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1 Introduction and Background

Jewell Engineering Inc. (Jewell) was retained by Campfire Circle (the Client) to provide the
Stormwater Management requirements to support the Site Plan Application approval of the
property at 565 Wesley Acres Road in Bloomfield, Ontario, for a proposed Overnight
Campground Development. The development includes 33 proposed buildings to provide
sleeping accommodations, amenities, and activities for approximately 400 campers and staff.
The Site Plan is attached to this report in Appendix A.

Campfire Circle

Gobgle Earth

Figure 1-1: Development Site Location (Google, Maxar Tech 2018)

The objective of this Stormwater Management Report is to establish the stormwater
management requirements and propose effective solutions.

Belleville, ON
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2 Existing Conditions

The proposed development is situated on a mix of cultivated fields, forest and rural recreational
cabins, with frontage on Wesley Acres Road, waterfront access to West Lake along the south
property line, and a Provincially Significant Wetland in the northwest/northeast sections of the
property.

The topography of the site is defined as rolling hills, due to the significant height difference (10-
15m) from the shoreline and wetland to the centre of the site. With a wetland and natural
drainage to West Lake, which connects to Lake Ontario, existing drainage conditions can be
maintained.

Loyalist Pkwy

Figure 2-1. Site Location (Google Maps, 2015)

2.1 Soils

According to the Ontario Soil Survey for Prince Edward County, the site is primarily underlain by
Pontypool soils, which are sandy loams formed on glacial outwash, with Marsh soils present
along the site’s edges and in low-lying areas. This classification is supported by the
hydrogeological investigation (ASC Environmental, 2024), which identified a surficial profile of
clay, sand, and organic deposits overlying limestone bedrock, with peat and muck present in
wetland areas.

Belleville, ON « 2
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é‘* - Site Location { K E

Figure 2-2.Soil Survey of the Site (PEC Soil Survey, Ontario, 1948)

The presence of both soil types suggests that infiltration-based stormwater management may
be feasible in central areas dominated by Pontypool soils, while edge zones with Marsh soils
will require surface-based solutions and careful erosion control.

The Pontypool and Marsh soils correspond to Hydrologic Soil Groups B and D, respectively.
Figure 2-3 (MTO, 2008) outlines the classifications of Hydrologic Soils Groups.
Hydrologic Soil Group
The hydrologic soil group is used to classify soils into groups of various runoff potential.
The Soil Conservation Service (SCS) classifies bare thoroughly wet soils into four hydrologic soil
groups (A, B, C and D). SCS descriptions of the four groups, modified slightly to suit Ontario

conditions, are as follows: (Design Chart 1.09)

A:  High infiltration and transmission rates when thoroughly wet, eg. deep, well drained to
excessively-drained sands and gravels. These soils have a low runoff potential.

B:  Moderate infiltration and transmission rates when thoroughly wet, such as moderately deep
to deep open textured loam.

C:  Slow infiltration and transmission rates when thoroughly wet, eg. fine to moderately fine-
textured soils such as silty clay loam.

D:  Very slow infiltration and transmission rates when thoroughly wet, eg. clay loams with a
high swelling potential. These soils have the highest runoff potential.

In Ontario, soils have been found to lie between the main groups given above, and have therefore
been interpolated as AB, BC, CD as appropriate, such as Guelph loam, which is classified as BC.

Figure 2-3.Soils MTO Drainage Management Manual — Description of Hydrologic Soils Groups

Belleville, ON
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August 19, 2026 JEWELL
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2.2 Geotechnical Report

A geotechnical investigation was completed by Groundwork Engineering Limited in November
2023 to determine the subsurface conditions at the site. Six boreholes were drilled to depths
ranging from 3.0 to 6.1 metres below ground surface (mbgs). The stratigraphy generally
consists of a thin layer of topsoil (0.08 m), underlain by silty sand and sandy silt with varying
traces of clay, gravel, and organics. No bedrock was encountered.

Standard Penetration Test (SPT) results indicate soil conditions ranging from loose to very
dense, with compact silty sand being the predominant material. Groundwater was encountered
at varying depths across the site, with levels observed to rise significantly over time—most
notably in the monitoring well, where it increased from a few metres below ground to near the
surface within a month—indicating seasonal fluctuation.

Percolation testing was conducted at two locations using the ETC Pask Permeameter. Due to
high moisture content, repeatable field measurements were not achievable. Grain size analysis
was used to estimate infiltration rates:

e Perc Test Site #1: Estimated percolation rate of 20-50 min/cm (sandy silt with some
clay)

e Perc Test Site #2: Estimated percolation rate of >50 min/cm (silt and clay with some
sand)

These results suggest moderate to poor infiltration capacity, which may limit the effectiveness
of infiltration-based stormwater management practices.

Design considerations should account for low permeability and high seasonal groundwater
levels, particularly when siting infiltration features or subsurface infrastructure.

2.3 Drainage Patterns

The existing site drains to three general areas: 1. the wetland to the northwest of the site, 2 the
wetland to the northeast of the site, and 3. West Lake. The two wetlands to the north of the
site are directly connected to West Lake. Figure 2-4 depicts the three existing catchments
exiting to the areas described above. More detailed catchment drawings are included in
Appendix B.

Belleville, ON o~ 4
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Figure 2-4. Existing Drainage

2.4 Pre-Development Land Use

The integration of land uses practices is crucial for effective stormwater management. Land use
determines the amount of rainfall that will infiltrate into the ground versus the runoff that is
directed to stormwater systems. The site is currently undeveloped and has a mixture of
woodland and cultivated fields. Existing land use is summarized below in Table 2-1.

Table 2-1. Existing Land Use

Catchment 1 Catchment 2 Catchment 3 Total
Land U
andtse Area(ha)| % |Area(ha)] % |Area(ha)l % |Area(ha)| %
Wooded 3.9 43% 0.0 0% 4.8 51% 8.7 33%
Field 4.9 53% 7.4 99% 4.4 47% 16.7 64%
Pond 0.1 1% 0.0 0% 0.0 0% 0.1 0%
Gravel 0.2 2% 0.1 1% 0.1 1% 0.4 2%
Asphalt/Concrete 0.0 0% 0.0 0% 0.0 0% 0.0 0%
Buildings 0.0 0% 0.0 0% 0.0 0% 0.0 0%
Total 9.1 35% 7.5 29% 9.3 36% 25.9 100%
Belleville, ON A 5
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3 SWM Targets

The stormwater management plan focuses on three environmental objectives when
considering the treatment and conveyance of stormwater runoff. The objectives are to mitigate
flooding, quality, and erosion impacts to the receiving system. These objectives, such protecting
water quality, comply with the environmental guideline set out by the Quinte Conservation
Stormwater Management Submission Guidelines (May, 2012), and the Ministry of Environment
Stormwater Planning and Design Manual (2003).

Based on the guidance above, Jewell proposed a SWM methodology to achieve the following
targets:

Quality Control

e Treat stormwater discharge to achieve Enhanced quality control objectives (i.e. 80%
TSS removal).

Erosion and Sediment Control

e Minimize the potential for erosion of soils
e Mitigate the release of sediment offsite

Quantity Treatment is not required as stormwater will be discharged into wetlands and West
Lake directly connecting to Lake Ontario. When discharging to a large body of water, such as
Lake Ontario, the volume of runoff produced by the site is insignificant to the lake volume.

Belleville, ON -~ 6
August 19, 2026 JEWELL
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4 Proposed Conditions

4.1 Drainage Scheme

In the post-development conditions, the site will continue to drain to West Lake, either directly
along the southern boundary, or via the surrounding wetlands along the northern boundary,
similar to the pre-development conditions depicted above in Figure 2-4. The post-development
scheme is depicted below in Figure 4-1. Pre vs. Post development catchments will vary in size
slightly due to minor grade changes in the centre of the site.

© 2026 Microsoft Corporation © 2026 Maxar ©CNES (2026) Distribution Airbus [}

Figure 4-1. Post Development Catchments

Low Impact Development (LID) strategies will be incorporated into the site to promote drainage
along the natural features of the site. The addition of pervious surfaces, including rain gardens

Belleville, ON A 7
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and other natural vegetation, will encourage infiltration and provide treatment of sediment-
laden runoff prior to entering the wetlands or West Lake. These are further discussed below.

4.2 Post-Development Land Use

In the post-development condition, there will be significant increase in hardening of the site
due to the construction of several buildings and a combination of paved and gravel roads (Table
4-1). The result is that imperviousness is increased from about 2% to 19%.

Table 4-1. Post-Development Land Use

Catchment 1 Catchment 2 Catchment 3 Total
Land Use
Area (ha) % Area (ha) % Area (ha) % Area (ha) %
Wooded 3.6 35% 0.0 0% 3.6 43% 7.2 28%
Field 4.3 42% 6.6 91% 3.3 40% 14.2 55%
Pond 0.1 1% 0.0 0% 0.0 0% 0.1 0%
Gravel 0.6 6% 0.1 1% 0.3 4% 1.0 4%
Asphalt/Concrete 1.2 11% 0.2 3% 0.6 7% 1.9 7%
Buildings 0.6 5% 0.4 5% 0.6 7% 1.5 6%
Total 10.3 40% 7.2 28% 8.4 32% 25.9 100%
Belleville, ON o 8
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5 Stormwater Controls

Quality control of an Enhanced level will be achieved through the use of Low-Impact
Development (LID) methods, rather than traditional ponds or mechanical separators. While
there is significant hardening of the site, the majority will remain vegetated, including the 30 m
wetland setback surrounding most of the perimeter of the property. Hardened areas including
buildings and roadways will be spread-out throughout the site, providing ample opportunity to
treat runoff in swales, rain gardens, and other vegetation, including the wetland setback which
will provide final treatment of runoff from the site.

As stated above, Quantity Control is not required owing to the large receiving body (Lake
Ontario via West Lake).

5.1 Quality Treatment

Quality controls will be required to ensure that outflows meet or exceed an Enhanced Level of
protection according to the 2003 MOE Stormwater Planning and Design Manual (80% TSS
removal). The high groundwater and low infiltration rates of native soils will require a more
diffuse approach than traditional infiltration approach. Care will be taken to not concentrate
flows but rather maintain several areas of overland flow to reduce concentration and potential
for erosion. Flows are not directed to any flowing watercourses, further reducing the potential
for erosion.

This development is well-suited for Low Impact Development (LID) strategies, including grassed
swales, and vegetated filter strips. Grassed swales will be integrated throughout the site to
redirect runoff from impervious surfaces and along property boundaries, enhancing Total
Suspended Solids (TSS) removal and minimizing sediment transport into nearby natural water
bodies. Vegetated filter strips will be installed adjacent to hardened areas (especially building
roofs) and within the shoreline buffer zone to provide additional protection to surrounding
waterbodies, particularly for filtering de-icing salts that may otherwise enter West Lake.

The vegetated swales will be designed with appropriate lengths (greater than twenty metres)
and gentle slopes (less than 1%) to allow sediment to settle and infiltrate effectively as water
flows through. The 2003 MOE Manual indicates that grassed swales are most effective for
water quality control when peak flows are less than 0.15 m?3/s, the bottom width is maximized
(>0.75m), longitudinal slope is minimized (<1 percent), flow depth is low to promote settlement
(£0.15m), and when the velocity is less than 0.5 m/s. For small catchment areas such as this,
grassed swales can achieve 81% TSS removal (United States Environmental Protection Agency,
1999).

Belleville, ON s 9
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In areas of higher development density, vegetated swales will be utilized. Storm sewers in
Catchment 1A will convey runoff to a vegetated swale for initial treatment, followed by
discharge into a vegetated basin adjacent to the existing pond. The pond will provide final
polishing of the water before discharge into the wetland. Jewell used the 25 mm storm event to
determine the required capacity of the swales, ensuring sufficient retention time for sediment
to settle before discharge.

Overall, this design approach minimizes sediment transport to natural watercourses and
wetlands, while ensuring that all stormwater runoff is managed effectively and sustainably.

5.2 Catchment1

Catchment 1 drains into the wetland to the northwest of the property. It has been divided into
three sub-catchments for the purposes of stormwater quality treatment. Pre and post-
development land use and runoff coefficients are depicted below in Table 5-1. Coefficients for
each type of land use were taken from the MTO Drainage Management Manual Design Chart
1.07. Wooded and Field land uses were modelled as Rolling Pasture and Woodland in Open
Sand Loam soils.

Runoff from sub-catchment 1A will be directed through a vegetated swale and into a sand filter
infiltration system. Similar to 1A, 1B will direct flow into the sand filter. Flows from 1C will
continue to drain through the existing vegetation and into the wetland.

Table 5-1. Catchment 1 Runoff Coefficients

Pre-Development Post-Development
Land Use 1A 1B 1C Total
Area (ha) [Runoff Coeff| Area (ha) |Runoff Coeffl Area (ha) [Runoff Coefff Area (ha) |Runoff Coeffl Area (ha) [Runoff Coeff

Wooded 3.9 0.12 0.0 0.12 0.0 0.12 3.6 0.12 3.6 0.12
Field 4.9 0.15 0.9 0.15 1.6 0.15 1.8 0.15 4.3 0.15
Pond 0.1 0.05 0.0 0.05 0.1 0.05 0.0 0.05 0.1 0.05
Gravel 0.2 0.60 0.2 0.60 0.2 0.60 0.2 0.60 0.6 0.60
Asphalt/Concrete| 0.0 0.90 0.7 0.90 0.3 0.90 0.2 0.90 1.2 0.90
Buildings 0.0 0.90 0.2 0.90 0.0 0.90 0.4 0.90 0.6 0.90
Total 9.1 0.15 2.0 0.53 2.2 0.28 6.1 0.21 10.3 0.29

5.2.1 Catchment 1A

Sub-catchment 1A includes the central square as well as the main asphalt and granular parking
area. It represents the most significant concentration of hardening on the site, with the runoff
coefficient increasing from 0.15 to 0.53. Runoff from this area will be directed to vegetated
swales along the main access road and between parking aisles. The swales are designed to
provide quality treatment through contact with the vegetation, slowing flow and permitting
some infiltration. By travelling well over the required 20m, they provide treatment allowing for
sediment to settle out and keep the water flowing to the vegetated area adjacent to the

Belleville, ON s 10
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existing pond. Water will then be directed to a sand filter constructed in the location of the
existing pond. The sand filter will be filled with a pervious liner, sand, and topped with topsoil
to ensure water can infiltrate effectively, similar to the MOE 2003 Sand Filter Cross-Section
shown in Figure 5-1. Subdrains will convey treated water to the wetland. The gravel service
road will act as a berm, permitting overflow in the intense storms after the first flush has been
treated in the filter. The parking lot will include grassed swales down the parking lanes to
preserve the natural drainage features of the site, and direct the runoff to the sand filter. These
swales also contribute to quality treatment.

Figure 4.33: Sand Filter Cross-section

Topsoil _
| 1 m Storage Depth |T J (150 - 300 mm) /
/{////// \.\_\-\
/'0'(/.! (NERRRRR RN AR R ARRAR SRR RN RN AR RRARARRARRARARRARAN! IIIIIII.-Q'M
Filter fabric /
Pt faic| -
0.15m-
0.30m
| Impermeable liner | | 100 mm drainage tile |
Figure 5-1. Sand Filter (LID, 2010)
Table 5-2. Swale 1A Flow in Quality Event
Peak Flow | Channel Channel Flow Velocit Meet
Catchment| Area, A | Runoff [25mm,4hr | Length | i/ | Slope | Depth (m,s)y Rocei.
Swale (ha) [Coefficient, C[Storm (cms)|  (m) (m) m:nts
<015m*s | 220m | 20.75m <1% | <0.15m |<0.5m/s
1A 2.00 0.53 0.09 58 2.00 0.5% 0.11 0.33 v

While flows from Catchment 1A are effectively treated in the main swale as shown above in
Table 5-2, some runoff from the parking areas enters the swale part way through its length.
Flows from Catchments 1A-8 and 1A-9 will not benefit from treatment in the entire length of
Swale 1A but are limited to 26 m and 4 m respectively.

5.2.1.1 Catchment 1A-8

Flows from Catchment 1A-8 flow into Swale 1A 26 m upstream from the end of the swale. This
is greater than the 20 m minimum to achieve 80% TSS removal. All water from Catchment 1A-8
is sufficiently treated in Swale 1A.
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5.2.1.2 Catchment 1A-9

Flows from Catchment 1A-9 flow into Swale 1A 4 m upstream from the end of the swale. This is
less than the 20 m minimum recommended length. To compensate for this, the dry swale in
Catchment 1A-9 upstream of culvert 1A-2 provides additional treatment. While longitudinal
slopes greater than 1% are not preferred, smaller catchments can be effectively treated with
steeper swales due to their lower runoff flow rates. More important than slope are water
velocity and depth of flow to permit sufficient time and contact with vegetation for suspended
solids to be removed. For this swale, velocity is kept below the recommended 0.5 m/s and
depth of flow is kept below the recommended 150 mm as shown in the table below. The swale
is also underdrained, providing additional treatment via filtration.

Peak Flow | Channel Flow Velocity
Catchment| Area, A Runoff 25 mm, 4 hr | Length Slope Depth e
Swale (ha) |Coefficient, C|Storm (cms) (m) (m)
<015m¥s | 220 m <1% | £0.15m |<0.5m/s
9 0.2 0.71 0.014 60 2% 0.09 0.38

5.2.1.3 Catchments 1A-7B and 1A-9B

Flows from Catchments 1A-7B and 1A-9B do not receive a full 20 m of treatment in Swale 1A,
however they do receive partial treatment in the swale, and also receive additional treatment
flowing through the vegetated filter strip at the outlet of Culvert 1A-3, and in the sand filter. As
these flows represent less than 6% of the runoff volume from Catchment 1A, and receive
additional treatment in the filter strip and sand filter, no additional treatment is required to
achieve 80% TSS removal for Catchment 1A.

5.2.2 Catchment 1B

Similar to 1A, flows from 1B will be directed through vegetated filter strips and into the sand
filter. Rather than concentrating flows in swales, water will be allowed to run diffusely through
plantings to the pond. Catchment 1C will direct flows through the natural features of the site
into surrounding wetland.

5.3 Catchment 2

Catchment 2 drains into the wetland in the northeast part of the property. It is expected to
have a low amount of hardening (<10% imperviousness), concentrated at the upland side of the
catchment boundary. Vegetation strips adjacent to the athletic centre and camper’s cabins will
promote infiltration of flows concentrated on the roofs of buildings. As with Catchment 1C,
other flows will be kept diffuse and permitted to run through the natural vegetation prior to
entering the wetland. The vegetated area adjacent to the treed swamp at the north limit of the
Catchment is 30+ m wide with slopes between 0.5% and 2.0%. This will allow ample
opportunity for infiltration and settlement of contaminants in the runoff.
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Table 5-3. Catchment 2 Runoff Coefficients

Pre-Development Post-Development

Land Use

Area (ha) Runoff Coeff [ Area (ha) Runoff Coeff

Wooded 0 0.12 0 0.12
Field 7.43 0.15 6.57 0.15
Pond 0 0.05 0 0.05
Gravel 0.11 0.60 0.09 0.60
Asphalt/Concrete 0 0.90 0.19 0.90
Buildings 0 0.90 0.38 0.90
Total 7.5 0.16 7.2 0.21

5.4 Catchment3

Catchment 3 drains directly into West Lake on the south side of the property. It includes several
proposed buildings in proximity to the water’s edge. A series of vegetated swales and vegetated
filter strips are proposed to intercept and treat water prior to entering the waterbody. A
vegetated swale will intercept runoff from the gravel service road in sub-catchment 3A, while
filter strips in the riparian zone will be used to treat water downstream of the buildings in the
east part of sub-catchment 3B.

Table 5-4. Catchment 3 Runoff Coefficients

Pre-Development Post-Development
Land Use 3A 3B Total
Area (ha) Runoff Coeff Area (ha) Runoff Coeff | Area (ha) |Runoff Coeff| Area (ha) [Runoff Coeff

Wooded 4.76 0.12 0.30 0.12 3.31 0.12 3.61 0.12
Field 4.39 0.15 0.85 0.15 2.48 0.15 3.33 0.15
Pond 0 0.05 0 0.05 0 0.05 0 0.05
Gravel 0.11 0.60 0.20 0.60 0.10 0.60 0.30 0.60
Asphalt/Concrete 0 0.90 0.07 0.90 0.50 0.90 0.57 0.90
Buildings 0.02 0.90 0.10 0.90 0.49 0.90 0.59 0.90
Total 9.3 0.14 1.5 0.29 6.9 0.25 8.4 0.26

Along the southeastern section of the property, a vegetated swale will be implemented to
control and direct stormwater runoff down the natural grade of the property to release into
West Lake, demonstrated in Catchment 3A. With a similar design to the swale in the centre of
the property, enough length will be accounted for to ensure sediment can settle out before
entering West Lake. Some vegetated buffers along the shoreline will aid in slowing flows and
providing final quality control.
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Table 5-5. Swale 3A Flow in Quality Event.

Peak Flow | Channel Channel Flow Velocity | Meets
Catchment| Area, A Runoff  (25mm, 4 hr | Length |, .. (m) Slope Depth (mis) | Require-
Swale (ha) |Coefficient, C[Storm (cms) (m) (m)
<015m’s| 220m | 20.75m <1% <0.15m | 0.5 m/s ments
3A 1.52 0.29 0.02 77 1.00 0.5% 0.07 0.24 v

5.5 Site Hydrology

Jewell used the Rational Method to estimate peak flows. The Rational Method equation is
shown below. It relies on an estimation of runoff coefficient, flow intensity, and drainage area.

Manning’s Open Channel Flow was used to determine appropriate sizing of conveyance

features based on Peak Flow, hydraulic radius, wetted perimeter, area, and Manning’s
Roughness Coefficient.

Equation 1: Peak Flow by Rational Method

Where:

Q = Peak Flow in m3/s
C = Runoff Coefficient
i = Rainfall Intensity in mm/hr
A = Area in hectares

_CiA
" 360

The intensity of the 25mm event is calculated using the following formula from the 2003 MOE
SWM Planning & Design Manual:

Equation 2: Peak Intensity, 25mm Event

i=43C+5.9
Where:
i = Rainfall Intensity in mm/hr
C = Runoff Coefficient
Mannings - Open Channel Flow
Equation 3: Manning’s Open Channel Flow
R2/361/2
T a
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Where:

V = Flow Velocity in m/s

R = Hydraulic Radius in m (flow area/wetted perimeter)
S = Channel Slope in m/m

n = Manning’s roughness coefficient

C = Runoff Coefficient

5.5.1 Quality Event

The Rational Method was used to determine the Quality Flow provided from each catchment
area, to then determine appropriate swale dimensions. All calculations for quality treatment
are based on the 25mm event (Table 5-6).

Table 5-6. Flows During Quality Event (25mm Storm)

Runoff I:taei:;?tI)I( Peak_ Flow, VT:::;
Catchment| Area (ha) | Coefficient, i=43C+5.£,) Q=CI:\I360 V=250CA
¢ (mm/h) (m/s) (m?)
1A 2.0 0.53 28.8 0.085 266
1B 2.2 0.28 18.1 0.031 153
3A 1.5 0.29 18.2 0.022 109

Depth of flow and velocity in each of the two proposed swales were calculated based on the
peak flows shown in Table 5-6. The swale functions most effectively with a low depth of flow
(<150 mm), and low velocity (<0.5 m/s). In both cases, the proposed swales meet these targets

as shown below in Table 5-7.

Table 5-7. Swale Characteristics - Quality Event

Swale Peak Flow | Bottom Side Slope Depth of | Velocity
(m3/s) Width (m) Slopes Flow (mm)| (m/s)
1A 0.085 2 3:1 0.5% 111 0.3
3A 0.022 1 3:1 0.5% 74 0.2

The existing pond has a surface area of approximately 1,200 m2. During the quality event flows
from 1A and 1B will total approximately 420 m?3. Therefore, water level in the pond is expected
to temporarily increase by 350 mm.

5.5.2 Minor Storm Event

For the minor storm event, the 5-year return period storm provided by Environment Canada for
Trenton, Ontario was used. For calculating conveyance through the storm sewer system, and
on-site culverts the 5-yr storm was used with a minimum duration of 10 minutes. Flow rates
were calculated using the Rational Method. The design sheet is provided in Appendix D.

Belleville, ON
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5.5.3 Major Storm Event

For the major storm event, the 100-yr return period storm provided by Environment Canada for
Trenton, Ontario was used. For calculating depth and velocity of flow in swales, the 100-yr, 10
minute storm was used, with an intensity of 136.2 mm/h. For calculating total runoff volume,
the rational method was used. Runoff coefficients for each land use type were increased by
25% in accordance with the MTO Drainage Management Manual (Table 5-8). Results are shown
below in Table 5-9.

Table 5-8. Runoff Coefficients for Major Event.

Post-Development
Land Use L Runoff L Runoff 7 Runoff
Area (ha) Coeff Area (ha) Coeff Area (ha) Coeff
Wooded 0.0 0.15 0.0 0.15 0.30 0.15
Field 0.9 0.19 1.6 0.19 0.85 0.19
Pond 0.0 0.06 0.1 0.06 0 0.06
Gravel 0.2 0.75 0.2 0.75 0.20 0.75
Asphalt/Concrete 0.7 0.98 0.3 0.98 0.07 0.98
Buildings 0.2 0.98 0.0 0.98 0.10 0.98
Total 2.0 0.60 2.2 0.33 1.5 0.34
Table 5-9. Flows During Major Event (100-yr Storm)
Rainfall
Runoff Intensity, | Peak Flow,
Catchment| Area (ha) |Coefficient,| 100-yr, 10 | Q=CiA/360
c min, (ms)
i (mm/h)
1A 2.0 0.60 136.2 0.454
1B 2.2 0.33 136.2 0.272
3A 1.5 0.34 136.2 0.197

The peak flows from Table 5-9 were used to establish the max depth and velocity of flow in the

swales in sub-catchments 1A and 3A. As shown below, the depths are in the order of 250 mm,
with velocities less than 1 m/s.

Table 5-10. Swale Characteristics - Major Event.

Swale Peak Flow | Bottom Side Slope Depth of | Velocity
(m3ls) Width (m) Slopes Flow (mm) (m/s)
1A 0.454 2 3:1 0.5% 248 0.7
3A 0.197 1 3:1 0.5% 213 0.6

Conveyance through culverts was also checked during the Major storm event. All were found to

have sufficient freeboard to avoid overtopping of the roadways.

Belleville, ON
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Table 5-11. Culvert Flows During Major Storm Event.

catchrmort | Areaa | Runoft Time of Rainfall Peagzm"’ e Sine Headwater | Spillover

Culvert No. No. (ha,) Coefficient, C Conoentl:ation, Intensity, i CiA360 Z:m) Pipe Type Depth, HW Depth
Te (min) (mm/h) (ls) (mm) (mm)

1A1 18 0.16 0.73 10 136.2 0.04 300 HDPE 240 310
1A2 A9 0.20 0.81 10 136.2 0.06 300 HDPE 310 360
1A3 1A 191 0.62 15 106.6 0.35 500 HDPE 690 900
181 1B-1 055 019 185 9.0 0.03 300 HDPE 180 500
1B2 |1B1+1B2| 087 0.32 229 832 0.06 300 HDPE 320 500
21 21 0.21 0.23 10 136.2 0.02 300 HDPE <150 450
22 | 21+22 | o062 0.32 15 106.6 0.06 300 HDPE 300 500
23 23 0.28 0.39 10 136.2 0.04 300 HDPE 230 500

5.6 Climate Resiliency

Climate Change projections typically increase rainfall intensity values by 10% compared to base-
year events. The proposed development’s conveyance features were checked and found to
have sufficient capacity for a 10% increase in flows from those calculated for the 100-year

event. Therefore, climate resiliency is provided.

Table 5-12. Swale Characteristics - Major Event +10%.

Swale Peak Flow | Bottom Side Slope Depth of | Velocity
(m3ls) Width (m) Slopes P Flow (mm) (m/s)
1A 0.500 2 3:1 0.5% 261 0.7
3A 0.217 1 3:1 0.5% 223 0.6
Table 5-13. Culvert Flows During Major Storm Event +10%.
Peak Flow, | _. . . Headwater | Spillover
C‘:‘;e” Q = CiA/360 P'z‘;:')ze 'T° 'p‘: Depth, HW Depth
' (m’ls) i (mm) (mm)
1A-1 0.05 300 HDPE 260 310
1A-2 0.07 300 HDPE 340 360
1A-3 0.39 500 HDPE 750 900
1B-1 0.03 300 HDPE 190 500
1B-2 0.07 300 HDPE 350 500
21 0.02 300 HDPE <150 450
2-2 0.06 300 HDPE 320 500
2-3 0.05 300 HDPE 250 500
Belleville, ON o~ 17
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6 Low-Impact Development

Low Impact Development is a requirement of the 2020 Provincial Policy Statement. This
requires that all developments consider LID strategies to reduce the impact of development on
the hydrologic regime.

The Low Impact Development Guidelines (Toronto and Region Conservation Authority, 2010)
states that “increases in the quantity, rate, and frequency of runoff can be linked to two root
causes:

e the conversion of undeveloped or agricultural land cover to urban uses, and
e the application of storm sewer systems.”

The goal of LID site design strategies is to minimize these two sources of hydrologic impacts
(Toronto and Region Conservation Authority, 2010, p. 3.3). Large urban areas are negatively
impacted by flash flooding associated with extensive hardening. The LID design techniques seek
to mitigate flooding and erosion associated with urbanization. While water quality
improvements are associated with the recommended techniques, quantity control remains the
focus of LID.

The guidelines provide some site design strategies for reducing the hydrologic impact
postulating 4 major groupings or “themes”:

1) Preserving important hydrologic features and functions;
2) siting and layout of development;

3) reducing impervious area; and

4) using natural drainage systems.

Discussion of the LID design used in the stormwater management design is provided below.

6.1 Theme 1 - Preserving Important Hydrologic Features

This theme focuses on preservation. Site design is adjusted to preserve natural features that
benefit hydrology.

e Preserve stream buffers, including along intermittent and ephemeral channels
e Preserve areas of undisturbed soil and vegetation cover

e Avoid development on permeable soils

e Preserve existing trees and, where possible, tree clusters

Important hydrologic features include:

e Highly permeable soils
e Pocket wetlands
e Significant small (headwater) drainage features
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e Riparian buffers

e Floodplains

e Undisturbed natural vegetation
e Tree clusters

6.2 Theme 2 - Application of Siting and Layout Techniques

Siting and layout techniques aim to reduce the environmental impacts of the development by
fitting the development within the framework of the natural heritage features.

e Fit the design to the terrain

e Use open space or clustered development
e Use innovative street network designs

e Reduce roadway setbacks and lot frontages

There is a Provincially Significant Wetland on this development property. Limited development
is to occur throughout the wetland and is to be used as a natural drainage area.

6.3 Theme 3 — Reducing the Impervious Area

Imperviousness can be reduced by minimizing unnecessary surface hardening. Some strategies
include:

e Reducing street width

e Reducing building footprints

e Reducing parking footprints

e Considering alternatives to cul-de-sacs

e Eliminating unnecessary sidewalks and driveways

6.4 Theme 4 — Using Natural Drainage Systems

These strategies focus on the use of existing natural drainage systems where available “to take
advantage of undisturbed vegetated areas and natural drainage patterns.”

e “Disconnect” impervious areas
e Preserve or create micro-topography
e Extend drainage flow paths

Where possible, flows are encouraged to drain to natural water features (West Lake), wetlands,
and pervious grassed surfaces prior to collection in the storm sewers. Pervious grassed surfaces
will encourage infiltration into the soils.
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7 Maintenance

Regular maintenance is essential to ensure the long-term performance and reliability of
stormwater management systems such as sand filters and vegetated swales. Over time,
sediment and debris can accumulate, reducing the system’s ability to function as designed.
Periodic removal of this material, along with occasional replacement of filter media, helps
prevent clogging, supports proper drainage, and extends the lifespan of the infrastructure. As
part of the detailed design process, comprehensive operation and maintenance manuals will be
developed and provided to the property owners. These documents will outline specific
responsibilities and procedures to ensure that the infrastructure—remaining privately owned
and operated—is maintained in accordance with regulatory and performance standards.
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8 Erosion and Sediment Control

Erosion and sediment control is one of the three targets identified in Section 2.3. The following
measures are proposed to prevent the negative erosion and sediment impacts of development.

Typical site development requires removal of some vegetated cover. While it is the intention to
reduce vegetation removal, exposed soils from the work will be at risk of eroding into the
receiving drainage system. Measures will need to be put in place to reduce erosion during
construction, and for a period of up to one year after construction is completed. Typical erosion
and sediment control measures include:

e Siltation fencing.
e Strawbale check dams.

Controls are to be placed downstream of all active work areas and upstream of protected
receivers. Controls should also be placed around stockpiles of topsoil and fill materials.

Typical OPSDs provide good instruction on the correct placement and construction of the
controls. The controls provide some protection if they are properly maintained, but they should
be considered last-resort measures. The most effective means of control are those which
prevent or reduce erosion at the source. This would include diligent stabilization of exposed
areas immediately after grading is completed.

The site developer and contractor should actively maintain the new drainage works to remove
accumulations of sediment within catch basin sumps.

A silt fence should be located along the upland perimeter of all sensitive features during the
construction process, which should be maintained until the lands have stabilized or as directed
by the municipality. There would be benefit in maintaining this silt fence for up to 2 growing
seasons.

A more detailed Erosion and Sediment Control Plan for construction activities is available under
a separate cover.
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9 Conclusions

The proposed Overnight Campground Development by Campfire Circle at 565 Wesley Acres
Road includes 33 proposed buildings to provide sleeping accommodations, amenities, and
activities for approximately 400 campers and staff. Situated between West Lake and two
Provincially Significant Wetlands, the site presents both opportunities and responsibilities in
managing stormwater effectively.

Given the natural drainage into adjacent wetlands and West Lake, quantity control measures
are not required. Instead, the stormwater management plan focuses on quality treatment and
erosion control, aligning with the Ministry of Environment’s Stormwater Planning and Design
Manual (2003), Quinte Conservation’s guidelines, and the 2020 Provincial Policy Statement.

Low Impact Development (LID) strategies are central to the design, including the preservation
of natural hydrologic features, minimizing impervious surfaces, and using vegetated swales, rain
gardens, and sand filters to manage runoff. These features are carefully integrated into the site
layout to work with the natural topography and drainage patterns, reducing the impact of
development on the surrounding environment.

Prepared by,

Graham Potter, P.Eng.

Jewell Engineering Inc.
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APPENDIX B:
STORMWATER CATCHMENT DRAWINGS
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CONTRACTOR SHALL CONFIRM THE LOCATION ON SITE AND ASSUME ALL LIABILITY FOR
DAMAGE TO ALL UTILITIES.

- EXCLUDING THE BENCHMARK AND DESCRIPTION PROVIDED FOR THIS PROJECT, NO
OTHER ELEVATIONS ARE TO BE USED AS A REFERENCE ELEVATION FOR ANY PURPOSE.
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LEGEND

PROPOSED STORMWATER
MITIGATION PLANTING AREAS

G:\Shared drives\Commercial Department\02 - PROJECTS\2023\23011-DC - Campfire Circle - SWASHEET SET\23011 - Campfire Circle - L2.4 - Stormwater Management.dwg

SALT TOLERANT VEGETATIVE FILTER STRIPS IMMEDIATELY
ADJACENT TO PARKING LOTS AND BETWEEN ROWS OF STALLS
HELP TREAT STORMWATER RUNOFF, ESPECIALLY POLLUTANTS
FROM VEHICLES, AND ACTS AS A FIRST PASS OF TREATMENT
BEFORE STORMWATER CONTINUES TO FLOW THROUGH THE SITE

NATURALIZED BIORETENTION PLANTING BEDS AROUND
BUILDINGS MITIGATES WATER RUN-OFF FROM ROOFTOP
SHEET DRAINAGE AND DOWNSPOUTS
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Project Notes

This design and drawing are the property of The Scott
Wentworth Landscape Group Ltd. and are not to be copied
or used for construction purposes without the Landscape
Architect's express written consent.

The contractor shall check and verify all dimensions and
report any discrepancies, error, or omissions to the

OPEN SODDED LAWN ACTS AS A PERMEABLE SURFACE,

RETAINING WATER ON SITE AND REDUCING RUNOFF

RAINGARDEN FEATURE PLANTING AREA ACTS AS A
FUNCTIONAL EDUCATIONAL TOOL SHOWCASING
THE IMPORTANCE OF BIODIVERSITY AND
SUSTAINABLE PLANTING DESIGN

VEGETATIVE FILTER STRIP PLANTING BEDS ALONG ANY

HARDSCAPED AREAS SUCH AS PATHWAYS AND
ROADWAYS TO HELP SLOW DOWN , REDUCE, AND
FILTER STORMWATER RUNOFF BEFORE IT REACHES THE
LAKE AND PROVIDES LONG-TERM SLOPE STABILITY

DEEP ROOTING TREES NEAR SHORELINE TO MAXIMIZE SOIL

INFILTRATION CARPACITY AND IMPROVE SOIL STABILITY

| REFER TO LO.1 FOR NOTES AND LEGEND|
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Stormwater Management Report
Campfire Circle — File No.230-5322

APPENDIX D:
STORM SEWER DESIGN SHEET
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Peak Runoff Estimate by Rational Method

STORM SEWER DESIGN SHEET

5-Year Parameters

Pipe Capacity by Manning's Equation

1 A= 25.2 1
- = i - _ 2/3 ¢1/2
¢ 360 cia Intensity for: B= -0.664 Where: Q n ARTES
Where: A= area of pipe in m? Check
= Peak Flow in cms i=Ax TS 100-Year Parameters Manning's Coef R= Hydraulic radius = A/ P
= Runoff Coefficient Where: A= 43.4 CSP 0.024 P= Wetted perimeter q <Q
i= Rainfall Intensity in mm/hr i= Rainfall Intensity in mm/hr B= -0.674 RCP/PVC/HDF 0.013 S= Slope (m/m) V <6m/s
= Area in hectares T.= Time of Concentration in hours n = Manning's friction coef.
LOCATION PEAK FLOW CALCULATION PROPOSED SEWER
Ubstream Downstream Catchment Areas R.C. x A | Cumulative Time of Intensity Peak Pipe Size/ Length Type Grade | Capacity | Full Flow | Time of |Actual Velocity| Check
Catchment Sltoructure Structure Runoff Coefficient R.C. x A | Concentration Flow |Swale Width _‘_:':': Velocity Flow Qq Capacity
0.15 0.60 0.90 ha ha min mm/hr m°/s (mm) (m) (%) (m®/s) (m/s) min (m/s)

5-Yr
1A-1 ST3 ST2 0.30 0.25 0.27 0.27 10.00 82.8 0.06 300 25.9 PVC 1.00% 0.10 1.37 0.30 1.45 OK
1A-2 ST6 ST2 0.15 0.01 0.03 0.03 13.86 66.7 0.01 300 20.1 PVC 1.00% 0.10 1.37 0.45 0.75 OK
1A-3 ST2 ST1 0.04 0.14 0.13 0.43 14.31 65.3 0.08 300 72.0 PVC 3.90% 0.19 2,70 0.47 2.56 OK
1A-4 ST5 ST4 0.03 0.09 0.09 0.09 10.00 82.8 0.02 300 22.4 PVC 2.00% 0.14 1.93 0.27 1.37 OK
1A-5 ST4 ST1 0.09 0.01 0.10 10.27 81.4 0.02 300 17.7 PVC 4.80% 0.21 3.00 0.15 1.95 OK
1A-6 ST1 Outlet A 0.02 0.13 0.12 0.65 14.77 63.9 0.12 450 19.1 HDPE 0.60% 0.22 1.39 0.23 1.40 OK
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  V =     R  2 / 3   S  1 / 2  n

