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1 INTRODUCTION 

1.1 Scope 

WSP Canada Group Limited has been retained by Director Industrial Holdings Limited to 

prepare a Stormwater Management (SWM) report to support the rezoning application for 

the proposed development at 603-643, 645-699 Kingston Road Pickering, ON in the City 

of Pickering.  

The current development concept, as represented in the conceptual site plan drawings 

and development statistics prepared by Graziani + Corazza Architects, dated April 6, 

2020, enclosed with this submission, is preliminary in nature and subject to change. 

The current development concept, which represents a high-level master plan for a new 

mixed-use community, is primarily intended to form the basis of the proposed Draft Official 

Plan Amendment, which is required to facilitate the proposed density and Floor Space 

Index on the subject lands, as well as the proposed Draft Zoning By-law Amendment 

which is required to establish a new site-specific zoning framework that will implement 

the City’s current land use vision for the subjects lands.  

This proposed official plan and zoning by-law amendment framework is intended to 

provide flexibility in order to ensure that the development of the lands responds to market 

conditions and can result in implementation of plans and alternative plans to achieve 

principles of intensification based on good planning and urban design principles.  

As such, it is anticipated that the development concept as presented to be sconsidered 

conceptual and will be revised, as necessary, to account for new and/or evolving 

considerations related to the master-planned community.  

This SWM report examines the potential water quality, water quantity, erosion control, 

and water balance impacts of the proposed development and summarizes how each 

parameter will be addressed in accordance with the City of Pickering Stormwater 

Management Design Guidelines dated July 2019. 

1.2 Site Location 

The site is located north of Highway 401, west of Whites Road North, and south of 

Kingston Road in the City of Pickering. The subject site is currently occupied by 42 

municipal addresses which consist mainly of commercial/retail buildings and a restaurant. 

The location of the proposed re-development is illustrated in Figure 1.  
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1.3 Stormwater Management Plan Objectives 

The objectives of the stormwater management plan are as follows: 

– Determine site specific stormwater management requirements to ensure that the 

proposals are in conformance with the City of Pickering Stormwater Management 

Design Guidelines; 

– Evaluate various stormwater management practices that meet the requirements of the 

City and recommend a preferred strategy; and  

– Prepare a stormwater management report documenting the strategy along with the 
technical information necessary for the justification and preliminary sizing of the 
proposed stormwater management facilities. 

1.4 Design Criteria 

The City of Pickering issued the Stormwater Management Design Guidelines in July 2019 

to provide direction on the management of rainfall and runoff inside the City’s jurisdiction. 

A summary of the stormwater management criteria applicable to this project are as 

follows:  

1.4.1 Water Quantity 

The guideline requires the development to attenuate post-development flows for all 

storms up to and including the 100-year storm to pre-development levels. In a pre-

consultation meeting on May 27th, 2019, the city noted that the 100-year post-

development flow shall be controlled to the 2-year pre-development level.  

1.4.2 Water Quality 

The guideline requires the development to provide water quality measures that are 

designed to provide Enhanced (Level 1) level of protection as defined in the 2003 

Stormwater Management Planning and Design Manual by the Ministry of the 

Environment, Conservation and Parks (MECP). This was also noted in the pre-

consultation meeting with the municipality. 

1.4.3 Erosion Control 

The guideline states that for small sites (<5 ha), the minimum erosion control 

requirements are: 

– Extended detention of the 4-hour, 25 mm Chicago distribution rainfall event for a 

minimum of 24 hours, or  
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– Runoff reduction from the site through infiltration, evapotranspiration and reuse of a 

minimum 5 mm of rainfall depth across all impervious surfaces 

In addition, appropriate erosion and sediment controls shall be implemented and 

maintained during construction 

1.4.4 Water Balance 

The guideline does not explicitly state the requirements regarding water balance. It is 

encouraged to maintain the natural water balance of the site and to use SWM facilities 

that reduces runoff volumes, which will result in reduced loading of pollutants. 
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2 PRE-DEVELOPMENT CONDITIONS 

2.1 General 

The 4.85 ha site is currently occupied by mainly commercial/retail buildings and a 

restaurant. The existing runoff coefficient is estimated to be 0.90 as majority of the site is 

comprised of impervious surfaces. Based on the topographic survey, an external area of 

approximately 0.09 ha currently discharges into the site. This area will be accounted for 

in the post-development condition to meet the water quantity requirement. The existing 

condition of the site is shown in Figure 2.  

2.2 Rainfall Information 

The rainfall intensity for the site was calculated using the following equation as stated in 

the Section 6.2.4. of the City of Pickering Stormwater Management Design Guidelines:  

𝐼 =
𝐴

(𝑡𝑐 + 𝐵)𝐶
 

Where; 

I = Rainfall intensity in mm/hr 

Tc = Time of concentration in minutes 

A, B and C = Constant parameters as stated in “Table 12 – Pickering IDF 

Parameters” in the City of Pickering Stormwater Management Design Guidelines. 

The parameters are summarized in Table 2-1.  

Table 2-1: IDF Parameters used by the City of Pickering  

Return Period 
(Years) 

2 5 10 25 50 100 

A 715.076 1,082.901 1,313.979 1,581.718 1,828.009 2,096.425 

B 5.262 6.007 6.026 6.007 6.193 6.485 

C 0.815 0.837 0.845 0.848 0.856 0.863 

Source: City of Pickering Stormwater Management Design Guidelines (July 2019) 

An initial time of concentration, Tc, of 10 minutes was assumed for the calculation for 

rainfall intensity. 
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2.3 Allowable Flow Rates 

As noted in Section 1.4.2, from the City of Pickering Stormwater Management Design 

Guidelines and the pre-consultation meeting, the discharge rate from this site in the post-

development condition shall be controlled to the allowable release rate which is defined 

as the 2-year pre-development discharge from the site. 

This site is proposed to have permanent groundwater discharge rate of 0.8 Ls which will 

be detailed in section 2.4 of this report. This stormwater shall be discharged to the sanitary 

sewers and therefore, be subtracted from the flows exiting the site.  

There is an external drainage area located north of the site. It is assumed that the runoff 

from this area will be collected by the onsite stormwater infrastructure and conveyed to 

the proposed system. This flow shall therefore be added to the allowable release rate.  

The calculated pre-development peak flow rates for the existing site for the 2-year to 100-

year storm events are summarized in Table 2-2. Detailed calculations are provided in 

Appendix A. 

Table 2-2: Pre-Development Peak Flow Rate and Maximum Allowable Site 

Discharge Rate  

Return 
Period 
(Years) 

Rainfall 
Intensity, I 

(mm/hr) 

Runoff 
Coefficient 
Adjustment 
Factor, Ca*    

Existing 
Peak 

Runoff 
Rates, Q 

(L/s)** 

Proposed 
Permanent 
Dewatering 
Rate, QGW 

(L/s) 

External 
Area 

Release 
Rate QEX 
(L/s)*** 

Maximum 
Allowable 
Release 
Rate, Qp 

(L/s) 

2 77.6 1.00 943.4 

0.8 

18.8 

961.4 

5 106.3 1.00 1,292.9 25.7 

10 126.3 1.00 1,532.8 30.5 

25 150.6 1.10 2,014.8 38.4 

50 168.6 1.20 2,274.7 42.9 

100 186.7 1.25 2,519.2 47.6 

*Runoff Coefficient Adjust Factor are required for storms greater than the 25-year storm event when 

calculating the peak flows using the Rational Method, as stated in Section 6.2.3 of the City of Pickering 

Stormwater Management Design Guidelines. Note the product of C and Ca cannot be larger than 1.00. 

**C = 0.90, pre-development catchment area of 4.85 ha and time of concentration of 10 minutes. 

***C = 0.95, catchment area of 0.09 ha and a time of concentration of 10 minutes. 
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2.4 Groundwater, Hydrogeology and Groundwater 

Characterization 

A Hydrogeological investigation was carried out by Toronto Inspections Ltd. in the spring 

and summer of 2019 to assess the groundwater conditions and soil characteristics of the 

development, and test the presence of groundwater contamination.  

Based on the report dated June 19, 2019, the estimated permanent dewatering rate is 

approximately 69,471 L/day, which is equivalent to approximately 0.80 L/s. The 

groundwater quality for the discharge water during construction does not meet the City’s 

Sewer By-Law requirements for discharge to the storm sewer but it does meet the 

requirements for discharge to the sanitary sewer. It was not stated where the groundwater 

will be discharged in the long-term scenario. As a conservative measure, it is assumed 

the groundwater will be discharged to the storm sewers after construction and will be 

accounted for when checking the water quantity requirement. 

The subsurface of the site is composed of mainly sandy silt till. From in-situ hydraulic 

conductivity tests conducted at various monitoring wells, the hydraulic conductivity ranged 

between 1.6x10-6 cm/s and 1.8x10-5 cm/s with a geometric mean of 6.0x10-6 cm/s. The 

Credit Valley Conservation (CVC) Low Impact Development Stormwater Management 

Planning and Design Guide has a table from the Ontario Building Code relating the 

hydraulic conductivity and infiltration rate in its supplementary guideline, SG-6 Percolation 

Time and Soil Descriptions. The table has been summarized in Table 2-3. 

Table 2-3: Relationship between Hydraulic Conductivity and Infiltration Rate  

Hydraulic Conductivity (cm/s) Infiltration Rate (mm/hr) 

0.1 300 

0.01 150 

0.001 75 

0.0001 50 

0.00001 30 

0.000001 12 

Source: CVC Low Impact Development Stormwater Management Planning and Design Guide – Appendix 

C (2011) 

Based on the table above, it is assumed that the infiltration rate of the sandy silt till ranges 

from 12 mm/hr and 30 mm/hr, with a geometric mean of approximately 22 mm/hr. This 

value is greater than the minimum infiltration rate, 15 mm/hr, for stormwater management 

system that uses infiltration, as recommended in the 2003 Stormwater Management 
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Planning and Design Manual created by the Ministry of the Environment, Conservation 

and Parks. 

In addition, the water table level ranges from 96.53 and 103.57 m above sea level and 

the depth between the water table and the ground surfaces ranges from 1.4 m to 8.9 m. 

From the borehole testing, it is estimated that bedrock is located deeper than 20 m below 

the ground surfaces. 

Based on the analysis above, stormwater management facilities that uses infiltration 

measures are recommended for this site since the soil has a favourable infiltration rate 

and there is sufficient distance from the ground surface to the water table and bedrock. 

However, more analysis would need to be taken at the location of the proposed 

stormwater management facilities before finalizing the design.  
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3 POST-DEVELOPMENT CONDITIONS 

3.1 General 

The total Site area is 4.85 ha (11.98 acres). The current concept development will consist 
of six high-rise towers, two mid-rise towers, and four townhouse blocks: 

1. Blocks 1 to 4 are 4-storey townhouse blocks with stacked back-to-back units. 
Blocks 1 and 2 are located toward the northwest corner of the site. Blocks 3 and 4 
are located toward the northeast corner of the site. 

2. Towers 1, 2 and 3 are located along the south property line, at the west side for 
the site. The towers range in height from 29 to 36 storeys, which are connected by 
a 4-storey podium (Podium 1). 

3. Towers 4 and 5 are each “U”-shaped buildings and are located along the north 
property line, at the centre of the site. Both mid-rise towers are 18 storeys. 

4. Towers 6 and 7 are located along the south property line, near the centre of the 
site. Towers 6 and 7 are 29 and 42 storeys, respectively. The towers are connected 
by a 4-storey podium (Podium 4). 

5. Tower 8 is located at the northeast corner of the site. The tower is 24 storeys, 
with a 4-storey commercial area located within a 4-storey podium (Podium 5). 

Grade-level parks will be provided at the south side of the site (between Towers 3 and 6) 

as well as the northeast and northwest corners of the site. A private internal road network 

with two access points off of Kingston Road and access to the below grade parking. The 

concept development includes two levels of underground parking with the exception of 

Podium 1, which will have one level of underground parking, as well as parking in 

Podiums 1 and 4. 

As mentioned in Section 2.1, the site receives flows from a 916 m2 asphalt external area 

north of the site. This area will be included in the hydrologic analysis to meet the water 

quantity requirements.  

An area breakdown for the new layout is provided below in Table 3-1. Please refer to 

Figure 3 for details of the post-development conditions and land-uses. Detailed 

calculations can be found in Appendix A. 
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Table 3-1: Proposed Land-Use Area Breakdown 

Land-Use Area (m2) Runoff 
Coefficient 
(2,5,10 yr) 

Runoff 
Coefficient 

(25 yr) 

Runoff 
Coefficient 

(50 yr) 

Runoff 
Coefficient 

(100 yr) 

% 
Coverage 

Impervious 

Roof Area 
19,757 0.95 1.00 1.00 1.00 41% 

Soft 

Landscaping 
14,117 0.25 0.28 0.30 0.31 29% 

At-Grade 

Impervious 
14,665 0.95 1.00 1.00 1.00 30% 

Total Site 

Area 
48,539 0.75 0.79 0.80 0.80 100% 

 

  





 

 

603-643, 645-699 Kingston Road Pickering, ON 
Project No.  19M-00841-00 
Director Industrial Holdings Limited 

WSP 
April 2020  

Page 13 

3.2 Water Quantity Control 

As mentioned in Section 1.4.1, the post-development discharge rates for all storms up to 

and including the 100-year storm event are to be attenuated to the 2-year pre-

development discharge rate, less the groundwater discharge, plus the external drainage 

area which is equivalent to 961.4 L/s. 

It is proposed that the runoff from the entire site will be collected into a subsurface storage 

system located underneath of the proposed park between Tower 3 and Tower 6. The 

subsurface storage system comprises of 60 rows of 40 Brentwood 48” StormTank® units. 

The system will have a stone base of 165 mm, stone cover of 305 mm and 305 mm wide 

wall of stone surrounding the system. The system will have a footprint of approximately 

1,043 m2 and provide a storage volume of approximately 1,238.5 m3. The system will be 

gravity drained via a 600 mm diameter orifice tube set at 0.12 m above the internal bottom 

of the StormTank® units. The installation guide for the Brentwood StormTank® can be 

found in Appendix C. 

The ‘HydroCAD’ sottware package (Version 10) has been used to model the behaviour 

of the proposed SWM system, and to determine its response under various storm events. 

This software utilises the Modified Rational Method to calculate flow rates and related 

storage values. Detailed output from the modelling is included in Appendix B. Please note 

the runoff coefficient adjustment factors were also considered for the modelled 

catchments in HydroCAD. Based on the criteria defined in Section 1.4.1, all stormwater 

runoff from events up to and including the 100-year storm must be contained on site and 

released at or below the allowable rate. 

As mentioned before, the 916 m2 asphalt external area located north of the site will be 

draining into the site. It is assumed that runoff from that area will be collected by onsite 

measures (i.e. catchbasins) and conveyed to the subsurface storage system. Therefore, 

the target release rate would be the addition of the 2-year pre-development release rate 

and the release rate from the external area for each storm event. In addition, as 

mentioned in Section 2.4, there is a flow of 0.8 L/s from the groundwater pumping system 

which would be discharged into the storm sewers and that amount would have to be 

subtracted from the allowable release rate as a conservative measure. These 

groundwater flows will not enter the subsurface chamber. Calculations for the release rate 

of the external area can be found in Appendix A.  

Summaries of the modelled peak offsite discharge rates for the subsurface storage 

system are provided in Table 3-2. 
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Table 3-2: Summary of Modelling Results 

Return Period 
(years) 

Peak Elevation 
in system /1.54 

(m) 

System Storage 
/1238.5(m3) 

System 
Discharge (L/s) 

Allowable Release 
Rate (L/s) 

2 0.688 580.3 321.7 

961.4 

5 0.805 694.2 470.2 

10 0.885 772.3 549.7 

25 1.033 917.1 670.7 

50 1.129 1010.6 738.8 

100 1.225 1,104.9 801.7 

The modelling results demonstrate that the post-development peak flow rates for all 

events up to the 100-year storm are lower than the target release rate. The maximum 

required storage volume to control the 100-year post-development runoff is 1,104.9 m3, 

while the provide storage volume is 1,238.5 m3. Note that this total utilized storage volume 

includes the water quality/erosion control volume described in the following sections.  

As most of the flow rates are controlled by the site’s subsurface storage system, the 

rainfall intensity and storm duration resulting in the maximum utilized storage produces 

the largest flows. This has been iteratively determined at td = 20 minutes (for the 100-year 

event). 
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3.3 Water Quality Control 

As mentioned in Section 1.4.2, Enhanced Level of protection is required for the proposed 

development. The target is to treat 90% of the annual runoff volume and remove 80% of 

the total suspended solids (TSS). A treatment train which consists of an oil/grit separator 

upstream of the subsurface storage system is proposed. 

The proposed treatment train approach consists of an OGS (Stormceptor EFO 12) which 

has been sized to capture approximately 60% of TSS and over 90% of the annual runoff 

volume. The OGS has been sized using Imbrium’s online PCSWMM for Stormceptor tool 

with the CA ETV particle size distribution. Please refer to Appendix D for the sizing report. 

It is to be noted that from the pre-consultation meeting with the City of Pickering, OGS 

are credited for only 50% of TSS, this will be considered in the calculation of the overall 

TSS removal of the treatment train. 

The OGS will act as a pre-treatment device for the runoff before it flows to the subsurface 

storage system. Using Table 3.2 of the 2003 Stormwater Management Planning and 

Design Manual from the Ministry of the Environment, Conservation and Parks, it was 

determined that an infiltration volume of 175.5 m3 is required to achieve an 80% TSS 

removal for a 4.95 ha drainage area with an imperviousness of 71%. The subsurface 

storage system will provide 191.1 m3 of infiltration volume which exceeds the requirement 

to achieve 80% TSS removal. By proposing the treatment train, it is expected the overall 

TSS removal efficiency is 90%. Please refer to Appendix A for the detailed calculations. 

3.4 Erosion Control 

As noted in Section 1.4.3, for site plans smaller than 5 ha there are minimum requirements 

that the development must meet. The site has been designed to meet the second 

requirement in the City of Pickering Stormwater Management Design Guidelines which 

states “runoff reduction from the site through infiltration, evapotranspiration and reuse of 

a minimum 5mm of rainfall depth across all impervious surfaces.” 

Allowing for an initial abstraction of 1 mm from impervious surfaces and 5 mm pervious 

surfaces (soft landscaping), a water balance volume for the post-development conditions 

is calculated. Table 3-3 outlines the water balance volume to retain the runoff from a 5 

mm storm on site in the post-development condition. Detailed water balance calculations 

can be found in Appendix A of this report. 
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Table 3-3: Water Balance Calculation for Post-Development Condition 

Surface 
Type 

Area (m2) Initial 
Abstraction 

(m3) 

Volume 
Abstracted 

(m3) 

5 mm 
Volume (m3) 

Water 
Balance (m3) 

Impervious 

Roof Area 

19,757 0.001 19.76 98.78 79.03 

Soft 

Landscaping 

14,117 0.005 70.59 70.59 0.00 

At-Grade 

Impervious 

14,665 0.001 14.66 73.32 58.66 

Total 48,539 - 105.01 242.69 137.69 

The water balance volume of 137.69 m3 shall be stored in the stone base and the bottom 

of the subsurface storage units. As stated in Section 3.3, a sump volume of 191.1 m3 will 

be provided in the subsurface storage system to meet the water quality requirement 

therefore the erosion control requirement will also be satisfied. Detailed calculations can 

in found in Appendix A of this report. During construction, appropriate erosion and 

sediment controls shall be implemented to ensure the impact from construction of the 

proposed development is minimized. 

It is assumed that the captured stormwater will infiltrate into the native soil below the 

subsurface storage system. Based on the information from Borehole 9, which was located 

between proposed Tower 3 and 6, the base of the subsurface storage system will be 

approximately 1.0 m above the water table and at least 20 m above the bedrock. It is 

recommended to conduct more site investigation to determine the infiltration capacity of 

the soil surrounding the subsurface storage system before further analysis and finalizing 

the design. 
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3.5 Water Balance 

As noted in Section 1.4.4, the objective for water balance is that the water balance volume 

in the post-development conditions shall be equal to or lesser than the pre-development 

condition. To compare the water balance volume between the pre- and post-development 

conditions, the runoff volume from a 5 mm rainfall on site was calculated under both 

conditions.  

Allowing for an initial abstraction of 1 mm from impervious surfaces and 5 mm pervious 

surfaces (soft landscaping), a water balance volume for the pre-development conditions 

is calculated. Table 3-4 outlines the water balance volume to retain the runoff from a 5 

mm storm in the pre-development condition and Table 3-3 outlines the water balance 

volume to retain the runoff from a 5 mm storm in the post-development condition. Detailed 

water balance calculations can be found in Appendix A of this report. 

Table 3-4: Water Balance Calculation for Pre-Development Condition 

Surface Type Area (m2) Initial 
Abstraction 

(m3) 

Volume 
Abstracted 

(m3) 

5 mm 
Volume 

(m3) 

Water 
Balance 

(m3) 

Impervious 

Roof Area 

15,249 0.001 15.25 76.25 61.00 

Soft 

Landscaping 

2,959 0.005 14.80 14.80 0 

At-Grade 

Impervious 

30,330 0.001 30.33 151.65 121.32 

Total 48,539 - 60.38 242.66 182.32 

As shown in Table 3-3 and Table 3-4, the post-development water balance (137.69 m3) 

is smaller than the pre-development water balance volume (182.32 m3) due to the 

increase in soft landscaping area in the post-development condition. The result illustrates 

that in 5 mm storms or for any other storms, there will be more runoff in the pre-

development condition than in the post-development condition. It is also important to note 

that in the post-development condition, at least 191.1 m3 of the runoff volume from any 

storm will be retained in the subsurface storage system and infiltrated into the native soil. 

Therefore, not only is the runoff volume lower in the post-development condition due to 

the increase in landscaped areas but a volume of 191.1 m3 of the runoff will be infiltrated 

into the ground through the subsurface storage system.  
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603-643, 645-699 Kingston Road Pickering, ON 
Project No.  19M-00841-00 

Director Industrial Holdings Limited 

4 CONCLUSIONS 
A stormwater management plan has been prepared to support the rezoning application 

for the proposed redevelopment of 603-643, 645 and 699 Kingston Road in the City of 

Pickering. The key points are summarized below. 

Water Quantity 

Runoff from the entire site and external area will directed to the 1,238.5 m3 Brentwood 

StormTank® subsurface storage system located in the proposed park between Tower 3 

and 6. The maximum storage volume utilized is 1,104.9 m3, including the sump volume 

for reuse and water quality. Outflow from the system will be controlled to below the 2-year 

pre-development discharge rate by a 600 mm orifice tube, while accounting for potential 

groundwater discharge and runoff from external area. 

Water Quality 

A treatment train consisting of an oil/grit separator and the subsurface storage system is 

proposed to achieve the required Enhanced level of water protection. The overall TSS 

removal of the treatment train is approximately 90%, which exceeds the 80% TSS 

requirement for Enhanced level of protection   

Erosion Control 

A minimum water reuse volume of 191.06 m3 will be provided in a sump volume below 

the invert of the outlet of the subsurface storage system to store the required volume for 

reuse. It is proposed that the water stored in the sump volume will infiltrate into the native 

soil on site. 

Water Balance 

Due to the increase in pervious areas from pre- to post-development, the water balance 

volume has decreased when compared to post-development conditions. In addition, the 

5 mm erosion control requirement has been addressed. 

This report has demonstrated that the proposed SWM strategy will address stormwater 

management related impacts from this project and meet the intent of the City of Pickering 

Stormwater Management Design Guidelines. 

Respectfully submitted, 

 

WSP Canada Group Limited                                                         
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Calculation of existing runoff rate is undertaken using the Rational Method: Q = 2.78 C*I*A*Ca

Where: Q = Peak flow rate (L/s)

C = Runoff coefficient

I = Rainfall intensity (mm/hr)

A = Catchment area (ha)

Ca = Runoff Coefficient Adjustment Factor

Area, A 4.85 hectares

Runoff Coef, C* 0.90

Where: A, B and C = Parameters defined in City of Pickering Stormwater Guidelines Table 12

I = Rainfall intensity (mm/hr)

Tc = Time of concentration (mins)

2 5 10 25 50 100

715.1 1082.9 1314.0 1581.7 1828.0 2096.4

5.3 6.0 6.0 6.0 6.2 6.5

0.82 0.84 0.85 0.85 0.86 0.86

10 10 10 10 10 10

77.6 106.3 126.0 150.6 168.6 186.7

1.00 1.00 1.00 1.10 1.20 1.25

0.90 0.90 0.90 0.99 1.00 1.00

943.4 1292.9 1532.8 2014.8 2274.7 2519.2

0.94 1.29 1.53 2.01 2.27 2.52

*Assume the time of concentration is 10 minutes

Satellite

**City of Pickering Stormwater Management Guidelines requires a Runoff Coefficient Adjustment for 25-100 Year 

storms. The coefficients are defined in Section 6.2.3 in the guideline. The product of Ca and C cannot be greater than 

1.00

Runoff Coefficient 

Adjustment Factor* 

Q (litres/sec)

Q (m
3
/sec)

Return Period (Years)

A

B

C

T (mins) *

I (mm/hr)

Modified Runoff Coefficient

Stormwater Management Calculations Project:
603-643, 645 & 699 

Kingston Road
No.: 19M-00841-00

Existing Offsite Discharge Rate
GW

Date: 2020-03-19
IS

� �  
�

��� � 	
�
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Calculation of existing runoff rate is undertaken using the Rational Method: Q = 2.78 C*I*A*Ca

Where: Q = Peak flow rate (L/s)

C = Runoff coefficient

I = Rainfall intensity (mm/hr)

A = Catchment area (ha)

Ca = Runoff Coefficient Adjustment Factor

Area, A 0.09 hectares

Runoff Coef, C* 0.95

Where: A, B and C = Parameters defined in City of Pickering Stormwater Guidelines Table 12

I = Rainfall intensity (mm/hr)

Tc = Time of concentration (mins)

2 5 10 25 50 100

715.1 1082.9 1314.0 1581.7 1828.0 2096.4

5.3 6.0 6.0 6.0 6.2 6.5

0.82 0.84 0.85 0.85 0.86 0.86

10 10 10 10 10 10

77.6 106.3 126.0 150.6 168.6 186.7

1.00 1.00 1.00 1.10 1.20 1.25

0.95 0.95 0.95 1.00 1.00 1.00

18.8 25.7 30.5 38.4 42.9 47.6

0.02 0.03 0.03 0.04 0.04 0.05

*Assume the time of concentration is 10 minutes

**City of Pickering Stormwater Management Guidelines requires a Runoff Coefficient Adjustment for 25-100 Year 

storms. The coefficients are defined in Section 6.2.3 in the guideline. The product of Ca and C cannot be greater 

than 1.00

Runoff Coefficient 

Adjustment Factor* 

Q (litres/sec)

Q (m
3
/sec)

Return Period (Years)

A

B

C

T (mins) *

I (mm/hr)

Modified Runoff Coefficient

Stormwater Management Calculations Project:
603-643, 645 & 699 

Kingston Road
No.: 19M-00841-00

External Area Discharge Rate
GW

Date: 2020-03-19
IS

� �  
�

��� � 	
�
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Area (m
2
) 2 5 10 25 50 100

15249 0.95 0.95 0.95 1.00 1.00 1.00

30330 0.95 0.95 0.95 1.00 1.00 1.00

2959 0.15 0.15 0.15 0.17 0.18 0.19

48539 0.90 0.90 0.90 0.95 0.95 0.95

Area (m
2
) 2 5 10 25 50 100

19757 0.95 0.95 0.95 1.00 1.00 1.00

14117 0.25 0.25 0.25 0.28 0.30 0.31

14665 0.95 0.95 0.95 1.00 1.00 1.00

48539 0.75 0.75 0.75 0.79 0.80 0.80

916 0.95 0.95 0.96 0.97 0.97 0.98

49455 0.75 0.75 0.75 0.79 0.80 0.80

19M-00841-00

Post-Development Weighted Runoff 

Coefficient Calculations

GW
Date: 2020-03-19

IS

Stormwater Management Calculations Project:
603-643, 645 & 699 

Kingston Road
No.:

For less frequent storms an Antecedent Precipiation Factor (Ca) should be used and Rational Formula to be modified 

accordingly to:

Runoff Coefficients C, Return Period (Years)

Ex 1

At-Grade Impervious

Soft Landscaping

Existing Conditions

As per City of Pickering Stormwater Management Design Guidelines (July 2019) Section 6.2.3.

Landscaping

Total Site Area + Ext Area:

Total Area

Runoff Coefficients C, Return Period (Years)

Land Use

Impervious Roof

Impervious At-Grade

Total Area

Proposed Conditions

Land Use

Impervious Roof Area
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The City of Pickering Stormwater Management Guidelines requires runoff reduction from the site through infiltration, evapotranspiration 

and reuse of a minimum 5 mm of rainfall depth across all impervious surfaces - Section 4.2

In this case, the minimum on-site runoff retention will require the site to retain all runoff from 5 mm storm event 

through evapotranspiration, infiltration, or rainwater reuse.

The current area measurements and land use types for the site are as follows:

Area (m2) Runoff C Impervious

15,249 0.95 100%

0 0.50 0%

2,959 0.25 0%

0 0.95 100%

30,330 0.95 100%

48,539 0.75 71%

15,249 0.001 15.25 76.25 61.00

0 0.005 0.00 0.00 0.00

2,959 0.005 14.80 14.80 0.00

0 0.001 0.00 0.00 0.00

30,330 0.001 30.33 151.65 121.32

48,539 - 60.38 242.69 182.32

Therefore, the volume of runoff during a 5 mm storm event: 182.3 m
3

For the purposes of the water balance calculation, it is assumed that the remaining hard surfaces on the site can 

abstract 1 mm of rainfall and that all soft landscaped areas can absorb 5 mm.

Total Site Area:

Surface Type

Land Use

Impervious Roof Area

Green Roof

Soft Landscaping

Vehicular Surfaces

At-Grade Impervious

Total Site Area:

Impervious Roof Area

Green Roof

Soft Landscaping

Vehicular Surfaces

At-Grade Impervious

Area 

(m2)

No.:Project: 19M-00841-00
603-643, 645 & 699 

Kingston Road
Stormwater Management Calculations

2020-03-19
GW

IS

Pre-Development Abstractions and 

Water Balance

Initial 

Abstraction 

(m)

Date:

Volume

Abstracted

(m3)

5 mm 

Volume

(m3)

Water 

Balance

(m3)



By: Page:

Checked: 5

The City of Pickering Stormwater Management Guidelines requires runoff reduction from the site through infiltration, evapotranspiration 

and reuse of a minimum 5 mm of rainfall depth across all impervious surfaces - Section 4.2

In this case, the minimum on-site runoff retention will require the site to retain all runoff from 5 mm storm event 

through evapotranspiration, infiltration, or rainwater reuse.

The current area measurements and land use types for the site are as follows:

Area (m2) Runoff C Impervious

19,757 0.95 100%

0 0.50 0%

14,117 0.25 0%

0 0.95 100%

14,665 0.95 100%

48,539 0.75 71%

19,757 0.001 19.76 98.78 79.03

0 0.005 0.00 0.00 0.00

14,117 0.005 70.59 70.59 0.00

0 0.001 0.00 0.00 0.00

14,665 0.001 14.66 73.32 58.66

48,539 - 105.01 242.69 137.69

Therefore, the volume of runoff during a 5 mm storm event: 137.7 m
3

Total Site Area:

For the purposes of the water balance calculation, it is assumed that the remaining hard surfaces on the site can 

abstract 1 mm of rainfall and that all soft landscaped areas can absorb 5 mm.

Water 

Balance

(m3)

Impervious Roof Area

Green Roof

Soft Landscaping

Vehicular Surfaces

At-Grade Impervious

5 mm 

Volume

(m3)

Total Site Area:

Surface Type
Area 

(m2)

Initial 

Abstraction 

(m)

Volume

Abstracted

(m3)

At-Grade Impervious

Stormwater Management Calculations Project:
603-643, 645 & 699 

Kingston Road
No.:

Land Use

Impervious Roof Area

Green Roof

Soft Landscaping

Vehicular Surfaces

19M-00841-00

Post-Development Abstractions and 

Water Balance

GW
Date: 2020-03-19

IS
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Discharge for a circular orifice is given by the following formula:

Where: Q = Flow rate (m3/s)

C = Discharge coefficient (unitless)

a = Submerged area (m2)

g = Gravitational constant (m/s2)

h = effective head (m)

For an orifice opening in a vertical plane, the effective head is given by the following formulae:

Fully Submerged:

Where: H = Head above invert level (m)

r = Radius of orifice (m)

TW = Tailwater depth above invert level (m)

Variables:

C = 0.8 - (Orifice Tube)

Orifice diameter = 600 mm

r = 300 mm

r = 0.300 m

a = 0.28274 sqm

g = 9.81 m/s2

H = 0.94 m

TW = 0.00 m (0.00 = assume free discharge)

h = 0.64 m

Calculation:

Q = 0.80153 m3/s

Q = 801.53 l/sec

No.: 19M-00841-00

Orifice Calculation At Peak 

Elevation during 100-year storm

GW

IS

Stormwater Management 

Calculations
Project:

603-643, 645 & 699 

Kingston Road

� � 
��2�ℎ
�.�
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1) Percolation Rate (mm/hr)

22 mm/hr* > 15 mm/hr

2) Groundwater Table Depth

Assume cover about Subsurface Storage System** 0.38 m

Height of Subsurface Storage System 1.54 m

Ground Surface*** 104.89 m

Bottom of Chamber System 102.97 m

Groundwater Elevation**** 101.92 m

Height between bottom of system to water table 1.05 m

and > 1 m

3) Bedrock Depth

Assume cover about Subsurface Storage System** 0.38 m

Height of Subsurface Storage System 1.54 m

Ground Surface*** 104.89 m

Bottom of Chamber System 102.97 m

Height between bottom of system to bedrock***** >20.88 m

and > 1 m

4) Drawdown Time

Equation 4.2 in 2003 MOE SWMPDM is used to calculate the allowable depth of the infiltration trench

d = 0.30 m

P = 22.00 mm/hr

Note that a safety factor of 2.50 is appliled to the in-situ infiltration rate

T = 34.09 hr

Notes:

*Geometric Mean Infiltration Rate calculated from Section 4.4.3 in the Hydrogeological Report dated Jun 19, 2019

**Based on the StormTank Installation Guide and Drawing P-612 City of Pickering Road Standard for Asphalt Walkway 

***Based on the ground surface of BH9 from the Borehole Logs in the Hydrogeological Report dated Jun 19, 2019

****Based on the highest measurement for BH9 in Table 4-3 in the Hydrogeological Report dated Jun 19, 2019

*****Based on Section 4.3 in the Hydrogeological Report dated Jun 19, 2019

No.: 19M-00841-00

Feasibility of Infiltration Practices
GW

IS

Stormwater Management 

Calculations
Project:

603-643, 645 & 699 

Kingston Road
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1) Required Quality Treatment Volume

The TSS removal efficiency of the infiltration system shall be evaluated per Table 3.2 of 2003 MOE SWMPDM

SWMP Type Infiltration

Target TSS Removal 80 %

Required Storage Volume (m3/ha) 35.5 m3/ha

Required Storage Volume (m3) 175.5 m3

2) Provided Quality Treatment Volume

Length of System excluding stone (m) 36.58 m

Width of System excluding stone (m) 27.42 m

Width of stone at the perimeter (m) 0.305 m

Stone Base (m) 0.165 m

Stone Porosity (%) 40.0 %

Provided Storage Volume in the Base (m3) 68.80 m3

Orifice invert about base of storage units (m) 0.12 m

Provided Storage Volume above the Base (m3) 122.25 m3

Total Provided Storage Volume (m3) 191.055 m3

3) Pretreatment Practices

An Oil/Grit Separator (OGS) unit is proposed as pretreatment measures

OGS Model, Stormceptor EFO 12

Drainage Area (ha) 4.95 ha

Imperviousness (%) 94 %

TSS Removal Efficiency 60 %

Runoff Treated 90 %

4) Treatment Train Overall Treatment Train Efficiency

OGS TSS Removal Efficiency** 50 %

Subsurface Storage System Removal Efficiency 80 %

Overall TSS Removal Efficiency 90 %

Notes

*Catchment area includes the site area and the external area

No.: 19M-00841-00

Refer to Appendix C and D for more information on the Water Quantity and Water Quality Sizing 

Report and Specifications, respectively

**City of Pickering only credits OGS with 50% TSS removal efficiency

Equation 4-1 is from New 

Jersey Stormwater

Best Management 

Practices Manual

Catchment Area (ha)* Imperviousness (%)

4.95 71%

Water Quality Control 

Requirements

GW

IS

Stormwater Management 

Calculations
Project:

603-643, 645 & 699 

Kingston Road
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2-5-10 yr

1S

At-Grade

2S

Roof Area

3S

External Catchment

 Area

TANK

Subsurface Storage

 Tank

OUTLET

Ditch along Highway

 401 (Allowable Release

 Rate 961.4)

Routing Diagram for 2020.03.20_603-643, 645 & 699 Kingston Road_HydroCAD model_2,5,10-Yr

Prepared by WSP Canada inc.,  Printed 2020-03-19
HydroCAD® 10.00-21  s/n 10060  © 2018 HydroCAD Software Solutions LLC

Subcat Reach Pond Link

2020.03.20_603-643, 645 & 699 Kingston Road_HydroCAD model_2,5,10-Yr
  Printed  2020-03-19Prepared by WSP Canada inc.

Page 2HydroCAD® 10.00-21  s/n 10060  © 2018 HydroCAD Software Solutions LLC

Area Listing (all nodes)

Area

(sq-meters)

C Description

(subcatchment-numbers)

916.0 0.95 External Catchment Area North of the Site  (3S)

14,665.0 0.95 Impervious Area At-grade  (1S)

19,757.0 0.95 Impervious Roof Area  (2S)

14,117.0 0.25 Park area  (1S)

49,455.0 0.75 TOTAL AREA

2020.03.20_603-643, 645 & 699 Kingston Road_HydroCAD model_2,5,10-Yr
  Printed  2020-03-19Prepared by WSP Canada inc.

Page 3HydroCAD® 10.00-21  s/n 10060  © 2018 HydroCAD Software Solutions LLC

Notes Listing (all nodes)

Line# Node

Number

Notes

1 1S Runoff Coefficient Adjust Factor of 1.0 should be applied for the 2-year, 5-year and 

10-year storm, 1.10 for the 25-year storm, 1.20 for the 50-year storm and 1.25 for the 

100-year storm.

2 The modified C should be less than 1.00

3 2S Runoff Coefficient Adjust Factor of 1.0 should be applied for the 2-year, 5-year and 

10-year storm, 1.10 for the 25-year storm, 1.20 for the 50-year storm and 1.25 for the 

100-year storm.

4 The modified C should be less than 1.00

5 3S Runoff Coefficient Adjust Factor of 1.0 should be applied for the 2-year, 5-year and 

10-year storm, 1.10 for the 25-year storm, 1.20 for the 50-year storm and 1.25 for the 

100-year storm.

6 The modified C should be less than 1.00

7 TANK A levelling base with a minimum depth of 152 mm of angular stone and a top layer 

with minimum depth of 305 mm angular stone is a requirement in addition to the 

minimum width of 305 mm angular stone surrounding the sides of the system.

Pickering 2-Year  Duration=20 min,  Inten=51.4 mm/hr2020.03.20_603-643, 645 & 699 Kingsto
  Printed  2020-03-19Prepared by WSP Canada inc.

Page 4HydroCAD® 10.00-21  s/n 10060  © 2018 HydroCAD Software Solutions LLC

Time span=0.00-6.00 hrs, dt=0.01 hrs, 601 points
Runoff by Rational method, Rise/Fall=1.0/1.0 xTc

Reach routing by Stor-Ind+Trans method  -  Pond routing by Stor-Ind method

Runoff Area=28,782.0 m²   50.95% Impervious   Runoff Depth=10 mmSubcatchment 1S: At-Grade
   Tc=10.0 min   C=0.61   Runoff=0.2509 m³/s  301.0 m³

Runoff Area=19,757.0 m²   100.00% Impervious   Runoff Depth=16 mmSubcatchment 2S: Roof Area
   Tc=10.0 min   C=0.95   Runoff=0.2682 m³/s  321.7 m³

Runoff Area=916.0 m²   100.00% Impervious   Runoff Depth=16 mmSubcatchment 3S: External Catchment 
   Tc=10.0 min   C=0.95   Runoff=0.0124 m³/s  14.9 m³

Peak Elev=0.688 m  Storage=580.3 m³   Inflow=0.5315 m³/s  637.6 m³Pond TANK: Subsurface Storage Tank
   Outflow=0.3217 m³/s  620.0 m³

   Inflow=0.3217 m³/s  620.0 m³Link OUTLET: Ditch along Highway 401 (Allowable Release Rate 961.4)
   Primary=0.3217 m³/s  620.0 m³

Total Runoff Area = 49,455.0 m²   Runoff Volume = 637.6 m³   Average Runoff Depth = 13 mm
28.55% Pervious = 14,117.0 m²     71.45% Impervious = 35,338.0 m²



Pickering 2-Year  Duration=20 min,  Inten=51.4 mm/hr2020.03.20_603-643, 645 & 699 Kingsto
  Printed  2020-03-19Prepared by WSP Canada inc.
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Summary for Subcatchment 1S: At-Grade

Runoff Coefficient Adjust Factor of 1.0 should be applied for the 2-year, 5-year and 10-year storm, 1.10 for 
the 25-year storm, 1.20 for the 50-year storm and 1.25 for the 100-year storm.

The modified C should be less than 1.00

Runoff = 0.2509 m³/s @ 0.17 hrs,  Volume= 301.0 m³,  Depth= 10 mm

Runoff by Rational method, Rise/Fall=1.0/1.0 xTc, Time Span= 0.00-6.00 hrs, dt= 0.01 hrs
Pickering 2-Year  Duration=20 min,  Inten=51.4 mm/hr

Area (m²) C Description

14,117.0 0.25 Park area
14,665.0 0.95 Impervious Area At-grade

28,782.0 0.61 Weighted Average
14,117.0 49.05% Pervious Area
14,665.0 50.95% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (meters) (m/m) (m/sec) (m³/s)

10.0 Direct Entry, Time of Concentration (Assumed)

Subcatchment 1S: At-Grade

Runoff

Hydrograph

Time  (hours)
6543210

F
lo

w
  

(m
³/

s
)

0.28

0.26

0.24

0.22

0.2

0.18

0.16

0.14

0.12

0.1

0.08

0.06

0.04

0.02

0

Pickering 2-Year

Duration=20 min,

Inten=51.4 mm/hr

Runoff Area=28,782.0 m²

Runoff Volume=301.0 m³

Runoff Depth=10 mm

Tc=10.0 min

C=0.61

0.2509 m³/s

Pickering 2-Year  Duration=20 min,  Inten=51.4 mm/hr2020.03.20_603-643, 645 & 699 Kingsto
  Printed  2020-03-19Prepared by WSP Canada inc.
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Summary for Subcatchment 2S: Roof Area

Runoff Coefficient Adjust Factor of 1.0 should be applied for the 2-year, 5-year and 10-year storm, 1.10 for 
the 25-year storm, 1.20 for the 50-year storm and 1.25 for the 100-year storm.

The modified C should be less than 1.00

Runoff = 0.2682 m³/s @ 0.17 hrs,  Volume= 321.7 m³,  Depth= 16 mm

Runoff by Rational method, Rise/Fall=1.0/1.0 xTc, Time Span= 0.00-6.00 hrs, dt= 0.01 hrs
Pickering 2-Year  Duration=20 min,  Inten=51.4 mm/hr

Area (m²) C Description

19,757.0 0.95 Impervious Roof Area

19,757.0 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (meters) (m/m) (m/sec) (m³/s)

10.0 Direct Entry, Time of Concentration (Assumed)

Subcatchment 2S: Roof Area

Runoff

Hydrograph

Time  (hours)
6543210

F
lo

w
  

(m
³/

s
)

0.3

0.28

0.26

0.24

0.22

0.2

0.18

0.16

0.14

0.12

0.1

0.08

0.06

0.04

0.02

0

Pickering 2-Year

Duration=20 min,

Inten=51.4 mm/hr

Runoff Area=19,757.0 m²

Runoff Volume=321.7 m³

Runoff Depth=16 mm

Tc=10.0 min

C=0.95

0.2682 m³/s

Pickering 2-Year  Duration=20 min,  Inten=51.4 mm/hr2020.03.20_603-643, 645 & 699 Kingsto
  Printed  2020-03-19Prepared by WSP Canada inc.
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Summary for Subcatchment 3S: External Catchment Area

Runoff Coefficient Adjust Factor of 1.0 should be applied for the 2-year, 5-year and 10-year storm, 1.10 for 
the 25-year storm, 1.20 for the 50-year storm and 1.25 for the 100-year storm.

The modified C should be less than 1.00

Runoff = 0.0124 m³/s @ 0.17 hrs,  Volume= 14.9 m³,  Depth= 16 mm

Runoff by Rational method, Rise/Fall=1.0/1.0 xTc, Time Span= 0.00-6.00 hrs, dt= 0.01 hrs
Pickering 2-Year  Duration=20 min,  Inten=51.4 mm/hr

Area (m²) C Description

916.0 0.95 External Catchment Area North of the Site

916.0 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (meters) (m/m) (m/sec) (m³/s)

10.0 Direct Entry, Time of Concentration (Assumed)

Subcatchment 3S: External Catchment Area

Runoff

Hydrograph

Time  (hours)
6543210

F
lo

w
  

(m
³/

s
)

0.013

0.012

0.011

0.01

0.009

0.008

0.007

0.006

0.005

0.004

0.003

0.002

0.001

0

Pickering 2-Year

Duration=20 min,

Inten=51.4 mm/hr

Runoff Area=916.0 m²

Runoff Volume=14.9 m³

Runoff Depth=16 mm

Tc=10.0 min

C=0.95

0.0124 m³/s

Pickering 2-Year  Duration=20 min,  Inten=51.4 mm/hr2020.03.20_603-643, 645 & 699 Kingsto
  Printed  2020-03-19Prepared by WSP Canada inc.
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Summary for Pond TANK: Subsurface Storage Tank

A levelling base with a minimum depth of 152 mm of angular stone and a top layer with minimum depth of 
305 mm angular stone is a requirement in addition to the minimum width of 305 mm angular stone 
surrounding the sides of the system.

Inflow Area = 49,455.0 m², 71.45% Impervious,  Inflow Depth = 13 mm    for  2-Year event
Inflow = 0.5315 m³/s @ 0.17 hrs,  Volume= 637.6 m³
Outflow = 0.3217 m³/s @ 0.40 hrs,  Volume= 620.0 m³,  Atten= 39%,  Lag= 13.8 min
Primary = 0.3217 m³/s @ 0.40 hrs,  Volume= 620.0 m³

Routing by Stor-Ind method, Time Span= 0.00-6.00 hrs, dt= 0.01 hrs
Starting Elev= 0.285 m   Surf.Area= 1,042.8 m²   Storage= 186.1 m³
Peak Elev= 0.688 m @ 0.40 hrs   Surf.Area= 1,042.8 m²   Storage= 580.3 m³   (394.2 m³ above start)

Plug-Flow detention time= 48.1 min calculated for 433.2 m³ (68% of inflow)
Center-of-Mass det. time= 32.5 min ( 47.5 - 15.0 )

Volume Invert Avail.Storage Storage Description

#1A 0.000 m 212.9 m³ 28.04 mW x 37.19 mL x 1.54 mH Field A
1,602.5 m³ Overall - 1,070.4 m³ Embedded = 532.2 m³  x 40.0% Voids

#2A 0.165 m 1,025.6 m³ Brentwood StormTank  42"  x 2400  Inside #1
Inside= 457 mmW x 1,067 mmH => 0.467 m² x 0.91 mL = 0.43 m³
Outside= 457 mmW x 1,067 mmH => 0.488 m² x 0.91 mL = 0.45 m³
60 Rows of 40 Chambers

1,238.5 m³ Total Available Storage

     Storage Group A created with Chamber Wizard

Device Routing     Invert Outlet Devices

#1 Primary 0.285 m 600 mm Vert. Orifice/Grate    C= 0.800   

Primary OutFlow  Max=0.3217 m³/s @ 0.40 hrs  HW=0.688 m   (Free Discharge)
1=Orifice/Grate  (Orifice Controls 0.3217 m³/s @ 1.59 m/s)



Pickering 2-Year  Duration=20 min,  Inten=51.4 mm/hr2020.03.20_603-643, 645 & 699 Kingsto
  Printed  2020-03-19Prepared by WSP Canada inc.
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Pond TANK: Subsurface Storage Tank - Chamber Wizard Field A

Chamber Model = Brentwood StormTank  42" (Brentwood Industries StormTank)

Inside= 457 mmW x 1,067 mmH => 0.467 m² x 0.91 mL = 0.43 m³

Outside= 457 mmW x 1,067 mmH => 0.488 m² x 0.91 mL = 0.45 m³

40 Chambers/Row x 0.91 m Long = 36.58 m Row Length +305 mm End Stone x 2 = 37.19 m Base Length

60 Rows x 457 mm Wide + 305 mm Side Stone x 2 = 28.04 m Base Width

165 mm Base + 1,067 mm Chamber Height + 305 mm Cover = 1.54 m Field Height

2,400 Chambers x 0.43 m³ = 1,025.64 m³ Chamber Storage

2,400 Chambers x 0.45 m³ = 1,070.38 m³ Displacement

1,602.53 m³ Field - 1,070.38 m³ Chambers = 532.15 m³ Stone x 40.0% Voids = 212.86 m³ Stone Storage

Chamber Storage + Stone Storage = 1,238.50 m³ = 1.238 Ml

Overall Storage Efficiency = 77.3%

Overall System Size = 37.19 m x 28.04 m x 1.54 m

Pickering 2-Year  Duration=20 min,  Inten=51.4 mm/hr2020.03.20_603-643, 645 & 699 Kingsto
  Printed  2020-03-19Prepared by WSP Canada inc.
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Pond TANK: Subsurface Storage Tank

Inflow
Primary

Hydrograph

Time  (hours)
6543210

F
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w
  

(m
³/

s
)
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0.25
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0.15

0.1

0.05

0

Inflow Area=49,455.0 m²

Peak Elev=0.688 m

Storage=580.3 m³

0.5315 m³/s

0.3217 m³/s

Pickering 2-Year  Duration=20 min,  Inten=51.4 mm/hr2020.03.20_603-643, 645 & 699 Kingsto
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Summary for Link OUTLET: Ditch along Highway 401 (Allowable Release Rate 961.4)

Inflow Area = 49,455.0 m², 71.45% Impervious,  Inflow Depth > 13 mm    for  2-Year event
Inflow = 0.3217 m³/s @ 0.40 hrs,  Volume= 620.0 m³
Primary = 0.3217 m³/s @ 0.40 hrs,  Volume= 620.0 m³,  Atten= 0%,  Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-6.00 hrs, dt= 0.01 hrs

Link OUTLET: Ditch along Highway 401 (Allowable Release Rate 961.4)

Inflow
Primary

Hydrograph

Time  (hours)
6543210

F
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w
  

(m
³/

s
)

0.36

0.34

0.32

0.3

0.28

0.26

0.24

0.22

0.2

0.18

0.16

0.14

0.12

0.1

0.08

0.06

0.04

0.02

0

Inflow Area=49,455.0 m²
0.3217 m³/s

0.3217 m³/s
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Time span=0.00-6.00 hrs, dt=0.01 hrs, 601 points
Runoff by Rational method, Rise/Fall=1.0/1.0 xTc

Reach routing by Stor-Ind+Trans method  -  Pond routing by Stor-Ind method

Runoff Area=28,782.0 m²   50.95% Impervious   Runoff Depth=14 mmSubcatchment 1S: At-Grade
   Tc=10.0 min   C=0.61   Runoff=0.3454 m³/s  414.3 m³

Runoff Area=19,757.0 m²   100.00% Impervious   Runoff Depth=22 mmSubcatchment 2S: Roof Area
   Tc=10.0 min   C=0.95   Runoff=0.3692 m³/s  442.9 m³

Runoff Area=916.0 m²   100.00% Impervious   Runoff Depth=22 mmSubcatchment 3S: External Catchment 
   Tc=10.0 min   C=0.95   Runoff=0.0171 m³/s  20.5 m³

Peak Elev=0.805 m  Storage=694.2 m³   Inflow=0.7317 m³/s  877.7 m³Pond TANK: Subsurface Storage Tank
   Outflow=0.4702 m³/s  859.8 m³

   Inflow=0.4702 m³/s  859.8 m³Link OUTLET: Ditch along Highway 401 (Allowable Release Rate 961.4)
   Primary=0.4702 m³/s  859.8 m³

Total Runoff Area = 49,455.0 m²   Runoff Volume = 877.7 m³   Average Runoff Depth = 18 mm
28.55% Pervious = 14,117.0 m²     71.45% Impervious = 35,338.0 m²



 

 

 


