUNT FOREST SUBDIVISION 

GMBP FILE: 318049 

REVISED: MARCH 2021 

 

 PAGE 14 OF 26 

Table 6: Summary of Peak Flow Rate Results – Existing Conditions 

Outlet 

Return Storm Frequency (yr) 

2-year 5-year 10-year 25-year 50-year 100-year

Peak flow rate draining from subject property 
to Saugeen River via the 130 South Water 
Street property – Catch. 10 (m3/s) 

0.014 0.031 0.046 0.069 0.088 0.108 

Peak flow rate draining from subject property 
to Saugeen River via the 250 Harris Street 
property – Catch. 11 (m3/s) 

0.005 0.012 0.017 0.025 0.032 0.040 

Peak flow rate draining from subject property 
to Saugeen River via the unopened Harris 
Street ROW – Catch. 12 (m3/s) 

0.006 0.012 0.018 0.025 0.031 0.038 

Peak flow rate draining from subject property 
to Saugeen River via the unopened portion of 
the South Water Street ROW –  
Catch. 13 (m3/s) 

0.080 0.160 0.230 0.337 0.428 0.530 

Peak flow rate draining from the remainder of 
the subject property to Saugeen River; either 
directly or via the rear-yard area of the 241 
South Water Street property –  
Catch. 14 (m3/s) 

0.036 0.075 0.112 0.170 0.221 0.277 

Peak flow rate draining from portions of the 
Highway No. 6 and Bentley Street ROWs to 
the Saugeen River, via the subject property– 
Catch. 20 (m3/s) 

0.058 0.089 0.113 0.143 0.165 0.188 

Total peak flow rate draining to Saugeen 
River from subject property* –  
Catch. 10, 11, 12, 13, 14, 20 (m3/s) 

0.135 0.272 0.393 0.576 0.730 0.898 

Peak flow rate draining to Saugeen River from 
adjacent external lands – Catch. 30, 31 (m3/s) 

0.162 0.342 0.503 0.747 0.958 1.192 

Total peak flow rate draining to Saugeen 
River from modelled catchments* –  
Catch. 10, 11, 12, 13, 14, 20, 30, 31 (m3/s) 

0.289 0.604 0.881 1.298 1.655 2.055 

* Totaled peak flow rates draining from subject property may not necessarily equal the sum of the peak flow rates 
draining to each initial outlet due to the timing of peak flow hydrographs within the MIDUSS modelling. 
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Table 7: Summary of Peak Flow Rate Results – Post-Development Conditions 

Outlet 

Return Storm Frequency (yr) 

2-year 5-year 10-year 25-year 50-year 100-year

Peak flow rate draining to SWM facility via  
primary storm sewer system –  
Catch. 100, 201 (m3/s) 

1.246 1.837 2.271 2.825 3.270 3.705 

Peak flow rate draining to SWM facility via  
secondary storm sewer system –  
Catch. 101, 202 (m3/s) 

0.043 0.062 0.076 0.093 0.105 0.117 

Total peak flow rate draining to SWM 
facility* –  
Catch. 100, 101, 102, 201, 202 (m3/s) 

1.384 2.030 2.501 3.103 3.583 4.052 

Peak flow rate draining from SWM facility –  
Catch. 100, 101, 102, 201, 202 (m3/s) 

0.109 0.126 0.329 0.440 0.457 0.477 

Peak flow rate draining uncontrolled from 
westerly portion of subject property to 
Saugeen River – Catch. 110 (m3/s) 

0.124 0.045 0.069 0.105 0.136 0.169 

Peak flow rate draining from northerly portion 
of subject property to Saugeen River via 
adjacent northerly property (130 South Water 
Street) – Catch. 111 (m3/s) 

0.014 0.023 0.030 0.039 0.046 0.054 

Total peak flow rate draining to Saugeen 
River from subject property* – Catch. 100, 
101, 102, 110, 111, 201, 202 (m3/s) 

0.124 0.164 0.356 0.491 0.561 0.634 

Peak flow rate draining to Saugeen River from 
adjacent external lands –  
Catch. 300, 301 (m3/s) 

0.162 0.342 0.503 0.747 0.958 1.192 

Total peak flow rate draining to Saugeen 
River from modelled catchments* –  
Catch. 100, 101, 102, 110, 111, 201, 202, 
300, 301 (m3/s) 

0.285 0.492 0.765 1.237 1.471 1.733 

* Totaled peak flow rates draining from subject property may not necessarily equal the sum of the peak flow rates 
draining to each initial outlet due to the timing of peak flow hydrographs within the MIDUSS modelling. 

 
In comparison of Tables 6 and 7 above, under post-development conditions, the peak flow rates draining from 
the subject property to the Saugeen River, are expected to be attenuated to less than existing conditions for all 
modelled design storm events. Furthermore, the total post-development peak flow rates draining from the subject 
property and the adjacent external lands to the Saugeen River, are expected to be attenuated to less than 
existing conditions for all modelled design storm events. 
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Within the northerly portion of the subject property, the post-development peak flow rates draining to the northerly 
adjacent property (130 South Water Street) are expected to be less than, or equal to, existing conditions for all 
modelled design storm events. 
 
To provide adequate capacity to convey the unattenuated SWM facility inflows during the 100-year design storm 
event, the emergency overflow weir (third outlet) is proposed to provide a flow capacity of at least 4.052 m3/s. 
 
Table 8 below summarizes the capacity available at the various stages within the extended proposed SWM 
facility and provides a comparison to the capacity that is expected to be used during the various design storm 
events. The Stage-Storage-Discharge Calculations for the proposed SWM facility are provided as Appendix A. 
 

Table 8: Stage-Storage-Discharge Capacities for Proposed SWM Facility 

 

Available Capacity in             
SWM Facility Design 

Capacity Used During  
Various Design Storm Events 

Peak 
Flow 
Rate 

(m3/s) 

Active 
Storage 
Volume 

(m3) 

Active 
Storage 

Elevation 
(m) 

Peak 
Flow 
Rate 

(m3/s) 

Active 
Storage 
Volume 

(m3) 

Active 
Storage 

Elevation 
(m) 

Top of Grate – DDICB of 
First Controlled Outlet/ 

Bottom of Active Storage 
0 0 412.00 --- --- --- 

2-year  
design storm event 

--- --- --- 0.109 5,483 412.76 

5-year  
design storm event 

--- --- --- 0.126 8,237 413.08 

Top of Grate – DICBMH of 
Second Controlled Outlet 

0.129 8,835 413.15 --- --- --- 

10-year  
design storm event 

--- --- --- 0.329 9,136 413.18 

25-year  
design storm event 

--- --- --- 0.440 9,986 413.28 

50-year  
design storm event 

--- --- --- 0.457 11,161 413.40 

100-year  
design storm event 

--- --- --- 0.477 12,679 413.56 

Emergency Overflow Weir 
(Third Outlet) 

0.495 14,108 413.70 --- --- --- 

Top of Bank 4.720 17,271 414.00 --- --- --- 
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4.6 Analysis of Northerly and Southerly Overland Flow Routes 
 

The proposed northerly and southerly overland flow rates are to convey surcharging runoff from the primary and 
secondary storm sewer systems, respectively, to the SWM facility. Both overland flow routes are expected to 
provide adequate capacity to convey the runoff draining from the tributary lands of their respective storm sewer 
system during the 100-year design storm event. This design condition is intended to provide conveyance of 
surcharging runoff from the storm sewer systems should they become obstructed. 
 
Therefore, with reference to Table 6, the design flow considered for the northerly and southerly overland flow 
routes is 3.705 m3/s and 0.117 m3/s, respectively. The proposed geometry, design flow, and the resulting full-
flow capacity and velocity of each overland flow route is summarized in Table 9 below. The Manning’s ‘n’ of a 
turfstone-lined channel is considered to be comparable to that of a rip rap-lined channel. 
 

Table 9: Summary of Proposed Overland Flow Route Designs 

Design Parameter Unit Northerly Overland Flow Route Southerly Overland Flow Route

Bottom Width m 3 0.5 

Minimum Depth m 0.4 0.3 

Side Slope H:V 3:1 3:1 

Top Width m 5.4 2.3 

Longitudinal Slope % 3 – 4.1 5.4 

Channel Lining N/A Turfstone 150 mm Ø Rip Rap 

Manning’s n Unitless 0.035* 0.035* 

Design Flow m3/s 3.705 0.117 

Minimum Full-Flow 
Capacity** 

m3/s 3.757 0.873 

Maximum Full-Flow 
Velocity*** 

m/s 2.6 2.1 

* As provided by MTO Design Chart 2.01 
** Based on minimum longitudinal slope 
*** Based on maximum longitudinal slope 

 
As shown in Table 9 above, the proposed northerly and southerly overland flow routes are expected to provide 
adequate capacity to convey the runoff draining from the tributary lands of their respective storm sewer system, 
during the 100-year design storm event.  
 
From Section 3.3 of WC-3 of the Highway Drainage Design (HDD) Standards published by the MTO, a nominal 
stone size of 100 mm Ø and 200 mm Ø, are believed to provide scour and erosion protection for velocities of up 
to 2.0 m/s and 2.6 m/s, respectively. Therefore, the proposed lining material of each overland flow route is 
expected to prevent the effects of erosion due to the conveyance of the full-flow velocities.  
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4.7 Analysis of SWM Facility’s Significant Design Features 
 
4.7.1 Forebay Design 
 

A forebay is proposed within the northeasterly corner of the SWM facility to encourage the removal of pollutants 
from runoff discharging to it. The forebay is proposed to be located immediately downstream of the primary and 
secondary storm sewer outlets, and the northerly overland flow route. The Stormwater Management Planning 
and Design (SWMPD) Manual, published by the MECP, provides design element requirements and calculations 
related to forebay design.  
The proposed forebay design is compared with the requirements of the SWMPD Manual in Table 10 below; 
supporting calculations are provided as Appendix F. 
 

Table 10: Summary of Proposed and Required Forebay Design 

Design Parameter Unit Required by SWMPD Manual Provided by Proposed Design 

Minimum Depth m 1 1 

Minimum Length to 
Width Ratio 

L:W 2:1 3:1 

Minimum Settling 
Length 

m 33.0 57.0 

Minimum Dispersion 
Length* 

m 47.9 57.0 

Minimum Forebay Deep 
Zone Width 

m 6 11.5 

Flow Velocity through 
Forebay* 

m ≤ 0.15 ≤ 0.14 

* SWMPD Manual requires that the dispersion length be “calculated for the [inlet] pipe design capacity unless 
the pipe is designed for storms larger than a 10 year return period. In cases where the pipe conveys flows in 
excess of a 10 year storm, the dispersion length should be calculated for 10 year flows.” 
 

Calculations conservatively considered the design flow to be equal to the combined flow capacity provided by 
the storm sewer system outlet pipes.  

 
As shown in Table 10 above, the proposed forebay design is expected to meet the requirements of the SWMPD 
Manual. 

 
4.7.2 Drawdown Time 
 

The SWMPD Manual requires a minimum drawdown time (detention time) of 24 hours within the active storage 
portion of a wetland-type facility. Using the method provided by the SWMPD Manual, a linear regression analysis 
was completed for the relationship of the proposed SWM facility’s pond surface area and pond depth within the 
portion of the active storage governed by the first controlled outlet. The linear regression analysis is provided as 
part of Appendix G.  
 
Equation 4.11 of the SWMPD Manual (Section 4.6.2) provides the following calculation to estimate the drawdown 
time within a SWM facility if the relationship between the pond surface area and pond depth is known (as 
determined through linear regression): 
 

t = 
0.66 C2h1.5+2C3h0.5

2.75Ao
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Where: t  = drawdown time (s) 
Ao

 = cross-sectional area of orifice = 0.031 m2  
 (first controlled outlet = 200 mm Ø) 
h = maximum water elevation above the orifice centroid = 0.96 m  
 (modelled 2-year design storm event ponding elevation = 412.76 m 
C2

 = slope coefficient from the area-depth linear regression = 2602.2 
 (as determined through linear regression) 
C3

 = intercept from the area-depth linear regression = 5661.1 
 (as determined through linear regression) 

 
From calculation of Equation 4.11 of the SWMPD Manual using the information provided above, it is estimated 
that the drawdown time for the maximum ponding elevation within the proposed SWM facility, during a 2-year 
design storm event, is approximately 41 hours (147,104 seconds); greater than the minimum 24-hour drawdown 
time required by the SWMPD Manual. 

 
4.7.3 Active Storage Depth 
 

The SWMPD Manual, states that “the depth of 1 metre is appropriate as a generic value for most wetland 
designs, the depth of the extended detention storage should be based on the planting strategy that is chosen for 
the wetland”. During the 10-year design storm event, the maximum active storage depth within the SWM facility 
is considered to be approximately 1.18 m (413.18 m – 412.00 m). Since the modelled maximum active storage 
depth during the 10-year design storm event is not believed to be significantly greater than the recommended 
generic value, it is reasonable to consider it adequate. Nonetheless, this depth is to be considered in the selection 
of planting species within the SWM facility. 

 
4.7.4 Maintenance and Operation 
 

Access to the SWM facility is provided from Street ‘D’ via a 3.0 m-wide turfstone-lined lane. Around the perimeter 
of the SWM facility, a 3.0 m-wide gravel access road is proposed at grades considered adequate for traversing 
by vehicle. Grassed berms within the SWM facility are also proposed to be 3.0 m wide. The maximum side slope 
proposed along SWM facility’s banks is 5:1; a 6:1 side slope is proposed for the portion of the bank located 
adjacent to the SWM facility’s outlet system. The proposed access ways and bank side slope would provide 
adequate access for maintenance operations within the SWM facility. 
 
The SWM facility’s outlet system is designed to improve the prevention and management of outlet clogging. The 
risk of the outlet piping clogging is expected to be minimal given that it is proposed to be installed within structures 
(DDICB and DICBMH) having grated inlets and minimum 0.6 m-deep sumps. As typical of SWM facility 
maintenance, sediment captured within the structures’ sumps is to be removed periodically. Additionally, the 
second controlled outlet consists of twin outlet pipes which would further reduce the risk of the outlet system 
becoming completely clogged. If clogging were to occur, it would therefore be expected to most likely occur at 
the grate inlets of the DDICB and DICBMH. However, given their relatively large grates (1200 mm x 600 mm), 
their complete obstruction is considered improbable; ponding within the SWM facility would lower slowly over 
time. In the extreme case where the grate inlets of both structures (DDICB and DICBMH) were to become 
completely clogged (zero-flow condition), the proposed elevations of the structures and emergency overflow weir 
would control the ponding above the preceding clogged structure to a maximum ponding depth of approximately 
1.15 m (1.15 m from emergency overflow weir to DICBMH’s lowest grate elevation, and 0.55 m between the 
lowest grate elevation of the DICBMH and DDICB). Given this relatively shallow depth and the 6:1 side slope of 
the bank near the outlet system, removal of clogs on the grates by hand (e.g., by raking) should be achievable.  
 

  



STORMWATER MANAGEMENT REPORT 

MOUNT FOREST SUBDIVISION 

GMBP FILE: 318049 

REVISED: MARCH 2021 

 

 PAGE 20 OF 26 

A minor berm is proposed to span between the two main berms of the SWM facility immediately downstream of 
the forebay area. The elevation of the top of the minor berm is proposed to be equal to that of the permanent 
pool surface (411.00 m). The minor berm would allow for the isolation of the forebay from the SWM facility’s 
main pond area, should either need to be drained for maintenance operations (e.g. sediment removal), while not 
encouraging the ‘short-circuiting’ of flows through the SWM facility during normal operations. Drainage of either 
area would be achieved through pumping. The 3.0 m-wide access road proposed around the perimeter of the 
SWM facility provides a staging area for pumping operations, and the maximum 5:1 side slope of the SWM 
facility’s banks allow for access to various ponding elevations. 
 
 

4.8 Analysis of Outlet Channel 
 
The outlet channel is proposed to convey the outflows of the proposed SWM facility and the runoff draining from 
adjacent external lands, to the Saugeen River. Runoff draining from the adjacent external lands is considered to 
drain to the outlet channel downstream of the proposed cooling trench section. Post-development MIDUSS 
modelling for the 100-year design storm event, provided as part of Appendix E, determined that the design flow 
within the proposed typical outlet channel section is approximately 1.653 m3/s. Modelling determined that the 
design flow within the cooling trench section is approximately 0.453 m3/s; the peak flow rate discharging from 
the SWM facility during the 100-year design storm event. 
 
The proposed geometry, design flow, and the resulting full-flow capacity and velocity of the typical outlet channel 
cross-section, as well as that of the cooling trench portion, are summarized in Table 11 below. 
 

Table 11: Summary of Proposed Outlet Channel Design 

Design Parameter Unit Cooling Trench Section Typical Outlet Channel Section 

Bottom Width m 2 1 

Depth m 0.4 0.5 

Side Slope H:V 5:1 5:1 

Top Width m 6 6 

Longitudinal Slope % 1 – 5 2 – 7.5 

Channel Lining N/A 300 mm Ø Rip Rap 500 mm Ø Rip Rap 

Manning’s n Unitless 0.035 – 0.040* 0.035 – 0.040* 

Design Flow m3/s 0.453 1.653 

Minimum Full-Flow 
Capacity** 

m3/s 1.643 2.692 

Maximum Full-Flow 
Velocity*** 

m/s 2.6 3.4 

* As provided by MTO Design Chart 2.01 
** Based on minimum longitudinal slope and Manning’s n = 0.040 
*** Based on maximum longitudinal slope and Manning’s n = 0.035
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As shown in Table 11 above, the proposed outlet channel is expected to provide adequate capacity to convey 
the runoff draining from the proposed SWM facility and adjacent external land, during the 100-year design storm 
event. Runoff surcharging from the outlet channel during design storm events of a greater return period, would 
spill over its northerly bank and be conveyed by existing grades within Blocks 271 and 273, as overland flow, to 
the Saugeen River; similar to this situation under existing conditions. The existing rail bed located along the 
southerly side of the proposed outlet channel, is expected to prevent runoff from spilling to the southerly adjacent 
properties. 
 
The rip rap lining of the outlet channel would promote aeration of, and prevent erosion by, the conveyed flows. 
From Section 3.3 of WC-3 of the HDD Standards, a nominal stone size of 300 mm Ø and 500 mm Ø, are 
considered to provide scour and erosion protection for velocities of up to 3.0 m/s and 4.0 m/s, respectively. 
Therefore, the rip rap diameters proposed within the outlet channel are expected to prevent the effects of erosion 
due to the conveyance of the full-flow velocities.  
The lining of the outlet channel with 500 mm Ø rip rap is proposed to extend to the outlet channel’s confluence 
with the Saugeen River. In doing so, the 500 mm Ø rip rap is expected to promote quick ‘mixing’ of the outlet 
channel’s discharge with the native river water; supporting the objectives of the previously completed EIA. 
 
 

5. ADDITIONAL CONSIDERATIONS FOR REAR-YARD AREAS ALONG NORTHERLY 
PROPERTY BOUNDARY 
 
As discussed in Section 3.2, along the northerly property boundary, catchbasins are proposed within some 
rear-yard areas as part of the primary storm sewer system. The storm sewer leads draining these rear-yard 
catchbasins to the trunk storm sewer portion of the primary storm sewer system, are designed with sufficient 
capacity to convey runoff draining from their respective rear-yard lands during a 100-year design storm event, 
provided there is capacity available within the trunk storm sewer portion. 
 
For conservative sizing, the design of the proposed SWM facility assumes that these rear-yard areas would drain 
to the SWM facility during all design storm events up to, and including, the 100-year design storm event. Based 
on the design of the proposed primary storm sewer system, adequate capacity is expected to be provided to 
convey runoff draining via these rear-yard catchbasins to the SWM facility as piped flow, during design storm 
events up to, and including, the 5-year return period, at minimum.  
 
During design storm events greater than the 5-year return period, the primary storm sewer may be surcharged, 
and adequate capacity may not be available within the trunk storm sewer portion to convey the runoff from the 
rear-yard catchbasins. In such an event, runoff may spill from these rear-yard areas to northerly adjacent lands. 
These rear-yard areas constitute a relatively small portion of the subject property’s total area and are only 
considered to drain to the northerly adjacent lands during relatively infrequent major design storm events.  
 
In consideration of this, additional modelling is provided to consider the post-development drainage from the 
rear-yard areas along the northerly property boundary during major design storm events; included as Appendix 
H. The catchments included within the additional modelling are shown on Figure No. 6, and catchments of note 
are described below: 
 
Catchment 120 – represents the portion of the subject property considered to drain uncontrolled to the Saugeen 
River, via the 130 South Water Street property, during major design storm events. In general, this includes the 
rear-yard areas of Lots 209 to 213 (expected to drain via the primary storm sewer system during design storm 
events up to, and including, the 5-year return period, at minimum), in addition to the post-development Catchment 
111 (expected to drain uncontrolled during all design storm events).  
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Catchment 121 – represents the portion of the subject property considered to drain uncontrolled to the Saugeen 
River, via the 250 Harris Street property, during major design storm events. In general, this includes the rear-
yard areas of Lots 149 to 154 and 196 to 200. Catchment 121 is expected to drain via the primary storm sewer 
system during design storm events up to, and including, the 5-year return period, at minimum.   
  
Catchment 122 – represents the portion of the subject property considered to drain uncontrolled to the Saugeen 
River, via the unopened Harris Street ROW, during major design storm events. In general, this includes the rear-
yard areas of Lots 140 to 144. Catchment 122 is expected to drain via the primary storm sewer system during 
design storm events up to, and including, the 5-year return period, at minimum.   
 
Catchment 123 – represents the portion of the subject property considered to drain uncontrolled to the Saugeen 
River, via the unopened portion of the South Water Street ROW, during major design storm events. In general, 
this includes the rear-yard areas of Lots 53 to 60, and 131 to 136, as well as the rear-yard area of Block 272 
(expected to drain via the primary storm sewer system during design storm events up to, and including, the 5-
year return period, at minimum), in addition to a portion of the post-development Catchment 110 (expected to 
drain uncontrolled during all design storm events). 
From the lots included within the above-listed catchments, the only impervious surfaces considered to be draining 
from them, are the rear halves of their proposed dwellings’ rooftops. However, the impervious level of these 
catchments is considered to vary from 35% to 50%. In addition, the entirety of the peak flow rates draining from 
each of the catchments, is assumed to drain to the northerly adjacent lands. The possible reduction in peak flow 
rates due to on-site temporary storage, provided by the rear-yard catchbasin structure, its outlet pipe and surface 
ponding above it (where applicable), was not considered by the modelling. Furthermore, the possible reduction 
in peak flow rates due to partial drainage of the rear-yard areas via the primary storm sewer system was not 
considered by the modelling.  
 
Relevant portions of the additional modelling, included as Appendix H, are summarized in Table 12 below. 
 

Table 12: Summary of Peak Flow Rate Results – Post-Development Conditions – Major Design Storm Events 

Outlet 

Return Storm Frequency (yr) 

10-year 25-year 50-year 100-year 

Peak flow rate draining uncontrolled from subject property 
to Saugeen River via the 130 South Water Street property 
– Catch. 120 (m3/s) 

0.045 0.058 0.067 0.077 

Peak flow rate draining uncontrolled from subject property 
to Saugeen River via the 250 Harris Street property – 
Catch. 121 (m3/s) 

0.017 0.022 0.026 0.030 

Peak flow rate draining uncontrolled from subject property 
to Saugeen River via the unopened Harris Street ROW – 
Catch. 122 (m3/s) 

0.018 0.022 0.026 0.029 

Peak flow rate draining uncontrolled from subject property 
to Saugeen River via the unopened portion of the South 
Water Street ROW – Catch. 123 (m3/s) 

0.064 0.082 0.096 0.109 

Total peak flow rate draining to Saugeen River from  
subject property* – Catch. 100A, 101, 102, 120, 121, 
122, 123, 124, 201, 202 (m3/s) 

0.340 0.513 0.582 0.679 
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Table 12: Summary of Peak Flow Rate Results – Post-Development Conditions – Major Design Storm Events 

Outlet 

Return Storm Frequency (yr) 

10-year 25-year 50-year 100-year 

Total peak flow rate draining to Saugeen River from 
modelled catchments* – Catch. 100A, 101, 102, 120, 
121, 122, 123, 124, 201, 202 (m3/s) (m3/s) 

0.730 1.260 1.498 1.764 

* Totaled peak flow rates draining from subject property may not necessarily equal the sum of the peak flow rates 
draining to each initial outlet due to the timing of peak flow hydrographs within the MIDUSS modelling. 

 
As shown in Table 12 above, in comparison to Table 6 of Section 4.5, the post-development peak flow rates 
draining from the subject property to the northerly adjacent lands, the overall post-development peak flow rates 
draining from the subject property, as well as the total post-development peak flow rates draining from the subject 
property and adjacent external lands to the Saugeen River, are expected to be less than, or equal to, existing 
conditions.  
 
Prevention of surcharging runoff spilling to the rear-yard areas from the trunk sewer portion of the primary storm 
sewer system, is expected to be provided via the installation of backflow preventors on the downstream end of 
the rear-yard catchbasin outlet pipes. 
 
 

6. STORMWATER QUALITY TREATMENT 
 

6.1 Thermal Mitigation 
 

Runoff draining from the outlet system of the SWM facility, is proposed to discharge to the surface of the cooling 
trench. The cooling trench generally consists of a 50 mm Ø clear stone trench, enveloped in geotextile fabric on 
all sides and bottom, overlain by a layer of rip rap. 
 
The rip rap layer is intended to prevent washout of the clear stone layer by SWM facility outflows. The rip rap 
layer is also expected to prevent warming of the sub-surface clear stone layer by solar energy. As runoff is 
discharged from the SWM facility, its velocity is expected to be slowed by the rip rap layer and encouraged to 
percolate to the clear stone layer below. A relatively mild slope of 1% is proposed at the surface of the rip rap 
layer to further promote percolation.  
 
As runoff drains downward through the clear stone layer, its thermal energy is expected to be transferred to the 
surrounding clear stone prior to draining from the trench. The proposed minimum dimensions of the clear stone 
trench are 15 m-long x 2 m-wide x 0.9 m-deep. 
 
According to the Study Report: Thermal Impacts of Urbanization including Preventative and Mitigation 
Techniques document, published by Credit Valley Conservation in January 2011, a recommended maximum 
discharge temperature to a waterbody having a cool-water thermal regime, could be expected to be 22º C. Using 
cooling trench sizing calculations provided by the same document, the thermal energy reduction provided by the 
proposed minimum cooling trench dimensions was determined; calculations are provided as Appendix I.  
 
Based on these calculations, the available heat transfer rate within the cooling trench, is approximately 3.8 times 
greater than that required to reduce an inflow temperature of 31º C, to an outflow temperature of 15º C, assuming 
an isothermal clear stone temperature of 15 º C. 
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Furthermore, as discussed in the previously completed EIA, the proposed outlet channel “can also aid in 
discharge water thermal regulation, as outflow waters will be shaded during much of the summer season under 
the semi-closed forest canopy cover before reaching the South Saugeen River”. 
 

6.2 Total Suspended Solids (TSS) Removal 
 

Stormwater quality treatment for runoff discharging from the proposed development is to be provided by the 
proposed SWM facility, prior to discharging to the proposed outlet channel and, ultimately, the Saugeen River. 
An approximately 29.11 ha area, having an impervious level of approximately 61%, is considered to drain to the 
proposed SWM facility under post-development conditions. 
 
The SWMPD Manual recommends that, for wetlands to provide an “Enhanced” level of water quality treatment 
(80% TSS removal rate), the facility should be sized with sufficient storage volume for 105 m3/ha and 120 m3/s, 
for a 55% and 70% upstream impervious level, respectively. Of these storage volume requirements, 40 m3/ha is 
to be provided as active storage. 
 
Therefore, through interpolation due to the impervious level, the proposed wetland should provide a minimum 
71 m3/ha, or 2,067 m3, and 40 m3/ha, or 1,165 m3, of permanent and active storage volumes, respectively, to 
provide the recommended 80% TSS removal rate given its tributary area. The proposed design of the wetland 
provides approximately 2,565 m3 of permanent storage volume, and approximately 5,483 m3 of active storage 
at the modelled 2-year ponding level. Therefore, the proposed SWM facility is expected to provide an “Enhanced” 
level of water quality treatment, prior to discharging to the proposed outlet channel. 
 
The proposed impervious surfaces within the portions of the subject property expected to drain uncontrolled from 
the subject property, generally consist of rooftop surfaces. Rooftop runoff is generally considered to be ‘clean’ 
runoff and is not typically associated with conveying significant TSS levels. Furthermore, the rooftop runoff is 
proposed to be conveyed along, and filtered by, grassed surfaces prior to discharging from the subject property. 
 
Overall, runoff draining from the subject property is expected to be treated to an Enhanced level of water quality 
treatment prior to discharging to the Saugeen River. 

 

 

7. TEMPORARY SEDIMENT AND EROSION CONTROL 
 

The SWM facility is proposed to be constructed as part of Phase 1 of the subdivision’s construction, allowing for 
site runoff to be routed through it, and receive water quality treatment, prior to discharging from the subject 
property. 

 

Primary sediment control is to be achieved through the installation of heavy-duty silt fence (OPSD 219.130) 
along the subject property’s boundaries and upstream of retained treed areas as per the remedial tree planting 
plan. The temporary silt fencing is to be placed prior to any site works and maintained over the duration of the 
project. 

 

Temporary straw bale flow check dams (OPSD 219.180) are proposed to be installed in rear- and side-yard 
swales along the northerly portion of the subject property and upstream of storm sewer structures located within 
landscaped areas. The temporary straw bale flow check dams, installed after initial grading, would slow flow 
velocities through these swales and promote the settling out of waterborne sediments prior to reaching temporary 
silt fencing or the proposed SWM facility. 

 

Geotextile (filter cloth) is proposed to be installed beneath the grates of all storm sewer structures to filter 
sediments from runoff entering the proposed storm sewer systems. 
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Topsoil stockpiles are to be located away from storm sewer inlets, ditches or road allowances and seeded to 
prevent erosion. Light-duty silt fence is to be installed around the bases of the stockpiles with perimeter swales 
draining to temporary settling areas. 

 

Inspection and maintenance of all erosion control measures is proposed to start after installation is complete. 
They are proposed to be inspected on a weekly basis during active construction or after a rainfall event of 13 mm 
or greater. Sediment is to be removed when accumulation reaches a maximum of one-half the height of the silt 
fencing height. Clogged filter materials, such as crushed stone, straw bales or geotextile (filter cloth), is to be 
replaced as required. Maintenance is to be carried out, within 48 hours, on any part of the features found to need 
repair. The Contractor shall be responsible for adding and modifying erosion control measures to ensure 
adequate erosion control, to the satisfaction of the Township. 

 

Erosion control measures are proposed to remain in place until all disturbed ground surfaces have been 
stabilized either by paving or restoration of vegetative ground cover. Upon removal, sediment accumulated within 
sediment within erosion control measures is to be removed. 

 

8. SUMMARY 
 
Avila Investments Ltd. proposes to construct a residential and commercial subdivision on their property located 
within the southerly part of Mount Forest within the Township of Wellington North (Township), ON. As part of the 
proposed development of the approximately 31.13 ha subject property, two (2) commercial blocks and 411 
residential units are planned within the subdivision. 
 
Upon completion of the proposed development; 

 
1. Total post-development peak flow rates draining from the subject property to the Saugeen River are 

expected to be attenuated to less than the existing peak flow rates for all of the following design storm 
event return periods: 2-, 5-, 10-, 25-, 50- and 100-year. 
 

2. In addition, for the 2-, 5-, 10-, 25-, 50-, 100-year design storm events, post-development peak flow rates 
draining from the subject property, are expected to be attenuated to less than, or equal to, the existing 
peak flow rates draining to the following outlet locations within the northerly adjacent lands: 
 

A. 130 South Water Street property 
B. 250 Harris Street property 
C. Unopened Harris Street ROW 
D. Unopened portion of the South Water Street ROW 

 
3. The proposed on-site storm sewer systems draining to the proposed SWM facility, are expected to 

convey the runoff associated with a 5-year design storm event, at minimum.  
 

4. The proposed SWM facility is expected to provide adequate capacity via its overflow weir to convey the 
runoff draining to it during the 100-year design storm event; should the outlet system of the SWM facility 
become obstructed. 

 

5. An “Enhanced” level of water quality treatment (80% TSS Removal) is expected to be provided for runoff 
draining from the proposed development prior to discharging from the subject property. 
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6. The design of the proposed outlet channel is expected to

a. Provide adequate capacity to convey the runoff draining from the proposed SWM facility and
adjacent, external lands during the 1OO-year design storm event;

b. lncorporate design aspects recommended by the previously completed ElA, in support of its
objectives; and,

c. Provide thermal controls to reduce thermal impacts to runoff draining from the developed
portions of the subject property prior to discharging to the Saugeen River, mainly via the
installation of a cooling trench.

All of which is respectfully submitted,

GM BLUEPLAN ENGINEERING LIMITED
Prepared by: tu
lan Eriksen, P.Eng.

OF

I. E. ERIKSEN
100128824
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APPENDIX A:  
STAGE-STORAGE-DISCHARGE CALCULATIONS  



ELEVATION INCR. SURFACE INCR. ACCUM. ACCUM.
DEPTH AREA STORAGE PERMANENT ACTIVE

VOLUME STORAGE STORAGE
VOLUME VOLUME

(m) (m) (m2) (m2) (m3) (m3)

410.70 0.00 0 0 0 0 B/ Forebay and Stilling Basin
410.80 0.10 715 69 69 0
410.90 0.20 765 74 143 0
411.00 0.30 817 79 222 0
411.10 0.40 869 84 306 0
411.20 0.50 922 90 396 0
411.30 0.60 975 95 491 0
411.40 0.70 1030 100 591 0
411.50 0.80 1086 106 697 0
411.60 0.90 1142 111 808 0
411.70 1.00 1200 117 925 0 B/ Pond outside of Forebay and Stilling Basin
411.80 1.10 5320 517 1443 0
411.90 1.20 5613 547 1989 0
412.00 1.30 5906 576 2565 0 B/ Active Storage; T/G First Controlled Outlet Structure
412.10 1.40 6200 605 2565 605
412.20 1.50 6494 635 2565 1240
412.30 1.60 7316 664 2565 1904
412.40 1.70 7507 741 2565 2645
412.50 1.80 7701 760 2565 3406
412.60 1.90 7898 780 2565 4186
412.70 2.00 8096 800 2565 4985
412.80 2.10 8296 820 2565 5805
412.90 2.20 8497 840 2565 6645
413.00 2.30 8701 860 2565 7504
413.10 2.40 8906 880 2565 8385
413.15 2.45 9010 451 2565 8835 T/G Second Contolled Outlet Structure
413.20 2.50 9114 451 2565 9286
413.30 2.60 9324 922 2565 10208
413.40 2.70 9535 943 2565 11151
413.50 2.80 9749 964 2565 12115
413.60 2.90 9965 986 2565 13101
413.70 3.00 10183 1007 2565 14108 T/ Weir (Third Outlet)
413.80 3.10 10405 1029 2565 15137 Overflow
413.90 3.20 10670 1054 2565 16191 Overflow
414.00 3.30 10964 1080 2565 17271 Overflow; T/Pond

Orifice Dia. = 200 mm
Orifice Area = 0.031 m2 Top of Bank = 414.00 m

Coefficient = 0.8 Spill Elevation = 413.70 m
Invert Elev = 411.70 m H = 0.30 m

2g = 19.612
Length at Base = 9 m

Orifice Dia. = 250 mm Maximum Side Slopes = 20 :1
Orifice Area = 0.049 m2 Minimum Length at T/ Bank = 21 m

Coefficient = 0.8 Weir Coefficient = 1.7
Invert Elev = 411.55 m QMAX - WEIR = 4.190 m3/s

FIRST SECOND THIRD TOTAL
ELEV STAGE STORAGE OUTLET OUTLET OUTLET OUTLET

FLOW FLOW FLOW FLOW

(m) (m) (m3) (m3/s) (m3/s) (m3/s) (m3/s) 
412.00 0.00 0 0.000 0.000 0.000 0.000 B/ Active Storage; T/G First Controlled Outlet Structure
412.10 0.10 605 0.061 0.000 0.000 0.061
412.20 0.20 1240 0.070 0.000 0.000 0.070
412.30 0.30 1904 0.079 0.000 0.000 0.079
412.40 0.40 2645 0.086 0.000 0.000 0.086
412.50 0.50 3406 0.093 0.000 0.000 0.093
412.60 0.60 4186 0.100 0.000 0.000 0.100
412.70 0.70 4985 0.106 0.000 0.000 0.106
412.80 0.80 5805 0.111 0.000 0.000 0.111
412.90 0.90 6645 0.117 0.000 0.000 0.117
413.00 1.00 7504 0.122 0.000 0.000 0.122
413.10 1.10 8385 0.127 0.000 0.000 0.127
413.15 1.15 8835 0.129 0.000 0.000 0.129 T/G Second Contolled Outlet Structure
413.20 1.20 9286 0.000 0.430 0.000 0.430
413.30 1.30 10208 0.000 0.443 0.000 0.443
413.40 1.40 11151 0.000 0.457 0.000 0.457
413.50 1.50 12115 0.000 0.470 0.000 0.470
413.60 1.60 13101 0.000 0.483 0.000 0.483
413.70 1.70 14108 0.000 0.495 0.000 0.495 T/ Weir (Third Outlet)
413.80 1.80 15137 0.000 0.507 0.591 1.098 Overflow
413.90 1.90 16191 0.000 0.519 1.977 2.496 Overflow
414.00 2.00 17271 0.000 0.530 4.190 4.720 Overflow; T/Pond

STAGE-STORAGE-DISCHARGE CALCULATIONS

MOUNT FOREST SUBDIVISION
TOWNSHIP OF WELLINGSTON NORTH

OUR FILE: 318049
FEBRUARY 2020

SWM FACILITY - BLOCK 273

STORAGE VOLUME CALCULATIONS

FIRST CONTROLLED OUTLET (ORIFICE TUBE)
THIRD OUTLET (WEIR)

SECOND CONTROLLED OUTLET (TWIN ORIFICE TUBES)



 

 

APPENDIX B:  
MTO IDF CURVE LOOKUP RESULTS  



Active coordinate 
43° 58' 15" N, 80° 43' 45" W (43.970833,-80.729167) 

Retrieved: Thu, 19 Dec 2019 18:29:40 GMT 

Location summary 

These are the locations in the selection. 

IDF Curve: 43° 58' 15" N, 80° 43' 45" W (43.970833,-80.729167) 

Results 

An IDF curve was found. 

Coordinate: 43.970833, -80.729167
IDF curve year: 2010 

Map data ©2019 GoogleReport a map error

100-yr

50-yr

25-yr

10-yr

5-yr

2-yr

10 100 1,000

10

100

Duration (mins)

Page 1 of 2IDF Curve Look-up - Ministry of Transportation

12/19/2019http://www.mto.gov.on.ca/IDF_Curves/results_out.shtml?coords=43.970854,-80.729423



Coefficient summary 

IDF Curve: 43° 58' 15" N, 80° 43' 45" W (43.970833,-80.729167) 

Retrieved: Thu, 19 Dec 2019 18:29:40 GMT 

Data year: 2010
IDF curve year: 2010 

Return period 2-yr 5-yr 10-yr 25-yr 50-yr 100-yr

A 23.3 30.8 35.8 42.1 46.7 51.3

B -0.699 -0.699 -0.699 -0.699 -0.699 -0.699

Statistics 

Rainfall intensity (mm hr-1) 

Duration 5-min 10-min 15-min 30-min 1-hr 2-hr 6-hr 12-hr 24-hr

2-yr 132.3 81.5 61.4 37.8 23.3 14.4 6.7 4.1 2.5

5-yr 174.9 107.8 81.2 50.0 30.8 19.0 8.8 5.4 3.3

10-yr 203.3 125.3 94.3 58.1 35.8 22.1 10.2 6.3 3.9

25-yr 239.1 147.3 110.9 68.3 42.1 25.9 12.0 7.4 4.6

50-yr 265.3 163.4 123.1 75.8 46.7 28.8 13.3 8.2 5.1

100-yr 291.4 179.5 135.2 83.3 51.3 31.6 14.7 9.0 5.6

Rainfall depth (mm) 

Duration 5-min 10-min 15-min 30-min 1-hr 2-hr 6-hr 12-hr 24-hr

2-yr 11.0 13.6 15.4 18.9 23.3 28.7 40.0 49.2 60.6

5-yr 14.6 18.0 20.3 25.0 30.8 37.9 52.8 65.1 80.2

10-yr 16.9 20.9 23.6 29.1 35.8 44.1 61.4 75.6 93.2

25-yr 19.9 24.6 27.7 34.2 42.1 51.9 72.2 88.9 109.6

50-yr 22.1 27.2 30.8 37.9 46.7 57.5 80.1 98.7 121.6

100-yr 24.3 29.9 33.8 41.6 51.3 63.2 88.0 108.4 133.5

Terms of Use 

You agree to the Terms of Use of this site by reviewing, using, or interpreting these data. 

Ontario Ministry of Transportation | Terms and Conditions | About
Last Modified: September 2016 

Page 2 of 2IDF Curve Look-up - Ministry of Transportation

12/19/2019http://www.mto.gov.on.ca/IDF_Curves/results_out.shtml?coords=43.970854,-80.729423



 

 

 
APPENDIX C:  

TESTHOLE LOCATIONS AND LOGS 
Provided as part of the Geotechnical Investigation (dated April 15, 2019) and Amendment to 

Geotechnical Investigation letter (dated October 24, 2019) prepared by CMT Engineering Inc.  











































 

 

 
APPENDIX D:  

MIDUSS MODELLING – EXISTING CONDITIONS 
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MIDUSS MODELLING – POST-DEVELOPMENT CONDITIONS 
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APPENDIX F:  

FOREBAY DESIGN CALCULATIONS 
 



= 57.0 m (Dist)

= 17.5 m

= 1.0 m (d)

= 11.5 m

= 827 m3

≈ 3 :1 (r)

= 0.109 m3/s (Qp)

= 2.923 m3/s
= 0.068 m3/s
= 2.991 m3/s (Qi)

= 0.5 m/s (Vf)

= 0.0003 m/s (Vs)

Dist1 = ((r x Qp)/Vs)
0.5 = 33.0 m

Dist2 = (8 x Qi)/(d x Vf) = 47.9 m

Width = Dist2 / 8 = 6.0 m

= 15 m2

= 22 m2 (A)

= 2.991 m3/s (Q5)

Velocity = Q5 / A = 0.14 m/s

2 Year Design Storm Event
Peak Outflow from SWM Facility

MOUNT FOREST SUBDIVISION

Approximate Permanent Forebay Pool Volume

FOREBAY DESIGN CALCULATIONS

DESIGN PARAMETERS

JANUARY 2021
OUR FILE: 318049

TOWNSHIP OF WELLINGSTON NORTH

Average Forebay Length (at bottom)

Active Forebay Bottom Width

Forebay Depth 

Forebay Top Width  

Length to Width Ratio

SETTLING LENGTH

Capacity of 1350 mm Ø @ 0.3%

Capacity of 300 mm Ø @ 0.5%

Proposed forebay length exceeds the required settling length of 33.0 m

Desired Settling Velocity (recommended)

Desired Forebay Velocity (recommended)

Total Inlet Flow Rate

MINIMUM FOREBAY DEEP ZONE WIDTH

The average flow velocity through the forebay is less than the allowable velocity of 0.15 m/s

Proposed forebay deep zone bottom width exceeds the required deep zone bottom width

Proposed forebay length exceeds the required dispersion length of 47.9 m

DISPERSION LENGTH

Qi

Cross-sectional Area of Forebay (with Permanent Pool)

Cross-Sectional Area of Forebay

FLOW VELOCITY THROUGH FOREBAY



 

 

 
APPENDIX G:  

DRAWDOWN TIME CALCULATIONS 
 



412.00 0.20 5906

412.10 0.30 6200

412.20 0.40 6494

412.30 0.50 7316

412.40 0.60 7507

412.50 0.70 7701

412.60 0.80 7898

412.70 0.90 8096

412.80 1.00 8296

412.90 1.10 8497

413.00 1.20 8701

413.10 1.30 8906

413.15 1.35 9010

Orifice Diameter 200 mm
Orifice Area 0.03142 m2

Orifice Inv. 411.70 m

Orifice Centroid 411.80 m

C2 2602.2 (for Eq. 4.11)
C3 5661.1 (for Eq. 4.11)

2 year 412.76 0.96 147,104 41
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C
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MOUNT FOREST SUBDIVISION

FEBRUARY 2020
OUR FILE: 318049

TOWNSHIP OF WELLINGSTON NORTH

MINIMUM DRAWDOWN TIME CALCULATIONS

Elevation
(m)

Height of Water 
above Centroid of 
First Orifice Outlet

(m)

Surface
Area 

(m2)

Results of Linear Regression

Using Eq. 4.11 from MECP's Stormwater Management Planning and Design Manual

Design Storm Event
Max. Water Elevation 

Within Pond
(m)

Max. Water 
Elevation above the 

Orifice Centroid
(m)

Drawdown Time
(s)

Drawdown Time
(h)

y = 2602.2x + 5661.1
R² = 0.9583
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Surface Area-Depth Relation of SWM Facility



 

 

 
APPENDIX H:  

MIDUSS MODELLING – POST-DEVELOPMENT CONDITIONS – 
MAJOR DESIGN STORM EVENTS 
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APPENDIX I:  

COOLING TRENCH SIZING CALCULATIONS 
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COOLING TRENCH CALCULATIONS 
 
Assumptions: 

 Solid media (clear stone) in trench is isothermal (i.e. at a constant temperature) 
and spherical 

 Temperature of fluid moving through trench is constant and is approximated as the 
average inlet and outlet temperature 

 Thermal conductivity of clear stone is comparable to that of granite 
 A temperature of 273.15 K is equivalent to 0°C 

 
Schematic: 
 
            SIDE VIEW         FRONT VIEW 
 
    
 
    
      D      D 
 
 
 
 
           L                 W 
 
 
Design Variables – Temperatures and Flows: 

Q = design flow rate through cooling trench 
= peak outflow from SWM facility during 2-year design storm event 
= 0.109 m3/s 
 

TIN = temperature of inflow 
= 31°C 
= 303 K 
 

TOUT = temperature of outflow  
= 15°C 
= 288 K 
 

TAVG = average temperature of inflow and outflow 
= 23°C 
= 296 K 
 

TSTONE = average temperature of clear stone 
= 15°C 
= 288 K 

CLEAR 
STONE QOUT @ TOUT 

CLEAR 
STONE 

QIN @ TIN 

Downwards Percolation Downwards Percolation 
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Design Variables – Geometry of Cooling Trench: 

L = length of clear stone within cooling trench of cooling trench 
= 15 m 
 

W = width of clear stone layer within cooling trench 
= 2 m 
 

D = depth of clear stone layer within cooling trench 
= 0.9 m 
 

Dia. = diameter of clear stone within cooling trench 
= 50 mm 
= 0.050 m 
 

 
Design Variables – Physical/ Thermophysical Properties of Fluid (Water): 

  

 
 

Source  

ρ = fluid density 
= 998 kg/m3 for water at 293 K 
 

[1] 
 

ν = kinematic viscosity 
= 1.005 x 10-6 for water at 293 K 
 

[1] 
 

Cp = specific heat of fluid 
= 4,181 kJ/kg•K for water at 295 K 
 

[2] 
 

Prf = Prandtl number of fluid 
= 6.62 for water at 295 K 
 

[2] 
 

K = thermal conductivity of solid media 
= 2.79 W/m•K for granite [2] 

 

 
Sources: 
[1] F. M. White, Fluid Mechanics, 5th ed. Boston, MA: McGraw-Hill, 2003. 
[2] T. L. Bergman, A. S. Lavine, F. P. Incropera, and D. P. DeWitt, Fundamentals of Heat 
and Mass Transfer, 7th ed. Hoboken, NJ: John Wiley & Sons, 2011. 
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Analysis: 
 
Required Heat Transfer Rate 
 
Calculate the required heat transfer rate (qr) using the following equation: 
 

qr = m ̇ Cp ΔT 
 

Eq. 1 

qr = Q ρ Cp (T୍ ୒ − T୓୙୘)  
 

qr =ቀ0.109
m3

s
ቁ ቀ998

kg

m3ቁ ቀ4,181
J

kg ⋅ K
ቁ (303 K − 288 K) 

 
qr= 6,822,263 J/s 
 
qr= 6,822,263 W 
 

 

Where: 
𝑚̇ = mass flow rate (kg/s) 

 
Therefore, the heat transfer rate required to reduce the temperature of water to 294 K 
(21°C) from 314 K (41°C), given the design flow rate of 0.109 m3/s, is approximately 
9,096,351 W. 
 
 
Available Heat Transfer Rate 
 
Calculate the available heat transfer rate (qa) using the following equation: 
 

qa = hs As (TAVG − TSTONE) Eq. 2 
 
Where: 

hs = convective heat transfer coefficient for clear stone ቀ
W

m3⋅K
ቁ 

As = surface area of clean stone particles (m2) 
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Step 1 
Approximate the available surface area of the clear stone within the cooling trench using 
the following equation: 
 

As = surface area of one particle • total estimated number of particles 
 

As = ൫𝜋 • Dia.2൯ ቀ
L

Dia.
•

W

Dia.
•

H

Dia.
ቁ 

 

 
 
 

Eq. 3 

As = 𝜋 • 
L• W • D

Dia.
 

 

As = 𝜋 • 
15 m • 2 m • 0.9 m

0.050 m
 

 
As = 1,696 m2 

 

 
Therefore, the total available surface area of the clear stone particles is approximated 
as 1,696 m2. 
 
 
Step 2 
Estimate the convective heat transfer coefficient of the clear stone particles using the 
equation: 
 

hs = ൬0.97 + 0.68 ቀ
V • Dia.

ఔ
ቁ

0.5
൰

 K • Prf
0.3

Dia.
 

Eq. 4 

 
Note: The equation used to estimate the heat transfer coefficient (hs) utilizes Kramer’s 

Correlation for flow of liquids past spheres, for which 1 < Re < 2000.  
 
Where: 

V = velocity of fluid through trench (m/s) 
 
 
Calculate V using the following equation: 
 

V = 
Q

Aflow
 Eq. 5 

 
Where: 

Aflow = available flow area through trench (m²) 
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Calculate Aflow using the following equation: 

 
Aflow = cross-sectional area of trench – cross-sectional area of particles 
 
Aflow = section area – cross-sectional area of single sphere • est. number of spheres in section 
 

Aflow =  (L •  W) – ቀ
஠ • ୈ୧ୟ.మ

ସ
ቁ ቀ

୐

ୈ୧ୟ.
 •  

୛

ୈ୧ୟ.
ቁ Eq. 6 

 

Aflow =L • W ቀ1 −
஠

ସ
ቁ 

 
 
Substitute equation for Aflow (Eq. 6) into the equation for V (Eq. 5) and solve:  
 

V = 
Q

L • W ቀ1 ି 
π
4

ቁ
 

 

Eq. 7 

V = 
0.109  

m3

s

(15 m • 2 m)ቀ1 ି 
π
4

ቁ
 

 

 

V = 0.017 
௠మ

௦
  

Therefore, the velocity of fluid through the trench is approximately 0.017 
௠మ

௦
  

(Confirm Reynolds Number; Re = 845) 
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Step 3 
 
Solve Eq. 4 using the results of Eq. 7 
 

hs = ൬0.97 + 0.68 ቀ
V • Dia.

ఔ
ቁ

0.5
൰

 K • Prf
0.3

Dia.
 

Eq. 4 

 

hs =  ቌ0.97 + 0.68 ൭
0.017 

m2

s
 • 0.050 m

1.005×10-6 
m3

s

൱

0.5

ቍ
2.79

W
m ⋅ K

 •  6.620.3

0.050m
 

 

hs =  2,041 
W

m2⋅K
 

 
Therefore, the heat transfer coefficient (ℎ௦) for clean stone particles is approximately 

2,041 
W

m2⋅K
 

 
 
Calculate the available heat transfer rate (qa) using the following equation: 
 
 

qa = hs As (TAVG − TSTONE) Eq. 2 
 

qa = ቀ2,041
W

m2⋅K
ቁ ൫1,696 m2൯(296 K − 288 K) 

 

 

qa = 27,692,288 J/s 
 
qa = 27,692,288 W 
 

 

Therefore, the heat transfer rate available to reduce the temperature of water to 294 K 
(21°C) from 314 K (41°C), given the design flow rate of 0.109 m3/s, is approximately 
27,692,288 W. 
  
 
 
 
 
 
 
 
 
 
 



STORMWATER MANAGEMENT REPORT 

MOUNT FOREST SUBDIVISION 

GMBP FILE: 318049 

FEBRUARY 2020 

 

 PAGE 7 OF 7 

 

Factor of Safety (FS) 
 

FS = 
௤ೌ

௤ೝ
 

 

Eq. 8 

FS = 
27,692,288 w

9,096,351 w
 

 

 

FS = 3.8 
 

 
 
 

 

Conclusion: 
 
Since the available heat transfer rate of approximately 27,692,288 W is greater than the 
required transfer rate of approximately 9,096,351 W, it is expected that a cooling trench 
having the proposed dimensions and clear stone diameter, has the ability to reduce the 
temperature of inflows to 294 K (21°C) from 314 K (41°C), for a design flow of 
approximately 0.109 m3/s. 
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