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Disclaimer 
 

This Report was prepared by The Jones Consulting Group Ltd. for Pratt Hansen Group Inc. The material in 

the Report reflects The Jones Consulting Group Ltd.’s best judgment in light of the information available at 

the time of the Report preparation. Any use which a third party makes of this Report, or any reliance on or 

decisions to be made based on it, are the responsibility of such third parties. The Jones Consulting Group 

Ltd. accepts no responsibility for damages, if any, suffered by any third party as a result of decisions made 

or actions based on this Report.  

This report has been prepared, in part based on the Subwatershed Impact Study (SIS) prepared by R.J. 

Burnside & Associates, dated September 2016, and follows the recommendations outlined in the Detailed 

Stormwater Management Report for the Bistro 6 West Subdivision, prepared by The Jones Consulting 

Group Ltd., dated August 2019. 
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Servicing & Stormwater Management Report 
Pratt Hansen Group Inc. – Elements Condominium Plan 

Mapleview Drive East, City of Barrie 
 

1. Introduction 

1.1. Appointment 

The Jones Consulting Group Ltd. (TJCG) was retained by Pratt Hansen Group Inc. (client) to provide 

engineering services for the proposed residential site plan development located in the Hewitt’s Secondary 

Plan Area, southeast of Mapleview Drive and Yonge Street in the City of Barrie (City). The site plan 

development is to be known as the Elements Condominium Plan and is part of the Bistro 6 West Subdivision 

within the overall Hewitt’s Gate Subdivision.  

This Servicing and Stormwater Management Report has been prepared in support of the Elements 

Condominium Plan prepared by TJCG dated September 2nd, 2021 to demonstrate how the lands will be 

serviced by the surrounding municipal infrastructure within the Kneeshaw Drive Right-of-Way.   

In particular, this report examines the existing and proposed servicing infrastructure in relation to:  

• Stormwater Servicing 

• Water Servicing 

• Sanitary Servicing 

• Roads and Grading 

• Utility Servicing 

The design information presented herein, as well as within the design drawing set, has been completed in 

accordance with all relevant City, LSRCA, MOE, and MTO design standards. Design information has been 

coordinated with the overall subdivision design for the Bistro 6 West Subdivision, also being completed by 

TJCG.  
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1.2. Property Description 

The subject lands are generally rectangular in shape and comprised of approximately 3.15 hectares (ha) of 

land area. The subject property is legally described as Part of Lot 16, Concession 12 in the City of Barrie, 

County of Simcoe. The site plan is located within Block 598 of the Hewitt’s Gate Draft Plan of Subdivision. A 

copy of the proposed Site Plan prepared by The Jones Consulting Group, dated September 2nd, 2021, has 

been attached in Appendix A.   

The lands are generally situated to the southeast of the intersection of Mapleview Drive East and Yonge 

Street. It is bound to the north by Mapleview Drive East, to the west by the existing GO Train railway, to the 

south by proposed single detached residential lands and townhome Block 155 in the Bistro 6 West 

Subdivision, and to the east by the future Collector Road referred to as Kneeshaw Drive on the Hewitt’s 

Gate Draft Plan. The location of the subject property is identified in blue in relation to the proposed Draft 

Plan identified in red as shown below in Figure 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 – Site Location Plan 

 

 

NORTH 
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1.3. Existing and Proposed Land Use 

The pre-development land use is comprised of mainly cultivated open space utilized for agriculture, with 

treeline along the north boundary adjacent to Mapleview Drive East and west boundary next to the 

metrolinx railway.  

The current Draft Plan for Elements Condominium proposes 346 units based on three high density unit 

blocks. A copy of the Elements Condominium Plan, dated September 2nd, 2021, is provided in Appendix A. 

A statistical breakdown of each land use as provided on the Site Plan has been included in Table 1 below. 

Table 1 - Land Use Breakdown 
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The Functional Servicing Report for the Bistro 6 West Subdivision development was prepared by TJCG in 

May 2019. Within the Functional Servicing Report, the Bistro 6 West residential subdivision included the 

proposed Elements Condominium Plan (previously named Bistro 6 West Site Plan), Bistro 6 Site Plan, Bistro 

6 West Subdivision and roadway network as part of its servicing design. Applicable design measures were 

applied to Bistro 6 Site Plan and Elements Condominium Plan during the servicing design of the Bistro 6 

West Subdivision to allow for their ultimate inception as part of the subdivision itself. 

1.4. Supporting Documents 

The following documents have been referenced in the preparation of this report: 

• Pratt Hansen Group Inc. – Elements Condominium Plan, The Jones Consulting Group Ltd., 

September 2nd, 2021 

• Crisdawn Construction Inc. – Hewitt’s Gate Revised Draft Plan to Draft Approved Plan of 

Subdivision, The Jones Consulting Group Ltd., June 4, 2019 

• Crisdawn Construction Inc. – Bistro 6 West Subdivision Functional Servicing Report, The Jones 

Consulting Group Ltd., May 2019 

• Crisdawn Construction Inc. – Bistro 6 West Subdivision Detailed Stormwater Management Report, 

The Jones Consulting Group Ltd., revised August 2019 

• Crisdawn Construction Inc. – Bistro 6 West Subdivision Detailed Stormwater Management Report 

Addendum, The Jones Consulting Group Ltd., Addendum No. 1, October 2020 

• Geotechnical Investigation, Proposed Bistro 6 West Development, Report No: 2 Revised by Peto 

MacCallum Ltd., dated May 19th, 2021 

• Guelph Permeameter Testing, Proposed Bistro 6 West Development, Report No: 4 by Peto 

MacCallum Ltd., dated July 22nd, 2021 

• Hydrogeological Study in Support of Draft Plan – Bistro 6 West Subdivision, R.J. Burnside & 

Associates Ltd., Updated October 2019 

• Technical Memorandum, Elements Condominium – Hydrogeology Brief, R.J. Burnside & Associates 

Ltd., dated August 10th, 2021 

• Hewitt’s Secondary Plan Area Subwatershed Impact Study, Lover’s, Hewitt’s and Sandy Cove 

Creeks, R.J. Burnside & Associates Ltd., September 2016 

• City of Barrie, Stormwater Drainage & Stormwater Management Policies & Design Guidelines, 

October 2020 

• Lake Simcoe Region Conservation Authority, Watershed Development Guidelines, June 2020 

• Lake Simcoe Region Conservation Authority, Technical Guidelines for Stormwater Management 

Submissions, September 2016  
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• Lake Simcoe Region Conservation Authority, Barrie Creeks, Lovers Creek and Hewitt’s Creek 

Subwatershed Plan, 2012 

• Credit Valley Conservation Authority & Toronto Region Conservation Authority, Low Impact 

Development Stormwater Management Planning and Design Guide, 2010  

• Low Impact Development Stormwater Management Planning & Design Guide Wiki, Sustainable 

Technologies Evaluation Program, 2018 

• Ministry of the Environment, Lake Simcoe Protection Plan, July 2009 

• Ministry of the Environment, Stormwater Management Planning and Design Manual, March 2003 

• Ministry of Transportation, Drainage Management Manual, February 2008 

• City of Barrie, Hewitt’s Secondary Plan Transportation Improvements Municipal Class 

Environmental Assessment, Phases 3 & 4, adopted by council June 19, 2017 
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2. Stormwater Management Plan 

2.1. Introduction 

The stormwater management plan is intended to provide an environmentally sound approach to 

stormwater and drainage issues. The issues can be divided into four categories: stormwater quality control, 

stormwater quantity control, water balance, and erosion & sediment control. 

This report outlines a proposed design for the Elements Condominium Plan stormwater management 

system to meet the compulsory post-development quantity and quality control requirements of the City, 

LSRCA, MOE, Hewitt’s Secondary Plan Area SIS, and the Bistro 6 West Subdivision DSWMR. 

The City of Barrie and the LSRCA require Level 1 (Enhanced) quality control for the stormwater runoff 

generated from this site. The proposed downstream Bistro 6 West Subdivision SWMF#7 pond has been 

sized to provide quantity control of the 100-year post to pre development peak flows and the extended 

detention (48 hour) for the 25mm storm event for erosion control for the subject lands as well as additional 

external lands described previously. The Elements Condominium Plan development is proposed to 

implement pre-treatment devices and site-specific LID’s in order to achieve Enhanced (Level 1) quality 

control.   

The design of SWMF#7 is outlined in the DSWMR completed for the Bistro 6 West Subdivision, by The Jones 

Consulting Group Ltd., dated revised August 2019 (TJCG Project # PRA-12160 and City of Barrie File # D12-

426) which demonstrates that the pond has been designed to provide the required SWM quantity control 

for the subject site. 

In general, a treatment train approach is proposed to meet the subject lands’ quality control requirements. 

This system will utilize lot level/source, conveyance and end-of-pipe controls to meet the objectives set out 

by the City, LSRCA, MOE, the SIS and the Bistro 6 West Subdivision DSWMR. Treatment will be provided 

through a combination of Manufactured Treatment Devices (MTD’s) and infiltration and filtration-based 

LID practices.  

Refer to Table 2 below for a list of the Stormwater Management Design Criteria to be addressed in the 

proposed Stormwater Management Plan.  
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Table 2  - Stormwater Management Design Criteria 

Hewitt’s Gate Subdivision - Stormwater Management Design Criteria 
Category Sub-Category Target 

Quantity Control 

Peak Flow Control Meet the site’s catchment area parameters as outlined for the design 
of SWMF7 within the Bistro 6 West Subdivision DSWMR. 

Runoff Volume Control 

In accordance with ‘Sites With Restrictions’ criteria (LSRCA), targets 
established by SWMF catchment based on constraints, see Section 
2.2.2.2. implementing Alternative #2 – minimum 5mm total volume 
control over impervious surface. 

Minor-Major System Conveyance Minor System to convey 5-year event, Major System to convey 100-
year event (CoB, LSRCA) 

Regulatory Storm Conveyance Convey the Regional Event to a sufficient outlet (CoB, LSRCA) 

Quality Control 
Total Suspended Soils Provide Level 1 (Enhanced) Protection, 80% Long Term Removal (CoB, 

MOE, LSRCA) 
Total Phosphorus Minimum 80% Reduction in Post-Development Loading (LSRCA) 

Water Balance  Meet the infiltration results achieved for the subject site within the 
Bistro 6 West Subdivision DSWMR. 

Erosion & Sediment 
Control  

Protect the site from first disturbance through to reinstatement from 
erosion and sediment wash-off to mitigate impacts on natural systems 
(CoB, LSRCA) 
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2.2. Site Physiography 

 Existing Soils Conditions 

The soils found on the subject site are predominantly a Dundonald Sandy Loam (Ds) which belongs to Group 

B of the SCS Hydrological Soils Group Classification system. Soil Series are determined from the Soil Map of 

Simcoe County, Report No. 29 of the Ontario Soil Survey produced by the Canada Department of Agriculture 

with the Ontario Department of Agriculture. Soil series and hydrological soils group are shown below in 

Figure 2 and Table 3. An excerpt from the Soils Map is provided in Appendix A.   

 
Figure 2 - Site Soils Identification 

 

Table 3  - Soil Type Distribution 

Soil   Total Percentage 
Type Soil Name SCS Group Area Area 

   (ha) (%) 
Ds Dundonald Sandy Loam Group B 3.16 

 

100.00 
 

A geotechnical report (Peto MacCallium Ltd. Report No. 2 Revised) has been completed specific to the 

Elements Condominium Site Plan. Information obtained from the Geotechnical report (No.2 Revised) was 

used in the initial design of proposed Low Impact Development measures.  The presence of artesian 
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pressures are noted in some boreholes on the subject site due to elevated groundwater levels. A six-month 

long groundwater monitoring program is currently being conducted in order to provide a better 

understanding of seasonal groundwater fluctuations within the subject site. Results will be presented under 

separate cover when the program is completed. A second geotechnical report (Report No. 4) was prepared 

to establish infiltration parameters for the LID features through Guelph Permeameter Testing. The in-situ 

underlying soils were determined to be silty sand till and silt & sand Till. The infiltration rates determined 

from this additional testing have been coded into the PCSWMM models. Table 4 below summarizes the 

testing results outlined within Peto MacCallum Ltd. Guelph Permeameter Testing Report dated July 22nd, 

2021. 

Table 4  – Guelph Permeameter Testing Results 

Test Pit 
Test Depth (m) 

& Elevation 
Material Type 

Kfs 
(cm/sec) 

Infiltration Rate 
(mm/hr) 

Factored Infiltration 
Rate (mm/hr) 

1 0.6m / 255.1 
1.5m / 254.2 Silty Sand Till 1.5 x10-5 

1.4 x10-5  
28 
27 11 

2 0.4m / 254.9 
1.5m / 253.8 

Silty Sand Till 
Sand and Silt Till 

1.2 x10-5 

1.8 x10-5 
26 
29 11 

3 1.2m / 255.5 
2.7m / 254.0 Silty Sand Till 2.4 x10-4 

6.4 x10-6 
32 
22 9 

 

 Existing Drainage Conditions 

The subject lands consist of approximately 3.16 hectares of land which is primarily used for agricultural 

purposes. The land’s topography contains average slopes ranging from 3-5%, generally draining eastward 

towards the Natural Heritage System associated with the Hewitt’s Creek watercourse. The land’s 

topography ranges in elevation from a maximum elevation of 261 meters at the southwest property 

boundary to a minimum elevation of 255 meters near the northeast property boundary adjacent to the 

future Kneeshaw Drive and Mapleview Drive East intersection.  

There are no existing stormwater management facilities on the subject lands and all flows are released 

uncontrolled to Hewitt’s Creek. The existing drainage conditions are shown in the Stormwater Management 

Plan Pre-Development Conditions, Drawing SWM-1 in Appendix B. 

 Proposed Drainage Conditions  

Development of the subject lands will consist of high density residential buildings and an internal looped 

driveway and parking areas to be built to City of Barrie standards, as well as Open Spaces for amenities.  
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The grading of the site will direct stormwater runoff to the internal road / parking lot where it is ultimately 

directed towards the proposed LID facilities through overland flow. Overflow from the LID facilities will be 

captured by the downstream storm sewer network which has been sized for the 100-year event. Major 

flows are to be collected and conveyed via the provided storm sewer connection to the 100-year pipe. 

Emergency flow will be directed overland to Kneeshaw Road and ultimately through the Bistro 6 Site Plan 

to SWMF7. The proposed end-of-pipe SWM facility as identified in the Bistro 6 West Subdivision DSWMR is 

an extended detention dry pond complete with a media filter LID in lieu of a traditional forebay. It has been 

sized to provide the required stormwater quantity control for the proposed development in addition to 

lands within the larger catchment area. The subject site will also include Low Impact Development (LID) 

measures to provide at-source controls that reduce runoff volumes, promote groundwater recharge, aid in 

maintaining water balance, and assist in phosphorus removal. The Hewitt’s Secondary Plan Area 

Subwatershed Impact Study (SIS) has identified LID measures suitable for implementation within the subject 

property that are intended to achieve the LSRCA and City of Barrie targets for infiltration / filtration, water 

balance and total phosphorus removal. Further discussion regarding LID measures is provided in 

subsequent sections of this Report as well as in the Detailed Stormwater Management Report submitted 

for the proposed Bistro 6 West Subdivision. 

West of Hewitt’s Creek, and in accordance with the SIS, the proposed grading and drainage design includes 

the construction of a storm sewer system to convey flows up to and including the 100-year event from an 

external drainage area west of the GO Transit Rail Corridor, elsewhere referred to as Catchment 7A-EXT, as 

well as the proposed site, a medium density block shown as Catchment 7B. Runoff from Catchment 7A-EXT 

will be conveyed via a 100-year trunk storm sewer from the intersection of Yonge Street and St. Paul’s 

Crescent, crossing the GO Transit Rail Corridor and traversing through Kneeshaw Drive, where it will collect 

runoff from the subject lands, Catchment 7B, adjacent lands, and eventually to SWMF#7; where captured 

runoff is treated for quantity control before discharging to Hewitt’s Creek.  

The stormwater management facility was designed as part of the Bistro 6 West Subdivision to meet the 

quantity control requirements outlined within the SIS along with those of the City of Barrie, LSRCA and MOE, 

before discharging to Hewitt’s Creek. Further design details are provided in the Bistro 6 West Subdivision 

Detailed Stormwater Management Report, dated revised August 2019.  

The Stormwater Management Plan Post-Development Conditions LID Model Catchment Areas illustrate the 

proposed drainage conditions (Drawing SWM-2, provided in Appendix B). The storm sewer design is also 

provided (Drawings STM-1 and SS-2 in Appendix B), which delineates the storm sewer subcatchments and 

storm sewer design sheet, respectively. The Overall Stormwater Management Plans: West of Hewitt’s 

Creek, Bistro 6 West Subdivision have also been included as Drawings SWM-1 & SWM-2 (TJCG Project No. 
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PRA-12160) in Appendix A for reference as to how the subject site fits into the proposed subdivision’s 

overall stormwater management plan.  
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2.3. Hydrology 

 PCSWMM Model 

The development was hydrologically modeled using the latest version of the PCSWMM Professional 

computer program by Computational Hydraulics Int. PCSWMM is a GIS-based hydrologic and hydraulic 

modelling software capable of performing both event-based and continuous rainfall simulations for 

Stormwater Management Facility and Low Impact Development design, Water Quality Modelling, Water 

Balance and Erosion threshold calculations, respectively. Furthermore, the PCSWMM model developed for 

the subject lands utilizes the Green-Ampt Method for determining infiltration losses, which allows for the 

direct incorporation of field-tested infiltration rates, providing a higher level of accuracy to reflect field 

conditions. Infiltration rates have been obtained through Guelph Permeameter testing and coded into the 

PCSWMM modeling with an appropriate factor of safety for sizing of the LID’s. 

The PCSWMM model used for this design is derived from the Peak Flow and LID models prepared for the 

Bistro 6 West Subdivision DSWMR, which were derived from the SIS model. The model has been truncated 

to include only the subject lands and the proposed LID’s. The model input parameters (e.g. catchment area, 

flow lengths, proposed imperviousness) have been updated to reflect the proposed site plan design and 

can be found in Appendix D. 

The hydrologic modeling includes only the post-development conditions as the target flow rates (pre-

development) are established within the Bistro 6 West Subdivision DSWMR based on the SIS. 

 Design Storms & Climatology 

The rainfall events used for the PCSWMM model simulations for various scenarios are based first on the SIS 

findings, which include the SCS Type II storm distribution for both the 6-hour and 24-hour durations. 

Modeling was then extended further to include the 12-hour duration SCS Type II Storm and the 4-hour 

duration Chicago Storm distributions to comprehensively evaluate the proposed system’s response under 

a wider range of events, in accordance with the City’s SWM Guidelines. The following events have been 

modeled: 

 4-hour Chicago rainfall distribution for the 100-year storm event; 

 6-hour SCS Type II rainfall distribution for the 100-year storm event; 

 12-hour SCS Type II rainfall distribution for the 100-year storm event; 

 24-hour SCS Type II rainfall distributions for the 100-year storm event; 

 25 mm 4-hour Chicago rainfall event; and 

 Hazel Regional Storm Event. 
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In addition to modeling the above noted storm events, a continuous modeling simulation was developed 

to assess the drawdown characteristics of the LID measures, as well as assess Runoff Volume Capture, SWM 

Quality Control, and Post-Development Water Balance for the proposed site on an annual basis. The 

continuous modeling simulation uses a data set of hourly precipitation obtained in the City of Barrie for a 

12-month period from June 1st, 2005 to May 31st, 2006, representing a typical year. To further the 

continuous model simulation, the corresponding sets of climatic data consisting of maximum and minimum 

daily temperatures, winds, etc. was coded into the PCSWMM model to simulate evapotranspiration 

processes. Inputs to the continuous modeling simulation mimic the model setup for the proposed condition 

continuous modeling completed as part of the SIS. 

 Modeling Approach & Rationale 

As noted in Section 2.3.1, the hydrologic modeling includes only scenarios under post-development 

conditions. General naming convention for Subcatchments and Catchments provided in the SIS modeling 

has been maintained to remain consistent and for ease of comparison.  

There is one (1) post-development condition model with each model run under a range of discrete and 

continuous storm simulations to assess the performance of proposed LID’s. The post-development models 

evaluated are listed below: 

 Post-Dev-LID: Post Development LID Model, including a simulation for the 25mm storm, 100-year 

storms, Hazel Regional event and a continuous simulation. 

The model is based on the original PCSWMM model developed by RJB for the SIS and further refined for 

the Bistro 6 West Subdivision stormwater management design. The original PCSWMM model has been 

truncated and then further refined to reflect the proposed site plan design and parameter estimates.  

The revised model was initially created at the storm sewer subcatchments level of spatial detail, with 

parameters determined by the proposed grading design and a detailed land-use breakdown for each storm 

sewer subcatchment. For each subcatchment, the total imperviousness was calculated based on the 

proposed site plan layout. Other geometric parameters such as catchment width, slope, flow lengths, and 

infiltration parameters were assigned. Underlying soils data was incorporated based on soil textural class, 

and sub-area routing was determined dependent on the land use in the catchment.  

The Post-Dev-LID model was constructed to assess the simulated performance of proposed LID measures 

in meeting Quantity Control (Runoff Volume Control Target), Quality Control (via Mass Balance 

Calculations), and Water Balance targets. The base model was utilized and subcatchment parameters were 

assigned to the corresponding catchment. All conveyance and drainage infrastructure elements were 

removed, and the respective subcatchments were hydrologically routed to their respective downstream 

LID facilities. Each of the LID facilities were initially sized based on a first principles approach, using the 
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guidelines provided in the CVC/TRCA Low Impact Development Stormwater Management and Planning 

Design Guide. The facilities were then parametrized and coded into the model as independent 

subcatchments with the corresponding LID facility taking up the entire footprint. A ‘No Rain’ gauge was 

then assigned to each of these LID subcatchments. This approach is supported on two assumptions; first, 

as the majority of proposed LID facilities are located at finished grade and second, the addition of an LID 

facility to an aggregated subcatchment will change its parameters such as weighted imperviousness, 

modifying the hydrologic response.  

An iterative process was then undertaken to confirm the LID facilities were sized to capture at least the 

volume target established under the LSRCA’s Runoff Volume Control Targets for Sites with Restrictions. Once 

the LID facility sizing was determined to confirm volumetric capture on a discrete event basis, a continuous 

simulation was run to assess a number of additional facility characteristics; including: 

 adequate drawdown time of the LID facilities between events producing runoff; 

 sufficient redundant volume is available if inter-event window is short (<72 hours); 

 total infiltration volume on an annual basis, and; 

 total capture volume on an annual basis. 

Post-Dev-LID simulations were further extended to include the 100-year and Hazel regional storm events. 

Flows discharging from the relevant LIDs were used to size the structures and services immediately 

downstream.  

The rationale for developing an initial model with such a high level of spatial detail was to establish overall 

SWMF catchment parameters to a higher level of confidence when completing the end-of-pipe facility 

designs, notwithstanding the storage effects of proposed LID measures. This base model could then also be 

used to develop additional model scenarios to determine if other Quantity Control or Water Balance targets 

are being met at varying levels of spatial detail and conservancy. Further details pertaining to the 

comparison of various model results are included in Section 2. 

  



 

Servicing & Stormwater Management Report, September 2021 15 
Elements Condominium Plan, Pratt Hansen Group Inc., City of Barrie 
PRA-19078 (70) 

 Discretization 

Model discretization for the Post-Dev-LID models, developed under the approach described previously, is 

summarized herein. A detailed land use breakdown analysis is provided in Appendix C and corresponding 

PCSWMM model input parameters for each scenario are provided in Appendix D.  

The PCSWMM model for the subject lands includes twenty-three (23) discrete catchments.  

 Catchment 101 is approximately 0.26 ha in size and represent internal drainage areas of the subject 

lands immediately adjacent to proposed buildings including landscaped areas and parking 

lot/driveway areas. Catchment 101 corresponds to Catchment area 401 on Drawing STM-1. These 

areas are directed towards LID-1 Rain Garden by overland flow.  

 Catchments 201 to 205 approximately total 0.67 ha in size and represent internal drainage areas 

of the subject lands that are directed to drain to LID-2. This catchment is comprised of rooftop 

areas, parking lot/driveway areas and landscape areas. Catchments 201 through 205 correspond 

to catchments 402 through 406 on drawing STM-1. Flows generated in these catchments are 

directed towards LID-2 through both overland flow and the use of a third pipe system. 

 Catchments 301 to 305 approximately total 1.02 ha in size and represent internal drainage areas 

of the subject lands that drain to LID-3. These catchment areas are comprised of rooftop areas, 

parking lot/driveway areas and landscape areas. Catchments 301 through 305 correspond to 

catchments 407 through 412 on drawing STM-1. Flows generated in these catchments are directed 

towards LID-3 through both overland flow and the use of a third pipe system.  

 Catchments 501 through 504 are approximately 0.29 ha, 0.04 ha, 0.05 ha and 0.11 ha in size, 

respectively, and represent internal drainage areas that do not drain towards LID facilities. These 

catchment areas are comprised of parking lot surfaces and landscaped areas that are captured by 

the proposed internal 5-year storm sewer network. Flows captured in these areas are directed 

towards an Up-Flo Filter unit before discharging to the downstream 100-year storm sewer. 

 Catchments 505 and 506 are approximately 0.16 ha & 0.06 ha in size, respectively, and represent 

internal developable area which is captured by infrastructure previously proposed in the Bistro 6 

West Subdivision. These catchment areas are comprised of landscaped and parking lot/driveway 

areas. Flows generated from major storm events are able to be conveyed to SWMF7 via segments 

of the 100-year storm sewer network within the Kneeshaw Drive right-of-way. 

 Catchment 601 approximately totals 0.43 ha in size and represent internal drainage area that can 

not be captured and directed towards SWMFs due to grading constraints. Flows generated from 

this area release uncontrolled either towards the Metrolinx Railway or Mapleview Drive East. This 

area is comprised of landscaped and paved areas. 
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 Catchment 602 is approximately 0.06 ha in size and represents Internal developable area which 

cannot be captured and directed to SWMFs due to grading constraints. Flows generated from this 

area release uncontrolled towards the future Kneeshaw Drive and Mapleview Drive East 

intersection where they are collected by the existing drainage system along Mapleview Drive East. 

This area is comprised of landscaped and paved areas. 

 Catchment 603 is approximately 0.02 ha in size and represents internal developable area which is 

not able to be conveyed towards SWMFs. Flows generated in this area are directed towards the 

Building B underground parking structure where they are collected and discharged with the 

sanitary waste. This area is comprised of both landscaped and paved areas.  

 Catchments LID-1, LID-2 and LID-3 are 0.0256 ha, 0.0349ha and 0.0554 ha in size, respectively. 

These catchments represent internal developable area which has been used for the proposed LIDs. 

All LID facilities have been modeled with a ‘NO RAIN’ rain gauge and have been assigned their own 

respective LID control in PCSWMM.  

 

This provides for a total catchment area of approximately 3.16 ha, of which approximately 0.51 ha releases 

uncontrolled to Mapleview Drive East while the balance of the area is representative of internal catchments 

which are routed to proposed LID facilities or previously proposed infrastructure, and ultimately are 

directed towards SWMF7. 

The Stormwater Management Plan Post-Development Conditions LID Model Catchment Areas and Storm 

Sewer Catchments illustrate the proposed drainage conditions (Drawing SWM-2 & STM-1, provided in 

Appendix B). Figure 3 below shows the Post-Dev-LID model schematic. 
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Figure 3 - Post-Dev-LID model schematic 
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2.4. Low Impact Development & Pre-Treatment Devices 

Low Impact Development (LID) is a stormwater management strategy that seeks to mitigate the impacts of 

increased runoff and stormwater pollution by managing runoff as close to its source as possible. LID 

comprises a set of site design strategies that minimize runoff using a variety of SWM features that mimic 

natural or pre-development hydrology through the processes of infiltration, evapotranspiration, harvesting, 

filtration and detention of stormwater. These practices can effectively remove nutrients, pathogens and 

metals from runoff, and reduce the volume and intensity of stormwater flows.  

As per the recommendations of the SIS, the City of Barrie, LSRCA and MOE, a suite of Low Impact 

Development measures are being proposed throughout the subject lands in an effort to reduce the reliance 

on end-of-pipe facilities and better mimic the natural hydrologic cycle. The subject lands will have on-site 

rain gardens adjacent to the parking lot areas, all designed in accordance with the Credit Valley Conservation 

Authority & Toronto and Region Conservation Authority – Low Impact Development Stormwater 

Management Planning and Design Guide (2010).  

Infiltration rates used throughout the design and modeling utilize a factor of safety of 2.5 and 3.0.  

The Ratio of Impervious Drainage Area to Footprint Surface Area of the Practice, otherwise referred to as 

the Imperviousness Ratio (I/P Ratio), for each proposed LID was determined comparing the directly 

connected upstream drainage area (i.e. rooftop areas excluded) to the area of the proposed practice to 

ensure each facility meets the footprint surface area sizing criteria to provide the anticipated levels of water 

quality treatment. Further details and supporting calculations on the sizing of the LIDs are included in the 

LID Design Notes, included in Appendix C for reference. 

Further description of the LID’s proposed for the site is provided in the subsections below. Plan, section and 

detail drawings have been provided for all LID facilities. The catchment areas for the proposed LID’s are 

shown on Drawings SWM-1 & STM-1, and LID Sections are shown on Drawing LID-1 in Appendix B.  

 Manufactured Treatment Devices (CB Shields) 

CB shields have been proposed to line two catchbasin structures. These structures are immediately 

downstream of the snow storage areas and will collect salt and sediment concentrated runoff. Structures 

CB4 and CB5 will be outfitted with a treatment device such as a CB Shield (or approved equivalent). The TSS 

removal capability of a CB shield has now received ETV Approval and testing, a copy of which has been 

included in Appendix C for reference.  

A CB Shield’s TSS Removal efficiency is based on two key parameters; the size of the upstream drainage 

area and its imperviousness. The removal efficiency of an individual CB shield device has been estimated 

using an average drainage area of 0.45 ha, under the assumption that half of a Storm Sewer Subcatchment 
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is captured by an individual inlet device. With the Subcatchment area having an average imperviousness of 

60%, with each half the area draining to a respective inlet, the removal efficiency has been approximated 

at 50%.  

In order to support longer term operation of the sediment capture devices, deepened sumps will be 

required on the above mentioned catchbasin structures (minimum 0.9m depth) to provide additional 

storage capacity and limit potential resuspension or scour of captured sediment. 

 Rain Gardens 

A series of three (3) centralized LID features, elsewhere referred to as Rain Gardens, are proposed. The Rain 

Gardens will assist in meeting water quantity and quality objectives as part of the treatment train approach 

through filtration and infiltration of runoff. These facilities have been sized to capture and infiltrate the full 

runoff volume from the 25 mm storm generated from their respective contributing catchment areas, where 

flows will be distributed across the surface of the practice. The factored infiltration rates were determined 

through Guelph Permeameter in-situ testing conducted by Peto MacCallium Ltd and have been assigned to 

their respective facilities. Table 4 in Section 2.2.1. summarizes the Guelph Permeameter testing results. A 

summary of the Rain Gardens LID sizing is provided in Table 5 below. 

Table 5 – Summary of LID Sizing – Rain Garden 

Rain Garden LIDs 

LID Number LID-1 LID-2 LID-3 

PCSWMM Drainage Area ID 101 201 - 205 301 - 305 

Drainage Area 0.26 ha 0.67 ha 1.02 ha 

Drainage area imperviousness 79.1% 77.0% 63.7% 

25mm over impervious area 50.4 m³ 129.1 m³ 162.0 m³ 

25mm Storm Runoff Volume (PCSWMM) 172.2 mm 317.7 mm 249.0 mm 

LID Footprint Area 256 m² 349 m² 554 m² 

Design Infiltration Rate  11 mm/hr 11 mm/hr 9 mm/hr 

Water Quality Volume (PCSWMM) 44.1 m3 110.9 m3 137.9 m3 

*MOE Volume Required (based on 40 m3/ha) 10.2 m3 26.8 m3 40.7 m3 

**Provided LID Storage Volume  141.4 m3 192.8m3 306.1 m3 

***Drawdown Time  13.7 hr 26.7 hr 25.1 hr 

****Drawdown Time (MOE SWMP&DM) 15.7 hr 28.9 hr 27.7 hr 

* MOE Required Volume is based on the largest volume requirement for an Infiltration SWMP Type 
in MOE Table 3.2 
** Refer to LID Facility Estimation of Provided Storage Volume calculations in Appendix C. 
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*** Drawdown time is extracted from the PCSWMM model results for the Storage Layer water 
level over time during the 25mm storm scenario. Refer to the LID Performance Graphical Model 
Output during the 25mm event in Appendix D. 
****Refer to LID Facility Drawdown Time Calculations (MOE SWMP&DM) in Appendix C. 

Three (3) rain gardens are proposed to be placed adjacent to the internal roadway. These facilities are 

proposed to fully capture and infiltrate the runoff from their respective contributing catchment areas. 

Gutter flow will be diverted through gutter spillways to shallow depressional areas located behind the 

sidewalk. Rooftop flows and flows captured by the storm sewers will be distributed to the storage layer of 

the rain garden by a perforated header pipe and distribution rows. The practices will be comprised of a 

50mm River Stone / Hardwood Mulch surface, 500mm thick soil media, 100mm thick choke layer of 12mm 

diameter pea gravel and a 300mm storage layer of 19mm diameter washed clear stone. The engineered 

soil media has been designed as a Blend B filter media with 3 parts sand, 2 parts topsoil and 1 part organic 

soil components. The LIDs will have surface areas of 256 m², 349 m², and 554 m² respectively. Erosion 

protection will be provided at inlets with concrete spillway and gravel diaphragm placed to capture and 

retain any sediment entering the practice. 

The proposed systems have I/P ratio’s ranging between 5.1 : 1 to 7.8 : 1, meeting the required criteria. 

Further details and supporting calculations on the sizing of this practice are included in the LID Design Notes, 

included in Appendix C for reference. Sections and details are included on Drawing LID-1 in Appendix B for 

reference.  

 Up-Flo Filter 

An Up-Flo Filter is proposed immediately upstream of the 100-year storm sewer. Up-Flo Filter Unit UFF-4 

(4-module) was selected for use in the subject lands with sizing provided by the manufacturer to meet the 

ETV particle size distribution and assist the treatment train in providing an Enhanced Level of quality control. 

Up-Flo Filter ETV Performance Verification documents have been included in Appendix C. The unit will treat 

stormwater captured by the internal 5-year storm sewer network before discharging to the downstream 

100-year storm sewer. 

An Up-Flow Filter’s TSS and TP Removal efficiencies are based on two key parameters; the size of the 

upstream drainage area and its corresponding imperviousness. The removal efficiencies of the unit have 

been estimated by the manufacturer and is summarized below: 
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Up-Flo Filter 

Area, Imperviousness % 0.49 ha, 39.8% 
Proposed Unit UFF-4 (4-modules) 
TSS Removal 83% 
TP Removal 48% 
% Annual RV >90.0% 

 

Detailed calculations pertaining to sizing and overall removal efficiency of the devices have been provided 

in Appendix C. The location of the proposed Up-Flo Filter unit is shown on Drawings STM-1, SWM-2 and 

SS-1. Specifications are provided on the detail sheets within the overall Civil Engineering Design drawing 

set. 

 Other Lot-Level LIDs 

In accordance with the SIS, it is recommended that all catchments should incorporate an increased depth 

of absorbent topsoil of at least 300mm thick to promote at-source infiltration on pervious surfaces on lots. 

It is further recommended that any absorbent topsoil be amended with organic content (compost) as 

recommended in the CVC/TRCA Design Guidelines while scarifying subsoils and remaining as 

unconsolidated as reasonably possible to maintain void spaces. A study conducted in BC has asserted 

reductions in runoff volume and peak flows up to 50% from the placement of 300mm of absorbent 

landscaping (British Columbia Ministry of Land, Water and Air Protection, May 2002). Another study 

conducted in Ontario through the Sustainable Technologies Evaluation Program (STEP) has confirmed 

similar findings with a reduction in runoff of up to 27% (STEP, Residential Lot Level SWM Practices, 2013).  

Other recommendations include downspout disconnection, where roof leaders are directed away from 

impervious surfaces. Though not explicitly quantified, sub-area routing was applied throughout all 

PCSWMM modelling to capture the benefit of re-routing runoff produced from rooftops to pervious 

surfaces. Additionally, it is recommended to incorporate rain barrels at the lot level where possible, to 

further reduce runoff volumes to downstream systems.  

It should be noted that although the measures in this subsection are recommended, to remain conservative, 

they are not included in any of the SWM calculations. 

 LID Sizing 

Low Impact Development BMP’s selected to be implemented on the subject lands have been sized in 

accordance with the MOE Stormwater Management Planning and Design Guidelines and the CVC & TRCA 
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Low Impact Development Stormwater Management Planning and Design Guide. Each of the units have been 

sized in an effort to meet the following objectives: 

1. Capture & Retain onsite the runoff from the 25mm event over the total impervious area; 

2. Conveyance of the runoff from the 100-year event via the overflow structure; 

3. Provide Enhanced (Level 1) Quality Control; 

4. Best Efforts to maintain pre-development water balance by promoting groundwater recharge through 

infiltration practices; 

5. Best Efforts to reduce post-development Phosphorus loading to pre-development levels. 

Each LID has been sized to adequately achieve the Runoff Volume Control target (Objective 1 above), and 

subsequently aids in achieving the remaining objectives for the overall site also listed above. A PCSWMM 

model was developed as described in Section 2.3 of this report for the purpose of assessing the 

performance of the proposed LID’s in meeting the Stormwater Management Objectives for the subject site. 

For further information, refer to the LID Design Notes provided in Appendix C.  
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2.5. Stormwater Quantity Control 

In order to provide the required stormwater quantity control, the site will utilize a combination of source, 

conveyance, and end-of-pipe controls. The combination of LID measures and the extended detention dry 

pond’s active storage and outlet controls will provide the required level of runoff volume control as well as 

attenuate post-development stormwater peak runoff to the allowable flow rates determined in the SIS. A 

summary of the Water Quantity Control Design Criteria is summarized below in Table 6. 

Table 6 - Stormwater Management Quantity Control Design Criteria 

Hewitt’s Gate Subdivision - Stormwater Management Design Criteria 
Category Sub-Category Area 7 

Quantity Control 

Peak Flow Control (m3 / s / ha) 
Meet the site’s catchment area parameters as 
outlined for the design of SWMF7 within the 

Bistro 6 West subdivision DSWMR 

Runoff Volume Control (mm) 5mm infiltration 

Minor-Major System Conveyance Minor System – 5 Year Storm 
Major System – Regulatory Storm 

Regulatory Storm Conveyance  Route Overland to SWMF7 

 Peak Flow Control 

In accordance with the SIS and Bistro 6 West Subdivision DSWMR, an end-of-pipe stormwater management 

pond (SWMF#7) will be utilized to provide peak flow control for the subject lands for all design storms up 

to the 100-year event. The pond’s outlet structures and overflow weir have been sized to safely convey the 

Regional storm event, ensuring a 0.3m freeboard between the top of pond and the Hazel storm event’s 

ponding elevation.  

In order to demonstrate that the subject site achieves the required Peak Flow Control, the imperviousness 

of the drainage area has been compared to the parameters used for the overall Peak Flow Model in the 

Bistro 6 West Subdivision design of SWMF7. The areas are compared below: 

In reviewing Table 7 below, reference should be made to the Site Plan Drawing SWM-2 in Appendix B and 

drawings from the Bistro 6 West Subdivision (Phase 2 Registration – Block 3) design (TJCG Project #PRA-

12160 ‘Detailed Design – Third Complete Submission’ dated August 2021) Drawings STM-1 and SWM-1 in 

Appendix A. A summary calculation table has been provided with the Land Use Breakdown located in 

Appendix C.  
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Table 7 – PCSWMM Area Comparison 

Subcatchment LID PCSWMM ID# Reference 
Drawing 

Contributing Area 
PCSWMM ID# 

Contributing 
Area (ha) 

Percent 
Impervious (%) 

PRA-12160 Bistro 6 West Subdivision PCSWMM Areas 

Treated 
7B-1 

STM-1 & 
SWM-1 

7B-1 2.74 62% 
7B-2* 7B-2 0.08 68% 

7B-3** 7B-3 0.02 20% 
Sub-total:   2.84 62% 

Untreated 
705*** STM-1 & 

SWM-1 
705 0.27 0% 

703**** 703 0.05 70% 
Sub-total:   0.32 11% 

B6W Sub Total:   3.16 57% 
PRA-19078 Elements Condominium Plan PCSWMM Areas 

Treated 

LID-1 

STM-1 & 
SWM-2 

101 0.26 79% 
LID-2 201 – 205 0.67 77% 
LID-3 301 – 305 1.02 64% 

CB Shield & Up-Flo 501 & 502 0.33 17% 
Up-Flo Filter 503 & 504 0.16 85% 

CB Shield (external) 505 0.16 66% 
Sub-total:   2.60 64% 

Untreated No LID STM-1 & 
SWM-2 

506 0.06 26% 
601 – 603 0.51 9% 

Elements Condo Total:   3.16 55% 
*There is a portion of area 7B-2 that is within the Elements Condominium Plan limits. The 
contributing area has been adjusted accordingly. 
**There is a portion of area 7B-3 that is within the Elements Condominium Plan limits. The 
contributing area has been adjusted accordingly. 
***There is a portion of area 705 that is outside the Elements Condominium Plan limits. The 
contributing area has been adjusted accordingly. 
****There is a portion of area 703 that is within the Elements Condominium Plan limits. The 
Contributing area has been adjusted accordingly. 
 

The comparison of the actual site plan drainage area to the drainage area from the Bistro 6 West Subdivision 

DSWMR for the design of SWMF7 demonstrates that the imperviousness of the proposed site plan is less 

than the allowable imperviousness in the Bistro 6 West Subdivision Peak Flow Model. Given that the 

drainage area and imperviousness parameters are the most sensitive parameter to the hydrologic model, 

the peak flows from the subject area would be less than those produced by the Peak Flow Model for the 

design of SWMF7. As such, there are no adverse effects to the downstream storm infrastructure and the 

SWM design for the site plan achieves the required Peak Flow control component of the Stormwater 

Management Quantity Control criteria. 
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Further details on the Quantity Control of SWMF#7 can be found in the Detailed Stormwater Management 

Report prepared for the proposed Bistro 6 West Subdivision by The Jones Consulting Group Ltd., dated 

August 2019 (TJCG Project No. PRA-12160). 

 Runoff Volume Control 

The following targets were established for Runoff Volume Control under the Bistro 6 West Subdivision 

DSWMR and are based on the LSRCA Technical Guidelines for Stormwater Management Submissions – 

Section 2.2.2.2. Flexible Treatment Alternatives for Sites with Restrictions, Alternative 2: 

Table 8 - Runoff Volume Control Targets by Area 

Runoff Volume Control Targets (RVCt) 

  Area 7 

RVCT (mm) 5 
Area (ha) 10.50 
Imp (%) 46% 

Volume (m3) 241.0 
 

Runoff Volume Control is provided by a combination of the LID facilities as described in Section 2.4. Refer 

to the above mentioned sections for the corresponding descriptions of the respective facilities. The Runoff 

Volume Control Target has been adjusted to the Elements Condominium Plan. The following table 

summarizes the site specific Runoff Volume Control Target. 

Table 9 – Elements Condominium Plan Runoff Volume Control Target 

Runoff Volume Control Targets (RVCt) 

  Elements Condominium 

RVCT (mm) 5 
Area (ha) 3.16 
Imp (%) 55% 

Volume (m3) 86.3 
 

It can be shown that the infiltration target is achieved by calculating the provided capture volume available 

in the three proposed infiltration-based LID facilities. As previously summarized in Section 2.4.2 Table 5, 

the provided storage volumes in the three Rain Gardens are 141.4, 192.8 and 306.1 m³. The volume control 

provided by the respective LID’s are capped at 25mm over the contributing imperviousness area. Summing 
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the provided LID volume results in a total of 341.5m³, translating to approximately 19.8 mm over the total 

site’s impervious area (3.16 ha @ 54.65% impervious). 

In order to meet the LSRCA criteria for Volume Control (LSRCA Technical Guidelines for Storm Water 

Management Submissions), the SWM design for the subject site is implementing Alternative 1 of Section 

2.2.2.2. Flexible Treatment Alternatives. The site constraints influencing the SWM design include poor 

underlying soil infiltration rates and depth to groundwater that limits LID’s to collect surface runoff only. 

The 12.5 mm of Volume Control required for Alternative 1 is achieved via infiltration-based LID’s, noting 

that the total achieved Volume Control is actually 19.8 mm of infiltration. 

In addition to this first principles approach, the SWM design has simulated the performance of the proposed 

LID’s in a hydrologic model (PCSWMM) for discrete events (the 4-hour Chicago 25mm storm event) and a 

continuous simulation (one year of data). Using the model simulations, the LID’s are sized to ensure 100% 

capture of the 25mm event (quality storm event) and then simulated with one year of data via a continuous 

simulation to provide relevant annual results for mass balance quality control and water balance mitigation 

calculations. The discrete event capture, annual capture, and annual infiltration for each of the LID facilities 

is summarized in Tables 10 & 11. Refer to PCSWMM Post-Dev-LID model results in Appendix D and the LID 

Performance Summary results in Appendix C. 

Table 10 – Hydrologic Model Results: LID Model (25mm) 

LID Performance: Elements Condominium Plan – 25mm Event 

LID Name Subcatchment 
LID PCSWMM ID# 

Contributing Area 
PCSWMM ID# 

Contributing 
Area (ha) 

Total Runoff 
Volume (cu.m) 

Infiltration 
Volume (cu.m) 

Rain Garden #1 LID-1 101 0.26 44.09 38.66 
Rain Garden #2 LID-2 201 – 205 0.67 110.89 102.42 
Rain Garden #3 LID-3 301 – 305 1.02 137.93 125.03 

      
CB Shields & Up-Flo No LID 501 & 502 0.33 9.89 0.00 

Up-Flo Filter No LID 503 & 504 0.16 29.03 0.00 
CB Shield No LID 505 0.16 23.35 0.00 

No LID No LID 506 0.06 1.73 0.00 
No LID No LID 601 – 603 0.51 9.94 0.00 

Sub-Totals   3.16 366.85 266.11 

The results demonstrate that the proposed LID practices will exceed the RVCT established for the Elements 

Condominium Plan and summarized previously in Table 9. A volume of 266.11 m3, corresponding to an 

equivalent depth of approximately 15.4 mm, is captured and infiltrated during the Water Quality Event. 
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Table 11 – Hydrologic Model Results: LID Model (Continuous) 

LID Performance: Elements Condominium Plan – Continuous 

LID Name Subcatchment LID 
PCSWMM ID# 

Contributing Area 
PCSWMM ID# 

Contributing 
Area (ha) 

Total Runoff 
Volume (cu.m) 

Infiltration 
Volume (cu.m) 

Rain Garden #1 LID-1 101 0.26 1,440.21 1,307.45 
Rain Garden #2 LID-2 201 – 205 0.67 3,737.35 3,550.71 
Rain Garden #3 LID-3 301 – 305 1.02 4,636.65 4,342.73 

      
CB Shields & Up-Flo No LID 501 & 502 0.33 322.09 0.00 

Up-Flo Filter No LID 503 & 504 0.16 1,237.58 0.00 
CB Shield No LID 505 0.16 760.87 0.00 

No LID No LID 506 0.06 56.37 0.00 
No LID No LID 601 – 603 0.51 505.06 0.00 

Sub-Totals   3.16 12,696.19 9,200.90 

 

Extending the simulation for a period of one (1) year using the data set described previously, the proposed 

LID practices capture approximately 9,200.90 m3 annually, or 72.5% of the annual runoff volume generated. 

The balance of runoff directed to the respective practices is discharged from the subject lands and conveyed 

downstream to SWMF7. 

The results provided herein demonstrate that the proposed LID facilities will provide the required RVCT on 

a discrete event and annual basis.  

 Minor-Major System Conveyance 

The majority of the site’s stormwater runoff will be conveyed to the proposed LID facilities mainly by 

overland flow. Storm sewers will be used to convey rooftop stormwater to the storage layer of the LIDs. 

The storm sewer system has been designed for the 100-year event using the Rational Method. LID facilities 

have been designed to capture and infiltrate all storm water runoff from the 4-hour Chicago 25mm storm 

event from the contributing catchment areas. In the event that a major storm event occurs, the emergency 

outlets for the LIDs have been designed to adequately convey the governing 100-year storm event and 

Hurricane Hazel Regional storm event to the 100-year storm sewer without surcharging. This was done by 

creating five additional LID PCSWMM models and simulating the LID performance under the 100-year storm 

events for the 4-hour Chicago storm distribution, 6-hour, 12-hour and 24-hour SCS storm distributions, as 

well as Hurricane Hazel regional storm event. Modeling during the Hurricane Hazel regional storm event 

has taken into account antecedent moisture conditions by assigning 100% initial saturated condition in the 

LID control editor for each LID facility. This was done to account for the saturated soil conditions due to the 

previous 36-hours of rainfall associated with the event. It was determined that the 6-hour SCS distribution 
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storm event was the governing storm for LID-1 and the 4-hour Chicago distribution storm event was the 

governing storm for LID’s 2&3. A table summarizing the LID peak flow release rates during the 100-year 

storm events and regional storm event has been provided below in Table 12. 

Table 12 – Hydrologic Model Results: LID Model 

LID Performance: Elements Condominium Plan – Peak Flow Events 

 PCSWMM Model Storm Simulations Peak Flow Rate (m³/s) 

LID Facilities 100yr 4hr CHI 100yr 6hr SCS 100yr 12hr SCS 100yr 24hr SCS Hurricane Hazel 

LID-1 0.0862 0.1245 0.1090 0.1121 0.0320 

LID-2 0.4415 0.3183 0.2926 0.3008 0.0835 

LID-3 0.4588 0.4011 0.3489 0.3896 0.1140 

 

The storm sewers immediately downstream of the LIDs were adjusted to adequately convey the governing 

100-year storm peak flowrate. Refer to the Storm Sewer Design Sheet in Appendix C, Drawings STM-1 and 

SS-2 in Appendix B, and 100-year LID Outlet Flow vs. Time Graphs and Hazel LID Outlet Flow vs. Time Graph 

in Appendix D for further details.  

 Summary of Quantity Control Performance 

The foregoing sections affirm that the subject site’s SWM design with regards to proposed LID measures 

and conformance with the design parameters for SWMF7, have met all of the requirements under the 

Quantity Control site target categories.  

Table 13 – Stormwater Management Quantity Control Performance 

 

  

Elements Condominium Plan – Quantity Control Performance 
Category Sub-Category Area 7 Target 

Quantity 

Control 

Peak Flow Control (m3 / s / ha) 
Meet the site’s catchment area parameters as 
outlined for the design of SWMF7 within the 

Bistro 6 West subdivision DSWMR 
Y 

Runoff Volume Control (mm) 5mm infiltration Y 

Minor-Major System Conveyance Minor System – 5 Year Storm 
Major System – Regulatory Storm Y 

Regulatory Storm Conveyance Route Overland to SWMF7 Y 
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2.6. Stormwater Quality Control 

As per the City and LSRCA requirements, Enhanced (Level 1) stormwater quality control is required for the 

site. Through a series of LID BMP’s and pretreatment devices, Quality Control will be provided on-site to 

achieve the Enhanced (Level 1) targets and TSS removal for rainfall events on an annual basis.  

The subject site has three (3) LID measures proposed, otherwise referred to as Rain Gardens 1 to 3. All of 

the LID systems promote infiltration, however, any overflow from the LID facilities is collected and directed 

to the 100-year storm sewer. As the name suggests, this storm sewer has been designed to convey peak 

flowrates experienced during the 100-year event. The 100-year storm sewer will convey flows to the main 

cell of the SWMF7 dry pond. SWMF7 has been previously designed to provide the required level of SWM 

quantity control. For additional design details please refer to the Bistro 6 West Subdivision DSWMR dated 

August 2019. An overview of the treatment trains and catchment-based performance are provided in the 

following subsections.   

In addition to the typical quality control requirements, the incorporation of LID measures will provide 

phosphorus removal benefits to ensure that best efforts are taken to reduce post-development phosphorus 

loadings to pre-development levels (or a minimum 80% removal of TP from post-development). Phosphorus 

Loading calculations are detailed within Section 2.6.3 below. 

A summary of the SWMF Catchment specific Water Quality Control Targets is summarized below in Table 

14. 

Table 14 – Stormwater Management Quality Control Design Criteria 

Elements Condominium Plan - Stormwater Management Design Criteria 
Category Sub-Category SWMF7 

Quality Control 
Total Suspended Soils Provide Level 1 (Enhanced) Protection, 80% Long Term 

Removal (CoB, MOE, LSRCA) 

Total Phosphorus Minimum 80% Reduction in Post-Development Loading 
(LSRCA) 

 

 LID Pollutant Removal Efficiencies 

Throughout the Elements Condominium Plan, there are three (3) Rain Garden LID measures proposed to 

meet Water Quality Targets. These facilities have been sited and form a series of treatment trains in 

conjunction with the proposed MTD’s to meet the Water Quality targets. 

A summary of the proposed measures and their corresponding removal efficiencies is provided below in 

Table 15. Concentration-based removal efficiency values used are taken from the Low Impact Development 
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Treatment Train Tool, Help Guide, Section 3.6.1 – LID/Best Management Practices Removal Efficiencies, 

Version 1.2.1., April 2018. 

Table 15 – BMP Published Removal Efficiencies 

LID BMP Concentration Based Removal Efficiencies 

LID Practice TSS Removal Efficiency (%) TP Removal Efficiency (%) 

Rain Gardens/Infiltration System 75 25 

CB Shields 50 0 

Up-Flo Filter* 83 48 

*Removal Efficiencies referenced from manufacturer specifications. 
 
The Elements Condominium Plan LID pollutant removal efficiencies have been adjusted according to site 

specific constraints. All infiltrated flows have been awarded a 100% TSS and TP removal efficiency, whereas 

surficial outflows from the LID facilities have been awarded a 0% TSS and TP removal efficiency. Normally a 

75% TSS and 25% TP removal efficiency would be awarded for LID outflows if the system utilizes an 

underdrain outlet for filtered runoff. Given the nature of the LID design it is anticipated that surficial 

outflows in excess of the 200mm surface storage depth will be released untreated to the 100-year storm 

sewer.  

In addition, uncontrolled flows from the Elements Condominium Plan have been separated based on 

SWMF7 overall catchment boundaries. Uncontrolled catchment areas that are collected by catchbasins 

previously proposed within the Bistro 6 West Subdivision for Kneeshaw Road (excluding flows from the 

easement on the south-eastern corner of the property) have been granted a 50% TSS removal efficiency 

and 0% TP removal efficiency given that this system includes the use of CB Shields. Catchbasins that release 

to Mapleview Drive East or the Metrolinx Railway and ultimately discharge directly to the NHS are not 

granted a removal efficiency. 

 TSS Loading & Removal - Treatment Train Calculations 

The removal efficiency of a series of BMP devices in a treatment train can be expressed as follows: 

 

 Where:  R =  Total Treatment Train Removal Efficiency (%) 

   A = Removal Efficiency of 1st (Upstream) BMP (%) 

   B =  Removal Efficiency of 2nd (Downstream) BMP (%) 
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This approach to calculating treatment train removal efficiencies can be extended to include more than two 

devices.  

The predicted water quality performance of the site LID facilities has been established using a weighted 

average of the upstream catchment area size and corresponding treatment train removal efficiency. The 

removal efficiencies of each of the discrete treatment trains and overall catchment performance is 

summarized below in Table 16. 

There are eleven (11) treatment trains established within the Elements Condomium Plan, as described 

below:  

Table 16 – Elements Condominium Plan: TSS Concentration Removal Efficiency 

Contributing Area 
PCSWMM ID# Treatment Train Area (ha) Removal 

(%) 
101 Rain Garden #1 (Infiltrated) 0.26 100.0 

101 Rain Garden #1 (Surface Outflow) 0.26 0.0 

201 – 205 Rain Garden #2 (infiltrated) 0.67 100.0 

201 – 205 Rain Garden #2 (Surface Outflow) 0.67 0.0 

301 – 305 Rain Garden #3 (Infiltrated) 1.02 100.0 

301 – 305 Rain Garden #3 (Surface Outflow) 1.02 0.0 

501 & 502 CB Shield & Up-Flo Filter 0.33 91.5 

503 & 504 Up-Flo Filter 0.16 83.0 

505 CB Shield 0.16 50.0 

506 Uncontrolled Area to future Kneeshaw Drive & SWMF7 0.06 0.0 

601 – 603 Uncontrolled Area to Mapleview Drive East 0.51 0.0 

Total  3.16 88.5 
 

 
The annual TSS loading is primarily driven by winter sand applied to treat roadways during winter control 

activities. A weighted average Event Mean Concentration (EMC) was derived using the land use specific 

EMC concentration values outlined in the LIDTTT Help Guide. Utilizing the removal efficiencies of the 

respective practices tributary to a drainage area, the annual mass loading (kg/yr) and corresponding 

removal efficiency were calculated and are summarized as follows in Table 17. Refer to Appendix C for 

detailed TSS Mass Balance calculations as well as excerpts from the Low Impact Development Treatment 

Train Tool, Help Guide, Section 3.6.2 – Land Cover Event Mean Concentrations.  

  



 

Servicing & Stormwater Management Report, September 2021 32 
Elements Condominium Plan, Pratt Hansen Group Inc., City of Barrie 
PRA-19078 (70) 

Table 17 – Overall TSS Removal Efficiency 

Elements Condominium Plan - Overall TSS Removal Efficiency 

Drainage Area Annual Inflow           
(m3/yr) 

Annual Load 
IN (kg) 

Annual Surface 
Outflow (m3/yr) 

Annual Load 
OUT (kg) 

Mass Annual 
Removal Efficiency 

Elements Condominium Plan 12,696.19 977.6 2,882.0 112.0 88.5% 

 

It can be observed above that a net reduction in total suspended solids of 88.5% is achieved by 

implementing BMP’s in the post-development condition for the Elements Condominium Plan. 

Further, the pre-development total suspended solids load was estimated using a mass balance approach as 

outlined above and utilizing precipitation and runoff volume data obtained from the Technical 

Memorandum, Elements Condominium – Hydrogeology Brief, dated August 10th, 2021, completed by R.J. 

Burnside & Associates Ltd. and further outlined in Section 2.7. Supporting calculations are provided below: 

Pre-Development Annual TSS Estimate 

 Drainage Area:  3.16 ha 

 Runoff:   136 mm – from Table WB-1 of RJB Water Balance Calculations 

 Volume:   4,297.6 m3/yr 

 EMC:   100 mg/L – Row Crop Land Use 

 Annual Load:  429.8 kg/yr 

A total pre-development annual load of 429.8 kg/yr was estimated, which indicates the site has reduced 

the annual total suspended solids load in the post-development condition by 317.8 kg/yr over estimated 

pre-development levels. 

Details of each of the proposed Treatment Trains and their removal rate calculations are included in 

Appendix C for reference.  

 Phosphorus Loading & Removal – Treatment Train Calculations 

A pre to post-development phosphorus balance has been estimated for the site to address the LSRCA policy 

requirements.  

The site’s stormwater management plan includes the LID’s as described in Section 2.4. The Phosphorus 

removal rates for BMP’s are per the values provided in the MOE Phosphorus Loading Tool and LSRCA SWM 

Guidelines. The predicted water quality performance of Elements Condominium Plan has been established 
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using a mass balance approach for each treatment train for the respective drainage areas based on their 

proposed hydraulic connections. The phosphorus removal efficiencies of each of the treatment trains and 

overall catchment performance is summarized below in Table 18. 

Table 18 – Elements Condominium Plan: TP Concentration Removal Efficiency 

Contributing Area 
PCSWMM ID# Treatment Train Area (ha) Removal (%) 

101 Rain Garden #1 (Infiltrated) 0.26 100.0 

101 Rain Garden #1 (Surface Outflow) 0.26 0.0 

201 – 205 Rain Garden #2 (infiltrated) 0.67 100.0 

201 – 205 Rain Garden #2 (Surface Outflow) 0.67 0.0 

301 – 305 Rain Garden #3 (Infiltrated) 1.02 100.0 

301 – 305 Rain Garden #3 (Surface Outflow) 1.02 0.0 

501 & 502 CB Shield & Up-Flo Filter 0.33 48.0 

503 & 504 Up-Flo Filter 0.16 48.0 

505 CB Shield 0.16 0.0 

506 Uncontrolled Area to future Kneeshaw Drive & SWMF7 0.06 0.0 

601 – 603 Uncontrolled Area to Mapleview Drive East 0.51 0.0 

Total  3.16 81.2 

 

A weighted average Event Mean Concentration (EMC) was derived using the land use specific EMC 

concentration values outlined in the LID TTT Help Guide. Utilizing the removal efficiencies of the respective 

practices’ tributary to a drainage area, the annual mass loading (kg/yr) and corresponding removal 

efficiency were calculated and are summarized as follows in Table 19. Refer to Appendix C for detailed TP 

Mass Balance calculations as well as excerpts from the Low Impact Development Treatment Train Tool, Help 

Guide, Section 3.6.2 – Land Cover Event Mean Concentrations.  

Table 19 - Overall TP Removal Efficiency 

Elements Condominium Plan - Overall TP Removal Efficiency 

Drainage Area Annual Inflow           
(m3/yr) 

Annual Load 
IN (kg) 

Annual Surface 
Outflow (m3/yr) 

Annual Load 
OUT (kg) 

Mass Annual 
Removal Efficiency 

Elements Condominium Plan 12,696.19 3.063 2,882.0 0.577 81.2% 

 

It can be observed above that a net reduction in phosphorus of 81.2% is achieved by implementing BMP’s 

in the post-development condition for the Elements Condominium Plan. 
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Further, the pre-development phosphorus load was estimated using a mass balance approach as outlined 

above and utilizing precipitation and runoff volume data obtained from the Technical Memorandum, 

Elements Condominium – Hydrogeology Brief, dated August 10th, 2021, completed by R.J. Burnside & 

Associates Ltd. and further outlined in Section 2.7. Supporting calculations are provided below: 

Pre-Development Annual TP Estimate 

 Drainage Area:  3.16 ha 

 Runoff:   136 mm – from Table WB-1 of RJB Water Balance Calculations 

 Volume:   4,297.6 m3 / yr 

 EMC:   0.23 mg / L – Row Crop Land Use 

 Annual Load:  0.988 kg / yr 

A total pre-development annual load of 0.988 kg/yr was determined, which indicates the site has reduced 

the annual phosphorus load by 0.411 kg/yr over estimated pre-development levels. 

 Summary of Quality Control Performance 

The foregoing sections affirm that the proposed LID measures proposed for the site have met all of the 

requirements under the Quality Control site target categories.  

Table 20 - SWM Quality Control Performance 

Elements Condominium Plan – Quality Control Performance 

Category Sub-Category SWMF7 Target 

 Quality Control 
Total Suspended Soils Provide Level 1 (Enhanced) Protection, 80% Long 

Term Removal (CoB, MOE, LSRCA) Y 

Total Phosphorus Minimum 80% Reduction in Post-Development 
Loading (LSRCA) Y 
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2.7. Water Balance 

The primary objective of the LSRCA’s water balance target is to capture and manage annual rainfall on the 

development site to preserve the pre-development hydrology (water balance) through a combination of 

infiltration, evapotranspiration, absorbent landscaping, rainwater reuse and/or other LID practices. Various 

site specific characteristics contribute to the ability to achieve water balance. They include, but are not 

limited to: soil permeability, the ability to collect and direct drainage into the ground, groundwater table 

elevations and seasonal fluctuations. Best efforts will be made via the SWM Plan to maintain groundwater 

recharge while considering site specific characteristics. 

A site specific water balance in accordance with the SIS recommendations has been completed for Elements 

Condominium Plan by R.J. Burnside & Associates Ltd. and is detailed in the Technical Memorandum, 

Elements Condominium – Hydrogeology Brief, dated August 10th, 2021. RJB completed a pre- to post-

development water balance to estimate the infiltration volume deficit that would need to be mitigated via 

the proposed SWM Plan. The infiltration and runoff volume as calculated in the RJB Water Balance 

Assessment are presented in Table 21 below and Tables WB-1 through WB-3 of the RJB study are provided 

in Appendix A. 

Table 21 - Summary of Water Balance Calculations by RJB 

Water Balance Runoff & Infiltration Volumes – RJB Table WB-3 

  Pre-Development Post-Development Difference 

Impervious Area Runoff Volume (m3/a) 0 13,655 +13,655 

Pervious Area Runoff Volume (m3/a) 4,280 1,889 -2,391 

Total Runoff Volume (m3/a) 4,280 15,544 +11,264 

Total Infiltration Volume from Pervious Surfaces (m3/a) 6,421 3,509 -2,912 

 

The results summarized in the table above indicate that there is an increase in total runoff volume and a 

deficit in infiltration volume from pre- to post-development without accounting for LID’s. The SWM Plan 

herein is intended to mitigate or reduce the water balance deficit as outlined above. Runoff generated from 

this development is directed to the proposed Low Impact Development (LID) measures. The LID’s and their 

contributing drainage areas are shown on Drawing SWM-2 in Appendix B.  

Upon review of the Environment Canada Daily Climate Normals for the Barrie WPCC from the years 1979 

to 2008, a statistical analysis of rainfall data was completed and it is noted that on an annual average over 

that time period, this gauge has received 928.1 mm of total precipitation, comparable to the mean average 

annual precipitation of 939 mm for Hewitts Creek, published in the LSRCA Climate Data Set, April 2017 and 

comparable to average annual precipitation of 933 mm used by RJB in their water balance calculations. 
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The daily precipitation recordings were truncated following recommendations provided by the USEPA, 

removing any precipitation occurring during winter months (December, January and February) as they have 

been assumed to not directly produce runoff. This leaves a period of nine (9) continuous months in a given 

calendar year, which are described as effective precipitation, or precipitation events expected to produce 

runoff. In the nine (9) month period, there are on average 112.7 days of rainfall recorded, with 3.9 of those 

instances having a total depth of precipitation greater than 25 mm. There are, on average, 63.6 instances 

with a depth of precipitation greater than 2.0 mm but not greater than 25 mm, and 45.1 instances of 

precipitation events with a depth 2.0 mm or less. Events with recorded depth of 2.0 mm or less were 

removed from the data set as this is the lower limit of Initial Abstractions typically used in hydrologic 

modeling of urbanized areas. These two ranges encapsulate 96% of all recorded precipitation events on an 

annual basis.  

Of key interest are the 63.6 recorded instances of precipitation events with a recorded depth between 2.1 

and 25mm, as these events represent the lower and upper bounds of the Water Quality Event (WQE). These 

events were sorted and tallied for each given year of recorded data, and represent on an annual average 

over the 30 year period, 56% of the total precipitation received in a calendar year. This effective 

precipitation driven by Water Quality Events, totalling 520.9 mm on average, is the subset of precipitation 

events deemed to be producing runoff, for which the LID facilities have been sized to treat. Effectively, all 

runoff generated from this subset of the annual precipitation is captured, treated and infiltrated within 

areas draining to a proposed LID. Assuming hydrologic losses remain constant across these Water Quality 

Events, it can be inferred that if 56% of the total average annual precipitation is produced by events less 

than or equal to the design event of the facility, then 56% of the average annual runoff would therefore be 

captured by the LID facility. Furthermore, events exceeding the design event (25mm 4-hour storm) for the 

facility do not by-pass the LID in their entirety, as the by-pass is only engaged above a certain depth of flow 

in the upstream storm sewers.  

Reviewing the results of the Post-Dev-LID (Continuous) model simulation and supported by the rationale 

above, we have predicted that approximately 72.5% of the annual runoff generated from the site is 

captured and retained by the proposed LID practices. This is achieved through a combination of total 

capture of all effective precipitation events with a recorded depth between 2.1 and 25 mm, as well as 

capture of the initial portion of those events in excess of 25 mm. The 72.5% capture of annual runoff volume 

is applied to the total runoff volume (15,544 m³/a per RJB’s calculations) and equates to approximately 

11,269 m3/a. The additional captured and infiltrated runoff volume of 11,269 m3/a reduces the post-

development infiltration deficit from 2,912 m3 to a surplus of 8,357 m3 annually. 
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In summary, the proposed stormwater management plan has undertaken a best-efforts approach to 

mitigate the established pre to post-development water balance targets for development of the subject 

lands.    
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2.8. Erosion and Sediment Control 

The proposed works require an Erosion and Sediment Control Plan in order to provide the appropriate 

protection of downstream receiving systems during construction. The proposed ESC works are outlined on 

Drawings ESC-1 & ESC-2 provided in Appendix B, include the construction and staging requirements at 

various phases of the development. 

During construction, the majority of the development’s natural features will be removed and the topsoil 

stripped within the development area. The exposed surface will be susceptible to erosion, increasing the 

potential for sediment runoff. To minimize local and downstream impacts from erosion and sedimentation 

during construction, the following measures have been recommended: 

• Excess earth and topsoil is to be stockpiled away from the creek limits and/or removed from site. 

Stockpiles shall be seeded or covered with erosion control if left for periods of greater than 30 

days.  

• Temporary sediment control fencing should be erected around the perimeter of all grading 

activities, including double fencing along the boundaries adjacent to the Mapleview Drive and 

Kneeshaw Drive Right-of-Ways. 

• Temporary sediment fabric and stone filters should be installed on catch basins until surface cover 

has been stabilized. 

• Temporary rock flow check dams should be installed within drainage cut-off swales. 

• A temporary construction access mud mat should be installed at the construction accesses to 

reduce the amount of materials that may be transported off site. 

• Temporary erosion and sediment control sediment traps are to be constructed, complete with an 

overflow weir lined with rip-rap. The sediment traps’ purpose is to detain runoff long enough to 

allow the majority of soil particles to settle out of suspension. 

• Construction during drier months should be monitored for wind-borne transport of sediments. At 

the direction of the engineer, the contractor may be directed to water down exposed earth areas 

with an aqueous solution of calcium chloride. 

• All disturbed areas not under immediate construction for 30 days, or not intended for building 

activities within a 3-month time period, should be stabilized with seeding. 
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3. Water Servicing  

According to the Bistro 6 West Subdivision Drawings (TJCG Project #PRA-12160) ‘General Servicing Plan, 

Drawing G-1’ (provided in Appendix A), a 300 mm diameter watermain and 600mm diameter CPP 

transmission watermain exist in the western boulevard of Kneeshaw Drive. Water service to the subject site 

is proposed via the 300 mm diameter PVC watermain with two 300 mm diameter services entering the site. 

The services are located along the north side of the site’s proposed entrance and north of Building ‘C’.  

3.1. Supply, Distribution Zone, External Watermain 

The subject property is located within Pressure Zone 2 South of the City of Barrie Water Distribution 

Network. Pressure Zone 2 South generally operates between elevations of 237m and 273m with variations 

in static pressure from 344 kPa (50psi) to 690 kPa (100psi). Elevations for the subject property vary from 

265m to 254m; well within the Zone 2 South operating pressure range.  

3.2. Proposed Watermain System 

The development’s projected design population and water supply flow rates are estimated based on the 

City of Barrie Water Transmission and Distribution Policies and Design Guidelines (December 2017), and 

MOE Design Guidelines for Drinking Water Systems (2008). The following design criteria have been used for 

calculating the person per unit (PPU) for the proposed high density residential buildings.  

 Unit Type        Design Population   

 High Density Residential       1.67 persons/unit 

Based on the above design criteria and the proposed Site Plan statistics, the total population for Elements 

Condominium Plan has been calculated below.  

 Unit Type        Design Population 

346 High Density Residential units x 1.67 PPU     578 people 

  Total projected population                578 people 

In order to meet the development’s potable and fire water demands, it is proposed that the subject lands 

be connected to the existing municipal system through a proposed connection via Kneeshaw Drive. 

Internally, the subject lands will be serviced with a 300mm diameter watermain, including all appropriate 

appurtenances in accordance with City of Barrie standards. Operating pressures within the water supply 

and distribution system must remain between 50 psi and 90 psi. A summary of the proposed demands for 

the development and scenarios is provided below. 
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Design Criteria: 

• Average Daily Flow (ADD) = 225 L/d/capita (City of Barrie Sanitary Design Guideline) 

• Peak Hour Demand Factor (PHD) = 3.00 (MOE Drinking Water Guideline, 2008) 

• Max. Day Demand Factor (MDD) = 2.00 (MOE Drinking Water Guideline, 2008) 

• Min. Hour Demand Factor (MHD) = 0.50 (MOE Drinking Water Guideline, 2008) 

• Fire Flow – Residential = 7,000 L/min (Fire Underwriters Survey) 

Peak Hour Demand: 

Q = Pop. x ADD x PHD 

Q = (578 persons x 225 L/d/capita x 3.00)/86,400 

Q = 4.52 L/s 

Minimum Hour Demand: 

Q = Pop. x ADD x MHD 

Q = (578 persons x 225 L/d/capita x 0.50)/86,400 

Q = 0.75 L/s 

Max. Day Demand: 

Q = Pop. x ADD x MDD + FF 

Q = (578 persons x 225 L/d/capita x 2.00)/86,400 + 7,000 L/min / 60 

Q = 119.68 L/s 

3.3. Water System Analysis 

The SIS identifies that through the construction of the proposed external watermain capital projects by City 

of Barrie, there will be sufficient supply at the required flow and pressures to adequately service the 

proposed development.  

A detailed Water System Analysis (WSA), dated February 8th, 2021, has been completed by Schaeffers 

Consulting Engineers for the development’s proposed water distribution system. Schaeffers has been 

entrusted with the City’s water model so that they can perform assessments on the watermain sizes for any 

developer / engineer in the Annexed Lands. The WSA demonstrates that the future lots are capable of 

achieving the minimum standards in the MOE and City of Barrie guidelines for water distribution systems. 

The WSA by Schaeffers has been provided under separate cover.  
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4. Sanitary Servicing 

According to the Bistro 6 West Subdivision drawings (TJCG Project #PRA-12160), ‘General Servicing Plan 

drawing G1’ (provided in Appendix A), currently there is a proposed sanitary sewer located along Kneeshaw 

Drive in the immediate vicinity of the subject lands. Sanitary flows from the subject lands will be conveyed 

to the Kneeshaw Drive sanitary network, where they will be directed northwards to the Mapleview Drive 

East trunk sanitary sewer system. This connection will allow the subject site to be serviced efficiently by 

gravity. The sanitary sewer invert for the connection to the proposed site was provided by Jones Consulting 

as part of the Bistro 6 West Subdivision design. 

The sanitary flow from the block will connect to the Kneeshaw Drive sanitary sewers via a proposed 250mm 

diameter PVC pipe. Design of the Kneeshaw Drive sanitary sewers has been completed in accordance with 

the City of Barrie Sanitary Sewer Collection Policies and Design Guidelines (October 2017). The external 

sanitary sewer design has been updated to analyze the impact to the downstream trunk sewer with regards 

to the current unit count proposed in the Elements Condominium Plan and has been provided in Appendix 

C.  

The addition of 19 units in the proposed Elements Condominium Plan has caused a minimal impact on the 

downstream trunk storm sewer capacity. The peak population flow has increased 0.182 L/s between the 

Bistro 6 West Subdivision and the Elements Condominium Plan Sanitary Design Sheets, increasing the total 

flow from 8.341 L/s to 8.523 L/s. This increase in flow has also increased the d/D ratio from 0.212 to 0.215 

and partial velocity from 1.079 to 1.094 m/s. The additional flows experienced has provided no measurable 

impact on the final sanitary sewer runs d/D ratio and partial velocity. For additional details on the Bistro 6 

West Subdivision Sanitary Sewer Design Sheet please refer to PRA-12160 Drawings SAN-1 & DS-1 provided 

in Appendix A. 

The internal sanitary sewer design sheet has been provided in Appendix C and also on Drawing SS-2 in 

Appendix B.  
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5. Transportation  

5.1. External Road Network 

The City of Barrie Official Plan Schedule ‘9D-1’ Transportation Plan identifies Mapleview Drive East as an 

arterial road and Kneeshaw Drive as a minor collector. A copy of the OP Schedule ‘9D-1’ has been attached 

in Appendix A. Mapleview Drive East, which is a two lane arterial road travelling in an east/west direction, 

is located at the northern boundary of the site across the subject lands’ entire frontage. Kneeshaw Drive, 

which is a one lane minor collector road traveling in a north/south direction, intersects Mapleview Drive 

East to the north of the site and fronts the east side of the subject land. Lockhart Road will ultimately be 

connected to Mapleview Drive East in subsequent phases of development (by others) by the extension of 

Kneeshaw Drive southward.  

5.2. Internal Road and Parking Lot 

Access to the site will connect to Kneeshaw Drive via a 4-lane way with a 2-lane entrance, and 2-lane exit. 

The site is connected by an extensive parking lot network which provides 268 outdoor parking spaces 

inclusive of 8 handicap parking spaces. A Fire access Route has been provided which alots for a 13.2 m road 

centerline radius and a 10.0 m curb line radius. Each building has provided additional underground parking 

totaling 174 parking stalls. For further details on the internal road and parking lots please refer to the 

Pavement Marking & Signage Plan Drawing PM-1 in Appendix B.  
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6. Site Grading  

The proposed grading will conform to the City of Barrie Lot Grading and Drainage Standards Design Manual 

(June 2016). The grading of Kneeshaw Drive conforms with the Hewitt’s Gate Subdivision design such that 

road and lot grading will generally be directed east towards the proposed Bistro 6 West Subdivision with 

drainage towards the SWM facility known as Pond #7 on the west side of Hewitt’s Creek.  

The site grading plans (Drawings SG-1 through SG-4) are provided in Appendix B for reference. Some of the 

specific areas of interest are discussed in more detail below. 

6.1. Railway Berm 

The proposed development abuts the Metrolinx – GO Transit corridor at its western limit and will be 

separated from the proposed development by a railway berm. The berm was designed in accordance with 

the ‘Metrolinx – GO Transit – Adjacent Development Guidelines’ (April 2013) which specifies design details 

like berm height and building setbacks. Building setback requirements are established to provide a buffer 

zone that contains the impacts associated with a potential train derailment; permits dissipation of rail-

oriented emissions, vibration, and noise; and accommodates a safety barrier. As indicated in the below 

table, setback distances vary by land use and occupancy status. The following provides an overview of 

building setback requirements and conditions: 

• The minimum building setback distance is measured from the mutual property line to the building 

face. The mutual property line is always the reference point for building setbacks, regardless of 

area conditions. See Table 22, below. 

• Under typical conditions, the setback is measured as a straight-line horizontal distance. Figure 4 

below provides an illustration of a typical setback and berm installation for residential 

construction.  
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Table 22 - GO Transit Land Use Guidelines 
Standard Measures and Studies for Adjacent Development 

 

 
 

Figure 4 - Typical Building Setback and Berm for Residential Construction 
Source: Earthtech Canada, “Final Report; Proximity Guidelines and Best Practices”, RAC/FCM Proximity 

Guidelines 

Railway berm locations and details can be found on Drawings SG-3 & SG-4, provided in Appendix B.  

6.2. Easements 

Easements are an essential part of allowing access for future possible maintenance to proposed sewers. 

Due to grading and external servicing to accommodate the proposed Draft Plan, an easement is in place. 

Refer to Easement Plan Drawing EAS-2 (TJCG Project No. PRA-12160) (provided in Appendix A) which shows 

the location of the existing easement. The easement required in this situation is for a rear yard catchbasin, 

which collects drainage from the south-east corner of the proposed development. The catchbasin would be 

allowed to reach a maximum ponding depth before overtopping to an overland flow route.   
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6.3. Kneeshaw Drive Interim & Ultimate Profile 

Kneeshaw Drive traverses the site north to south, connecting to Mapleview Drive East at its northern limit. 

Ultimately, grading at this intersection will require updating to accommodate future plans from the City to 

lower Mapleview Drive East under the existing railway. This future work results in two separate grading 

scenarios, the ‘Interim’ and the ‘Ultimate’. The Ultimate Kneeshaw Drive profile governs service connection 

elevations within the intersection, with proposed connections made at depths that would not require future 

lowering once lowering of Mapleview Drive East is completed. Once established, grading in the Interim was 

completed to provide a smooth transition from the intersection into the proposed site. Both the interim 

and ultimate grading profile are shown on the Bistro 6 West Subdivision Drawings (TJCG Project #PRA-

12160) ‘Drawing PP-1 – Plan and Profile Kneeshaw Drive 0-020 to 0+290’ in Appendix A. 
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7. Utilities 

The construction of Kneeshaw Drive will accommodate secondary utilities including Bell, hydro, gas and 

cable TV as part of the overall Bistro 6 West Subdivision requirements. Utility servicing will be provided to 

the subject site via connection to the services on Kneeshaw Drive. There are currently existing services on 

Mapleview Drive East, however, they are insufficient to service the proposed subdivision and upgrades 

and/or the installation of new services along Mapleview Drive East will be required.  

The utility providers for the Hewitt’s Secondary Plan Area are Enbridge Gas, Innpower, Alectra Utilities 

(previously known as Powerstream), Bell Canada and Rogers Cable.  

Utility Servicing coordination for the entire Hewitt’s Secondary Plan Area has been undertaken by the 

Hewitt’s Land Owner’s Group (HLOG). The proposed development is to be serviced in accordance with the 

master servicing plans currently being established by the respective utility providers through consultations 

with HLOG. Specific utility servicing details are provided on the Electrical Design Drawings completed by 

Runge Engineering. 
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8. Conclusions 

This Servicing & Stormwater Management Report identifies the recommended servicing design for the 

proposed Elements Condominium Plan development, part of the larger overall Hewitt’s Gate Subdivision. 

This Report, read in conjunction with the Bistro 6 West Subdivision Detailed Stormwater Management 

Report, Traffic Impact Study, and Civil Engineering Detailed Design Drawing Set, outlines the proposed 

infrastructure required to service the lands in terms of water, wastewater, stormwater management, roads, 

grading, and conventional utilities.   

This Report has been prepared based, in part, on the recommendations provided in the Hewitt’s Secondary 

Plan Area Subwatershed Impact Study prepared by R.J. Burnside & Associates Ltd. (September 2016). In 

particular, this Report has recommended the proposed development can be adequately serviced based on 

the following: 

• The provision of storm sewers and stormwater management facilities as outlined in Section 2 and 

General Servicing Drawing SS-1, Storm Drainage Plan Drawing STM-1, Post-Development SWM 

Plan Drawing SWM-2 and the STM Design Sheet in Appendix C. Further details on stormwater 

management and LID/pond design are provided within the Bistro 6 West Subdivision Detailed 

Stormwater Management Report by TJCG dated August 2019, submitted under separate 

application. 

• The provision of watermains as outlined in Section 3 and on the General Servicing Drawing SS-1 

and the Watermain Swabbing Plan Drawing WM-1. 

• The provision of gravity sanitary sewers as outlined in Section 4 and General Servicing Drawing SS-

1 and the Sanitary Drainage Plan Drawing SAN-1 and the SAN Design Sheet in Appendix C. 

• The provision of Transportation Infrastructure as outlined in Section 5 of this Report. Proposed 

internal roadway and parking lot layout is outlined on the Pavement Marking Plan Drawing PM-1. 

• The provision of a grading design as outlined in Section 6 and on the Site Grading Plan Drawings 

SG-1 & SG-2 and Section Drawings SG-3 & SG-4. 

• The provision of Utility Infrastructure as outlined in Section 7 of this Report and the Electrical 

Design Drawings completed by Runge Engineering. 
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In conclusion, it is recommended that the approval authorities accept this report in support of the Site Plan 

Application.  

 

All of which is respectfully submitted, 

THE JONES CONSULTING GROUP LTD. 
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Appendix A 

Planning and External Reference Information  
 
• Pratt Hansen Group – Elements Condominium Plan, The Jones Consulting Group Ltd., September 2nd, 

2021, 

• Excerpt from the Soil Map of Simcoe County, Report No. 29 - Ontario Department of Agriculture, 

• City of Barrie Official Plan, January 2018, Schedule 9D-1 Transportation Plan 

• Bistro 6 West Subdivision Drawings – The Jones Consulting Group - Project # PRA-12160, Phase 2 

Registration (Block 3) – Third Complete Submission August 2021 

o G-1  General Servicing Plan 

o EAS-2 Easement Plan 

o STM-1 Storm Sewer Subcatchment Plan 

o SAN-1 Internal Sanitary Drainage Area Plan 

o DS-1 Design Sheets 

o PP-1 Plan and Profile Kneeshaw Drive STA. 0-020 to 0+290 

o SWM-1 Stormwater Management Plan Peak Flow Model Catchment Areas 

o SWM-2 Stormwater Management Plan LID Model Catchment Areas 

• Bistro 6 Site Plan Drawings – The Jones Consulting Group - Project # PRA-17021, Site Plan 

Amendment March 2021 

o PP-1 Plan and Profile Temporary Access Road STA. 0+000 to 0+150 

o PP-2 Plan and Profile Temporary Access Road STA. 0+150 to 0+300 

• Water Balance Information 

o Excerpts from RJB Technical Memorandum dated August 10, 2021 – Tables WB-1, WB-2, & 
WB-3 
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SCALE 1:40,000

m.c.r.Drawn By:

Checked By:

Date Issued:       APRIL 30, 2020

PRA-19078Project No.:

Drawing Name:

RD

Elements Condominium Plan
(Proposed Block 598 on Hewitt's Gate Draft Plan)
Part of Lot 16, Concession 12
City of Barrie, County of Simcoe, 2021

Subject Lands

Other Lands
Owned

By Applicant

sidewalk
Internal Stop Control

SITE PLAN STATISTICS
Site Plan Area        3.15 ha.

Unit Count:
  1 @    94 Unit Apartment (6 Storey 'A')            94 Units
  1 @  156 Unit Apartment (6 Storey 'B')       156 Units
  1 @    96 Unit Apartment (6 Storey 'C')            96 Units
  Total                         346 Units (110 uph)

                          REQUIRED             PROPOSED
Total Holdings             RM3                      RM3
Site Plan Area               -          3.15 ha.
Lot Frontage           24.0 m        123.2 m
Front Yard   3.0 m          15.6 m
Interior Side Yard             5.0 m          30.0 m
Exterior Side Yard             2.0 m            7.3 m
Rear Yard   5.0 m            6.6 m
Lot Coverage          max 50 % (1.57 ha.)        20 % (0.64 ha.)
Accessory Structures           max 10 % (0.31 ha.)     0.00 % (0.00 ha.)
Landscape Open Space min 25 % (0.79 ha.)        53 % (1.68 ha.)
Parking Coverage          max 40 % (1.26 ha.)        26 % (0.83 ha.)
Gross Floor Area        max 200 % (6.30 ha.)      110 % (3.43 ha.)

Building A
GFA      9,468.24 m2
Height in Stories     6
Units          94

Building B
GFA    15,398.28 m2
Height in Stories     6
Units         156

Building C
GFA     9,468.24 m2
Height in Stories     6
Units  96

Parking Calculations
Required Parking (346 x 1.2)   416 Spaces         *416 Spaces

*Parking Breakdown
Typical Surface Parking Spaces           234 Spaces
Surface Barrier Free Parking Spaces         8 Spaces
Typical Underground Parking Spaces            168 Spaces
Underground Barrier Free Parking Spaces         6 Spaces
Total      416 Spaces*
Tandem Parking Spaces     6 Spaces
Total Including Tandem Spaces 422 Spaces

Barrier Free spaces calculated at 1 + (416 x 3%) = 14 required
(3.4 + 1.5 & 3.1 + 1.5 per barrier free space/shared aisle)

Bicycle Rack Storage (.2 x 346)     70 Required       70 Provided

General Amenity Area (10m²/unit)                3,460 m²    **4,619.90 m²

**Amenity Area Breakdown
Shared Surface Amenity Area             550.7 m²
Private Balcony Area:

- Building A        1,141.20 m²
- Building B        1,865.40 m²
- Building C        1,062.60 m²
- Private Balcony Area Total        4,069.20 m²

Combined General Amenity Area Total        4,619.9 m²

Fire Route
Retaining Walls
Light Standard (nts)
EV Charger Station (nts)
Hydro Transformer (nts)
Hydrant
Timber Bollards (BSD-1217)
Acoustic Fencing (BSD-1200)
Board on Board Fence (BSD-1205)

SCHEDULE OF REVISIONS

DESCRIPTION DRAWNDATE
SITE PLAN SUBMISSION m.c.r.FEB. 12, 2021

WIDEN BUILDING 'C' RAMP TO 6.4m / SITE PLAN SUBMISSION m.c.r.FEB. 16, 2021
CHANGES AS PER CITY COMMENTS m.c.r.APRIL 16, 2021

- NOTE -
RED TRUCK TURNING LINEWORK INDICATES REVERSE MOTION

GREEN TRUCK TURNING LINEWORK INDICATES FORWARD MOTION

CHANGES TO BDG 'C' RAMP DESIGN m.c.r.APRIL 20, 2021
CHANGES TO BDG 'C' RAMP DESIGN m.c.r.APRIL 21, 2021

UPDATE PLAN WITH NEW ARCH BUILDING FOOTPRINTS m.c.r.APRIL 29, 2021 PRA-19078-HD-W-SP-11d.dwg

PRATT HANSEN GROUP - BISTRO 6 WEST
ELEMENTS CONDOMINIUM PLAN

   

CHANGES TO BDG 'C' RAMP AREA m.c.r.MAY 10, 2021
CHANGES AS PER ENG COMMENTS m.c.r.MAY 13, 2021
CHANGES AS PER ENG COMMENTS m.c.r.MAY 14, 2021

NEW BDG 'A' ARCH FOOTPRINT m.c.r.JULY 6, 2021
NEW BDG 'B' ARCH FOOTPRINT/UPDATE ENG DETAILS/SITE PLAN SUBMISSION m.c.r.AUG. 16, 2021

ADDITIONAL ENG DETAILS ADDED m.c.r.AUG. 17, 2021
ADD DIMENSIONING TO SP m.c.r.AUG. 20, 2021

NEW TRANSFORMER LOCATIONS FROM ENG. x2 m.c.r.SEPT. 2, 2021



Soils Map of Simcoe County 

Ontario – South Sheet – Soil Survey Report No. 29 
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Table WB-1

WATER BALANCE CALCULATIONS
Block 598

Bistro 6 West Subdivision
Barrie, ON

PROJECT No.300041559

TABLE WB-1
Water Balance Components

Based on Thornthwaite's Soil Moisture Balance Approach with a Soil Moisture Retention of 150 mm (moderately-rooted vegetation in sandy loam soils)

Precipitation data from Barrie WPCC Climate Station (1981 - 2010)

Potential Evapotranspiration Calculation JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC YEAR
Average Temperature (Degree C) -7.7 -6.6 -2.1 5.6 12.3 17.9 20.8 19.7 15.3 8.7 2.7 -3.5 6.9
Heat index: i = (t/5)1.514 0.00 0.00 0.00 1.19 3.91 6.90 8.66 7.97 5.44 2.31 0.39 0.00 36.8
Unadjusted Daily Potential Evapotranspiration U (mm) 0.00 0.00 0.00 25.18 58.76 88.02 103.48 97.59 74.33 40.47 11.47 0.00 499
Adjusting Factor  for U (Latitude 44o 20' N) 0.81 0.82 1.02 1.13 1.27 1.29 1.3 1.2 1.04 0.95 0.8 0.76
Adjusted Potential Evapotranspiration PET (mm) 0 0 0 28 75 114 135 117 77 38 9 0 593

WATER BALANCE COMPONENTS JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC YEAR
Precipitation (P) 83 62 58 62 82 85 77 90 94 78 89 74 933
Potential Evapotranspiration (PET) 0 0 0 28 75 114 135 117 77 38 9 0 593
P - PET 83 62 58 34 8 -29 -57 -27 17 39 80 74 340
Change in Soil Moisture Storage 0 0 0 0 0 -29 -57 -27 17 39 58 0 0
Soil Moisture Storage max 150 mm 150 150 150 150 150 121 64 37 53 92 150 150
Actual Evapotranspiration (AET) 0 0 0 28 75 114 135 117 77 38 9 0 593
Soil Moisture Deficit max 150 mm 0 0 0 0 0 29 86 113 97 58 0 0
Water Surplus - available for infiltration or runoff 83 62 58 34 8 0 0 0 0 0 22 74 340
Potential Infiltration (based on MOE metholodogy*; independent
of temperature) 50 37 35 20 5 0 0 0 0 0 13 44 204

Potential Direct Surface Water Runoff (independent of
temperature) 33 25 23 13 3 0 0 0 0 0 9 29 136

IMPERVIOUS AREA WATER SURPLUS  
Precipitation (P) 933 mm/year

Potential Evaporation (PE) from impervious areas (assume 15%) 140 mm/year

P-PE (surplus available for runoff from impervious areas) 793 mm/year

Assume January storage is 100% of Soil Moisture Storage
Soil Moisture Storage 150 mm <-- See "Water Holding Capacity" values in Table 3.1, MOE SWMPDM, 2003

*MOE SWM infiltration calculations
topography - hilly land (avg slope ~ 4%) 0.1 <-- Infiltration Factors from the bottom section of Table 3.1, MOE SWMPDM, 2003
soils - sandy loam 0.4 <-- Infiltration Factors from the bottom section of Table 3.1, MOE SWMPDM, 2003
cover - predominantly cultivated land 0.1 <-- Infiltration Factors from the bottom section of Table 3.1, MOE SWMPDM, 2003
Infiltration factor 0.6

Latitude of site (or climate station) 44 O N.



Table WB-2

WATER BALANCE CALCULATIONS
Block 598

Bistro 6 West Subdivision
Barrie, ON

PROJECT No.300041559

TABLE WB-2
Post-Development Water Balance Components

Based on Thornthwaite's Soil Moisture Balance Approach with a Soil Moisture Retention of 75 mm (urban lawn in sandy loam soils)

Precipitation data from Barrie WPCC Climate Station (1981 - 2010)

Potential Evapotranspiration Calculation JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC YEAR
Average Temperature (Degree C) -7.7 -6.6 -2.1 5.6 12.3 17.9 20.8 19.7 15.3 8.7 2.7 -3.5 6.9
Heat index: i = (t/5)1.514 0.00 0.00 0.00 1.19 3.91 6.90 8.66 7.97 5.44 2.31 0.39 0.00 36.8
Unadjusted Daily Potential Evapotranspiration U (mm) 0.00 0.00 0.00 25.18 58.76 88.02 103.48 97.59 74.33 40.47 11.47 0.00 499
Adjusting Factor  for U (Latitude 44o 20' N) 0.81 0.82 1.02 1.13 1.27 1.29 1.3 1.2 1.04 0.95 0.8 0.76
Adjusted Potential Evapotranspiration PET (mm) 0 0 0 28 75 114 135 117 77 38 9 0 593

WATER BALANCE COMPONENTS JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC YEAR
Precipitation (P) 83 62 58 62 82 85 77 90 94 78 89 74 933
Potential Evapotranspiration (PET) 0 0 0 28 75 114 135 117 77 38 9 0 593
P - PET 83 62 58 34 8 -29 -57 -27 17 39 80 74 340
Change in Soil Moisture Storage 0 0 0 0 0 -29 -46 0 17 39 19 0 0
Soil Moisture Storage max 75 mm 75 75 75 75 75 46 0 0 17 56 75 75
Actual Evapotranspiration (AET) 0 0 0 28 75 114 123 90 77 38 9 0 555
Soil Moisture Deficit max 75 mm 0 0 0 0 0 29 75 75 58 19 0 0
Water Surplus - available for infiltration or runoff 83 62 58 34 8 0 0 0 0 0 60 74 378
Potential Infiltration (based on MOE metholodogy*; independent
of temperature) 54 40 38 22 5 0 0 0 0 0 39 48 246

Potential Direct Surface Water Runoff (independent of
temperature) 29 22 20 12 3 0 0 0 0 0 21 26 132

IMPERVIOUS AREA WATER SURPLUS  
Precipitation (P) 933 mm/year

Potential Evaporation (PE) from impervious areas (assume 15%) 140 mm/year

P-PE (surplus available for runoff from impervious areas) 793 mm/year

Assume January storage is 100% of Soil Moisture Storage
Soil Moisture Storage 75 mm <-- See "Water Holding Capacity" values in Table 3.1, MOE SWMPDM, 2003

*MOE SWM infiltration calculations
topography - hilly land 0.1 <-- Infiltration Factors from the bottom section of Table 3.1, MOE SWMPDM, 2003
soils - sandy loam 0.4 <-- Infiltration Factors from the bottom section of Table 3.1, MOE SWMPDM, 2003
cover - urban lawn 0.15 <-- Infiltration Factors from the bottom section of Table 3.1, MOE SWMPDM, 2003
Infiltration factor 0.65

Latitude of site (or climate station) 44 O N.



Table WB-3

WATER BALANCE CALCULATIONS
Block 598

Bistro 6 West Subdivision
Barrie, ON

PROJECT No.300041559

TABLE WB-3
Water Balance for Pre- and Post-Development Land Use Conditions (with no SWM/LID measures in place)

Land Use Description
Approx.

Land Area*
(m2)

Estimated
Impervious
Fraction for
Land Use*

Estimated
Impervious
Area (m2)

Runoff from
Impervious
Area** (m/a)

Runoff
Volume from
Impervious
Area (m3/a)

Estimated
Pervious
Area (m2)

Runoff from
Pervious

Area** (m/a)

Runoff
Volume from

Pervious
Area (m3/a)

Infiltration
from

Pervious
Area** (m/a)

Infiltration
Volume from

Pervious Area
(m3/a)

Total Runoff
Volume
(m3/a)

Total
Infiltration

Volume
(m3/a)

Pre-Development Land Use

Open Space /Agricultural 31,500 0.00 0 0.793 0 31,500 0.136 4,280 0.204 6,421 4,280 6,421

TOTAL PRE-DEVELOPMENT 31,500 0 0 31,500 4,280 6,421 4,280 6,421

Post-Development Land Use (with no LID measures in place)

Landscape/ Open Space 16,800 0.15 2,520 0.793 1,998 14,280 0.132 1,889 0.246 3,509 3,887 3,509

Residential Building 6,400 1.00 6,400 0.793 5,075 0 0.132 0 0.246 0 5,075 0

Parking 8,300 1.00 8,300 0.793 6,582 0 0.132 0 0.246 0 6,582 0

TOTAL POST-DEVELOPMENT 31,500 17,220 13,655 14,280 1,889 3,509 15,544 3,509

% Change from Pre to Post 363 45

Effect of development (with no mitigation)
3.6 times

increase in
runoff

45% reduction
of infiltration

* data provided by Jones Consulting Group Ltd. To balance pre- to post-, 
** figures from Tables WB-1 and WB-2  the infiltration target (m3/a)= 2,912
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Appendix B 

Reduced Engineering Submission Drawings 
 

• N-1 General Notes 

• ESC-1 Erosion and Sediment Control Plan 

• ESC-2 Erosion and Sediment Control Details 

• SG-1 Site Grading Plan with Existing Conditions 

• SG-2 Site Grading Plan with Proposed Conditions 

• SG-3 Railway Berm Sections 

• SG-4 Railway Berm Sections 

• SS-1 Site Servicing Plan 

• SS-2 Sewer Design Sheets and Pipe Clearance Table 

• SWM-1 Stormwater Management Plan Pre-Development Conditions 

• SWM-2 
Stormwater Management Plan Post-Development conditions LID Model 
Catchment Areas 

• LID-1 Rain Gardens, LID Sections & Details 

• STM-1 Storm Drainage Plan 

• SAN-1 Sanitary Drainage Plan 

• WM-1 Watermain Swabbing Plan 

• PM-1 Pavement Marking and Signage Plan 

• DET-1 Standard Details 

• DET-2 Standard Details 

• DET-3 Standard Details 

• DET-4 Standard Details 

• DET-5 Standard Details 
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ENGINEERING NOTES

GENERAL
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Appendix C 

Supporting Calculations & Design Charts 
 

• Detailed Land Use Breakdown – Post-Dev-LID 

• 100-Year Storm Sewer Design Sheet 

• 5-Year Storm Sewer Design Sheet 

• LID Facility Design Notes 

• PCSWMM LID Performance Summary 

• Low Impact Development Treatment Train Tool – Release Notes: Land Cover EMC’s 

• TSS & TP Mass Balance Calculations 

• LID Facility Drawdown Time Calculations 

• LID Facility Estimation of Provided Storage Volume 

• CB Shield ETV Performance Verification and Details 

• Up-Flo Filter ETV Performance Verification 

• Elements Condominium Plan Local Sanitary Sewer Design Sheet 

• Bistro 6 West Subdivision Trunk Sanitary Sewer Design Sheet 

  



CLIENT: Pratt Hansen Group Inc. DATE: August 2021

PROJECT: Elements Condominium Plan DESIGN: MG

FILE: PRA-19078 (50) CHECKED: MF

Landscape
Impervious 

(Roof)

Impervious 
(Parking, 
Sidewalk)

Total TIMP (%) XIMP (%) SAR (%) Landscape
Impervious 

(Roof)

Impervious 
(Parking, 
Sidewalk)

Weighted

101 401 0.0533 0.0019 0.1998 0.2550 79.10% 78.35% 0.94% 0.16 0.95 0.95 0.78

0.0533 0.0019 0.1998 0.2550 79.10% 78.35% 0.94% 0.16 0.95 0.95 0.78

201 402 0.0291 0.0068 0.0000 0.0359 18.94% 0.00% 100.00% 0.16 0.95 0.95 0.31

202 403 0.0000 0.0928 0.0000 0.0928 100.00% 0.00% 100.00% 0.16 0.95 0.95 0.95

203 404 0.0000 0.1711 0.0000 0.1711 100.00% 0.00% 100.00% 0.16 0.95 0.95 0.95

204 405 0.0415 0.0039 0.0006 0.0460 9.78% 1.30% 86.67% 0.16 0.95 0.95 0.24

205 406 0.0832 0.0029 0.2384 0.3245 74.36% 73.47% 1.20% 0.16 0.95 0.95 0.75

0.1538 0.2775 0.2390 0.6703 77.06% 35.66% 53.73% 0.16 0.95 0.95 0.77

407 0.0000 0.0955 0.0000 0.0955 100.00% 0.00% 100.00% 0.16 0.95 0.95 0.95

409 0.0000 0.0836 0.0000 0.0836 100.00% 0.00% 100.00% 0.16 0.95 0.95 0.95

0.0000 0.1791 0.0000 0.1791 100.00% 0.00% 100.00% 0.16 0.95 0.95 0.95

302 408 0.1408 0.0077 0.0150 0.1635 13.88% 9.17% 33.92% 0.16 0.95 0.95 0.27

303 410 0.0966 0.0021 0.0000 0.0987 2.13% 0.00% 100.00% 0.16 0.95 0.95 0.18

304 411 0.0000 0.1701 0.0000 0.1701 100.00% 0.00% 100.00% 0.16 0.95 0.95 0.95

305 412 0.1319 0.0070 0.2668 0.4057 67.49% 65.76% 2.56% 0.16 0.95 0.95 0.69

0.3693 0.3660 0.2818 1.0171 63.69% 27.71% 56.50% 0.16 0.95 0.95 0.66

501 501 0.2402 0.0113 0.0404 0.2919 17.71% 13.84% 21.86% 0.16 0.95 0.95 0.30

502 502 0.0313 0.0000 0.0042 0.0355 11.83% 11.83% 0.00% 0.16 0.95 0.95 0.25

503 503 0.0116 0.0028 0.0403 0.0547 78.79% 73.67% 6.50% 0.16 0.95 0.95 0.78

504 504 0.0130 0.0012 0.0960 0.1102 88.20% 87.11% 1.23% 0.16 0.95 0.95 0.86

505 505 0.0553 0.0000 0.1053 0.1606 65.57% 65.57% 0.00% 0.16 0.95 0.95 0.68

506 506 0.0410 0.0066 0.0078 0.0554 25.99% 14.08% 45.83% 0.16 0.95 0.95 0.37

0.3924 0.0219 0.2940 0.7083 44.60% 41.51% 6.93% 0.16 0.95 0.95 0.51

601 601 0.4148 0.0000 0.0109 0.4257 2.56% 2.56% 0.00% 0.16 0.95 0.95 0.18

602 602 0.0459 0.0000 0.0130 0.0589 22.07% 22.07% 0.00% 0.16 0.95 0.95 0.33

603 603 0.0026 0.0000 0.0203 0.0229 88.65% 88.65% 0.00% 0.16 0.95 0.95 0.86

0.4633 0.0000 0.0442 0.5075 8.71% 8.71% 0.00% 0.16 0.95 0.95 0.23

1.4321 0.6673 1.0588 3.1582 54.65% 33.53% 38.66% 0.16 0.95 0.95 0.59

501 501 0.2402 0.0113 0.0404 0.2919 17.71% 13.84% 21.86% 0.16 0.95 0.95 0.30

502 502 0.0313 0.0000 0.0042 0.0355 11.83% 11.83% 0.00% 0.16 0.95 0.95 0.25

503 503 0.0116 0.0028 0.0403 0.0547 78.79% 73.67% 6.50% 0.16 0.95 0.95 0.78

504 504 0.0130 0.0012 0.0960 0.1102 88.20% 87.11% 1.23% 0.16 0.95 0.95 0.86

0.2961 0.0153 0.1809 0.4923 39.85% 36.75% 7.80% 0.16 0.95 0.95 0.47

0.0533 0.0019 0.1998 0.2550 79.10% 78.35% 0.94% 0.16 0.95 0.95 0.78

0.1538 0.2775 0.2390 0.6703 77.06% 35.66% 53.73% 0.16 0.95 0.95 0.77

0.3693 0.3660 0.2818 1.0171 63.69% 27.71% 56.50% 0.16 0.95 0.95 0.66

501 501 0.2402 0.0113 0.0404 0.2919 17.71% 13.84% 21.86% 0.16 0.95 0.95 0.30

502 502 0.0313 0.0000 0.0042 0.0355 11.83% 11.83% 0.00% 0.16 0.95 0.95 0.25

503 503 0.0116 0.0028 0.0403 0.0547 78.79% 73.67% 6.50% 0.16 0.95 0.95 0.78

504 504 0.0130 0.0012 0.0960 0.1102 88.20% 87.11% 1.23% 0.16 0.95 0.95 0.86

505 505 0.0553 0.0000 0.1053 0.1606 65.57% 65.57% 0.00% 0.16 0.95 0.95 0.68

0.9278 0.6607 1.0068 2.5953 64.25% 38.79% 39.62% 0.16 0.95 0.95 0.67

506 506 0.0410 0.0066 0.0078 0.0554 25.99% 14.08% 45.83% 0.16 0.95 0.95 0.37

0.4633 0.0000 0.0442 0.5075 8.71% 8.71% 0.00% 0.16 0.95 0.95 0.23

0.5043 0.0066 0.0520 0.5629 10.41% 9.24% 11.26% 0.16 0.95 0.95 0.24

1.4321 0.6673 1.0588 3.1582 54.65% 33.53% 38.66% 0.16 0.95 0.95 0.59

LID-2 Total

Sub-total

601 - 603 Sub-total

LID-1 Total

Elements Condominium Plan
Detailed Land Use Breakdown

Post-Dev-LID 
Catchment 

Number

STM Sewer 
Catchment 

Number

Area (Ha) Imperviousness Runoff Coefficient

Total

Up-Flo Filter Sizing

LID-3 Total

Total

301

301 Sub-total

601 - 603 Sub-total

Total Untreated

Total

Statistics for Table 7 - Servicing and Storm Water Management Report

LID-1 Total

LID-2 Total

LID-3 Total

Total Treated
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CLIENT: Pratt Hansen Group Inc. DATE: August 2021

PROJECT: Elements Condominium Site Plan DESIGN: MG

FILE: PRA-19078 (50) CHECKED: MF

LENGTH TOTAL I TOTAL Q S D Q FULL V FULL % FULL

FROM TO (m) C A CA CA TO IN (mm/h) (cms) (%) (mm) (cms) (m/s)

401 0.98 0.26 0.25 0.25
STM10 STM11 52.3 0.00 0.25 10.00 0.49 180 0.125 1.00 450 0.285 1.8 43.9

STM11* STM18 13.9 0.00 0.25 10.49 0.16 176 0.1245 0.63 450 0.226 1.4 55.0

402 CB2 STM6 8.4 0.39 0.04 0.01 0.01 10.00 0.14 180 0.007 0.50 300 0.068 1.0 10.2

403 STUB STM6 11.8 1.00 0.09 0.09 0.09 10.00 0.10 180 0.046 2.00 300 0.137 1.9 34.0

STM6 STM7 32.6 0.00 0.11 10.14 0.56 179 0.053 0.50 300 0.068 1.0 77.5

404 STUB STM7 19.8 1.00 0.17 0.17 0.17 10.00 0.17 180 0.086 2.00 300 0.137 1.9 62.6

405 CB1 TEE 20.2 0.30 0.05 0.01 0.01 10.00 0.25 180 0.007 1.00 300 0.097 1.4 7.1

STM7 STM8 25.7 0.00 0.29 10.71 0.34 174 0.141 0.50 450 0.202 1.3 69.9

406 STM9** STM18 16.7 0.93 0.32 0.30 0.93 11.04 0.10 171 0.4415 2.00 525 0.608 2.8 72.6

407 STUB STM1 4.0 1.00 0.10 0.10 0.10 10.00 0.03 180 0.048 2.00 300 0.137 1.9 34.9

STM1 STM2 49.1 0.00 0.10 10.03 0.60 180 0.048 1.00 300 0.097 1.4 49.3

408 STM2 STM3 21.9 0.34 0.16 0.06 0.15 10.63 0.27 175 0.073 1.00 300 0.097 1.4 75.6

409 STUB STM3 19.0 1.00 0.08 0.08 0.08 10.00 0.16 180 0.042 2.00 300 0.137 1.9 30.6

410 CB3 STM3 21.9 0.22 0.10 0.02 0.02 10.00 0.21 180 0.011 2.00 250 0.084 1.7 13.0

STM3 STM4 42.2 0.00 0.26 10.90 0.50 172 0.123 0.80 375 0.157 1.4 78.2

411 STUB STM4 11.5 1.00 0.17 0.17 0.17 10.00 0.10 180 0.085 2.00 300 0.137 1.9 62.2

STM4 STM5 22.4 0.00 0.43 11.39 0.24 169 0.200 0.75 450 0.247 1.6 80.8

412 STM15*** STM16 44.9 0.87 0.41 0.35 0.99 11.64 0.21 167 0.4588 3.30 525 0.781 3.6 58.7

Elements Condominium
 100yr Storm Sewer Design Sheet

100 Year Storm Sewer Design Sheet

Storm water directed to LID-1

Storm Water Directed to LID-3

Storm water directed to LID-2

AREAS
FLOW TIME (min)MANHOLE INCREMENT

G:\Active\PRA-19078(Pratt-Hansen-Bistro 6 WEST)\50-Eng Design\STM\PRA-19078-STM DS-21-07-12.xlsx



CLIENT: Pratt Hansen Group Inc. DATE: August 2021

PROJECT: Elements Condominium Site Plan DESIGN: MG

FILE: PRA-19078 (50) CHECKED: MF

LENGTH TOTAL I TOTAL Q S D Q FULL V FULL % FULL

FROM TO (m) C A CA CA TO IN (mm/h) (cms) (%) (mm) (cms) (m/s)

Elements Condominium
 100yr Storm Sewer Design Sheet

100 Year Storm Sewer Design Sheet

AREAS
FLOW TIME (min)MANHOLE INCREMENT

UFF-4 STM17 4.6 0.00 0.23 12.64 0.06 160 0.104 0.50 450 0.202 1.3 51.4

STM18**** STM17 19.6 0.00 1.18 11.14 0.09 171 0.560 2.80 600 1.027 3.6 54.5

STM17**** STM16 16.3 0.00 1.42 12.70 0.11 159 0.626 1.00 750 1.113 2.5 56.2

STM16**** DDHW4548 22.9 0.00 2.41 12.81 0.18 158 1.059 0.60 825 1.112 2.1 95.3

Q= 0.0028*C*I*A  (cms); C=RUNOFF COEFFICIENT; I-RAINFALL INTENSITY (100 Year) =1426.408/(T.C. + 5.273)^0.759; A=AREA  (ha)

****Adjusted total CA values from LIDs have been carried forward through the design sheet. 

Note: All runoff coefficients for sizing the 100-year storm sewer have been increased by 25% in accordance with Table 3.3 of the City of Barrie Storm Drainage and Stormwater Management Policies and Design 
Guidelines.

***Total CA has been adjusted so the flow matches the peak flow release rate experienced during the governing 100yr 4hr Chicago LID PCSWMM model for LID-3. Qp = 0.4588 m³/s

Storm Water Directed to 100 Year Trunk Storm Sewer

** Total CA has been adjusted so the flow matches the peak flow release rate experienced during the governing 100yr 4hr Chicago LID PCSWMM model for LID-2. Qp = 0.4415 m³/s
*Total CA has been adjusted so the flow matches the peak flow release rate experienced during the governing 100yr 6hr SCS LID PCSWMM model for LID-1. Qp = 0.1245 m³/s

G:\Active\PRA-19078(Pratt-Hansen-Bistro 6 WEST)\50-Eng Design\STM\PRA-19078-STM DS-21-07-12.xlsx



CLIENT: Pratt Hansen Group Inc. DATE: August 2021

PROJECT: Elements Condominium Site Plan DESIGN: MG

FILE: PRA-19078 (50) CHECKED: MF

LENGTH TOTAL I TOTAL Q S D Q FULL V FULL % FULL

FROM TO (m) C A CA CA TO IN (mm/h) (cms) (%) (mm) (cms) (m/s)

501 CB5 STM37 45.9 0.30 0.29 0.09 0.09 10.00 0.79 109 0.026 0.50 300 0.068 1.0 38.7

STM37 STM13 100.0 0.00 0.09 10.79 1.72 105 0.025 0.50 300 0.068 1.0 37.2

502 CB4 STM36 49.9 0.25 0.04 0.01 0.01 10.00 0.86 109 0.003 0.50 300 0.068 1.0 4.0

STM36 STM12 42.8 0.00 0.01 10.86 0.74 104 0.003 0.50 300 0.068 1.0 3.8

503 STM12 STM13 17.3 0.78 0.05 0.04 0.05 11.60 0.11 101 0.014 3.40 300 0.178 2.5 8.1

504 STM13 UFF-4 14.0 0.86 0.11 0.09 0.23 12.51 0.13 97 0.063 1.00 450 0.285 1.8 22.0

UFF-4 STM17 4.6 0.00 0.23 12.64 0.06 96 0.062 0.50 450 0.202 1.3 30.9

Q= 0.0028*C*I*A  (cms); C=RUNOFF COEFFICIENT; I-RAINFALL INTENSITY (5 Year) =853.608/(T.C. + 4.699)^0.766; A=AREA  (ha)

Storm water directed to UFF-4 bypassing all LIDs

Elements Condominium
 5yr Storm Sewer Design Sheet

5 Year Storm Sewer Design Sheet

AREAS
MANHOLE INCREMENT FLOW TIME (min)

G:\Active\PRA-19078(Pratt-Hansen-Bistro 6 WEST)\50-Eng Design\STM\PRA-19078-STM DS-21-07-12.xlsx



BMP Type LOT LEVEL / CONVEYANCE CONTROL / END OF PIPE

Bioretention Systems, designed per CVC Section 4.5 - Bioretention, generally involves practices that temporarily store, treat and infiltrate collected runoff. Systems can be 

constructed with or without underdrains to achieve full or partial infiltration based on native soil characteristics. The primary component of a bioretention system is the

Filter Media, generally comprised of a mixture of Sand, fines and organic materials which improves water quality. Typically systems are vegetated and topped with mulch,

have pre-treatment devices and a overflow by-pass. These systems are adaptable to sites and can range from simple rain gardens on a Lot Level to Large Cells in 

End-of-Pipe facilities

Common Concerns Physical Suitability and Constraints

1 Risk of Groundwater Contamination 1 Proximity to Drinking Water Sources i.e. WHPA's, not within 2yr Travel Time

2 Risk of Soil Contamination 2 Site Topography, locate on slopes 1 - 5%

3 Location on Private Property / Enforcement 3 Available Head should be 1.0 - 1.5m to drive filter

4 Proximity to Foundations & Seepage 4 Water Table, minimum 1.0m separation from Bottom of Facility to SHGWT

5 Winter Operation 5 Site Soils & Infiltration Capacity, min 15 mm/hr

6 Roadway Stability 6 Drainage Area, 5:1 to 15:1 Impervious Drainage Area to BMP Area

7 Pedestrian Traffic 7 Pollution Hot Spot Runoff

8 Setback from Buildings, minimum of 5m from foundations

9 Proximity to Underground Utilities

10 Overhead Wires, Check Tree Canopies will not interfere with O/H Systems in place

BMP Sizing Guidelines

1 Commonly located near Impervious Surfaces generating runoff such as around parking lots, traffic islands, near buildings and in boulevards, online or offline config.

2 Geometry & Layout, typically linear or rectangular, can be orientated to fit many spaces but should be considered early in site layout & development

3 Maximum Recommended  Footprint is typically based on Total Impervious Drainage Area, and ranges between 0.01 and 0.5 ha, with a max. of 0.8 ha.

4 Aim to orientate the cell to promote the spread of inflows evenly over the cell with flat slopes, multiple cells can be used in parallel or series

5 Pretreatment should be provided to ensure system longevity, forebay/gravel diaphragm, vegetated filter strips/grass swales or filter devices (OGS Units)

6 Conveyance by Direct Inlet, 3rd Pipe System, or Storm Sewer, an Overflow should be provided outletting to grade or a nearby Storm Sewer 

7 Ponding levels are typically 150 - 250mm to limit length of inundation of planting. Deeper ponding depths may be recognized with a variation in plantings.

8 The infiltration rate of the soil in the pervious area should be at least 15 mm/hr

9 Filter Media will vary depending on type of system to be constructed. Typically includes a layer of Mulch (75mm) on Filter Medium (1000 - 1250mm), followed by a 

Pea Gravel Choking Layer (100mm) and the Storage Layer of 50mm Clear Stone (300 - 450mm) which may include an underdrain system.

10 Monitoring Wells 100 - 150mm in dia. should be installed to check for sediment buildup and ensure adequate drawndown times are being recognized

11 Underdrains should be placed a minimum of 100mm above the bottom of the Storage Layer, should be HDPE or equiv. with Smooth Interior Walls, and be a minimum

of 200mm in dia. to accommodate freezing. Often a strip of Geotextile is placed between Filter Media and Pea Gravel Layer to prevent the migration of fines.

12 Facilities can be landscaped formally, and include a variety of plantings from low lying herbaceous materials to trees

LID-1 - Bioretention System Checked: MF

Revisions:
 

Project: Elements Condominium Date: August 2021

File No.: PRA-19078 Designed: MG

Subject:
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BMP Sizing Calculations

1) Depth of a facility is a function of native soil infiltration rate, porosity of storage media, and targeted drawdown time as well full or partial infiltration:

a) i) Storage Layer Depth w/ Underdrain

Where: dS MAX = Maximum Depth of Storage with Underdrain 

Eq. 1.1 dS MAX = f' x t / 0.4 f' = Design Infiltration Rate (mm/hr) - Use FS Rate, not actual

t = time to drain (48 hrs. typ.)

    ii) Storage Layer Depth w/o Underdrain

Where: dS MAX = Maximum Depth of Storage without Underdrain 

Eq. 1.2 dS MAX = f' x 48 / 0.4 f' = Design Infiltration Rate (mm/hr) - Use FS Rate, not actual

2) Remaining facility depth established by ponding, layering, and corresponding thickness to establish 1D storage volume.

3) Determine the total volume of runoff (WQV) produced by the Water Quality Event (WQE) in PCSWMM.

3) Facility footprint is then determined based on the Water Quality Volume (WQV) to be captured, as well as the available 1D storage volume in the reservoir:

Eq. 2 AP = WQV / ( dP MAX * VR ) Where: AP = Minimum Footprint Area of Practice (m2)

WQV = Water Quality Volume (m3), Depth of Runoff (mm) * Catchment  (m2) OR Runoff Vol. (m3)

dP MAX = Design Bioretention Cell Depth (m)

4) 3D facility draw down to confirm available capacity is within inter-event window: Eq. 3 tD = (VR / f') x (AP / P) x ln [ (dP + (AP / P) / (AP / P) ]

5) Check flowrate through media to ensure ponding depth provided is adequate: Eq. 4 QMAX, M = (KM x AP x (hMAX / dm )) / 3.6 x 106  

6) Check underdrain flowrate to ensure ponding depth provided is adequate: Eq. 5 QMAX, P = L x B x Cd x Ao ( 2 x g x hMAX )0.5

7) Verify limiting flow rate is design peak inflow rate to mitigate ponding, provide additional hydraulic controls where required.

8) Size gravel diaphragm to provide sediment capture at specified clean out frequency (COF). 

Bioretention Cell Sizer:  = user input  = calculated / constant  = design parameter

1) dS MAX = f' x t / 0.4 OR dS MAX = f' x 48 / 0.4 Where: f' = 11 mm/hr

dS MAX = 1320 mm dS MAX = 1320 mm t = 48 hrs

2) Layer Depth (mm) VR 1D Storage (mm)

Freeboard 1.00

Ponding 1.00

Mulch / Stone 0.40

Filter Media 0.35

Choker Layer 0.40

Underdrain Dia. 0.40 PCSWMM Catchment ID

Storage Layer (dS) 0.40 LID Catchment Runon depth (mm) mm

Total Depth LID facility area (ha) ha

3) Bioretention Practice Footprint Where: WQV = 44.08 m 3

dP MAX = 0.655 m U/S Catchment Area: 2550 m 2

AP = WQV / dP XIMP: TIMP: 79.10%

AP MIN = 67.29 m2 Imp. Area: m 2 2017.05 m 2

4) 3D Facility Drawdown AP MIN : 133.2 m 2 AP based on I/P Ratio:

Length: 4.1 m AP MIN = 133.2 m2

tD = (VR / f') x (AP / P) x ln [ (dP + (AP / P) / (AP / P) ] Width: 62.4 m AP MAX = 399.6 m2

tD = 20.5 hrs AP ACT : 256 m 2

Aspect Ratio: 0.06571 :1 I/PPROV  : 7.8 :1

P: 133.2 m (assumed rectangular)

 VR : 0.4 (weighted average)

MF

Revisions:
 

Project: Elements Condominium Date: August 2021

File No.: PRA-19078 Designed: MG

100 100

200 200

50 20

Subject: LID-1 - Bioretention System Checked:

500 175

100 40

0 0 LID-1

172.18

0.0256

300 120

1250 655

Recommended Area Check (5:1 - 15:1 
Ratio):

78.35%
OK

1998
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5) Flow Through Media KM : 120.34 mm /hr (hydaulic conductivity of media)

AP ACT : 256.0 m 2 (area of practice)

QMAX, M = (KM x AP x (hMAX / dm )) / 3.6 x 106  hMAX : 0.75 m (max. head = ponding + stone + media)

QMAX, M = 0.013 m3/s dm : 0.5 m (depth of media)

6) Flow Through Underdrains L : N/A m (total length of pipe)

B : 0.5 (clogging factor, typical 0.5)

QMAX, P = L x B x Cd x Ao ( 2 x g x hMAX )0.5 Drain offset: mm Cd : N/A (coefficient of discharge)

QMAX, P = 0 m3/s Ao : 0.0000 m (Open Area of Pipe / m length)

g : 9.81 m/s 2 (gravitational constant)

hMAX : N/A m (total head above top of pipe)

7) Check Limiting Flow Rate

Q25mm : 0.125 m 3 /s (Calculated design peak flow from PCSWMM) (PCSWMM 25mm WQE)

QMAX, M :  0.013

QMAX, P : 0

Is Q Limiting :

8) Size Gravel Diaphragm for Sediment Capture COF : 10 yrs (desired clean-out frequency for practice)

VSEDIMENT : 0.107 m 3 /yr (annual sediment capture from TSS mass balance)

AREQ = COF x VSEDIMENT / ( D x VR ) D : 0.3 m (total depth of diaphragm, typical 0.3m)

AREQ = 8.917 m2 VR : 0.4 (typical 0.4 for clear stone)

APROV : 256.0 m 2
(assume 25% overall area to trigger cleanout)

AREQ: 64.0 m 2

ADDITIONAL NOTES: CLID = 160997 x g0.5 x Cd x Aorif / AP PCSWMM Drain Coefficient Parameter Estimate

Where: AORIF = cross-sectional flow area of underdrain x number of underdrain runs (m2)

0 Underdrain Runs

PCSWMM LID Editor Inputs:

https://support.chiwater.com/77680/lid-control-editor

LID Type: m2

Rerefences: STEP Low Impact Development Stormwater Management Planning & Design Guide: https://wiki.sustainabletechnologies.ca/wiki/Main_Page

Item Page Link

Eq.'s 1.1, 1.2, 2, 3 Bioretention: Sizing https://wiki.sustainabletechnologies.ca/wiki/Bioretention:_Sizing

Eq. 4 Flow Through Media https://wiki.sustainabletechnologies.ca/wiki/Flow_through_media

Eq. 5 Flow Through Perforated Pipe https://wiki.sustainabletechnologies.ca/wiki/Flow_through_perforated_pipe

Project: Elements Condominium Date: August 2021

File No.: PRA-19078 Designed: MG

N/A

YES

Bio-Retention Cell Sub-Catchment Min. Area: 256.0

Surface Storage

Subject: LID-1 - Bioretention System

Underdrain

Checked: MF

Revisions:
 

1758

256

mm/hr

m ²

Maximum Total LID Inflow

Area of Facility

Drain Exp. Drain Offset

(mm) (Frac.) (%) (mm) (mm / hr) (mm / hr) (mm)

Berm Height Veg. Vol. Mannings 'n' Surf. Slope Thickness Void Ratio Seepage Rate Clogging Factor Drain Coef.

0.5 0

Soil - Texture Class Required for Filter Media (Loamy Sand)

Thickness Soil Texture Porosity Field Capacity Wilting Point Hydraulic Conductivity Conductivity Slope Suction Head

200 0 0.15 0.00% 400 0.4 11 0 0.00

(mm) Class (frac) (frac) (frac) (mm / hr) (mm)

500 Loamy Sand 0.35 0.062 0.024 120.34 5 49.02
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BMP Type LOT LEVEL / CONVEYANCE CONTROL / END OF PIPE

Bioretention Systems, designed per CVC Section 4.5 - Bioretention, generally involves practices that temporarily store, treat and infiltrate collected runoff. Systems can be 

constructed with or without underdrains to achieve full or partial infiltration based on native soil characteristics. The primary component of a bioretention system is the

Filter Media, generally comprised of a mixture of Sand, fines and organic materials which improves water quality. Typically systems are vegetated and topped with mulch,

have pre-treatment devices and a overflow by-pass. These systems are adaptable to sites and can range from simple rain gardens on a Lot Level to Large Cells in 

End-of-Pipe facilities

Common Concerns Physical Suitability and Constraints

1 Risk of Groundwater Contamination 1 Proximity to Drinking Water Sources i.e. WHPA's, not within 2yr Travel Time

2 Risk of Soil Contamination 2 Site Topography, locate on slopes 1 - 5%

3 Location on Private Property / Enforcement 3 Available Head should be 1.0 - 1.5m to drive filter

4 Proximity to Foundations & Seepage 4 Water Table, minimum 1.0m separation from Bottom of Facility to SHGWT

5 Winter Operation 5 Site Soils & Infiltration Capacity, min 15 mm/hr

6 Roadway Stability 6 Drainage Area, 5:1 to 15:1 Impervious Drainage Area to BMP Area

7 Pedestrian Traffic 7 Pollution Hot Spot Runoff

8 Setback from Buildings, minimum of 5m from foundations

9 Proximity to Underground Utilities

10 Overhead Wires, Check Tree Canopies will not interfere with O/H Systems in place

BMP Sizing Guidelines

1 Commonly located near Impervious Surfaces generating runoff such as around parking lots, traffic islands, near buildings and in boulevards, online or offline config.

2 Geometry & Layout, typically linear or rectangular, can be orientated to fit many spaces but should be considered early in site layout & development

3 Maximum Recommended  Footprint is typically based on Total Impervious Drainage Area, and ranges between 0.01 and 0.5 ha, with a max. of 0.8 ha.

4 Aim to orientate the cell to promote the spread of inflows evenly over the cell with flat slopes, multiple cells can be used in parallel or series

5 Pretreatment should be provided to ensure system longevity, forebay/gravel diaphragm, vegetated filter strips/grass swales or filter devices (OGS Units)

6 Conveyance by Direct Inlet, 3rd Pipe System, or Storm Sewer, an Overflow should be provided outletting to grade or a nearby Storm Sewer 

7 Ponding levels are typically 150 - 250mm to limit length of inundation of planting. Deeper ponding depths may be recognized with a variation in plantings.

8 The infiltration rate of the soil in the pervious area should be at least 15 mm/hr

9 Filter Media will vary depending on type of system to be constructed. Typically includes a layer of Mulch (75mm) on Filter Medium (1000 - 1250mm), followed by a 

Pea Gravel Choking Layer (100mm) and the Storage Layer of 50mm Clear Stone (300 - 450mm) which may include an underdrain system.

10 Monitoring Wells 100 - 150mm in dia. should be installed to check for sediment buildup and ensure adequate drawndown times are being recognized

11 Underdrains should be placed a minimum of 100mm above the bottom of the Storage Layer, should be HDPE or equiv. with Smooth Interior Walls, and be a minimum

of 200mm in dia. to accommodate freezing. Often a strip of Geotextile is placed between Filter Media and Pea Gravel Layer to prevent the migration of fines.

12 Facilities can be landscaped formally, and include a variety of plantings from low lying herbaceous materials to trees

LID-2 - Bioretention System Checked: MF

Revisions:
 

Project: Elements Condominiums Date: August 2021

File No.: PRA-19078 Designed: MG

Subject:
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BMP Sizing Calculations

1) Depth of a facility is a function of native soil infiltration rate, porosity of storage media, and targeted drawdown time as well full or partial infiltration:

a) i) Storage Layer Depth w/ Underdrain

Where: dS MAX = Maximum Depth of Storage with Underdrain 

Eq. 1.1 dS MAX = f' x t / 0.4 f' = Design Infiltration Rate (mm/hr) - Use FS Rate, not actual

t = time to drain (48 hrs. typ.)

    ii) Storage Layer Depth w/o Underdrain

Where: dS MAX = Maximum Depth of Storage without Underdrain 

Eq. 1.2 dS MAX = f' x 48 / 0.4 f' = Design Infiltration Rate (mm/hr) - Use FS Rate, not actual

2) Remaining facility depth established by ponding, layering, and corresponding thickness to establish 1D storage volume.

3) Determine the total volume of runoff (WQV) produced by the Water Quality Event (WQE) in PCSWMM.

3) Facility footprint is then determined based on the Water Quality Volume (WQV) to be captured, as well as the available 1D storage volume in the reservoir:

Eq. 2 AP = WQV / ( dP MAX * VR ) Where: AP = Minimum Footprint Area of Practice (m2)

WQV = Water Quality Volume (m3), Depth of Runoff (mm) * Catchment  (m2) OR Runoff Vol. (m3)

dP MAX = Design Bioretention Cell Depth (m)

4) 3D facility draw down to confirm available capacity is within inter-event window: Eq. 3 tD = (VR / f') x (AP / P) x ln [ (dP + (AP / P) / (AP / P) ]

5) Check flowrate through media to ensure ponding depth provided is adequate: Eq. 4 QMAX, M = (KM x AP x (hMAX / dm )) / 3.6 x 106  

6) Check underdrain flowrate to ensure ponding depth provided is adequate: Eq. 5 QMAX, P = L x B x Cd x Ao ( 2 x g x hMAX )0.5

7) Verify limiting flow rate is design peak inflow rate to mitigate ponding, provide additional hydraulic controls where required.

8) Size gravel diaphragm to provide sediment capture at specified clean out frequency (COF). 

Bioretention Cell Sizer:  = user input  = calculated / constant  = design parameter

1) dS MAX = f' x t / 0.4 OR dS MAX = f' x 48 / 0.4 Where: f' = 11 mm/hr

dS MAX = 1320 mm dS MAX = 1320 mm t = 48 hrs

2) Layer Depth (mm) VR 1D Storage (mm)

Freeboard 1.00

Ponding 1.00

Mulch / Stone 0.40

Filter Media 0.35

Choker Layer 0.40

Underdrain Dia. 0.40 PCSWMM Catchment ID

Storage Layer (dS) 0.40 LID Catchment Runon depth (mm) mm

Total Depth LID facility area (ha) ha

3) Bioretention Practice Footprint Where: WQV = 110.9 m 3

dP MAX = 0.655 m U/S Catchment Area: 6703 m 2

AP = WQV / dP XIMP: TIMP: 77.06%

AP MIN = 169.3 m2 Imp. Area: m 2 5165.33 m 2

4) 3D Facility Drawdown AP MIN : 169.3 m 2 AP based on I/P Ratio:

Length: 68.4 m AP MIN = 159.4 m2

tD = (VR / f') x (AP / P) x ln [ (dP + (AP / P) / (AP / P) ] Width: 5.10 m AP MAX = 478.1 m2

tD = 21.1 hrs AP ACT : 349 m 2

Aspect Ratio: 13.4118 :1 I/PPROV  : 6.85 :1

P: 145.1 m (assumed rectangular)

 VR : 0.4 (weighted average)

MF

Revisions:
 

Project: Elements Condominiums Date: August 2021

File No.: PRA-19078 Designed: MG

100 100

200 200

50 20

Subject: LID-2 - Bioretention System Checked:

35.66%

2390

Recommended Area Check (5:1 - 15:1 
Ratio):

OK

500 175

100 40

0 0

300 120

1250 655

LID-2

317.74

0.0349

G:\Active\PRA‐19078(Pratt‐Hansen‐Bistro 6 WEST)\50‐Eng Design\Hydrology\PRA‐19078 LID Design Notes 2021‐07‐26.xlsx Page 5



5) Flow Through Media KM : 120.34 mm /hr (hydaulic conductivity of media)

AP ACT : 349 m 2 (area of practice)

QMAX, M = (KM x AP x (hMAX / dm )) / 3.6 x 106  hMAX : 0.75 m (max. head = ponding + stone + media)

QMAX, M = 0.017 m3/s dm : 0.5 m (depth of media)

6) Flow Through Underdrains L : N/A m (total length of pipe)

B : 0.5 (clogging factor, typical 0.5)

QMAX, P = L x B x Cd x Ao ( 2 x g x hMAX )0.5 Drain offset: mm Cd : 0.6 (coefficient of discharge)

QMAX, P = 0 m3/s Ao : N/A m (Open Area of Pipe / m length)

g : 9.81 m/s 2 (gravitational constant)

hMAX : N/A m (total head above top of pipe)

7) Check Limiting Flow Rate

Q25mm : 0.310 m 3 /s (Calculated design peak flow from PCSWMM) (PCSWMM 25mm WQE)

QMAX, M :  0.017

QMAX, P : 0

Is Q Limiting :

8) Size Gravel Diaphragm for Sediment Capture COF : 10 yrs (desired clean-out frequency for practice)

VSEDIMENT : 0.176 m 3 /yr (annual sediment capture from TSS mass balance)

AREQ = COF x VSEDIMENT / ( D x VR ) D : 0.3 m (total depth of diaphragm, typical 0.3m)

AREQ = 14.67 m2 VR : 0.4 (typical 0.4 for clear stone)

APROV : 349.0 m 2
(assume 25% overall area to trigger cleanout)

AREQ: 87.3 m 2

ADDITIONAL NOTES: CLID = 160997 x g0.5 x Cd x Aorif / AP PCSWMM Drain Coefficient Parameter Estimate

Where: AORIF = cross-sectional flow area of underdrain x number of underdrain runs (m2)

0 Underdrain Runs

PCSWMM LID Editor Inputs:

https://support.chiwater.com/77680/lid-control-editor

LID Type: m2

Rerefences: STEP Low Impact Development Stormwater Management Planning & Design Guide: https://wiki.sustainabletechnologies.ca/wiki/Main_Page

Item Page Link

Eq.'s 1.1, 1.2, 2, 3 Bioretention: Sizing https://wiki.sustainabletechnologies.ca/wiki/Bioretention:_Sizing

Eq. 4 Flow Through Media https://wiki.sustainabletechnologies.ca/wiki/Flow_through_media

Eq. 5 Flow Through Perforated Pipe https://wiki.sustainabletechnologies.ca/wiki/Flow_through_perforated_pipe

August 2021

349.0

YES

File No.:

Bio-Retention Cell Sub-Catchment Min. Area:

Project: Elements Condominiums

MG

Subject: LID-2 - Bioretention System Checked: MF

Revisions:
 

N/A

550 Sand 0.4 0.062 0.024 120.34 5 49.02

(mm) Class (frac) (frac) (frac) (mm / hr) (mm)

Soil - Texture Class Required for Filter Media (Loamy Sand)

Thickness Soil Texture Porosity Field Capacity Wilting Point Hydraulic Conductivity Conductivity Slope Suction Head

0

(%) (mm) (mm / hr) (mm / hr)

0.50.00

(mm)(Frac.)

200 0 0.15 0.00% 400 0.4 11 0

(mm)

Surface Storage Underdrain

Berm Height Veg. Vol. Mannings 'n' Surf. Slope Thickness Void Ratio Seepage Rate Clogging Factor Drain OffsetDrain Exp.Drain Coef.

Maximum Total LID Inflow 3199 mm/hr

Area of Facility 349 m ²

PRA-19078 Designed:

Date:
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BMP Type LOT LEVEL / CONVEYANCE CONTROL / END OF PIPE

Bioretention Systems, designed per CVC Section 4.5 - Bioretention, generally involves practices that temporarily store, treat and infiltrate collected runoff. Systems can be 

constructed with or without underdrains to achieve full or partial infiltration based on native soil characteristics. The primary component of a bioretention system is the

Filter Media, generally comprised of a mixture of Sand, fines and organic materials which improves water quality. Typically systems are vegetated and topped with mulch,

have pre-treatment devices and a overflow by-pass. These systems are adaptable to sites and can range from simple rain gardens on a Lot Level to Large Cells in 

End-of-Pipe facilities

Common Concerns Physical Suitability and Constraints

1 Risk of Groundwater Contamination 1 Proximity to Drinking Water Sources i.e. WHPA's, not within 2yr Travel Time

2 Risk of Soil Contamination 2 Site Topography, locate on slopes 1 - 5%

3 Location on Private Property / Enforcement 3 Available Head should be 1.0 - 1.5m to drive filter

4 Proximity to Foundations & Seepage 4 Water Table, minimum 1.0m separation from Bottom of Facility to SHGWT

5 Winter Operation 5 Site Soils & Infiltration Capacity, min 15 mm/hr

6 Roadway Stability 6 Drainage Area, 5:1 to 15:1 Impervious Drainage Area to BMP Area

7 Pedestrian Traffic 7 Pollution Hot Spot Runoff

8 Setback from Buildings, minimum of 5m from foundations

9 Proximity to Underground Utilities

10 Overhead Wires, Check Tree Canopies will not interfere with O/H Systems in place

BMP Sizing Guidelines

1 Commonly located near Impervious Surfaces generating runoff such as around parking lots, traffic islands, near buildings and in boulevards, online or offline config.

2 Geometry & Layout, typically linear or rectangular, can be orientated to fit many spaces but should be considered early in site layout & development

3 Maximum Recommended  Footprint is typically based on Total Impervious Drainage Area, and ranges between 0.01 and 0.5 ha, with a max. of 0.8 ha.

4 Aim to orientate the cell to promote the spread of inflows evenly over the cell with flat slopes, multiple cells can be used in parallel or series

5 Pretreatment should be provided to ensure system longevity, forebay/gravel diaphragm, vegetated filter strips/grass swales or filter devices (OGS Units)

6 Conveyance by Direct Inlet, 3rd Pipe System, or Storm Sewer, an Overflow should be provided outletting to grade or a nearby Storm Sewer 

7 Ponding levels are typically 150 - 250mm to limit length of inundation of planting. Deeper ponding depths may be recognized with a variation in plantings.

8 The infiltration rate of the soil in the pervious area should be at least 15 mm/hr

9 Filter Media will vary depending on type of system to be constructed. Typically includes a layer of Mulch (75mm) on Filter Medium (1000 - 1250mm), followed by a 

Pea Gravel Choking Layer (100mm) and the Storage Layer of 50mm Clear Stone (300 - 450mm) which may include an underdrain system.

10 Monitoring Wells 100 - 150mm in dia. should be installed to check for sediment buildup and ensure adequate drawndown times are being recognized

11 Underdrains should be placed a minimum of 100mm above the bottom of the Storage Layer, should be HDPE or equiv. with Smooth Interior Walls, and be a minimum

of 200mm in dia. to accommodate freezing. Often a strip of Geotextile is placed between Filter Media and Pea Gravel Layer to prevent the migration of fines.

12 Facilities can be landscaped formally, and include a variety of plantings from low lying herbaceous materials to trees

LID-3 - Bioretention System Checked: MF

Revisions:
 

Project: Elements Condominiums Date: August 2021

File No.: PRA-19078 Designed: MG

Subject:
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BMP Sizing Calculations

1) Depth of a facility is a function of native soil infiltration rate, porosity of storage media, and targeted drawdown time as well full or partial infiltration:

a) i) Storage Layer Depth w/ Underdrain

Where: dS MAX = Maximum Depth of Storage with Underdrain 

Eq. 1.1 dS MAX = f' x t / 0.4 f' = Design Infiltration Rate (mm/hr) - Use FS Rate, not actual

t = time to drain (48 hrs. typ.)

    ii) Storage Layer Depth w/o Underdrain

Where: dS MAX = Maximum Depth of Storage without Underdrain 

Eq. 1.2 dS MAX = f' x 48 / 0.4 f' = Design Infiltration Rate (mm/hr) - Use FS Rate, not actual

2) Remaining facility depth established by ponding, layering, and corresponding thickness to establish 1D storage volume.

3) Determine the total volume of runoff (WQV) produced by the Water Quality Event (WQE) in PCSWMM.

3) Facility footprint is then determined based on the Water Quality Volume (WQV) to be captured, as well as the available 1D storage volume in the reservoir:

Eq. 2 AP = WQV / ( dP MAX * VR ) Where: AP = Minimum Footprint Area of Practice (m2)

WQV = Water Quality Volume (m3), Depth of Runoff (mm) * Catchment  (m2) OR Runoff Vol. (m3)

dP MAX = Design Bioretention Cell Depth (m)

4) 3D facility draw down to confirm available capacity is within inter-event window: Eq. 3 tD = (VR / f') x (AP / P) x ln [ (dP + (AP / P) / (AP / P) ]

5) Check flowrate through media to ensure ponding depth provided is adequate: Eq. 4 QMAX, M = (KM x AP x (hMAX / dm )) / 3.6 x 106  

6) Check underdrain flowrate to ensure ponding depth provided is adequate: Eq. 5 QMAX, P = L x B x Cd x Ao ( 2 x g x hMAX )0.5

7) Verify limiting flow rate is design peak inflow rate to mitigate ponding, provide additional hydraulic controls where required.

8) Size gravel diaphragm to provide sediment capture at specified clean out frequency (COF). 

Bioretention Cell Sizer:  = user input  = calculated / constant  = design parameter

1) dS MAX = f' x t / 0.4 OR dS MAX = f' x 48 / 0.4 Where: f' = 9 mm/hr

dS MAX = 1080 mm dS MAX = 1080 mm t = 48 hrs

2) Layer Depth (mm) VR 1D Storage (mm)

Freeboard 1.00

Ponding 1.00

Mulch / Stone 0.40

Filter Media 0.35

Choker Layer 0.40

Underdrain Dia. 0.40 PCSWMM Catchment ID

Storage Layer (dS) 0.40 LID Catchment Runon depth (mm) mm

Total Depth LID facility area (ha) ha

3) Bioretention Practice Footprint Where: WQV = 137.9 m 3

dP MAX = 0.755 m U/S Catchment Area: 10171 m 2

AP = WQV / dP XIMP: TIMP: 63.69%

AP MIN = 182.7 m2 Imp. Area: m 2 6477.91 m 2

4) 3D Facility Drawdown AP MIN : 187.9 m 2 AP based on I/P Ratio:

Length: 42.6 m AP MIN = 187.9 m2

tD = (VR / f') x (AP / P) x ln [ (dP + (AP / P) / (AP / P) ] Width: 13.0 m AP MAX = 563.7 m2

tD = 31.2 hrs AP ACT : 554 m 2

Aspect Ratio: 3.27692 :1 I/PPROV  : 5.09 :1

P: 115.0 m

 VR : 0.4 (weighted average)

MF

Revisions:
 

Project: Elements Condominiums Date: August 2021

File No.: PRA-19078 Designed: MG

200 200

200 200

50 20

Subject: LID-3 - Bioretention System Checked:

500 175

100 40

N/A N/A LID-3

248.95

0.0554

300 120

1350 755

Recommended Area Check (5:1 - 15:1 
Ratio):

27.71%
OK

2818
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5) Flow Through Media KM : 120.34 mm /hr (hydaulic conductivity of media)

AP ACT : 554 m 2 (area of practice)

QMAX, M = (KM x AP x (hMAX / dm )) / 3.6 x 106  hMAX : 0.75 m (max. head = ponding + stone + media)

QMAX, M = 0.028 m3/s dm : 0.5 m (depth of media)

6) Flow Through Underdrains L : N/A m (total length of pipe)

B : 0.5 (clogging factor, typical 0.5)

QMAX, P = L x B x Cd x Ao ( 2 x g x hMAX )0.5 Drain offset: mm Cd : 0.6 (coefficient of discharge)

QMAX, P = 0 m3/s Ao : N/A m (Open Area of Pipe / m length)

g : 9.81 m/s 2 (gravitational constant)

hMAX : N/A m (total head above top of pipe)

7) Check Limiting Flow Rate

Q25mm : 0.347 m 3 /s (Calculated design peak flow from PCSWMM) (PCSWMM 25mm WQE)

QMAX, M :  0.028

QMAX, P : 0

Is Q Limiting :

8) Size Gravel Diaphragm for Sediment Capture COF : 10 yrs (desired clean-out frequency for practice)

VSEDIMENT : 0.240 m 3 /yr (annual sediment capture from TSS mass balance)

AREQ = COF x VSEDIMENT / ( D x VR ) D : 0.3 m (total depth of diaphragm, typical 0.3m)

AREQ = 20 m2 VR : 0.4 (typical 0.4 for clear stone)

APROV : 554.0 m 2
(assume 25% overall area to trigger cleanout)

AREQ: 138.5 m 2

ADDITIONAL NOTES: CLID = 160997 x g0.5 x Cd x Aorif / AP PCSWMM Drain Coefficient Parameter Estimate

Where: AORIF = cross-sectional flow area of underdrain x number of underdrain runs (m2)

0 Underdrain Runs

PCSWMM LID Editor Inputs:

https://support.chiwater.com/77680/lid-control-editor

LID Type: m2

Rerefences: STEP Low Impact Development Stormwater Management Planning & Design Guide: https://wiki.sustainabletechnologies.ca/wiki/Main_Page

Item Page Link

Eq.'s 1.1, 1.2, 2, 3 Bioretention: Sizing https://wiki.sustainabletechnologies.ca/wiki/Bioretention:_Sizing

Eq. 4 Flow Through Media https://wiki.sustainabletechnologies.ca/wiki/Flow_through_media

Eq. 5 Flow Through Perforated Pipe https://wiki.sustainabletechnologies.ca/wiki/Flow_through_perforated_pipe

Project: Elements Condominiums Date: August 2021

File No.: PRA-19078 Designed: MG

N/A

YES

Bio-Retention Cell Sub-Catchment Area: 554.0

Surface Storage

Subject: LID-3 - Bioretention System

Underdrain

Checked: MF

Revisions:
 

Maximum Total LID Inflow 2254 mm/hr

Area of Facility 554 m ²

Drain Exp. Drain Offset

(mm) (Frac.) (%) (mm) (mm / hr) (mm / hr) (mm)

Berm Height Veg. Vol. Mannings 'n' Surf. Slope Thickness Void Ratio Seepage Rate Clogging Factor Drain Coef.

0.5 0

Soil - Texture Class Required for Filter Media (Loamy Sand)

Thickness Soil Texture Porosity Field Capacity Wilting Point Hydraulic Conductivity Conductivity Slope Suction Head

200 0 0.15 0.00% 400 0.4 9 0 0.00

(mm) Class (frac) (frac) (frac) (mm / hr) (mm)

550 Loamy Sand 0.35 0.062 0.024 120.34 5 49.02
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CLIENT: Pratt Hansen Group Inc. DATE: August 2021

PROJECT: Elements Condominium Site Plan DESIGN: MG

FILE: PRA-19078 (50) CHECKED: MF

Rain Garden #1 LID-1 LID-1 101 0.26 17.29 44.09 0.0256 172.18 151.03 38.66 0.00 87.7%
Rain Garden #2 LID-2 LID-2 201 - 205 0.67 16.54 110.89 0.0349 317.74 293.46 102.42 0.00 92.4%
Rain Garden #3 LID-3 LID-3 301 - 305 1.02 13.56 137.93 0.0554 248.95 225.69 125.03 0.00 90.6%

CB Shields & Up-Flo Filter No LID No LID 501 & 502 0.33 3.02 9.89 0.00 0.00 0.00 0.00 3.02 0.0%
Up-Flo Filter No LID No LID 503 & 504 0.16 17.60 29.03 0.00 0.00 0.00 0.00 17.60 0.0%
CB Shield No LID No LID 505 0.16 14.54 23.35 0.00 0.00 0.00 0.00 14.54 0.0%
No LID No LID No LID 506 0.06 3.13 1.73 0.00 0.00 0.00 0.00 3.13 0.0%
No LID No LID No LID 601 - 603 0.51 1.96 9.94 0.00 0.00 0.00 0.00 1.96 0.0%

TOTALS: 3.16 366.85 266.11 72.5% PERFORMANCE 15.42 mm

Rain Garden #1 LID-1 LID-1 101 0.26 564.79 1440.21 0.0256 5625.87 5107.24 1307.45 0.00 0.00 90.8%
Rain Garden #2 LID-2 LID-2 201 - 205 0.67 557.56 3737.35 0.0349 10708.76 10173.96 3550.71 0.00 0.00 95.0%
Rain Garden #3 LID-3 LID-3 301 - 305 1.02 455.87 4636.65 0.0554 8369.41 7838.87 4342.73 0.00 0.00 93.7%

CB Shields & Up-Flo Filter No LID No LID 501 & 502 0.33 98.38 322.09 0.00 0.00 0.00 0.00 98.38 322.09 0.0%
Up-Flo Filter No LID No LID 503 & 504 0.16 750.50 1237.58 0.00 0.00 0.00 0.00 750.50 1237.58 0.0%
CB Shield No LID No LID 505 0.16 473.77 760.87 0.00 0.00 0.00 0.00 473.77 760.87 0.0%
No LID No LID No LID 506 0.06 101.75 56.37 0.00 0.00 0.00 0.00 101.75 56.37 0.0%
No LID No LID No LID 601 - 603 0.51 99.52 505.06 0.00 0.00 0.00 0.00 99.52 505.06 0.0%

TOTALS: 3.16 12696.19 9200.90 2882.0 72.5%

Elements Condominium

PCSWMM LID Performance Summary

25mm Event Performance

Continous Event Performance

LID Name
LID Controls 
Editor Name

Subcatchment 
LID PCSWMM 

ID#

Names of 
Contributing 

Areas

Contributing 
Area (ha)

Total Runoff 
contributing 

(mm)

Total Runoff 
Volume 
(cu.m)

LID Catchment 
Area (ha)

Total Inflow 
(mm)

Infil Loss 
(mm)

Infiltration 
Volume 
(cu.m)

% of WQE 
Runoff 

Captured

Infiltration 
Volume 
(cu.m)

Surface 
Outflow 
(mm)

LID Name
LID Controls 
Editor Name

Subcatchment 
LID PCSWMM 

ID#

Names of 
Contributing 

Areas

Contributing 
Area (ha)

Total Runoff 
contributing 

(mm)

Total Runoff 
Volume 
(cu.m)

LID Catchment 
Area (ha)

Total Inflow 
(mm)

Infil Loss 
(mm)

Surface 
Outflow 
(mm)

Surface 
Outflow 
(cu.m)

% of annual 
Runoff 

Captured
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A new Version 1.2.1 of the LID TTT has been updated with the following revised default Land Cover 

Event Mean Concentrations (EMCs), to sync better with local and regional data associated with these 

various land cover options and associated TSS and TP loadings generated from the tool. 

The LID TTT provides the user with default land cover event mean concentrations (EMCs), along with an 

‘Other’ land use option that provides flexibility for either additional land cover options, modifications to 

the land cover EMC defaults, and/or mixed land-use EMCs. 

Land Cover EMCs 

Land Cover TSS (mg/L) TP (mg/L) 

Paved Surface 1. 90 0.23 

Roof 2. 7 0.09 

Landscaped Area 3. 100 0.32 

Row Crop 4. 100 0.23 

Open Space/Parkland 4. 27 0.20 

Forest 4. 55 0.23 

Wetland 4. 13 0.81 

 

Data sources: 

1. STEP/TRCA and CVC water quality data from various public road and private parking lot sites in the Greater Toronto Area.  A conservative 
value for asphalt would utilize the average of the 75th percentile values.  These concentrations for TP and TSS are 0.23 and 90 mg/L, 
respectively, and are consistent with other northern US studies cited.  Recommended for use with parking lots and/or arterial roadways. 
 

2. STEP water quality data from four local roof runoff studies.  Utilizing the 75th percentile values, conservative TP and TSS values for roof 
runoff in the LID TTT would be 0.09 and 7 mg/L respectively. 
 

3. The landscaped area data are from experimental soil plots designed to evaluate feasible alternatives to standard topsoil management 
practice in new residential developments.  As a conservative value, we recommend using the 75th percentile values for TP from a compost 
amended plot with the addition of 15% for potential synthetic fertilizer applications by property owners or landscape professionals.  The TSS 
EMC default for this land cover has been assigned based on a general correlation only. 

 

4. International Stormwater BMP Database (2018). 

 
STEP anticipates providing additional land cover EMC recommendations and/or defaults by/before the 

next Version 2.0 release.    

 



CLIENT: Pratt Hansen Group Inc. DATE: August 2021

PROJECT: Elements Condominium Site Plan DESIGN: MG

FILE: PRA-19078 (50) CHECKED: MF

Legend:

Sediment Bulk Density = 1600 kg/m3
Catchment

Sediment Wet Density = 1230 kg/m3
T.T. Cum. Area (ha)

TSS Out mg / L % Rem.

Flow Out m3 OUT

Mass Out kg OUT

501 & 502 Mass Ret. kg RET

CB Shields 0.33 Weighted EMC 95.4 mg/L Vol. Ret. m3 RET

47.71 mg / L 50% 0.2715 ha Vol. Avail. m3 Available

322.09 m3 OUT 0.0113 ha C/O Freq. Yrs
15.37 kg OUT Paved area 0.0446 ha

15.37 kg RET 100 mg/L
0.012 m3 RET 7 mg/L

0.30 m3 Available 90 mg/L

24.0 Yrs
503 & 504

No Treatment 0.16 Weighted EMC 89.5 mg/L Up-Flo Filter** 0.49

89.48 mg / L 0% 0.0246 ha 13.75 mg / L 83%

1237.58 m3 OUT 0.0040 ha 1559.67 m3 OUT

110.74 kg OUT Paved area 0.1363 ha 21.44 kg OUT

0.00 kg RET 100 mg/L 104.67 kg RET

0.000 m3 RET 7 mg/L 0.085 m3 RET
90 mg/L 0.51 m3 Available

6.0 Yrs
101

Rain Garden #1 - LID-1 0.26 Weighted EMC 91.5 mg/L

0.00 mg / L 100% 0.0533 ha

0.00 m3 OUT* 0.0019 ha

0.00 kg OUT Paved area 0.1998 ha

131.74 kg RET 100 mg/L
0.107 m3 RET 7 mg/L

6.40 m3 Available 90 mg/L

59.8 Yrs *No Outflow, therefore 100% TSS Removal

201 - 205

Rain Garden #2 - LID-2 0.67 Weighted EMC 57.9 mg/L

0.00 mg / L 100% 0.1538 ha

0.00 m3 OUT* 0.2775 ha

0.00 kg OUT Paved area 0.2390 ha

216.52 kg RET 100 mg/L
0.176 m3 RET 7 mg/L

8.73 m3 Available 90 mg/L

49.6 Yrs *No Outflow, therefore 100% TSS Removal

301 - 305

Rain Garden #3 - LID-3 1.02 Weighted EMC 63.8 mg/L

0.00 mg / L 100% 0.3693 ha

0.00 m3 OUT* 0.3660 ha

0.00 kg OUT Paved area 0.2818 ha

295.65 kg RET 100 mg/L
0.240 m3 RET 7 mg/L
13.85 m3 Available 90 mg/L

57.6 Yrs *No Outflow, therefore 100% TSS Removal

505

CB Shield 0.16 Weighted EMC 93.4 mg/L

46.72 mg / L 50% 0.0553 ha

760.87 m3 OUT 0.0000 ha

35.55 kg OUT Paved area 0.1053 ha

35.55 kg RET 100 mg/L
0.029 m3 RET 7 mg/L

0.88 m3 Available 90 mg/L

30.3 Yrs
506

No LID 0.06 Weighted EMC 87.5 mg/L

87.51 mg / L 0% 0.0410 ha

56.37 m3 OUT 0.0066 ha

4.93 kg OUT Paved area 0.0078 ha

0.00 kg RET 100 mg/L
0.000 m3 RET 7 mg/L

90 mg/L Continued on next page

**Yearly maintenance for the Up-
Flo Filter is required per 

manufacturors specifications 
(Hydro International Operation 

and Maintenance Manual)

Water Quality Calculations - Mass Balance Approach (Annual)

TSS Quality Treatment Train Calculations - Elements Condominium

Landscaped Area

Rooftop Area

EMC Landscape

EMC Rooftop

EMC Paved

Rooftop Area

EMC Landscape

Landscaped Area

Rooftop Area

EMC Landscape

EMC Rooftop

EMC Paved

EMC Landscape

Landscaped Area

Rooftop Area

EMC Landscape

Landscaped Area

Rooftop Area

EMC Paved

Landscaped Area

Rooftop Area

EMC Landscape

EMC Rooftop

Land Cover EMC values have 
been referenced from the LID 

Treatment Train Tool Help Guide.

Landscaped Area

Rooftop Area

EMC Landscape

EMC Rooftop

EMC Rooftop

EMC Paved

EMC Paved

Landscaped Area

EMC Rooftop

EMC Paved

EMC Rooftop

EMC Paved
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Water Quality Calculations - Mass Balance Approach (Annual)

TSS Quality Treatment Train Calculations - Elements Condominium

601 - 603

No LID-Uncontrolled 0.51 Weighted EMC 99.1 mg/L OF#7 3.16

99.13 mg / L 0% 0.4633 ha 38.86 mg / L 0%

505.06 m3 OUT 0.0000 ha 2881.98 m3 OUT

50.07 kg OUT Paved area 0.0442 ha 111.99 kg OUT

0.00 kg RET 100 mg/L 0.00 kg RET

0.000 m3 RET 7 mg/L 0.000 m3 RET
90 mg/L

Annual Mass In: 977.57 kg Annual Mass Out: 111.99 kg Overall TSS Annual Removal: 88.5%

EMC Paved

Landscaped Area

Rooftop Area

EMC Landscape

EMC Rooftop
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Legend:

Sediment Bulk Density = 1600 kg/m3
Catchment

Sediment Wet Density = 1230 kg/m3
T.T. Cum. Area (ha)

EMC = 0.32 mg/L TP Out mg / L % Rem.

Flow Out m3 OUT

Mass Out kg OUT

501 & 502 Mass Ret. kg RET

CB Shields 0.33 Weighted EMC 0.300 mg/L Vol. Ret. m3 RET

0.300 mg / L 0% 0.2715 ha

322.09 m3 OUT 0.0113 ha

0.10 kg OUT Paved area 0.0446 ha

0.00 kg RET 0.32 mg/L
0.000 m3 RET 0.09 mg/L

0.23 mg/L

503 & 504

No Treatment 0.16 Weighted EMC 0.240 mg/L Up-Flow Filter** 0.49

0.240 mg / L 0% 0.0246 ha 0.131 mg / L 48%

1237.58 m3 OUT 0.0040 ha 1559.7 m3 OUT

0.30 kg OUT Paved area 0.1363 ha 0.20 kg OUT

0.00 kg RET 0.32 mg/L 0.19 kg RET

0.000 m3 RET 0.09 mg/L 0.000 m3 RET
0.23 mg/L

101

Rain Garden #1 - LID-1 0.26 Weighted EMC 0.248 mg/L

0.000 mg / L 100% 0.0533 ha

0.00 m3 OUT* 0.0019 ha

0.00 kg OUT Paved area 0.1998 ha

0.36 kg RET 0.32 mg/L
0.000 m3 RET 0.09 mg/L

0.23 mg/L

*No Outflow, therefore 100% TP Removal

201 - 205

Rain Garden #2 - LID-2 0.67 Weighted EMC 0.193 mg/L

0.000 mg / L 100% 0.1538 ha

0.00 m3 OUT* 0.2775 ha

0.00 kg OUT Paved area 0.2390 ha

0.72 kg RET 0.32 mg/L
0.001 m3 RET 0.09 mg/L

0.23 mg/L

*No Outflow, therefore 100% TP Removal

301 - 305

Rain Garden #3 - LID-3 1.02 Weighted EMC 0.212 mg/L

0.000 mg / L 100% 0.3693 ha

0.00 m3 OUT* 0.3660 ha

0.00 kg OUT Paved area 0.2818 ha

0.98 kg RET 0.32 mg/L
0.001 m3 RET 0.09 mg/L

0.23 mg/L

*No Outflow, therefore 100% TP Removal

505

CB Shield 0.16 Weighted EMC 0.261 mg/L

0.261 mg / L 0% 0.0553 ha

760.87 m3 OUT 0.0000 ha

0.20 kg OUT Paved area 0.1053 ha

0.00 kg RET 0.32 mg/L
0.000 m3 RET 0.09 mg/L

0.23 mg/L

506

No LID 0.06 Weighted EMC 0.280 mg/L

0.280 mg / L 0% 0.0410 ha

56.37 m3 OUT 0.0066 ha

0.02 kg OUT Paved area 0.0078 ha

0.00 kg RET 0.32 mg/L
0.000 m3 RET 0.09 mg/L

0.23 mg/L Continued on next page

Water Quality Calculations - Mass Balance Approach (Annual)

TP Quality Treatment Train Calculations - Elements Condominium

Land Cover EMC values have 
been referenced from the LID 

Treatment Train Tool Help Guide.

EMC Rooftop

Landscaped Area

Rooftop Area

EMC Landscape

EMC Rooftop

EMC Paved

Landscaped Area

Rooftop Area

EMC Landscape

**Yearly maintenance for the Up-
Flo Filter is required per 

manufacturors specifications 
(Hydro International Operation 

and Maintenance Manual)

Landscaped Area

EMC Paved

Landscaped Area

Rooftop Area

EMC Landscape

EMC Rooftop

EMC Paved

Landscaped Area

Rooftop Area

EMC Landscape

EMC Rooftop

EMC Paved

EMC Landscape

Rooftop Area

EMC Landscape

EMC Rooftop

EMC Paved

Landscaped Area

Rooftop Area

EMC Landscape

EMC Rooftop

EMC Paved

Landscaped Area

Rooftop Area

EMC Rooftop

EMC Paved
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Water Quality Calculations - Mass Balance Approach (Annual)

TP Quality Treatment Train Calculations - Elements Condominium

601 - 603

No LID-Uncontrolled 0.51 Weighted EMC 0.312 mg/L OF#7 3.16

0.312 mg / L 0% 0.4633 ha 0.200 mg / L 0%

505.06 m3 OUT 0.0000 ha 2882.0 m3 OUT

0.16 kg OUT Paved area 0.0442 ha 0.6 kg OUT

0.00 kg RET 0.32 mg/L 0.0 kg RET

0.000 m3 RET 0.09 mg/L 0.000 m3 RET
0.23 mg/L

Annual Mass In: 3.063 kg Annual Mass Out: 0.577 kg Overall TP Annual Removal: 81.2%

EMC Paved

Landscaped Area

Rooftop Area

EMC Landscape

EMC Rooftop
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Drawdown Time Equation:

Native soil infiltration rate: 11 mm/hr where ; 
Area of facility: 256 m²
Runon from upstream catchments: 172.18 mm

25mm event Runoff Volume 44.08 m³ Runoff Volume Equation:
Infiltration Flow Rate 0.000782 m³/s

where ; 
Drawdown Time 15.65 hr

ALID is area of LID facility (ha)

Infiltration Flow Rate:

where ; P is the Native Soil Infiltration Rate (mm/hr)

ALID is area of the LID facility (m²)

Drawdown Time Equation:

Native soil infiltration rate: 11 mm/hr where ; 
Area of facility: 349 m²
Runon from upstream catchments: 317.74 mm

25mm event Runoff Volume 110.89 m³ Runoff Volume Equation:
Infiltration Flow Rate 0.0011 m³/s

where ; 
Drawdown Time 28.89 hr

ALID is area of LID facility (ha)

Infiltration Flow Rate:

where ; P is the Native Soil Infiltration Rate (mm/hr)

ALID is area of the LID facility (m²)

Drawdown Time Equation:

Native soil infiltration rate: 9 mm/hr where ; 
Area of facility: 554 m²
Runon from upstream catchments: 248.95 mm

25mm event Runoff Volume 137.92 m³ Runoff Volume Equation:
Infiltration Flow Rate 0.0014 m³/s

where ; 
Drawdown Time 27.66 hr

ALID is area of LID facility (ha)

Infiltration Flow Rate:

where ; P is the Native Soil Infiltration Rate (mm/hr)

ALID is area of the LID facility (m²)

V(25mm) is the 25mm event runoff volume (m³)

Elements Condominium
Water Quality Calculations - LID Facility Drawdown Time

25mm Event Drawdown Time for Rain Garden 1

From LID PCSWMM model Catchment LID-1

Td  is detention time (hours)

From LID PCSWMM model Catchment LID-3

Q is infiltration flowrate (m³/s)

RO is the runon from the upstream catchments 
taken at Catchment LID-10A_1 (mm)

Infiltration Flow rate is an addaption of Equation 4.20 from MOE SWM 
Planning & Design Manual dated March 2003.

25mm Event Drawdown Time for Rain Garden 2

From LID PCSWMM model Catchment LID-2

Td  is detention time (hours)
V(25mm) is the 25mm event runoff volume (m³)
Qi is infiltration flowrate (m³/s)

RO is the runon from the upstream catchments 
taken at Catchment LID-10A_2 (mm)

Infiltration Flow rate is an addaption of Equation 4.20 from MOE SWM 
Planning & Design Manual dated March 2003.

25mm Event Drawdown Time for Rain Garden 3

Td  is detention time (hours)
V(25mm) is the 25mm event runoff volume (m³)
Qi is infiltration flowrate (m³/s)

RO is the runon from the upstream catchments 
taken at Catchment LID-10A_2 (mm)

Infiltration Flow rate is an addaption of Equation 4.20 from MOE SWM 
Planning & Design Manual dated March 2003.
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𝑄௜ ൌ 𝑃 ൈ 𝐴௅ூ஽ /3600000 
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𝑉ሺଶହ௠௠ሻ ൌ 𝑅𝑂 ൈ 𝐴௅ூ஽ ൈ 10 

𝑄௜ ൌ 𝑃 ൈ 𝐴௅ூ஽ /3600000 
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CLIENT: Pratt Hansen Group Inc. DATE: August 2021

PROJECT: Elements Condomium Site Plan DESIGN: MG

FILE: PRA-19078 (50) CHECKEDMF

3.16 ha
54.65%

Total Impervious Area 1.73 ha
25mm RVCT 431.5 m³

0.40
0.35

256 m² 349 m²
0.40 m 0.40 m
0.55 m 0.55 m

554 m²
0.40 m
0.55 m

90.2 m³
123.0 m³
195.3 m³

51.2 m³
69.8 m³

110.8 m³

141.4 m³
192.8 m³
306.1 m³

Total Underground Storage Volume: 408.5 m³
Total Surface Storage Volume: 231.8 m³

Total LID Storage Volume: 640.3 m³

LID-1 Total:
LID-2 Total:
LID-3 Total:

LID Specific Maximum Storage Volume

Surface Storage Volume Calculations
LID-1 surface storage volume
LID-2 surface storage volume
LID-3 surface storage volume

Calculated RVCT Volume

Subsurface Storage Volume Calculations
LID-1 subsurface storage volume
LID-2 subsurface storage volume
LID-3 subsurface storage volume

Common LID Parameters

storage depth
media depth

LID parameters have been referenced from 
LID Design Notes in Appendix C

LID-1 Parameters LID-2 Parameters

LID-3 Parameters
A LID-3

Storage Layer Void Ratio
Soil Media Layer Void Ratio

A LID-1
storage depth
media depth

A LID-2
storage depth
media depth

Elements Condominum
LID Facility Estimation of Provided Storage Volume

Statistics Referenced from Detailed 
Land Use Breakdown in Appendix C

Total Catchment Area
Average Percent Impervious
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CB Shield (900mm Sump)

Outlet pipe

Outlet pipe

Notes
1. CB Shield can be installed at any time. In a non frozen condition.
2. The frame and cover should be well aligned with the catchbasin.
3. The catchbasin sump must be clean before installation
4. Pipes must be cut flush with inside wall of catchbasin



20% 35% 50% 65% 80% 100%

0.02 57% 57% 57% 57% 56% 56%

0.05 56% 56% 56% 55% 55% 54%

0.10 56% 55% 54% 53% 52% 51%

0.20 54% 53% 51% 49% 48% 46%

0.30 53% 50% 48% 46% 45% 43%

0.40 51% 48% 46% 44% 42% 40%

0.50 50% 47% 44% 42% 40% 38%

0.60 49% 45% 43% 40% 39% 36%

Notes:

1. Runoff Coefficient 'C' is approximately equal to 0.05 + 0.9*Impervious Fraction.

2. Above chart is based on long term continuous hydrologic analysis of Toronto, Ontario (Bloor St) rainfall data.

3. Assumes 0.6 m sump in CB and that maintenance is performed (i.e. CB cleaning) when required by sediment/pollutant build-up or otherwise.

4. See accompanying chart for suggested maintenance scheduling - AND - get CB Shield Inc. to monitor it for you in field.

5. Sediment/Pollutant removal rates based on third party certified laboratory testing using ETV sediment (PSD analysis available on request).

6. See additional discussion regarding scour protection from CB Shield during more infrequent runoff events.

Average Annual Sediment Removal Rates (%) using a CB Shield                                                                     

(based on ETV Sediment - 1 to 1000 micron Particle Size Distribution)

Area to CB                

(ha)

Imperviousness
1
 (%)
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Hydro International Up-Flo® Filter with CPZ™ Media 
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Technology type 

 
Stormwater Filtration Device 
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Address 94 Hutchins Drive, Portland, Maine USA 04102 
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This Verification Statement was prepared by VerifiGlobal to summarize the results reported in the 
Verification Report for the Hydro International Up-Flo® Filter with CPZ™ Media, dated November 
26, 2019. The Verification Report was prepared by Good Harbour Laboratories Inc. (GHL) for 
VerifiGlobal in accordance with the requirements of the International Organization for 
Standardization (ISO) 14034 Environmental Technology 
Verification (ETV) standard and the VerifiGlobal 
Performance Verification Protocol.  All the information 
provided in this Statement are based on the independent, 
third-party review and verification of technical information, 
performance test reports, performance data and specific 
performance claims documented in the Verification Report. 

Technology Description 
The Up-Flo® Filter with CPZ™ Media is a stormwater 
remedial device that incorporates gravitational separation of 
floating and settling materials, screening, and filtration of 
polluted stormwater to offer treatment train capabilities in a 
standalone device. Each Up-Flo® Filter consists of a highly 
configurable array of modules that are typically supplied as 
a complete system housed in a 4-ft (1.2 m) diameter 
manhole or precast vault. Manhole configurations consist of 
a single ring assembly containing one to six modules. 
Vaulted systems are highly configurable and may contain 
single or multiple arrays each consisting of one to 18 Filter 
Modules depending on availability of vault sizes.   

Figure 1: Up-Flo® Filter with CPZTM 
Media 
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Verified Performance Claims 
Verification of the Hydro International Up-Flo® Filter with CPZ™ Media is based on existing 
performance test data from two different locations with different rainfall characteristics, catchment 
areas and pollutant loadings. Supporting data were obtained from three independent perfomance 
monitoring studies.  One was conducted by Engineering School of Sustainable Infrastructure and 
Environment (ESSIE) at the University of Florida (UF) under the supervision of Dr. John Sansalone 
and two were conducted by Department of Civil, Construction, and Environmental Engineering 
(CCEE) at the University of Alabama (UA) under the supervision of Dr. Bob Pitt.   
 
All three studies performance monitoring studies were conducted following the requirements of the 
New Jersey Department of Environmental Protection (NJDEP) Technology Acceptance Reciprocity 
Partnership (TARP) Tier II Protocol for Stormwater Best Management Practice Demonstrations 
(2003) and its 2006 and 2009 amendments.  In total, there were 661 storms assessed to verify that 
an Up-Flo® Filter with CPZ™ Media achieves the performance listed in Tables 1 and 2, when 
designed to the following parameters: 

• System hydraulic loading rate of 25 gpm (1.58 L/s) per filter module, with bypass of higher 
flows. 

• Filter flux rate of 22.7 gpm/ft2 (15.4 L/s/m2) 
• Operating head of ≤30 in. (76.2 cm) 
• Effective Sedimentation/ Filtration Treatment Area (ESA/EFTA) –12.6/6.6 (1.91) 
• Maximum sediment storage volume of 16.8 ft3 (0.476 m3) at a sediment depth of 16 inches 

(0.41m). 
 
Table 1. Up-Flo® Filter with CPZ™ Media – Verified Concentration Removal Efficiency 
Constituent Lower 95%  

Confidence Interval 
Median Upper 95%  

Confidence Interval 
SSC * 85.9% 92.8% 94.7% 
SSC ** 73.9% 82.8% 86.3% 
TSS * 79.0% 89.2% 91.0% 
TSS ** 72.0% 78.3% 85.2% 
TN * 9.0% 28.5% 64.7% 
TP * 33.8% 43.9% 50.9% 
Zn ** 39.4% 50.0% 62.1% 
Cu ** 72.6% 80.7% 85.2% 
* Based on ESSIE (UF) Performance monitoring results 
** Based on CCEE (UA) Performance monitoring results 

 
Table 2. Up-Flo® Filter with CPZ™ Media – Verified Flow Weighted Mass Removal Efficiency 

Constituent ESSIE (UF) Performance 
monitoring results 

CCEE (UA) Performance 
monitoring results 

 6-month 12-month 12-month 
SSC  93% 92% 86% 
TSS*  89% 87% 87% 
TN ** 68% 39% *** 
TP ** 48% 48% *** 
Zn  *** *** 59% 
Cu  *** *** 70% 
* TSS results for UF are a function of SSC.   
** TN and TP load data was time dependent after 6-months  
*** No data submitted 

 
 
1Of the total 66 storms (16 storms from UF and 50 storms from UA), 62 were identified as qualifying events 
having quality data for TSS, and 59 for SSC.  Fewer events with metals detected in the runoff limited the metals 
data sets. There were a total of 28 and 17 storms for Zn and Cu, respectively, solely from the UA data.  Total 
Nitrogen and  Total Phosphorous claims were based on the 16 storms recorded solely from the UF data. 
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Description of Test Procedure 
 
Table 3 shows the target criteria as outlined by the TARP and TAPE programs as well as the results 
achieved at the two locations.  Table 4 provides a more detailed description of the observed 
operating conditions over the testing period.  At the time of testing, the TARP and TAPE programs 
both allowed for field testing data to be used to obtain certification in participating states.  They were 
the most widely used protocols and were generally accepted as industry standards.  The TARP 
program has since stopped accepting field data, but the TAPE program remains in effect and is 
currently referenced to benchmark the quality of data obtained from stormwater monitoring 
programs. 
 
Table 3. Up-Flo® Filter with CPZ™ Media Performance Testing - Specified TARP & TAPE 
criteria, and achieved results, for storm selection and sampling 
Description TARP Criteria TAPE Criteria Achieved value 

ESSIE - UF CCEE - UA 
Total rainfall/storm ≥2.5 mm (0.1”) ≥3.81 mm (0.15”) >2.5 mm 

(0.1") 
≥4.6 mm 
(0.18”) 

Minimum inter-event 
period 

6 h 6 h ≥ 6 h ≥ 6 h 

Minimum flow-
weighted composite 
sample storm 
coverage 

70% including as 
much of the first 
20% of the storm 

75% including as 
much of the first 
20% of the storm 

100% 87.6% 

Minimum 
influent/effluent 
samples 

10, but a 
minimum of 5 
subsamples for 
composite 
samples 

12, but a minimum 
of 10 subsamples 
for composite 
samples 

5, whole 
manual 
samples 

11 

Total sampled rainfall ≥ 381 mm (15”) NA 195 mm 
(7.66”) 

765 mm 
(30.07”) 

Total sampled storms ≥ 20 ≥ 12 16 29 
 
 
Table 4. Up-Flo® Filter with CPZ™ Media Performance Testing - Observed operational 
conditions for events monitored over each performance test period 
Operating parameter Observed range 
 ESSIE - UF CCEE - UA Total* 
Storm duration 0.35-5.78 h 0.67-64.7 h 
Previous dry hours** 6-213 > 6 hrs for the 20 storms in 1st 

study and 12-632 hrs for 30 
storms in second study 

Rainfall depth 0.10-1.64 in 0.18-2.44 in 
Runoff volume 223-4095 gal (0.84-15.5 m3) 2,065-61,131 gal(7.82-231 m3) 
Peak rainfall intensity (5 min) 1.2-5.4 in/h (3.0-13.7 cm) 0.24-4.68 in/h (0.61-11.9 cm) 
Peak runoff flow rate 27.7-233 gpm (1.75-14.7 L/s) 68-1023 gpm (4.29-64.5 L/s) 
Event median flow rate 2.4-21.4 gpm (0.15-1.35 L/s) 28-175 gpm (1.75-11.0 L/s) 
* The UA data ranges cover the storms for both studies; ranges for individual studies might be narrower. 
** This is the same as the time period between events, or time since it last rained a qualifying event.   
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For the UF study, performance monitoring was conducted at the Reitz Union surface parking lot, 
which had a drainage area of 0.12-0.20 acres (0.049-0.081 ha),which was 76% impervious, 
depending on storm intensity and wind direction.  The area generated a flow rate in excess of the 
150 gpm (9.55 L/s) maximum treatment flow rate (MTFR) in 3 of the 16 storms.  The 4-ft diameter 
(1.2 m) test unit was installed above ground in a temporary installation at the bottom of a hill sloping 
down from the lot.  An inlet catch basin conveyed runoff from the parking lot through a Pashall flume 
into the filter.  Monitoring occurred over a period of 12 months and the UF team recovered the 
captured mass at the end of the perfomance monitoring study.  No maintenance was required or 
conducted during the year long monitoring period from 12 September 2015 through 1 September 
2016. 
 
The UA perfomance monitoring studies covered a total of 50 storms, but not all of them yielded 
useful data for all parameters.  The site used in both cases was the Riverwalk parking lot near the 
Bama Belle in Tuscaloosa, Alabama.  The drainage area was about 0.9 acres (0.36 ha), 68% 
impervious.  The unit was installed in a 4 ft. (1.2 m) diameter below-grade catch basin inlet manhole 
on the site.  Monitoring occurred in two stages of approximately 12 months each over a total of 32 
months.  The first round of testing occurred from July 16, 2010 to April 11, 2011 and the second from 
May 31st, 2012 to March 30th, 2013.   
 
The UA perfomance monitoring study used autosamplers to generate the flow-weighted composite 
samples and the event mean concentration data.  This data was used to calculate removal 
efficiencies. However, in the UF performance monitoring study, sediment removal performance was 
assessed by taking full cross section samples of the influent and effluent streams at regular intervals 
for the duration of the storm and combining the samples into flow-weighted composites. The data 
was converted into event mean concentrations for the purposes of calculating removals.   
 
The following approved analytical methods were used:  

• TSS – ASTM D2540 
• SSC – ASTM D3977-97(2013) Standard Test Methods for Determining Sediment 

Concentration in Water Samples  
• PSD – ASTM D422 – 63 Standard Test Method for Particle-Size Analysis of Soils and ASTM 

C136 Standard Test Method for Sieve Analysis of Fine and Coarse Aggregates 
• PSD – ASTM 2560- C, D (UF used 2560D laser diffraction or light-scattering method and UA 

used 2560C Coulter Counter or light-blocking method) 
• TP – S.M.4500-P-B Acid Hydrolysis 
• TN – Persulfate Digestion Method 
• Cu – EPA 200.8 Determination of Trace Elements in Waters and Wastes by Inductively 

Coupled Plasma – Mass Spectrometry 
• Zn  - EPA 200.8 Determination of Trace Elements in Waters and Wastes by Inductively 

Coupled Plasma – Mass Spectrometry 
 
As part of the mass balance measurements, the UF team allowed all samples to sit for an hour and 
reported concentrations of suspended solids, measured using ASTM 2540D, as TSS, in addition to 
the usual SSC measurement using SM3977. In order to be able to report a TSS comparable to other 
perfomance monitoring studies, Dr. Sansalone developed a correlation equation for TSS* = f(SSC) as 
well as equations for the 95% confidence limits of TSS*.   
 
Summary of Verification Results 
 
The cumulative frequency of rainfall depths monitored during the three perfomance monitoring 
studies is presented in Figure 2.  The median rainfall depths in the three perfomance monitoring 
studies were 0.31, 0.71, and 0.75 inches (8, 18 & 19 mm) while the 90th percentile rainfall depths 
were 1.1, 0.9 and 2.2 inches  (28, 22 and 57 mm).  Thus the data presented covers a comparatively 
wide range of rain events. 
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Figure 2. Rainfall depth frequency curves 
 

 
 
For UF monitoring, a total of 16 storm events, with varying rainfall intensity and runoff volume from 
event to event, were monitored.  The cumulative rainfall depth was 7.66 inches (195 mm) and the 
cumulative influent runoff volume was 20,022 gallons (7.65 m3). The entire volume was treated by 
the Up-Flo® Filter system.  Of the 16 storms treated, three storms generated flow rates exceeding 
the MTFR of 150 gpm (9.55 L/s) but there was no bypass, because the excess was not sufficient to 
top the overflow weir, and all sampled flows passed through the filtration media. Median driving head 
difference for an event never exceeded 13.1 inches (33.3 cm) and peak driving head difference 
never exceeded 27.1 inches (68.8 cm), which indicates the media was not occluded. 
 
For the UA site, all of the storm events from May 31st, 2012 to March 30th, 2013 were monitored for 
flow but only 30 events were sampled.  The total rainfall depth for this period was 49 inches (124.5 
cm) or 982,192 gal. (3,718 m3) of runoff volume that was routed through the filter. Actual storm data 
from the monitoring period showed about 624,503 gal. (2,364 m3) of runoff (from about 30 inches or 
76.2 cm of rainfall) was treated by the media filter system.  This included about 28.5 % of bypass 
flow volume, which was sampled and included in the performance results. Given that the total 
bypassed volume was almost three times the expected bypass volume at the UA site, the UA results 
are considered conservative. 
 
Influent particle sizes varied considerably between the two monitored locations and between storm 
events.  Catchment characteristics and available sources, sampling methods (auto sampling vs. grab 
sampling), storm intensities, duration and volumes all influence the particle size range.   The particle 
size analyses were completed for just the median particle size for each storm.  A comparison of 
statistical descriptive values for influent and effluent median particle sizes for the two monitored sites 
is illustrated with the Whisker-Box-Plot shown in Figure 3.   
 
Due to larger storm events and curbside erosion, the median UA influent particle size range and d50 
were substantially the larger of the two monitored sites.  The interquartile range for the influent 
median particles sizes was 659 µm for UA compared to 59 µm for UF and the UA d50 was 247 µm 
compared to 85 µm for UF.  However, despite the influent particle size differences between 
locations, the median UA and UF effluent particle size range and d50 were similar.  The interquartile 
range for the effluent median particles sizes was 33 µm for UA compared to 13 µm for UF and the 
UA d50 was 48 µm compared to 30 µm for UF. 
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Figure 3.  UF and UA Summary of Influent and Effluent Median Particle Sizes 

 

 

Summary statistics for the influent and effluent concentration removal efficiencies as well as the 
overall mass load reductions are shown in Table 4 and Table 5 for UF and UA, respectively. 
 
While the flow weighted removal efficiency for TP and TN were 48% and 39%, respectively, TP and 
TN reduction tended to decrease with the overall volume treated.  Results showed that if the filter 
maintnenance cycle is limited to 6-8 months, the long-term load reduction for TP and TN would have 
been 50% and 70%, respectively.  
 
Table 4:  Up-Flo® Filter with CPZ™ Media Performance Testing - Summary statistics for 
influent and effluent event mean concentrations (EMCs) and the overall mass load reductions 
for selected constituents (UF Test) 
 
Parameter Sample 

Location 
Min Max Median SD Mass Load 

Reduction 
SSC Influent 146 1584 487 360 92% 

Effluent 19.9 96.5 43.25 20.2 
TSS* Influent 93.3 870 277 194 87% 

Effluent 25.0 66.4 37.6 10.9 
TP Influent 0.79 6.05 1.9 1.70 48% 

Effluent .56 2.19 1.1 0.56 
TN Influent .41 7.89 2.1 2.18 39% 

Effluent .52 3.84 1.2 1.21 
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Table 5. Up-Flo® Filter with CPZ™ Media Performance Testing - Summary statistics for 
influent and effluent event mean concentrations (EMCs) and the overall mass load reductions 
for selected constituents (UA Tests) 
 
Parameter Sample 

Location 
Min Max Median SD Mass Load 

Reduction 
SSC 
(mg/L) 

Influent 23 879 88 166 86% 
Effluent 3 69 17 18 

TSS (mg/L) Influent 11 571 89 128 87% 
Effluent 3 64 19 22 

Total Zn 
(µg/L) 

Influent 7.0 157 22.0 0.71 59% 
Effluent 2.5* 72 14.0 0.68 

Total Cu 
(µg/L) 

Influent 6 181 9 42 70% 
Effluent 1.3** 42 1.3 20.9 

* There was a single effluent value that was non-detect (ND).  Since it was only 1 value ½ the detection limit 1.3 
µg/L, was substituted when calculating statistics. 
**The Cu data was highly censored (many non-detect, ND, effluents).  Statistics were calculated by substituting 
½ the detection limit, 1.3 µg/L, for all ND data then bootstrapping as usual.  
 
As the independent third-party verifier, following the requirements of ISO 14034, GHL has confirmed 
that: 

• The Hydro International Up-Flo® Filter with CPZ™ Media is based on sound scientific and engineering 
principles, providing a net environmental benefit. 

• Performance testing of the Hydro International Up-Flo® Filter with CPZ™ Media was based on defined 
parameters and was conducted following the requirements of the NJDEP TARP Tier II Protocol for 
Stormwater Best Management Practice Demonstrations (2003) and its 2006 and 2009 amendments. 

• Performance testing of the Hydro International Up-Flo® Filter with CPZ™ Media was performed by a 
qualified testing organization. 

• Sample analyses were carried out as part of the test plan by a third-party analytical laboratory in a 
manner that meets the quality requirements of ISO 17025. Operating conditions and performance 
during each testing run were documented. 

• Frequency of sampling and duration of each performance test were determined based on the 
specifications in a credible test plan and the requirements to produce sufficient data to support the 
performance claim at a 95% confidence level. 

• Performance measurements and calculations were based on the technology application and relevant 
performance parameters as outlined in the Verification Plan. 

• Performance calculations were done according to generally accepted test methods described in the 
test design, including the applicable mathematical and statistical principles and procedures. 

• Data storage, transfer and control were adequate, carried out in accordance with the intent of ISO 
9001 enabling control and retrieval of documents and records.  

• Quality assurance requirements were addressed throughout the performance testing process and in 
the generation of performance test results. This confirmation included reviewing all data sheets and 
data downloads, as well as overall management of test system quality. 

 
Quality Assurance 
 
Performance testing and verification of the Hydro International Up-Flo® Filter with CPZ™ Media 
were performed in accordance with the requirements of ISO 14034:2016 and the VerifiGlobal 
Performance Verification Protocol. The verifier, Good Harbour Laboratories, has confirmed that 
quality assurance requirements were addressed throughout the performance testing process 
and in the generation of performance test results. This includes reviewing all data sheets and 
data downloads, as well as overall management of the test system, quality control and data 
integrity. 
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Hydro International Up-Flo® Filter with CPZ™ Media 
Verification Statement 
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Hydro International Up-Flo® Filter with CPZ™ Media 
Verification Statement 

 
What is ISO 14034? 
 
The purpose of environmental technology verification is to provide a credible and impartial account 
of the performance of environmental technologies. Environmental technology verification is based on 
a number of principles to ensure that verifications are performed and reported accurately, clearly, 
unambiguously and objectively. The International Organization for Standardization (ISO) standard for 
environmental technology verification (ETV) is ISO 14034, which was published in November 2016.  
 
Benefits of ETV 
 
ETV contributes to protection and conservation of the environment by promoting and facilitating 
market uptake of innovative environmental technologies, especially those that perform better than 
relevant alternatives. ETV is particularly applicable to those environmental technologies whose 
innovative features or performance cannot be fully assessed using existing standards. Through the 
provision of objective evidence, ETV provides an independent and impartial confirmation of the 
performance of an environmental technology based on reliable test data. ETV aims to strengthen the 
credibility of new, innovative technologies by supporting informed decision-making among interested 
parties. 

For more information on the Hydro 
International Up-Flo® Filter, contact: 
 

For more information on VerifiGlobal, contact: 

Hydro International 
94 Hutchins Drive, Portland, ME USA 04102 
t: +1 (207) 756 6200  
e: TechSupport@hydro-int.com 
w: www.hydro-int.com  

VerifiGlobal c/o ETA-Danmark A/S 
Göteborg Plads 1, DK-2150 Nordhaven 
t: +45 7224 5900   
e: info@verifiglobal.com 
w: www.verifiglobal.com 
 

Signed for Hydro International: 
 

Original signed by: 

Phillip Taylor 
Phillip Taylor 

Technical Product Manager, 
Americas Stormwater 

Signed for VerifiGlobal: 
 

Original signed by: 

Thomas Bruun 
Thomas Bruun, Managing Director 

 
 

Original signed by: 

John Neate 
John Neate, Managing Director 

 
 

 
 
 
 

 

NOTICE: Verifications are based on an evaluation of technology performance under specific, predetermined 
operational conditions and parameters and the appropriate quality assurance procedures. VerifiGlobal and 
the Verification Expert, Good Harbour Laboratories, make no expressed or implied warranties as to the 
performance of the technology and do not certify that a technology will always operate as verified. The end 
user is solely responsible for complying with any and all applicable regulatory requirements. Mention of 
commercial product names does not imply endorsement. 
 
VerifiGlobal and the Verification Expert, Good Harbour Laboratories, provide the verification services solely 
on the basis of the information supplied by the applicant or vendor and assume no liability thereafter. The 
responsibility for the information supplied remains solely with the applicant or vendor and the liability for the 
purchase, installation, and operation (whether consequential or otherwise) is not transferred to any other 
party as a result of the verification. 



DESIGN SHEET 1 of 1

FILE NO PRA-19078

CONTRACT / PROJECT Elements Condominium Plan - Pratt Hansen Group Inc.
   n ≥ 0.013 Numbers in blue or text in red are equations
  M = 5/P^0.2 Babbit

  M=1+[14/(4+P^0.5)] Harmon

  Qp = P*q*M/86.4 (Peak population flow where; q = 225 L/day/person; P = population in thousands) 225  litres/person/day

  Qi = I*A (Peak extraneous flow: I= 0.1L/s/ha over development area)

  Qtot = Qp + Qi (Total peak flow as the sum of peak population flow and peak extraneous flow) 

MAINTENANCE DWELL DWELL DENSITY POP. POP. M M Max Qp AREA AREA Qi Qtot L D S Qf d/D(2) d/D(3)
 Velocity  Velocity Velocity(4)

STREET / AREA HOLE UNITS (ACC) P.P.U. (P) (ACC) PEAKING PEAKING PEAKING (ACC) FULL >0.5 or FULL Partial(1) > 0.6
FROM TO UNITS FACTOR FACTOR FACTOR (l/s) (ha) (ha) (l/s) (l/s) (m) (mm) (%) (l/s) >0.7 (m/s) (m/s) (m/s)

BABBIT HARMON

Area 1 - Building C BUILDING C SAN01 96 96 1.67 160 160 7.211 4.182 7.211 3.010 0.17 0.17 0.017 3.027 10.3 200 2.00% 46.384 0.173 Ok 1.476 0.829 Ok
Area 2 SAN01 SAN02 0 96 0 0 160 7.211 4.182 7.211 3.010 0.16 0.33 0.033 3.044 27.0 250 2.00% 84.100 0.130 Ok 1.713 0.807 Ok

Area 3 - Building B (southern half) BUILDING B SAN02 78 78 1.67 130 130 7.516 4.210 7.516 2.550 0.14 0.14 0.014 2.564 14.4 200 2.00% 46.384 0.159 Ok 1.476 0.791 Ok

Area 4 SAN02 SAN03 0 174 0 0 291 6.402 4.084 6.402 4.845 0.09 0.56 0.056 4.901 31.4 250 2.00% 84.100 0.163 Ok 1.713 0.928 Ok

Area 5 - Building A BUILDING A SAN05 94 94 1.67 157 157 7.241 4.185 7.241 2.960 0.17 0.17 0.017 2.977 15.7 200 2.00% 46.384 0.171 Ok 1.476 0.827 Ok
Area 6 SAN05 SAN04 0 94 0 0 157 7.241 4.185 7.241 2.960 0.17 0.34 0.034 2.994 48.0 250 2.00% 84.100 0.129 Ok 1.713 0.803 Ok

Area 7 - Building B (northern half) BUILDING B SAN04 78 78 1.67 130 130 7.516 4.210 7.516 2.550 0.16 0.16 0.016 2.565 16.1 200 2.00% 46.384 0.159 Ok 1.476 0.791 Ok

Area 8 SAN04 SAN03 0 172 0 0 287 6.417 4.086 6.417 4.800 0.09 0.58 0.058 4.858 54.0 250 2.00% 84.100 0.163 Ok 1.713 0.928 Ok

Area 9 SAN03 SAH33492 0 346 0 0 578 5.580 3.941 5.580 8.396 0.13 1.27 0.127 8.523 57.2 250 2.00% 84.100 0.215 Ok 1.713 1.094 Ok

DATE: August 10th, 2021 MG CHECKED BY: MF

* For sizing of the 375mmø  Trunk Sewer on Kneeshaw Drive, refer to Sanitary Sewer Design - Trunk Sewer worksheet.

(1) without extraneous flow
(2) with extraneous flow
(3) d/D>0.5 for pipes 375 and less, d/D>0.85 for pipes greater than 375
(4) Velocity check based on the lesser of full flow or partial velocity

SANITARY SEWER DESIGN - LOCAL SEWER
Development Details Basis

(Harmon or Babbitt peaking factor where; M ≥ 2), the greater of the two is used in the spreadsheet. Please refer to Section 3.3.1.1 of the Barrie Sanitary Design Guidelines for additional guidance on which peaking factor to use.

CALCULATED BY:
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DESIGN SHEET 1 of 1

FILE NO PRA-12160

CONTRACT / PROJECT Bistro 6 West Subdvision - Crisdawn Construction Inc. 
   n ≥ 0.013 Numbers in blue or text in red are equations
  M = 5/P^0.2 Babbit (Harmon or Babbitt peaking factor where; M ≥ 2), the greater of the two is used in the spreadsheet. Please refer to Section 3.3.1.1 of the Barrie Sanitary Design Guidelines for additional guidance on which peaking factor to use.
  M=1+[14/(4+P^0.5)] Harmon
  Qp = P*q*M/86.4 (Peak population flow where; q = 225 L/day/person; P = population in thousands) 225  litres/person/day

  Qi = I*A (Peak extraneous flow: I= 0.1L/s/ha over development area)

  Qtot = Qp + Qi (Total peak flow as the sum of peak population flow and peak extraneous flow) 

MAINTENANCE DWELL DWELL DENSITY POP. POP. M M Max Qp AREA AREA Qi Qtot L D S Qf d/D(2) d/D(3)
 Velocity  Velocity Velocity(4)

STREET / AREA HOLE UNITS (ACC) P.P.U. (P) (ACC) PEAKING PEAKING PEAKING (ACC) FULL >0.5 or FULL Partial(1) > 0.6
FROM TO UNITS FACTOR FACTOR FACTOR (L/s) (ha) (ha) (L/s) (L/s) (m) (mm) (%) (L/s) >0.7 (m/s) (m/s) (m/s)

BABBIT HARMON

3401 3401 3.914 3.396 3.914 34.668 24.59 24.59 2.459 37.127
2.000 2.000 2.000 3.187 4.98 4.98 0.498 3.685

St. Paul's Development Area SANMH57 SANMH25 3401 3.914 3.396 3.914 37.855 1.11 30.68 3.068 40.923 375 0.50% 123.977 0.395 Ok 1.123 0.986 Ok

0 0 2.000 2.000 2.000 3.680 5.75 5.75 0.575 4.255
0 0 2.000 2.000 2.000 4.659 7.28 13.03 1.303 5.962

655 655 5.442 3.911 5.442 17.615 3.74 16.77 1.677 19.292
1904 2559 4.144 3.500 4.144 35.947 10.88 27.65 2.765 38.712

YS STUB FUT. SAN7 0 2559 4.144 3.500 4.144 35.947 0.00 27.65 2.765 38.712 300 1.00% 96.701 0.440 Ok 1.368 1.267 Ok

KNEESHAW DRIVE SANMH1 SANMH7 1227 1227 4.800 3.741 4.800 15.336 8.35 8.35 0.835 16.171 300 0.40% 61.159 0.351 Ok 0.865 0.719 Ok

Area 23 - KNEESHAW DRIVE (Trunk) FUT. SAN10 FUT. SAN11 3786 3.831 3.355 3.831 46.108 0.70 36.70 3.670 49.778 15.0 375 0.40% 110.889 0.469 Ok 1.004 0.957 Ok
Area 24 - KNEESHAW DRIVE (Trunk) FUT. SAN11 FUT. SAN12 3786 3.831 3.355 3.831 46.108 0.39 37.09 3.709 49.817 108.4 375 0.40% 110.889 0.469 Ok 1.004 0.957 Ok
Area 24 - KNEESHAW DRIVE (Local) FUT. SAN11 FUT. SAN12 8 8 2.34 19 19 11.079 4.384 11.079 0.540 0.540 108.4 200 2.00% 46.384 0.075 Ok 1.476 0.493 Check
Area 25 - KNEESHAW DRIVE (Trunk) FUT. SAN12 FUT. SAN13 3804 3.828 3.353 3.828 46.258 0.04 37.13 3.713 49.971 15.0 375 0.40% 110.889 0.470 Ok 1.004 0.958 Ok
Area 26 - KNEESHAW DRIVE (Trunk) FUT. SAN13 FUT. SAN14 3804 3.828 3.353 3.828 46.258 0.15 37.28 3.728 49.986 43.7 375 0.40% 110.889 0.470 Ok 1.004 0.958 Ok
Area 26 - KNEESHAW DRIVE (Local) FUT. SAN13 FUT. SAN14 3 3 2.34 7 7 13.480 4.428 13.480 0.246 0.246 43.7 200 2.00% 46.384 0.052 Ok 1.476 0.389 Check
Area 27 - KNEESHAW DRIVE (Trunk) FUT. SAN14 FUT. SAN17 3811 3.826 3.352 3.826 46.314 0.22 37.50 3.750 50.064 61.1 375 0.40% 110.889 0.471 Ok 1.004 0.958 Ok
Area 27 - KNEESHAW DRIVE (Local) FUT. SAN14 FUT. SAN17 5 5 2.34 12 12 12.171 4.408 12.171 0.371 0.371 61.1 200 2.00% 46.384 0.063 Ok 1.476 0.441 Check

Area 1 - FLAN BOULEVARD (Local) FUT. SAN47 FUT. SAN31 24 24 2.34 56 56 8.894 4.304 8.894 1.301 0.88 0.88 0.088 1.389 100.9 200 1.70% 42.764 0.123 Ok 1.361 0.609 Ok
Area 28 - KNEESHAW DRIVE (local) FUT. SAN31 FUT. SAN17 9 33 2.34 21 77 8.345 4.273 8.345 1.678 0.26 1.14 0.114 1.792 78.7 200 1.40% 38.808 0.146 Ok 1.235 0.614 Ok

Area 29 - KNEESHAW DRIVE (Trunk) FUT. SAN17 SAH33482 3900 3.808 3.343 3.808 47.021 0.70 39.34 3.934 50.955 99.2 375 0.40% 110.889 0.475 Ok 1.004 0.962 Ok

Area 29 - KNEESHAW DRIVE (Local) FUT. SAN17 SAH33482 14 14 3.13 44 44 9.346 4.326 9.346 1.067 1.067 99.2 200 2.00% 46.384 0.104 Ok 1.476 0.607 Ok
Area 30 - KNEESHAW DRIVE (Trunk) SAH33482 SAH33483 16 30 3.13 50 3950 3.799 3.338 3.799 47.418 0.73 40.07 4.007 51.425 87.7 375 0.40% 110.889 0.478 Ok 1.004 0.964 Ok
Area 31 - KNEESHAW DRIVE (Trunk) SAH33483 SAH33484 9 39 3.13 28 3978 3.793 3.335 3.793 47.640 0.42 40.49 4.049 51.689 55.7 375 0.40% 110.889 0.479 Ok 1.004 0.965 Ok
Refer to Interal Sanitary Sewer Design
**1** SHIRAZ TRAIL TOTAL SAH33488 SAH33484 108 19 307 6.331 4.074 6.331 5.065 0.31 4.41
Area 32 - KNEESHAW DRIVE (Trunk) SAH33484 SAH33481 4 151 3.13 13 4298 3.735 3.305 3.735 50.148 0.51 45.41 4.541 54.689 102.6 375 0.40% 110.889 0.495 Ok 1.004 0.978 Ok
Refer to Interal Sanitary Sewer Design
**2** FLAN BOULEVARD TOTAL SAH33480 SAH33481 93 236 236 6.675 4.121 6.675 4.099 0.30 3.88
Area 33 - KNEESHAW DRIVE (Trunk) SAH33481 SAH33491 283 4534 3.696 3.284 3.696 51.973 0.13 49.42 4.942 56.915 59.0 375 0.40% 110.889 0.507 Check 1.004 0.987 Ok
Area 34 - KNEESHAW DRIVE (Trunk) SAH33491 SAH33492 283 4534 3.696 3.284 3.696 51.973 0.18 49.61 4.961 56.933 76.2 375 0.46% 118.915 0.487 Ok 1.077 1.040 Ok

Area 37 - BLK598 (High Density - 100units/ha) BLK598 SAH33492 346 346 1.67 578 578 5.580 3.941 5.580 8.396 1.27 1.27 0.127 8.523 57.3 250 2.00% 84.100 0.215 Ok 1.713 1.094 Ok

Area 35 - KNEESHAW DRIVE (Trunk) SAH33492 SAH33493 5112 3.608 3.236 3.608 56.367 0.27 51.15 5.115 61.482 110.0 375 1.58% 220.387 0.361 Ok 1.995 1.667 Ok
Area 36 - KNEESHAW DRIVE (Trunk) SAH33493 SAH33494 5112 3.608 3.236 3.608 56.367 0.15 51.29 5.129 61.497 68.8 375 0.50% 123.977 0.497 Ok 1.123 1.096 Ok

Mapleview Drive East SAH33494 SAH33495 8513 3.258 3.024 3.258 83.753 0.21 82.19 8.219 91.972 85.9 375 0.70% 146.692 0.573 Check 1.328 1.372 Ok
Mapleview Drive East SAH33495 SAH33496 8513 3.258 3.024 3.258 83.753 0.18 82.36 8.236 91.989 61.3 375 0.70% 146.692 0.573 Check 1.328 1.372 Ok

EXT 5 - Mapleview Drive East PLUG SAH33496 3.700 0.91 0.91 0.091 3.791 24.5 250 2.00% 84.100 0.144 Ok 1.713 0.856 Ok

Area 38 - BLK597 (High Density - B6 Site Plan) BLK597 SAH33496 440 440 1.67 735 735 5.318 3.882 5.318 10.176 4.51 4.51 0.451 10.627 24.7 250 4.95% 132.307 0.191 Ok 2.695 1.593 Ok

Mapleview Drive East SAH33496 SAH33497 9248 3.205 2.988 3.205 92.399 0.37 88.15 8.815 101.214 110.0 375 0.80% 156.820 0.584 Check 1.420 1.478 Ok

Mapleview Drive East SAH33497 SAH33498 9248 3.205 2.988 3.205 88.699 0.43 88.59 8.859 97.557 119.9 375 0.85% 161.646 0.560 Check 1.464 1.497 Ok

EXT 6 - Mapleview Drive East PLUG SAH33498 1.500 2.12 2.12 0.212 1.712 10.4 250 1.00% 59.468 0.116 Ok 1.211 0.513 Check

Mapleview Drive East SAH33498 SAH33499 9248 3.205 2.988 3.205 90.199 0.34 91.04 9.104 99.303 87.3 375 2.10% 254.078 0.434 Ok 2.300 2.103 Ok

DATE: August 10th, 2021 CALCULATED BY: MG CHECKED BY: DR

(1) without extraneous flow
(2) with extraneous flow
(3) d/D>0.5 for pipes 375 and less, d/D>0.7 for pipes greater than 375
(4) Velocity check based on the lesser of full flow or partial velocity

Institutional 0.32 L/(s*ha)

Residential 147 people/ha

EXT4 - Yonge St. - Mixed Use Proposed

Institutional 0.32 L/(s*ha)
Residential 175 people/ha
Residential 175 people/ha

SANITARY SEWER DESIGN - TRUNK SEWER
Development Details Basis

Mixed Use 
Residential Multi-Density
Commercial 0.32 L/(s*ha)

EXT2 - Yonge St. - Recreational Centre
EXT3 - Yonge St. - Mixed Use Proposed

EXT1 - Yonge St. - Institutional
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Appendix D 

PCSWMM Schematics & Model Outputs 
 
• PCSWMM Model Schematics 

o Post-Dev-LID 

• PCSWMM Model Input Parameters 

• PCSWMM Detailed Status Report  

o Post-Dev-LID-25mm Status Report 

o Post-Dev-LID-Continuous Status Report 

o Post-Dev-LID-100yr4hrCHI Status Report 

o Post-Dev-LID-100yr6hrSCS Status Report 

o Post-Dev-LID-Hazel Status Report 

• Graphical Model Output 

o LID-1: Storage Level, Surface Level, and Surface Runoff vs. Time – 25mm Simulation 

o LID-2: Storage Level, Surface Level, and Surface Runoff vs. Time – 25mm Simulation 

o LID-3: Storage Level, Surface Level, and Surface Runoff vs. Time – 25mm Simulation 

o LID-1: Storage Level, Surface Level, and Surface Runoff vs. Time - Continuous Simulation 

o LID-2: Storage Level, Surface Level, and Surface Runoff vs. Time - Continuous Simulation 

o LID-3: Storage Level, Surface Level, and Surface Runoff vs. Time - Continuous Simulation 

o LID-1: Flow vs. Time – 100-Year & Hurricane Hazel Simulations 

o LID-2: Flow vs. Time – 100-Year & Hurricane Hazel Simulations 

o LID-3: Flow vs. Time – 100-Year & Hurricane Hazel Simulations 

• Digital Modeling Files 





Name Tag Rain Gage Outlet Area (ha) Width (m)
Flow 

Length 
(m)

Slope (%)
Imperv. 

(%)
N Imperv N Perv

Dstore 
Imperv 
(mm)

Dstore 
Perv 
(mm)

Zero 
Imperv 

(%)

Subarea 
Routing

Percent 
Routed 

(%)
Snow Pack

LID 
Controls

LID 
Names

Suction 
Head 
(mm)

Conductivity 
(mm/hr)

Initial 
Deficit 
(frac.)

101 25mm_Chicago_4h LID-1 0.2550 85 30 1.5 79.1 0.013 0.15 2 5 0 PERVIOUS 0.94 Snowpack1 0 60.96 29.97 0.39
201 25mm_Chicago_4h LID-2 0.0359 6.527 55 1 18.94 0.013 0.15 2 5 0 PERVIOUS 100 Snowpack1 0 60.96 29.97 0.39
202 Rooftop 25mm_Chicago_4h LID-2 0.0928 61.867 15 0.5 100 0.013 0.15 2 5 0 PERVIOUS 100 Snowpack1 0 60.96 29.97 0.39
203 Rooftop 25mm_Chicago_4h LID-2 0.1711 114.067 15 0.5 100 0.013 0.15 2 5 0 PERVIOUS 100 Snowpack1 0 60.96 29.97 0.39
204 25mm_Chicago_4h 205 0.0460 6.571 70 2 9.78 0.013 0.15 2 5 0 PERVIOUS 86.67 Snowpack1 0 60.96 29.97 0.39
205 25mm_Chicago_4h LID-2 0.3245 129.8 25 1 74.36 0.013 0.15 2 5 0 PERVIOUS 1.2 Snowpack1 0 60.96 29.97 0.39
301 Rooftop 25mm_Chicago_4h LID-3 0.1791 119.4 15 0.5 100 0.013 0.15 2 5 0 PERVIOUS 100 Snowpack1 0 60.96 29.97 0.39
302 25mm_Chicago_4h 305 0.1635 22.708 72 1 13.88 0.013 0.15 2 5 0 PERVIOUS 33.92 Snowpack1 0 60.96 29.97 0.39
303 25mm_Chicago_4h 305 0.0987 17.945 55 3.5 2.13 0.013 0.15 2 5 0 PERVIOUS 100 Snowpack1 0 60.96 29.97 0.39
304 Rooftop 25mm_Chicago_4h LID-3 0.1701 113.4 15 0.5 100 0.013 0.15 2 5 0 PERVIOUS 100 Snowpack1 0 60.96 29.97 0.39
305 25mm_Chicago_4h LID-3 0.4057 67.617 60 2 67.49 0.013 0.15 2 5 0 PERVIOUS 2.56 Snowpack1 0 60.96 29.97 0.39
501 SWMF7 25mm_Chicago_4h OF1 0.2919 35.169 83 2 17.71 0.013 0.15 2 5 0 PERVIOUS 21.86 Snowpack1 0 60.96 29.97 0.39
502 SWMF7 25mm_Chicago_4h OF1 0.0355 19.722 18 25 11.83 0.013 0.15 2 5 0 PERVIOUS 0 Snowpack1 0 60.96 29.97 0.39
503 SWMF7 25mm_Chicago_4h 504 0.0547 32.176 17 3.1 78.79 0.013 0.15 2 5 0 PERVIOUS 6.5 Snowpack1 0 60.96 29.97 0.39
504 SWMF7 25mm_Chicago_4h 505 0.1102 42.385 26 5 88.2 0.013 0.15 2 5 0 PERVIOUS 1.23 Snowpack1 0 60.96 29.97 0.39
505 SWMF7 25mm_Chicago_4h OF1 0.1606 64.24 25 5 65.57 0.013 0.15 2 5 0 PERVIOUS 0 Snowpack1 0 60.96 29.97 0.39
506 SWMF7 25mm_Chicago_4h OF1 0.0554 15.829 35 2 25.99 0.013 0.15 2 5 0 PERVIOUS 45.83 Snowpack1 0 60.96 29.97 0.39
601 Untreated 25mm_Chicago_4h OF1 0.4257 387 11 33 2.56 0.013 0.15 2 5 0 PERVIOUS 0 Snowpack1 0 60.96 29.97 0.39
602 Untreated 25mm_Chicago_4h OF1 0.0589 98.167 6 33 22.07 0.013 0.15 2 5 0 PERVIOUS 0 Snowpack1 0 60.96 29.97 0.39
603 Untreated 25mm_Chicago_4h OF1 0.0229 20.818 11 3.5 88.65 0.013 0.15 2 5 0 PERVIOUS 0 Snowpack1 0 60.96 29.97 0.39

LID-1 LID NO_RAIN OF1 0.0256 62.439 4.1 0.5 0 0.013 0.15 2 5 0 OUTLET 100 1 LID-1 60.96 29.97 0.39
LID-2 LID NO_RAIN OF1 0.0349 68.431 5.1 0.5 0 0.013 0.15 2 5 0 OUTLET 100 1 LID-2 60.96 29.97 0.39
LID-3 LID NO_RAIN OF1 0.0554 42.615 13 0.5 0 0.013 0.15 2 5 0 OUTLET 100 1 LID-3 60.96 29.97 0.39
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  EPA STORM WATER MANAGEMENT MODEL - VERSION 5.1 (Build 5.1.015)
  --------------------------------------------------------------

 PROJECT MANAGER: MF
  MODELLING COMPLETED BY: MG
  WORK COMPLETED:

  WARNING 09: time series interval greater than recording interval for Rain Gage 25mm_Chicago_4h

  *************
 Element Count

  *************
  Number of rain gages ...... 28
  Number of subcatchments ... 23
  Number of nodes ........... 1
  Number of links ........... 0
  Number of pollutants ...... 0
  Number of land uses ....... 0

  ****************
  Raingage Summary
  ****************

 Data   Recording
  Name                 Data Source                    Type   Interval
  ------------------------------------------------------------------------
  100yr_12h_SCS_Type_II_112.5mm 100yr_12h_SCS_Type_II_112.5mm  INTENSITY    6 min.
  100yr_24h_SCS_Type_II_133.6mm 100yr_24h_SCS_Type_II_133.6mm  INTENSITY    6 min.
  100yr_4h_Chicago     100yr_4h_Chicago    INTENSITY    1 min.
  100yr_6h_SCS_Type_II_106.5mm 100yr_6h_SCS_Type_II_106.5mm   INTENSITY    6 min.
  10yr_12h_SCS_Type_II_76mm 10yr_12h_SCS_Type_II_76mm      INTENSITY    6 min.
  10yr_24h_SCS_Type_II_89.9mm 10yr_24h_SCS_Type_II_89.9mm    INTENSITY    6 min.
  10yr_4h_Chicago      10yr_4h_Chicago  INTENSITY    1 min.
  10yr_6h_SCS_Type_II_70.8mm 10yr_6h_SCS_Type_II_70.8mm     INTENSITY    6 min.
  25mm_Chicago_4h      Chicago_4h   CUMULATIVE   1 min.
  25yr_12h_SCS_Type_II_90.7mm 25yr_12h_SCS_Type_II_90.7mm    INTENSITY    6 min.
  25yr_24h_SCS_Type_II_107.5mm 25yr_24h_SCS_Type_II_107.5mm   INTENSITY    6 min.
  25yr_4h_Chicago      25yr_4h_Chicago  INTENSITY    1 min.
  25yr_6H_SCS_Type_II_85.2mm 25yr_6H_SCS_Type_II_85.2mm     INTENSITY    6 min.
  2yr_12h_SCS_Type_II_46.7mm 2yr_12h_SCS_Type_II_46.7mm     INTENSITY    6 min.
  2yr_24h_SCS_Type_II_55mm 2yr_24h_SCS_Type_II_55mm   INTENSITY    6 min.
  2yr_4h_Chicago       2yr_4h_Chicago   INTENSITY    1 min.
  2yr_6h_SCS_Type_II_42.3mm 2yr_6h_SCS_Type_II_42.3mm      INTENSITY    6 min.
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  50yr_12h_SCS_Type_II_101.7mm 50yr_12h_SCS_Type_II_101.7mm   INTENSITY    6 min.
  50yr_24h_SCS_Type_II_120.6mm 50yr_24h_SCS_Type_II_120.6mm   INTENSITY    6 min.
  50yr_4h_Chicago      50yr_4h_Chicago  INTENSITY    1 min.
  50yr_6h_SCS_Type_II_95.9mm 50yr_6h_SCS_Type_II_95.9mm     INTENSITY    6 min.
  5yr_12h_SCS_Type_II_64.3mm 5yr_12h_SCS_Type_II_64.3mm     INTENSITY    6 min.
  5yr_24h_SCS_Type_II_76mm 5yr_24h_SCS_Type_II_76mm   INTENSITY    6 min.
  5yr_4h_Chicago       5yr_4h_Chicago   INTENSITY    1 min.
  5yr_6h_SCS_Type_II_59.5mm 5yr_6h_SCS_Type_II_59.5mm      INTENSITY    6 min.
  Continuous    Continuous   INTENSITY   60 min.
  Hurricane_Hazel      Hurricane_Hazel  INTENSITY   60 min.
  NO_RAIN       NO_RAIN  VOLUME       5 min.

  ********************
  Subcatchment Summary
  ********************
  Name                       Area     Width   %Imperv    %Slope Rain Gage            Outlet
  -----------------------------------------------------------------------------------------------------------
  101  0.26     85.00     79.10    1.5000 25mm_Chicago_4h      LID-1
  201  0.04      6.53     18.94    1.0000 25mm_Chicago_4h      LID-2
  202  0.09     61.87    100.00    0.5000 25mm_Chicago_4h      LID-2
  203  0.17    114.07    100.00    0.5000 25mm_Chicago_4h      LID-2
  204  0.05      6.57      9.78    2.0000 25mm_Chicago_4h      205
  205  0.32    129.80     74.36    1.0000 25mm_Chicago_4h      LID-2
  301  0.18    119.40    100.00    0.5000 25mm_Chicago_4h      LID-3
  302  0.16     22.71     13.88    1.0000 25mm_Chicago_4h      305
  303  0.10     17.95      2.13    3.5000 25mm_Chicago_4h      305
  304  0.17    113.40    100.00    0.5000 25mm_Chicago_4h      LID-3
  305  0.41     67.62     67.49    2.0000 25mm_Chicago_4h      LID-3
  501  0.29     35.17     17.71    2.0000 25mm_Chicago_4h      OF1
  502  0.04     19.72     11.83   25.0000 25mm_Chicago_4h      OF1
  503  0.05     32.18     78.79    3.1000 25mm_Chicago_4h      504
  504  0.11     42.38     88.20    5.0000 25mm_Chicago_4h      OF1
  505  0.16     64.24     65.57    5.0000 25mm_Chicago_4h      OF1
  506  0.06     15.83     25.99    2.0000 25mm_Chicago_4h      OF1
  601  0.43    387.00      2.56   33.0000 25mm_Chicago_4h      OF1
  602  0.06     98.17     22.07   33.0000 25mm_Chicago_4h      OF1
  603  0.02     20.82     88.65    3.5000 25mm_Chicago_4h      OF1
  LID-1    0.03     62.44      0.00    0.5000 NO_RAIN       OF1
  LID-2    0.03     68.43      0.00    0.5000 NO_RAIN       OF1
  LID-3    0.06     42.61      0.00    0.5000 NO_RAIN       OF1

  *******************
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  LID Control Summary
  *******************
                                   No. of        Unit        Unit      % Area    % Imperv      % Perv
  Subcatchment     LID Control      Units        Area       Width     Covered     Treated     Treated
  ---------------------------------------------------------------------------------------------------
  LID-1            LID-1                1      256.00        4.10      100.00        0.00        0.00
  LID-2            LID-2                1      349.00        5.10      100.00        0.00        0.00
  LID-3            LID-3                1      554.00       13.00      100.00        0.00        0.00

  ************
  Node Summary
  ************
                                           Invert      Max.    Ponded    External
  Name                 Type                 Elev.     Depth      Area    Inflow
  -------------------------------------------------------------------------------
  OF1                  OUTFALL             251.98      0.00       0.0

  *********************************************************
  NOTE: The summary statistics displayed in this report are
  based on results found at every computational time step,
  not just on results from each reporting time step.
  *********************************************************

  ****************
  Analysis Options
  ****************
  Flow Units ............... CMS
  Process Models:
    Rainfall/Runoff ........ YES
    RDII ................... NO
    Snowmelt ............... YES
    Groundwater ............ YES
    Flow Routing ........... NO
    Water Quality .......... NO
  Infiltration Method ...... GREEN_AMPT
  Surcharge Method ......... EXTRAN
  Starting Date ............ 06/01/2005 00:00:00
  Ending Date .............. 06/04/2005 00:00:00
  Antecedent Dry Days ...... 7.0
  Report Time Step ......... 00:00:15
  Wet Time Step ............ 00:00:15
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  Dry Time Step ............ 00:00:15

  **************************    Volume     Depth
  Runoff Quantity Continuity     hectare-m     mm
  **************************     ---------       -------
  Initial LID Storage ......     0.002     0.467
  Initial Snow Cover .......     0.000     0.000
  Total Precipitation ......     0.079        24.138
  Evaporation Loss .........     0.007     2.156
  Infiltration Loss ........     0.064        19.503
  Surface Runoff ...........     0.007     2.259
  Snow Removed .............     0.000     0.000
  Final Snow Cover .........     0.000     0.000
  Final Storage ............     0.002     0.725
  Continuity Error (%) .....   -0.148

  **************************    Volume     Depth
  Groundwater Continuity      hectare-m     mm
  **************************     ---------       -------
  Initial Storage ..........    17.051      5398.950
  Infiltration .............     0.037        11.792
  Upper Zone ET ............     0.022     6.904
  Lower Zone ET ............     0.000     0.000
  Deep Percolation .........     0.000     0.097
  Groundwater Flow .........     0.000     0.000
  Final Storage ............    17.066      5403.741
  Continuity Error (%) .....     0.000

  **************************    Volume        Volume
  Flow Routing Continuity     hectare-m      10^6 ltr
  **************************     ---------     ---------
  Dry Weather Inflow .......     0.000     0.000
  Wet Weather Inflow .......     0.007     0.074
  Groundwater Inflow .......     0.000     0.000
  RDII Inflow ..............     0.000     0.000
  External Inflow ..........     0.000     0.000
  External Outflow .........     0.007     0.074
  Flooding Loss ............     0.000     0.000
  Evaporation Loss .........     0.000     0.000
  Exfiltration Loss ........     0.000     0.000
  Initial Stored Volume ....     0.000     0.000
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  Final Stored Volume ......     0.000     0.000
  Continuity Error (%) .....     0.000

  ***************************
  Subcatchment Runoff Summary
  ***************************

  ------------------------------------------------------------------------------------------------------------------------------
    Total      Total      Total   Total     Imperv    Perv  Total   Total     Peak  Runoff
   Precip      Runon   Evap   Infil     Runoff     Runoff     Runoff  Runoff   Runoff   Coeff

  Subcatchment                 mm     mm     mm      mm      mm      mm     mm    10^6 ltr      CMS
  ------------------------------------------------------------------------------------------------------------------------------
  101     25.02   0.00   2.39    5.39   17.45    0.00  17.29    0.04     0.13   0.691
  201     25.02   0.00   0.59   24.45    4.19    0.00   0.00    0.00     0.00   0.000
  202     25.02   0.00   3.02    0.00   22.05    0.00  22.05    0.02     0.06   0.881
  203     25.02   0.00   3.02    0.00   22.05    0.00  22.05    0.04     0.10   0.881
  204     25.02   0.00   0.31   24.44    2.18    0.00   0.29    0.00     0.00   0.012
  205     25.02   0.04   2.24    6.62   16.44    0.00  16.24    0.05     0.15   0.648
  301     25.02   0.00   3.02    0.00   22.05    0.00  22.05    0.04     0.11   0.881
  302     25.02   0.00   0.43   22.58    3.07    0.00   2.03    0.00     0.01   0.081
  303     25.02   0.00   0.08   24.96    0.48    0.00   0.00    0.00     0.00   0.000
  304     25.02   0.00   3.02    0.00   22.05    0.00  22.05    0.04     0.10   0.881
  305     25.02   0.82   2.06    8.79   15.41    0.00  15.02    0.06     0.14   0.581
  501     25.02   0.00   0.54   21.43    3.92    0.00   3.06    0.01     0.03   0.122
  502     25.02   0.00   0.36   22.05    2.69    0.00   2.69    0.00     0.00   0.107
  503     25.02   0.00   2.34    6.44   17.47    0.00  16.33    0.01     0.04   0.653
  504     25.02   8.11   2.64    4.23   26.67    0.00  26.34    0.03     0.10   0.795
  505     25.02   0.00   1.95    8.61   14.54    0.00  14.54    0.02     0.10   0.581
  506     25.02   0.00   0.79   21.15    5.77    0.00   3.13    0.00     0.01   0.125
  601     25.02   0.00   0.09   24.37    0.58    0.00   0.58    0.00     0.01   0.023
  602     25.02   0.00   0.66   19.49    5.02    0.00   5.02    0.00     0.01   0.201
  603     25.02   0.00   2.62    2.84   19.71    0.00  19.71    0.00     0.02   0.787
  LID-1    0.01     172.18      15.72     151.03    0.00    0.00   0.00    0.00     0.00   0.000
  LID-2    0.01     317.74      15.94     293.46    0.00    0.00   0.00    0.00     0.00   0.000
  LID-3    0.01     248.95      15.80     225.69    0.00    0.00   0.00    0.00     0.00   0.000

  ***********************
 LID Performance Summary

  ***********************

  --------------------------------------------------------------------------------------------------------------------
  Total      Evap     Infil   Surface    Drain    Initial     Final  Continuity
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 Inflow      Loss   Loss   Outflow   Outflow   Storage   Storage    Error
  Subcatchment      LID Control             mm     mm     mm     mm     mm    mm     mm    %
  --------------------------------------------------------------------------------------------------------------------
  LID-1             LID-1               172.19     15.72    151.03      0.00      0.00     13.20     18.64       -0.00
  LID-2             LID-2               317.75     15.94    293.46      0.00      0.00     13.20     21.55       -0.00
  LID-3             LID-3               248.96     15.80    225.69      0.00      0.00     13.20     20.66       -0.00

  *******************
  Groundwater Summary
  *******************

  -----------------------------------------------------------------------------------------------------
  Total    Total  Maximum  Average  Average    Final    Final

  Total    Total    Lower  Lateral  Lateral    Upper    Water    Upper    Water
  Infil     Evap  Seepage  Outflow  Outflow   Moist.    Table   Moist.    Table

  Subcatchment               mm       mm       mm       mm      CMS                 m   m
  -----------------------------------------------------------------------------------------------------
  101    5.39     2.83     0.12  0.00     0.00  0.30   246.25  0.30   246.25
  201   24.45    12.36     0.12  0.00     0.00  0.31   246.25  0.31   246.25
  202    0.00     0.00     0.00  0.00     0.00  0.00     0.00  0.00     0.00
  203    0.00     0.00     0.00  0.00     0.00  0.00     0.00  0.00     0.00
  204   24.44    14.03     0.12  0.00     0.00  0.31   246.25  0.31   246.25
  205    6.62     3.48     0.12  0.00     0.00  0.30   246.25  0.30   246.25
  301    0.00     0.00     0.00  0.00     0.00  0.00     0.00  0.00     0.00
  302   22.58    13.27     0.12  0.00     0.00  0.31   246.25  0.30   246.25
  303   24.96    15.44     0.12  0.00     0.00  0.31   246.25  0.30   246.25
  304    0.00     0.00     0.00  0.00     0.00  0.00     0.00  0.00     0.00
  305    8.79     4.40     0.12  0.00     0.00  0.30   246.25  0.30   246.25
  501   21.43    12.58     0.12  0.00     0.00  0.31   246.25  0.30   246.25
  502   22.05    14.11     0.12  0.00     0.00  0.31   246.25  0.30   246.25
  503    6.44     2.88     0.12  0.00     0.00  0.30   246.25  0.30   246.25
  504    4.23     1.60     0.12  0.00     0.00  0.30   246.25  0.30   246.25
  505    8.61     4.68     0.12  0.00     0.00  0.30   246.25  0.30   246.25
  506   21.15    11.11     0.12  0.00     0.00  0.31   246.25  0.31   246.25
  601   24.37    15.88     0.12  0.00     0.00  0.31   246.25  0.30   246.25
  602   19.49    12.16     0.12  0.00     0.00  0.31   246.25  0.30   246.25
  603    2.84     1.55     0.12  0.00     0.00  0.30   246.25  0.30   246.25

  Analysis begun on:  Tue Aug  3 13:48:26 2021
  Analysis ended on:  Tue Aug  3 13:49:15 2021
  Total elapsed time: 00:00:49
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  EPA STORM WATER MANAGEMENT MODEL - VERSION 5.1 (Build 5.1.015)
  --------------------------------------------------------------

 PROJECT MANAGER: MF
  MODELLING COMPLETED BY: MG
  WORK COMPLETED:

  *************
 Element Count

  *************
  Number of rain gages ...... 28
  Number of subcatchments ... 23
  Number of nodes ........... 1
  Number of links ........... 0
  Number of pollutants ...... 0
  Number of land uses ....... 0

  ****************
  Raingage Summary
  ****************

 Data   Recording
  Name                 Data Source                    Type   Interval
  ------------------------------------------------------------------------
  100yr_12h_SCS_Type_II_112.5mm 100yr_12h_SCS_Type_II_112.5mm  INTENSITY    6 min.
  100yr_24h_SCS_Type_II_133.6mm 100yr_24h_SCS_Type_II_133.6mm  INTENSITY    6 min.
  100yr_4h_Chicago     100yr_4h_Chicago    INTENSITY    1 min.
  100yr_6h_SCS_Type_II_106.5mm 100yr_6h_SCS_Type_II_106.5mm   INTENSITY    6 min.
  10yr_12h_SCS_Type_II_76mm 10yr_12h_SCS_Type_II_76mm      INTENSITY    6 min.
  10yr_24h_SCS_Type_II_89.9mm 10yr_24h_SCS_Type_II_89.9mm    INTENSITY    6 min.
  10yr_4h_Chicago      10yr_4h_Chicago  INTENSITY    1 min.
  10yr_6h_SCS_Type_II_70.8mm 10yr_6h_SCS_Type_II_70.8mm     INTENSITY    6 min.
  25mm_Chicago_4h      Chicago_4h   CUMULATIVE   1 min.
  25yr_12h_SCS_Type_II_90.7mm 25yr_12h_SCS_Type_II_90.7mm    INTENSITY    6 min.
  25yr_24h_SCS_Type_II_107.5mm 25yr_24h_SCS_Type_II_107.5mm   INTENSITY    6 min.
  25yr_4h_Chicago      25yr_4h_Chicago  INTENSITY    1 min.
  25yr_6H_SCS_Type_II_85.2mm 25yr_6H_SCS_Type_II_85.2mm     INTENSITY    6 min.
  2yr_12h_SCS_Type_II_46.7mm 2yr_12h_SCS_Type_II_46.7mm     INTENSITY    6 min.
  2yr_24h_SCS_Type_II_55mm 2yr_24h_SCS_Type_II_55mm   INTENSITY    6 min.
  2yr_4h_Chicago       2yr_4h_Chicago   INTENSITY    1 min.
  2yr_6h_SCS_Type_II_42.3mm 2yr_6h_SCS_Type_II_42.3mm      INTENSITY    6 min.
  50yr_12h_SCS_Type_II_101.7mm 50yr_12h_SCS_Type_II_101.7mm   INTENSITY    6 min.
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  50yr_24h_SCS_Type_II_120.6mm 50yr_24h_SCS_Type_II_120.6mm   INTENSITY    6 min.
  50yr_4h_Chicago      50yr_4h_Chicago                INTENSITY    1 min.
  50yr_6h_SCS_Type_II_95.9mm 50yr_6h_SCS_Type_II_95.9mm     INTENSITY    6 min.
  5yr_12h_SCS_Type_II_64.3mm 5yr_12h_SCS_Type_II_64.3mm     INTENSITY    6 min.
  5yr_24h_SCS_Type_II_76mm 5yr_24h_SCS_Type_II_76mm       INTENSITY    6 min.
  5yr_4h_Chicago       5yr_4h_Chicago                 INTENSITY    1 min.
  5yr_6h_SCS_Type_II_59.5mm 5yr_6h_SCS_Type_II_59.5mm      INTENSITY    6 min.
  Continuous           Continuous                     INTENSITY   60 min.
  Hurricane_Hazel      Hurricane_Hazel                INTENSITY   60 min.
  NO_RAIN              NO_RAIN                        VOLUME       5 min.

  ********************
  Subcatchment Summary
  ********************
  Name                       Area     Width   %Imperv    %Slope Rain Gage            Outlet
  -----------------------------------------------------------------------------------------------------------
  101                        0.26     85.00     79.10    1.5000 Continuous           LID-1
  201                        0.04      6.53     18.94    1.0000 Continuous           LID-2
  202                        0.09     61.87    100.00    0.5000 Continuous           LID-2
  203                        0.17    114.07    100.00    0.5000 Continuous           LID-2
  204                        0.05      6.57      9.78    2.0000 Continuous           205
  205                        0.32    129.80     74.36    1.0000 Continuous           LID-2
  301                        0.18    119.40    100.00    0.5000 Continuous           LID-3
  302                        0.16     22.71     13.88    1.0000 Continuous           305
  303                        0.10     17.95      2.13    3.5000 Continuous           305
  304                        0.17    113.40    100.00    0.5000 Continuous           LID-3
  305                        0.41     67.62     67.49    2.0000 Continuous           LID-3
  501                        0.29     35.17     17.71    2.0000 Continuous           OF1
  502                        0.04     19.72     11.83   25.0000 Continuous           OF1
  503                        0.05     32.18     78.79    3.1000 Continuous           504
  504                        0.11     42.38     88.20    5.0000 Continuous           OF1
  505                        0.16     64.24     65.57    5.0000 Continuous           OF1
  506                        0.06     15.83     25.99    2.0000 Continuous           OF1
  601                        0.43    387.00      2.56   33.0000 Continuous           OF1
  602                        0.06     98.17     22.07   33.0000 Continuous           OF1
  603                        0.02     20.82     88.65    3.5000 Continuous           OF1
  LID-1                      0.03     62.44      0.00    0.5000 NO_RAIN              OF1
  LID-2                      0.03     68.43      0.00    0.5000 NO_RAIN              OF1
  LID-3                      0.06     42.61      0.00    0.5000 NO_RAIN              OF1

  *******************
  LID Control Summary
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  *******************
                                   No. of        Unit        Unit      % Area    % Imperv      % Perv
  Subcatchment     LID Control      Units        Area       Width     Covered     Treated     Treated
  ---------------------------------------------------------------------------------------------------
  LID-1            LID-1                1      256.00        4.10      100.00        0.00        0.00
  LID-2            LID-2                1      349.00        5.10      100.00        0.00        0.00
  LID-3            LID-3                1      554.00       13.00      100.00        0.00        0.00

  ************
  Node Summary
  ************
                                           Invert      Max.    Ponded    External
  Name                 Type                 Elev.     Depth      Area    Inflow
  -------------------------------------------------------------------------------
  OF1                  OUTFALL             251.98      0.00       0.0

  *********************************************************
  NOTE: The summary statistics displayed in this report are
  based on results found at every computational time step,
  not just on results from each reporting time step.
  *********************************************************

  ****************
  Analysis Options
  ****************
  Flow Units ............... CMS
  Process Models:
    Rainfall/Runoff ........ YES
    RDII ................... NO
    Snowmelt ............... YES
    Groundwater ............ YES
    Flow Routing ........... NO
    Water Quality .......... NO
  Infiltration Method ...... GREEN_AMPT
  Surcharge Method ......... EXTRAN
  Starting Date ............ 06/01/2005 00:00:00
  Ending Date .............. 05/31/2006 23:00:00
  Antecedent Dry Days ...... 7.0
  Report Time Step ......... 00:00:15
  Wet Time Step ............ 00:00:15
  Dry Time Step ............ 00:00:15
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  **************************        Volume         Depth
  Runoff Quantity Continuity     hectare-m            mm
  **************************     ---------       -------
  Initial LID Storage ......         0.002         0.467
  Initial Snow Cover .......         0.000         0.000
  Total Precipitation ......         3.109       949.457
  Evaporation Loss .........         0.523       159.864
  Infiltration Loss ........         2.324       709.930
  Surface Runoff ...........         0.259        79.131
  Snow Removed .............         0.000         0.000
  Final Snow Cover .........         0.000         0.000
  Final Storage ............         0.003         1.004
  Continuity Error (%) .....        -0.001

  **************************        Volume         Depth
  Groundwater Continuity         hectare-m            mm
  **************************     ---------       -------
  Initial Storage ..........        17.051      5398.950
  Infiltration .............         1.404       444.650
  Upper Zone ET ............         0.840       266.128
  Lower Zone ET ............         0.000         0.000
  Deep Percolation .........         0.038        12.041
  Groundwater Flow .........         0.000         0.000
  Final Storage ............        17.577      5565.428
  Continuity Error (%) .....         0.000

  **************************        Volume        Volume
  Flow Routing Continuity        hectare-m      10^6 ltr
  **************************     ---------     ---------
  Dry Weather Inflow .......         0.000         0.000
  Wet Weather Inflow .......         0.259         2.591
  Groundwater Inflow .......         0.000         0.000
  RDII Inflow ..............         0.000         0.000
  External Inflow ..........         0.000         0.000
  External Outflow .........         0.259         2.591
  Flooding Loss ............         0.000         0.000
  Evaporation Loss .........         0.000         0.000
  Exfiltration Loss ........         0.000         0.000
  Initial Stored Volume ....         0.000         0.000
  Final Stored Volume ......         0.000         0.000
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  Continuity Error (%) .....         0.000

  ***************************
  Subcatchment Runoff Summary
  ***************************

  ------------------------------------------------------------------------------------------------------------------------------
                            Total      Total      Total      Total     Imperv       Perv      Total       Total     Peak  Runoff
                           Precip      Runon       Evap      Infil     Runoff     Runoff     Runoff      Runoff   Runoff   Coeff
  Subcatchment                 mm         mm         mm         mm         mm         mm         mm    10^6 ltr      CMS
  ------------------------------------------------------------------------------------------------------------------------------
  101                      984.30       0.00     198.59     220.92     570.15       0.00     564.79        1.44     0.01   0.574
  201                      984.30       0.00     118.44     792.04     136.75      73.83      73.83        0.03     0.00   0.075
  202                      984.30       0.00     237.73       0.00     746.58       0.00     746.58        0.69     0.00   0.758
  203                      984.30       0.00     237.73       0.00     746.58       0.00     746.58        1.28     0.01   0.758
  204                      984.30       0.00      95.02     819.80      70.71      60.06      69.49        0.03     0.00   0.071
  205                      984.30       9.85     187.08     270.67     542.92       0.00     536.40        1.74     0.01   0.540
  301                      984.30       0.00     237.73       0.00     746.58       0.00     746.58        1.34     0.01   0.758
  302                      984.30       0.00      63.82     849.28     100.23       4.97      71.20        0.12     0.00   0.072
  303                      984.30       0.00      78.15     851.57      15.43      54.59      54.59        0.05     0.00   0.055
  304                      984.30       0.00     237.73       0.00     746.58       0.00     746.58        1.27     0.01   0.758
  305                      984.30      41.97     170.82     355.19     513.41       0.00     500.27        2.03     0.01   0.487
  501                      984.30       0.00      44.25     840.14     127.87       0.00      99.92        0.29     0.00   0.102
  502                      984.30       0.00      29.28     869.33      85.70       0.00      85.70        0.03     0.00   0.087
  503                      984.30       0.00     196.49     255.58     569.25       0.00     532.25        0.29     0.00   0.541
  504                      984.30     264.19     220.67     169.00     869.54       0.00     858.84        0.95     0.01   0.688
  505                      984.30       0.00     163.49     347.06     473.77       0.00     473.77        0.76     0.01   0.481
  506                      984.30       0.00      64.76     817.80     187.83       0.00     101.75        0.06     0.00   0.103
  601                      984.30       0.00      55.27     866.99      18.55      43.49      62.04        0.26     0.01   0.063
  602                      984.30       0.00      54.59     769.81     159.92       0.00     159.92        0.09     0.00   0.162
  603                      984.30       0.00     220.67     122.75     640.90       0.00     640.90        0.15     0.00   0.651
  LID-1                      0.01    5625.87     503.84    5107.24       0.00       0.00       0.00        0.00     0.00   0.000
  LID-2                      0.01   10708.76     519.27   10173.96       0.00       0.00       0.00        0.00     0.00   0.000
  LID-3                      0.01    8369.41     515.42    7838.87       0.00       0.00       0.00        0.00     0.00   0.000

  ***********************
  LID Performance Summary
  ***********************

  --------------------------------------------------------------------------------------------------------------------
                                         Total      Evap     Infil   Surface    Drain    Initial     Final  Continuity
                                        Inflow      Loss      Loss   Outflow   Outflow   Storage   Storage       Error
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  Subcatchment      LID Control             mm        mm        mm        mm        mm        mm        mm           %
  --------------------------------------------------------------------------------------------------------------------
  LID-1             LID-1              5625.87    503.84   5107.25      0.00      0.00     13.20     27.99       -0.00
  LID-2             LID-2             10708.77    519.27  10173.97      0.00      0.00     13.20     28.74       -0.00
  LID-3             LID-3              8369.41    515.42   7838.87      0.00      0.00     13.20     28.32       -0.00

  *******************
  Groundwater Summary
  *******************

  -----------------------------------------------------------------------------------------------------
                                            Total    Total  Maximum  Average  Average    Final    Final
                          Total    Total    Lower  Lateral  Lateral    Upper    Water    Upper    Water
                          Infil     Evap  Seepage  Outflow  Outflow   Moist.    Table   Moist.    Table
  Subcatchment               mm       mm       mm       mm      CMS                 m                 m
  -----------------------------------------------------------------------------------------------------
  101                    220.92   137.45    14.61     0.00     0.00     0.31   246.21     0.34   246.17
  201                    792.04   427.53    15.45     0.00     0.00     0.32   246.79     0.25   248.20
  202                      0.00     0.00     0.00     0.00     0.00     0.00     0.00     0.00     0.00
  203                      0.00     0.00     0.00     0.00     0.00     0.00     0.00     0.00     0.00
  204                    819.80   455.34    15.41     0.00     0.00     0.32   246.76     0.25   248.20
  205                    270.67   168.49    14.61     0.00     0.00     0.31   246.21     0.35   246.17
  301                      0.00     0.00     0.00     0.00     0.00     0.00     0.00     0.00     0.00
  302                    849.28   484.93    15.31     0.00     0.00     0.31   246.69     0.25   248.20
  303                    851.57   487.12    15.39     0.00     0.00     0.31   246.75     0.25   248.20
  304                      0.00     0.00     0.00     0.00     0.00     0.00     0.00     0.00     0.00
  305                    355.19   213.63    14.62     0.00     0.00     0.32   246.22     0.37   246.24
  501                    840.14   531.75    15.22     0.00     0.00     0.31   246.63     0.27   247.94
  502                    869.33   567.06    15.21     0.00     0.00     0.31   246.63     0.27   247.92
  503                    255.58   139.84    14.61     0.00     0.00     0.32   246.21     0.36   246.16
  504                    169.00    77.21    14.61     0.00     0.00     0.31   246.21     0.35   246.16
  505                    347.06   227.61    14.61     0.00     0.00     0.31   246.21     0.36   246.16
  506                    817.80   472.03    15.26     0.00     0.00     0.31   246.66     0.30   248.10
  601                    866.99   502.58    15.36     0.00     0.00     0.31   246.73     0.25   248.20
  602                    769.81   519.02    15.06     0.00     0.00     0.31   246.52     0.30   247.58
  603                    122.75    74.38    14.61     0.00     0.00     0.30   246.21     0.32   246.17

  Analysis begun on:  Tue Aug  3 14:21:23 2021
  Analysis ended on:  Tue Aug  3 15:24:35 2021
  Total elapsed time: 01:03:12
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  EPA STORM WATER MANAGEMENT MODEL - VERSION 5.1 (Build 5.1.015)
  --------------------------------------------------------------

 PROJECT MANAGER: MF
  MODELLING COMPLETED BY: MG
  WORK COMPLETED:

  *************
 Element Count

  *************
  Number of rain gages ...... 28
  Number of subcatchments ... 23
  Number of nodes ........... 1
  Number of links ........... 0
  Number of pollutants ...... 0
  Number of land uses ....... 0

  ****************
  Raingage Summary
  ****************

 Data   Recording
  Name                 Data Source                    Type   Interval
  ------------------------------------------------------------------------
  100yr_12h_SCS_Type_II_112.5mm 100yr_12h_SCS_Type_II_112.5mm  INTENSITY    6 min.
  100yr_24h_SCS_Type_II_133.6mm 100yr_24h_SCS_Type_II_133.6mm  INTENSITY    6 min.
  100yr_4h_Chicago     100yr_4h_Chicago    INTENSITY    1 min.
  100yr_6h_SCS_Type_II_106.5mm 100yr_6h_SCS_Type_II_106.5mm   INTENSITY    6 min.
  10yr_12h_SCS_Type_II_76mm 10yr_12h_SCS_Type_II_76mm      INTENSITY    6 min.
  10yr_24h_SCS_Type_II_89.9mm 10yr_24h_SCS_Type_II_89.9mm    INTENSITY    6 min.
  10yr_4h_Chicago      10yr_4h_Chicago  INTENSITY    1 min.
  10yr_6h_SCS_Type_II_70.8mm 10yr_6h_SCS_Type_II_70.8mm     INTENSITY    6 min.
  25mm_Chicago_4h      Chicago_4h   CUMULATIVE   1 min.
  25yr_12h_SCS_Type_II_90.7mm 25yr_12h_SCS_Type_II_90.7mm    INTENSITY    6 min.
  25yr_24h_SCS_Type_II_107.5mm 25yr_24h_SCS_Type_II_107.5mm   INTENSITY    6 min.
  25yr_4h_Chicago      25yr_4h_Chicago  INTENSITY    1 min.
  25yr_6H_SCS_Type_II_85.2mm 25yr_6H_SCS_Type_II_85.2mm     INTENSITY    6 min.
  2yr_12h_SCS_Type_II_46.7mm 2yr_12h_SCS_Type_II_46.7mm     INTENSITY    6 min.
  2yr_24h_SCS_Type_II_55mm 2yr_24h_SCS_Type_II_55mm   INTENSITY    6 min.
  2yr_4h_Chicago       2yr_4h_Chicago   INTENSITY    1 min.
  2yr_6h_SCS_Type_II_42.3mm 2yr_6h_SCS_Type_II_42.3mm      INTENSITY    6 min.
  50yr_12h_SCS_Type_II_101.7mm 50yr_12h_SCS_Type_II_101.7mm   INTENSITY    6 min.
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  50yr_24h_SCS_Type_II_120.6mm 50yr_24h_SCS_Type_II_120.6mm   INTENSITY    6 min.
  50yr_4h_Chicago      50yr_4h_Chicago                INTENSITY    1 min.
  50yr_6h_SCS_Type_II_95.9mm 50yr_6h_SCS_Type_II_95.9mm     INTENSITY    6 min.
  5yr_12h_SCS_Type_II_64.3mm 5yr_12h_SCS_Type_II_64.3mm     INTENSITY    6 min.
  5yr_24h_SCS_Type_II_76mm 5yr_24h_SCS_Type_II_76mm       INTENSITY    6 min.
  5yr_4h_Chicago       5yr_4h_Chicago                 INTENSITY    1 min.
  5yr_6h_SCS_Type_II_59.5mm 5yr_6h_SCS_Type_II_59.5mm      INTENSITY    6 min.
  Continuous           Continuous                     INTENSITY   60 min.
  Hurricane_Hazel      Hurricane_Hazel                INTENSITY   60 min.
  NO_RAIN              NO_RAIN                        VOLUME       5 min.

  ********************
  Subcatchment Summary
  ********************
  Name                       Area     Width   %Imperv    %Slope Rain Gage            Outlet
  -----------------------------------------------------------------------------------------------------------
  101                        0.26     85.00     79.10    1.5000 100yr_4h_Chicago     LID-1
  201                        0.04      6.53     18.94    1.0000 100yr_4h_Chicago     LID-2
  202                        0.09     61.87    100.00    0.5000 100yr_4h_Chicago     LID-2
  203                        0.17    114.07    100.00    0.5000 100yr_4h_Chicago     LID-2
  204                        0.05      6.57      9.78    2.0000 100yr_4h_Chicago     205
  205                        0.32    129.80     74.36    1.0000 100yr_4h_Chicago     LID-2
  301                        0.18    119.40    100.00    0.5000 100yr_4h_Chicago     LID-3
  302                        0.16     22.71     13.88    1.0000 100yr_4h_Chicago     305
  303                        0.10     17.95      2.13    3.5000 100yr_4h_Chicago     305
  304                        0.17    113.40    100.00    0.5000 100yr_4h_Chicago     LID-3
  305                        0.41     67.62     67.49    2.0000 100yr_4h_Chicago     LID-3
  501                        0.29     35.17     17.71    2.0000 100yr_4h_Chicago     OF1
  502                        0.04     19.72     11.83   25.0000 100yr_4h_Chicago     OF1
  503                        0.05     32.18     78.79    3.1000 100yr_4h_Chicago     504
  504                        0.11     42.38     88.20    5.0000 100yr_4h_Chicago     OF1
  505                        0.16     64.24     65.57    5.0000 100yr_4h_Chicago     OF1
  506                        0.06     15.83     25.99    2.0000 100yr_4h_Chicago     OF1
  601                        0.43    387.00      2.56   33.0000 100yr_4h_Chicago     OF1
  602                        0.06     98.17     22.07   33.0000 100yr_4h_Chicago     OF1
  603                        0.02     20.82     88.65    3.5000 100yr_4h_Chicago     OF1
  LID-1                      0.03     62.44      0.00    0.5000 NO_RAIN              OF1
  LID-2                      0.03     68.43      0.00    0.5000 NO_RAIN              OF1
  LID-3                      0.06     42.61      0.00    0.5000 NO_RAIN              OF1

  *******************
  LID Control Summary
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  *******************
                                   No. of        Unit        Unit      % Area    % Imperv      % Perv
  Subcatchment     LID Control      Units        Area       Width     Covered     Treated     Treated
  ---------------------------------------------------------------------------------------------------
  LID-1            LID-1                1      256.00        4.10      100.00        0.00        0.00
  LID-2            LID-2                1      349.00        5.10      100.00        0.00        0.00
  LID-3            LID-3                1      554.00       13.00      100.00        0.00        0.00

  ************
  Node Summary
  ************
                                           Invert      Max.    Ponded    External
  Name                 Type                 Elev.     Depth      Area    Inflow
  -------------------------------------------------------------------------------
  OF1                  OUTFALL             251.98      0.00       0.0

  *********************************************************
  NOTE: The summary statistics displayed in this report are
  based on results found at every computational time step,
  not just on results from each reporting time step.
  *********************************************************

  ****************
  Analysis Options
  ****************
  Flow Units ............... CMS
  Process Models:
    Rainfall/Runoff ........ YES
    RDII ................... NO
    Snowmelt ............... YES
    Groundwater ............ YES
    Flow Routing ........... NO
    Water Quality .......... NO
  Infiltration Method ...... GREEN_AMPT
  Surcharge Method ......... EXTRAN
  Starting Date ............ 06/01/2005 00:00:00
  Ending Date .............. 06/04/2005 00:00:00
  Antecedent Dry Days ...... 7.0
  Report Time Step ......... 00:00:15
  Wet Time Step ............ 00:00:15
  Dry Time Step ............ 00:00:15
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  **************************        Volume         Depth
  Runoff Quantity Continuity     hectare-m            mm
  **************************     ---------       -------
  Initial LID Storage ......         0.002         0.467
  Initial Snow Cover .......         0.000         0.000
  Total Precipitation ......         0.277        84.510
  Evaporation Loss .........         0.007         2.258
  Infiltration Loss ........         0.171        52.273
  Surface Runoff ...........         0.097        29.511
  Snow Removed .............         0.000         0.000
  Final Snow Cover .........         0.000         0.000
  Final Storage ............         0.003         0.944
  Continuity Error (%) .....        -0.010

  **************************        Volume         Depth
  Groundwater Continuity         hectare-m            mm
  **************************     ---------       -------
  Initial Storage ..........        17.051      5398.950
  Infiltration .............         0.113        35.820
  Upper Zone ET ............         0.021         6.765
  Lower Zone ET ............         0.000         0.000
  Deep Percolation .........         0.000         0.097
  Groundwater Flow .........         0.000         0.000
  Final Storage ............        17.142      5427.908
  Continuity Error (%) .....         0.000

  **************************        Volume        Volume
  Flow Routing Continuity        hectare-m      10^6 ltr
  **************************     ---------     ---------
  Dry Weather Inflow .......         0.000         0.000
  Wet Weather Inflow .......         0.097         0.966
  Groundwater Inflow .......         0.000         0.000
  RDII Inflow ..............         0.000         0.000
  External Inflow ..........         0.000         0.000
  External Outflow .........         0.097         0.966
  Flooding Loss ............         0.000         0.000
  Evaporation Loss .........         0.000         0.000
  Exfiltration Loss ........         0.000         0.000
  Initial Stored Volume ....         0.000         0.000
  Final Stored Volume ......         0.000         0.000
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  Continuity Error (%) .....         0.000

  ***************************
  Subcatchment Runoff Summary
  ***************************

  ------------------------------------------------------------------------------------------------------------------------------
                            Total      Total      Total      Total     Imperv       Perv      Total       Total     Peak  Runoff
                           Precip      Runon       Evap      Infil     Runoff     Runoff     Runoff      Runoff   Runoff   Coeff
  Subcatchment                 mm         mm         mm         mm         mm         mm         mm    10^6 ltr      CMS
  ------------------------------------------------------------------------------------------------------------------------------
  101                       87.61       0.00       2.44      15.98      66.90       2.93      69.19        0.18     0.19   0.790
  201                       87.61       0.00       0.76      73.09      16.03      13.76      13.76        0.00     0.00   0.157
  202                       87.61       0.00       3.05       0.00      84.56       0.00      84.56        0.08     0.08   0.965
  203                       87.61       0.00       3.05       0.00      84.56       0.00      84.56        0.14     0.15   0.965
  204                       87.61       0.00       0.48      76.20       8.28       9.82      10.93        0.01     0.00   0.125
  205                       87.61       1.55       2.30      19.83      64.04       3.76      67.04        0.22     0.23   0.752
  301                       87.61       0.00       3.05       0.00      84.56       0.00      84.56        0.15     0.16   0.965
  302                       87.61       0.00       0.60      72.25      11.74       7.01      14.77        0.02     0.02   0.169
  303                       87.61       0.00       0.24      78.06       1.80       9.31       9.31        0.01     0.01   0.106
  304                       87.61       0.00       3.05       0.00      84.56       0.00      84.56        0.14     0.15   0.965
  305                       87.61       8.22       2.14      26.61      62.60       6.08      67.08        0.27     0.25   0.700
  501                       87.61       0.00       0.70      67.98      14.99       7.23      18.94        0.06     0.04   0.216
  502                       87.61       0.00       0.47      65.62      10.02      11.52      21.53        0.01     0.01   0.246
  503                       87.61       0.00       2.39      17.69      66.68       5.20      67.54        0.04     0.05   0.771
  504                       87.61      33.53       2.68      10.82     104.19       4.73     107.65        0.12     0.14   0.889
  505                       87.61       0.00       2.01      25.69      55.49       4.43      59.92        0.10     0.11   0.684
  506                       87.61       0.00       0.92      62.13      22.00      12.65      24.57        0.01     0.01   0.280
  601                       87.61       0.00       0.21      72.12       2.17      13.13      15.30        0.07     0.18   0.175
  602                       87.61       0.00       0.75      57.40      18.69      10.80      29.49        0.02     0.04   0.337
  603                       87.61       0.00       2.65       8.35      75.04       1.58      76.62        0.02     0.02   0.875
  LID-1                      0.01     689.24      16.31     503.24       0.00       0.00     157.04        0.04     0.09   0.228
  LID-2                      0.01    1276.91      16.37     505.49       0.00       0.00     742.38        0.26     0.44   0.581
  LID-3                      0.01    1024.26      16.34     496.32       0.00       0.00     497.30        0.28     0.46   0.486

  ***********************
  LID Performance Summary
  ***********************

  --------------------------------------------------------------------------------------------------------------------
                                         Total      Evap     Infil   Surface    Drain    Initial     Final  Continuity
                                        Inflow      Loss      Loss   Outflow   Outflow   Storage   Storage       Error
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  Subcatchment      LID Control             mm        mm        mm        mm        mm        mm        mm           %
  --------------------------------------------------------------------------------------------------------------------
  LID-1             LID-1               689.25     16.31    503.24    157.04      0.00     13.20     25.87       -0.00
  LID-2             LID-2              1276.92     16.37    505.49    742.38      0.00     13.20     25.88       -0.00
  LID-3             LID-3              1024.27     16.34    496.32    497.30      0.00     13.20     27.51       -0.00

  *******************
  Groundwater Summary
  *******************

  -----------------------------------------------------------------------------------------------------
                                            Total    Total  Maximum  Average  Average    Final    Final
                          Total    Total    Lower  Lateral  Lateral    Upper    Water    Upper    Water
                          Infil     Evap  Seepage  Outflow  Outflow   Moist.    Table   Moist.    Table
  Subcatchment               mm       mm       mm       mm      CMS                 m                 m
  -----------------------------------------------------------------------------------------------------
  101                     15.98     2.83     0.12     0.00     0.00     0.31   246.25     0.31   246.25
  201                     73.09    12.24     0.12     0.00     0.00     0.33   246.25     0.33   246.25
  202                      0.00     0.00     0.00     0.00     0.00     0.00     0.00     0.00     0.00
  203                      0.00     0.00     0.00     0.00     0.00     0.00     0.00     0.00     0.00
  204                     76.20    13.87     0.12     0.00     0.00     0.33   246.25     0.33   246.25
  205                     19.83     3.47     0.12     0.00     0.00     0.31   246.25     0.31   246.25
  301                      0.00     0.00     0.00     0.00     0.00     0.00     0.00     0.00     0.00
  302                     72.25    13.13     0.12     0.00     0.00     0.33   246.25     0.33   246.25
  303                     78.06    15.26     0.12     0.00     0.00     0.34   246.25     0.33   246.25
  304                      0.00     0.00     0.00     0.00     0.00     0.00     0.00     0.00     0.00
  305                     26.61     4.38     0.12     0.00     0.00     0.31   246.25     0.31   246.25
  501                     67.98    12.45     0.12     0.00     0.00     0.33   246.25     0.33   246.25
  502                     65.62    13.56     0.12     0.00     0.00     0.33   246.25     0.33   246.25
  503                     17.69     2.88     0.12     0.00     0.00     0.31   246.25     0.31   246.25
  504                     10.82     1.60     0.12     0.00     0.00     0.31   246.25     0.30   246.25
  505                     25.69     4.68     0.12     0.00     0.00     0.31   246.25     0.31   246.25
  506                     62.13    11.01     0.12     0.00     0.00     0.33   246.25     0.33   246.25
  601                     72.12    15.20     0.12     0.00     0.00     0.33   246.25     0.33   246.25
  602                     57.40    11.75     0.12     0.00     0.00     0.33   246.25     0.32   246.25
  603                      8.35     1.54     0.12     0.00     0.00     0.30   246.25     0.30   246.25

  Analysis begun on:  Wed Aug  4 13:50:19 2021
  Analysis ended on:  Wed Aug  4 13:51:08 2021
  Total elapsed time: 00:00:49
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  EPA STORM WATER MANAGEMENT MODEL - VERSION 5.1 (Build 5.1.015)
  --------------------------------------------------------------

 PROJECT MANAGER: MF
  MODELLING COMPLETED BY: MG
  WORK COMPLETED:

  *************
 Element Count

  *************
  Number of rain gages ...... 28
  Number of subcatchments ... 23
  Number of nodes ........... 1
  Number of links ........... 0
  Number of pollutants ...... 0
  Number of land uses ....... 0

  ****************
  Raingage Summary
  ****************

 Data   Recording
  Name                 Data Source                    Type   Interval
  ------------------------------------------------------------------------
  100yr_12h_SCS_Type_II_112.5mm 100yr_12h_SCS_Type_II_112.5mm  INTENSITY    6 min.
  100yr_24h_SCS_Type_II_133.6mm 100yr_24h_SCS_Type_II_133.6mm  INTENSITY    6 min.
  100yr_4h_Chicago     100yr_4h_Chicago    INTENSITY    1 min.
  100yr_6h_SCS_Type_II_106.5mm 100yr_6h_SCS_Type_II_106.5mm   INTENSITY    6 min.
  10yr_12h_SCS_Type_II_76mm 10yr_12h_SCS_Type_II_76mm      INTENSITY    6 min.
  10yr_24h_SCS_Type_II_89.9mm 10yr_24h_SCS_Type_II_89.9mm    INTENSITY    6 min.
  10yr_4h_Chicago      10yr_4h_Chicago  INTENSITY    1 min.
  10yr_6h_SCS_Type_II_70.8mm 10yr_6h_SCS_Type_II_70.8mm     INTENSITY    6 min.
  25mm_Chicago_4h      Chicago_4h   CUMULATIVE   1 min.
  25yr_12h_SCS_Type_II_90.7mm 25yr_12h_SCS_Type_II_90.7mm    INTENSITY    6 min.
  25yr_24h_SCS_Type_II_107.5mm 25yr_24h_SCS_Type_II_107.5mm   INTENSITY    6 min.
  25yr_4h_Chicago      25yr_4h_Chicago  INTENSITY    1 min.
  25yr_6H_SCS_Type_II_85.2mm 25yr_6H_SCS_Type_II_85.2mm     INTENSITY    6 min.
  2yr_12h_SCS_Type_II_46.7mm 2yr_12h_SCS_Type_II_46.7mm     INTENSITY    6 min.
  2yr_24h_SCS_Type_II_55mm 2yr_24h_SCS_Type_II_55mm   INTENSITY    6 min.
  2yr_4h_Chicago       2yr_4h_Chicago   INTENSITY    1 min.
  2yr_6h_SCS_Type_II_42.3mm 2yr_6h_SCS_Type_II_42.3mm      INTENSITY    6 min.
  50yr_12h_SCS_Type_II_101.7mm 50yr_12h_SCS_Type_II_101.7mm   INTENSITY    6 min.
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  50yr_24h_SCS_Type_II_120.6mm 50yr_24h_SCS_Type_II_120.6mm   INTENSITY    6 min.
  50yr_4h_Chicago      50yr_4h_Chicago                INTENSITY    1 min.
  50yr_6h_SCS_Type_II_95.9mm 50yr_6h_SCS_Type_II_95.9mm     INTENSITY    6 min.
  5yr_12h_SCS_Type_II_64.3mm 5yr_12h_SCS_Type_II_64.3mm     INTENSITY    6 min.
  5yr_24h_SCS_Type_II_76mm 5yr_24h_SCS_Type_II_76mm       INTENSITY    6 min.
  5yr_4h_Chicago       5yr_4h_Chicago                 INTENSITY    1 min.
  5yr_6h_SCS_Type_II_59.5mm 5yr_6h_SCS_Type_II_59.5mm      INTENSITY    6 min.
  Continuous           Continuous                     INTENSITY   60 min.
  Hurricane_Hazel      Hurricane_Hazel                INTENSITY   60 min.
  NO_RAIN              NO_RAIN                        VOLUME       5 min.

  ********************
  Subcatchment Summary
  ********************
  Name                       Area     Width   %Imperv    %Slope Rain Gage            Outlet
  -----------------------------------------------------------------------------------------------------------
  101                        0.26     85.00     79.10    1.5000 100yr_6h_SCS_Type_II_106.5mm LID-1
  201                        0.04      6.53     18.94    1.0000 100yr_6h_SCS_Type_II_106.5mm LID-2
  202                        0.09     61.87    100.00    0.5000 100yr_6h_SCS_Type_II_106.5mm LID-2
  203                        0.17    114.07    100.00    0.5000 100yr_6h_SCS_Type_II_106.5mm LID-2
  204                        0.05      6.57      9.78    2.0000 100yr_6h_SCS_Type_II_106.5mm 205
  205                        0.32    129.80     74.36    1.0000 100yr_6h_SCS_Type_II_106.5mm LID-2
  301                        0.18    119.40    100.00    0.5000 100yr_6h_SCS_Type_II_106.5mm LID-3
  302                        0.16     22.71     13.88    1.0000 100yr_6h_SCS_Type_II_106.5mm 305
  303                        0.10     17.95      2.13    3.5000 100yr_6h_SCS_Type_II_106.5mm 305
  304                        0.17    113.40    100.00    0.5000 100yr_6h_SCS_Type_II_106.5mm LID-3
  305                        0.41     67.62     67.49    2.0000 100yr_6h_SCS_Type_II_106.5mm LID-3
  501                        0.29     35.17     17.72    2.0000 100yr_6h_SCS_Type_II_106.5mm OF1
  502                        0.04     19.72     11.83   25.0000 100yr_6h_SCS_Type_II_106.5mm OF1
  503                        0.05     32.18     78.79    3.1000 100yr_6h_SCS_Type_II_106.5mm 504
  504                        0.11     42.38     88.20    5.0000 100yr_6h_SCS_Type_II_106.5mm OF1
  505                        0.16     64.24     65.57    5.0000 100yr_6h_SCS_Type_II_106.5mm OF1
  506                        0.06     15.83     25.99    2.0000 100yr_6h_SCS_Type_II_106.5mm OF1
  601                        0.43    387.00      2.56   33.0000 100yr_6h_SCS_Type_II_106.5mm OF1
  602                        0.06     98.17     22.07   33.0000 100yr_6h_SCS_Type_II_106.5mm OF1
  603                        0.02     20.82     88.65    3.5000 100yr_6h_SCS_Type_II_106.5mm OF1
  LID-1                      0.03     62.44      0.00    0.5000 NO_RAIN              OF1
  LID-2                      0.03     68.43      0.00    0.5000 NO_RAIN              OF1
  LID-3                      0.06     42.61      0.00    0.5000 NO_RAIN              OF1

  *******************
  LID Control Summary
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  *******************
                                   No. of        Unit        Unit      % Area    % Imperv      % Perv
  Subcatchment     LID Control      Units        Area       Width     Covered     Treated     Treated
  ---------------------------------------------------------------------------------------------------
  LID-1            LID-1                1      256.00        4.10      100.00        0.00        0.00
  LID-2            LID-2                1      349.00        5.10      100.00        0.00        0.00
  LID-3            LID-3                1      554.00       13.00      100.00        0.00        0.00

  ************
  Node Summary
  ************
                                           Invert      Max.    Ponded    External
  Name                 Type                 Elev.     Depth      Area    Inflow
  -------------------------------------------------------------------------------
  OF1                  OUTFALL             251.98      0.00       0.0

  *********************************************************
  NOTE: The summary statistics displayed in this report are
  based on results found at every computational time step,
  not just on results from each reporting time step.
  *********************************************************

  ****************
  Analysis Options
  ****************
  Flow Units ............... CMS
  Process Models:
    Rainfall/Runoff ........ YES
    RDII ................... NO
    Snowmelt ............... YES
    Groundwater ............ YES
    Flow Routing ........... NO
    Water Quality .......... NO
  Infiltration Method ...... GREEN_AMPT
  Surcharge Method ......... EXTRAN
  Starting Date ............ 06/01/2005 00:00:00
  Ending Date .............. 06/04/2005 00:00:00
  Antecedent Dry Days ...... 7.0
  Report Time Step ......... 00:00:15
  Wet Time Step ............ 00:00:15
  Dry Time Step ............ 00:00:15
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  **************************        Volume         Depth
  Runoff Quantity Continuity     hectare-m            mm
  **************************     ---------       -------
  Initial LID Storage ......         0.002         0.467
  Initial Snow Cover .......         0.000         0.000
  Total Precipitation ......         0.336       102.730
  Evaporation Loss .........         0.008         2.500
  Infiltration Loss ........         0.186        56.953
  Surface Runoff ...........         0.140        42.790
  Snow Removed .............         0.000         0.000
  Final Snow Cover .........         0.000         0.000
  Final Storage ............         0.003         0.960
  Continuity Error (%) .....        -0.005

  **************************        Volume         Depth
  Groundwater Continuity         hectare-m            mm
  **************************     ---------       -------
  Initial Storage ..........        17.051      5398.950
  Infiltration .............         0.126        40.042
  Upper Zone ET ............         0.021         6.558
  Lower Zone ET ............         0.000         0.000
  Deep Percolation .........         0.000         0.097
  Groundwater Flow .........         0.000         0.000
  Final Storage ............        17.156      5432.337
  Continuity Error (%) .....         0.000

  **************************        Volume        Volume
  Flow Routing Continuity        hectare-m      10^6 ltr
  **************************     ---------     ---------
  Dry Weather Inflow .......         0.000         0.000
  Wet Weather Inflow .......         0.140         1.401
  Groundwater Inflow .......         0.000         0.000
  RDII Inflow ..............         0.000         0.000
  External Inflow ..........         0.000         0.000
  External Outflow .........         0.140         1.401
  Flooding Loss ............         0.000         0.000
  Evaporation Loss .........         0.000         0.000
  Exfiltration Loss ........         0.000         0.000
  Initial Stored Volume ....         0.000         0.000
  Final Stored Volume ......         0.000         0.000

Post-Dev-LID 100Yr6HrSCS Status Report



  Continuity Error (%) .....         0.000

  ***************************
  Subcatchment Runoff Summary
  ***************************

  ------------------------------------------------------------------------------------------------------------------------------
                            Total      Total      Total      Total     Imperv       Perv      Total       Total     Peak  Runoff
                           Precip      Runon       Evap      Infil     Runoff     Runoff     Runoff      Runoff   Runoff   Coeff
  Subcatchment                 mm         mm         mm         mm         mm         mm         mm    10^6 ltr      CMS
  ------------------------------------------------------------------------------------------------------------------------------
  101                      106.50       0.00       2.81      17.77      81.48       5.22      85.93        0.22     0.14   0.807
  201                      106.50       0.00       0.88      81.38      19.52      24.24      24.24        0.01     0.01   0.228
  202                      106.50       0.00       3.51       0.00     103.00       0.00     103.00        0.10     0.05   0.967
  203                      106.50       0.00       3.51       0.00     103.00       0.00     103.00        0.18     0.10   0.967
  204                      106.50       0.00       0.56      85.56      10.08      19.04      20.38        0.01     0.01   0.191
  205                      106.50       2.89       2.65      22.13      78.75       6.81      84.61        0.27     0.18   0.774
  301                      106.50       0.00       3.51       0.00     103.00       0.00     103.00        0.18     0.10   0.967
  302                      106.50       0.00       0.70      81.73      14.30      14.62      24.07        0.04     0.03   0.226
  303                      106.50       0.00       0.28      87.63       2.20      18.59      18.59        0.02     0.02   0.175
  304                      106.50       0.00       3.51       0.00     103.00       0.00     103.00        0.18     0.10   0.967
  305                      106.50      14.23       2.46      29.87      79.09      11.33      88.40        0.36     0.23   0.732
  501                      106.50       0.00       0.81      76.67      18.26      14.75      29.02        0.08     0.06   0.273
  502                      106.50       0.00       0.54      72.89      12.20      20.87      33.08        0.01     0.02   0.311
  503                      106.50       0.00       2.76      19.57      81.20       8.26      84.18        0.05     0.03   0.790
  504                      106.50      41.79       3.09      11.94     127.73       7.10     133.26        0.15     0.09   0.899
  505                      106.50       0.00       2.31      28.56      67.58       8.06      75.63        0.12     0.08   0.710
  506                      106.50       0.00       1.06      69.15      26.79      21.78      36.29        0.02     0.02   0.341
  601                      106.50       0.00       0.24      79.96       2.64      23.67      26.31        0.11     0.18   0.247
  602                      106.50       0.00       0.86      63.46      22.76      19.43      42.19        0.02     0.03   0.396
  603                      106.50       0.00       3.06       9.23      91.38       2.84      94.22        0.02     0.01   0.885
  LID-1                      0.01     855.98      15.97     521.42       0.00       0.00     305.47        0.08     0.12   0.357
  LID-2                      0.01    1590.49      16.12     524.68       0.00       0.00    1036.55        0.36     0.32   0.652
  LID-3                      0.01    1296.56      16.05     511.70       0.00       0.00     754.05        0.42     0.40   0.582

  ***********************
  LID Performance Summary
  ***********************

  --------------------------------------------------------------------------------------------------------------------
                                         Total      Evap     Infil   Surface    Drain    Initial     Final  Continuity
                                        Inflow      Loss      Loss   Outflow   Outflow   Storage   Storage       Error
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  Subcatchment      LID Control             mm        mm        mm        mm        mm        mm        mm           %
  --------------------------------------------------------------------------------------------------------------------
  LID-1             LID-1               855.99     15.97    521.42    305.47      0.00     13.20     26.33       -0.00
  LID-2             LID-2              1590.50     16.12    524.68   1036.55      0.00     13.20     26.35       -0.00
  LID-3             LID-3              1296.57     16.05    511.70    754.05      0.00     13.20     27.97       -0.00

  *******************
  Groundwater Summary
  *******************

  -----------------------------------------------------------------------------------------------------
                                            Total    Total  Maximum  Average  Average    Final    Final
                          Total    Total    Lower  Lateral  Lateral    Upper    Water    Upper    Water
                          Infil     Evap  Seepage  Outflow  Outflow   Moist.    Table   Moist.    Table
  Subcatchment               mm       mm       mm       mm      CMS                 m                 m
  -----------------------------------------------------------------------------------------------------
  101                     17.77     2.73     0.12     0.00     0.00     0.31   246.25     0.31   246.25
  201                     81.38    11.87     0.12     0.00     0.00     0.34   246.25     0.34   246.25
  202                      0.00     0.00     0.00     0.00     0.00     0.00     0.00     0.00     0.00
  203                      0.00     0.00     0.00     0.00     0.00     0.00     0.00     0.00     0.00
  204                     85.56    13.46     0.12     0.00     0.00     0.34   246.25     0.34   246.25
  205                     22.13     3.35     0.12     0.00     0.00     0.31   246.25     0.31   246.25
  301                      0.00     0.00     0.00     0.00     0.00     0.00     0.00     0.00     0.00
  302                     81.73    12.74     0.12     0.00     0.00     0.34   246.25     0.34   246.25
  303                     87.63    14.81     0.12     0.00     0.00     0.34   246.25     0.34   246.25
  304                      0.00     0.00     0.00     0.00     0.00     0.00     0.00     0.00     0.00
  305                     29.87     4.24     0.12     0.00     0.00     0.31   246.25     0.31   246.25
  501                     76.67    12.08     0.12     0.00     0.00     0.33   246.25     0.33   246.25
  502                     72.89    13.16     0.12     0.00     0.00     0.33   246.25     0.33   246.25
  503                     19.57     2.78     0.12     0.00     0.00     0.31   246.25     0.31   246.25
  504                     11.94     1.55     0.12     0.00     0.00     0.31   246.25     0.31   246.25
  505                     28.56     4.52     0.12     0.00     0.00     0.31   246.25     0.31   246.25
  506                     69.15    10.68     0.12     0.00     0.00     0.33   246.25     0.33   246.25
  601                     79.96    14.75     0.12     0.00     0.00     0.34   246.25     0.33   246.25
  602                     63.46    11.40     0.12     0.00     0.00     0.33   246.25     0.33   246.25
  603                      9.23     1.49     0.12     0.00     0.00     0.30   246.25     0.30   246.25

  Analysis begun on:  Wed Aug  4 14:25:19 2021
  Analysis ended on:  Wed Aug  4 14:26:08 2021
  Total elapsed time: 00:00:49
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  EPA STORM WATER MANAGEMENT MODEL - VERSION 5.1 (Build 5.1.015)
  --------------------------------------------------------------

 PROJECT MANAGER: MF
  MODELLING COMPLETED BY: MG
  WORK COMPLETED:

  *************
 Element Count

  *************
  Number of rain gages ...... 28
  Number of subcatchments ... 23
  Number of nodes ........... 1
  Number of links ........... 0
  Number of pollutants ...... 0
  Number of land uses ....... 0

  ****************
  Raingage Summary
  ****************

 Data   Recording
  Name                 Data Source                    Type   Interval
  ------------------------------------------------------------------------
  100yr_12h_SCS_Type_II_112.5mm 100yr_12h_SCS_Type_II_112.5mm  INTENSITY    6 min.
  100yr_24h_SCS_Type_II_133.6mm 100yr_24h_SCS_Type_II_133.6mm  INTENSITY    6 min.
  100yr_4h_Chicago     100yr_4h_Chicago    INTENSITY    1 min.
  100yr_6h_SCS_Type_II_106.5mm 100yr_6h_SCS_Type_II_106.5mm   INTENSITY    6 min.
  10yr_12h_SCS_Type_II_76mm 10yr_12h_SCS_Type_II_76mm      INTENSITY    6 min.
  10yr_24h_SCS_Type_II_89.9mm 10yr_24h_SCS_Type_II_89.9mm    INTENSITY    6 min.
  10yr_4h_Chicago      10yr_4h_Chicago  INTENSITY    1 min.
  10yr_6h_SCS_Type_II_70.8mm 10yr_6h_SCS_Type_II_70.8mm     INTENSITY    6 min.
  25mm_Chicago_4h      Chicago_4h   CUMULATIVE   1 min.
  25yr_12h_SCS_Type_II_90.7mm 25yr_12h_SCS_Type_II_90.7mm    INTENSITY    6 min.
  25yr_24h_SCS_Type_II_107.5mm 25yr_24h_SCS_Type_II_107.5mm   INTENSITY    6 min.
  25yr_4h_Chicago      25yr_4h_Chicago  INTENSITY    1 min.
  25yr_6H_SCS_Type_II_85.2mm 25yr_6H_SCS_Type_II_85.2mm     INTENSITY    6 min.
  2yr_12h_SCS_Type_II_46.7mm 2yr_12h_SCS_Type_II_46.7mm     INTENSITY    6 min.
  2yr_24h_SCS_Type_II_55mm 2yr_24h_SCS_Type_II_55mm   INTENSITY    6 min.
  2yr_4h_Chicago       2yr_4h_Chicago   INTENSITY    1 min.
  2yr_6h_SCS_Type_II_42.3mm 2yr_6h_SCS_Type_II_42.3mm      INTENSITY    6 min.
  50yr_12h_SCS_Type_II_101.7mm 50yr_12h_SCS_Type_II_101.7mm   INTENSITY    6 min.
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  50yr_24h_SCS_Type_II_120.6mm 50yr_24h_SCS_Type_II_120.6mm   INTENSITY    6 min.
  50yr_4h_Chicago      50yr_4h_Chicago                INTENSITY    1 min.
  50yr_6h_SCS_Type_II_95.9mm 50yr_6h_SCS_Type_II_95.9mm     INTENSITY    6 min.
  5yr_12h_SCS_Type_II_64.3mm 5yr_12h_SCS_Type_II_64.3mm     INTENSITY    6 min.
  5yr_24h_SCS_Type_II_76mm 5yr_24h_SCS_Type_II_76mm       INTENSITY    6 min.
  5yr_4h_Chicago       5yr_4h_Chicago                 INTENSITY    1 min.
  5yr_6h_SCS_Type_II_59.5mm 5yr_6h_SCS_Type_II_59.5mm      INTENSITY    6 min.
  Continuous           Continuous                     INTENSITY   60 min.
  Hurricane_Hazel      Hurricane_Hazel                INTENSITY   60 min.
  NO_RAIN              NO_RAIN                        VOLUME       5 min.

  ********************
  Subcatchment Summary
  ********************
  Name                       Area     Width   %Imperv    %Slope Rain Gage            Outlet
  -----------------------------------------------------------------------------------------------------------
  101                        0.26     85.00     79.10    1.5000 Hurricane_Hazel      LID-1
  201                        0.04      6.53     18.94    1.0000 Hurricane_Hazel      LID-2
  202                        0.09     61.87    100.00    0.5000 Hurricane_Hazel      LID-2
  203                        0.17    114.07    100.00    0.5000 Hurricane_Hazel      LID-2
  204                        0.05      6.57      9.78    2.0000 Hurricane_Hazel      205
  205                        0.32    129.80     74.36    1.0000 Hurricane_Hazel      LID-2
  301                        0.18    119.40    100.00    0.5000 Hurricane_Hazel      LID-3
  302                        0.16     22.71     13.88    1.0000 Hurricane_Hazel      305
  303                        0.10     17.95      2.13    3.5000 Hurricane_Hazel      305
  304                        0.17    113.40    100.00    0.5000 Hurricane_Hazel      LID-3
  305                        0.41     67.62     67.49    2.0000 Hurricane_Hazel      LID-3
  501                        0.29     35.17     17.71    2.0000 Hurricane_Hazel      OF1
  502                        0.04     19.72     11.83   25.0000 Hurricane_Hazel      OF1
  503                        0.05     32.18     78.79    3.1000 Hurricane_Hazel      504
  504                        0.11     42.38     88.20    5.0000 Hurricane_Hazel      OF1
  505                        0.16     64.24     65.57    5.0000 Hurricane_Hazel      OF1
  506                        0.06     15.83     25.99    2.0000 Hurricane_Hazel      OF1
  601                        0.43    387.00      2.56   33.0000 Hurricane_Hazel      OF1
  602                        0.06     98.17     22.07   33.0000 Hurricane_Hazel      OF1
  603                        0.02     20.82     88.65    3.5000 Hurricane_Hazel      OF1
  LID-1                      0.03     62.44      0.00    0.5000 NO_RAIN              OF1
  LID-2                      0.03     68.43      0.00    0.5000 NO_RAIN              OF1
  LID-3                      0.06     42.61      0.00    0.5000 NO_RAIN              OF1

  *******************
  LID Control Summary
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  *******************
                                   No. of        Unit        Unit      % Area    % Imperv      % Perv
  Subcatchment     LID Control      Units        Area       Width     Covered     Treated     Treated
  ---------------------------------------------------------------------------------------------------
  LID-1            LID-1                1      256.00        4.10      100.00        0.00        0.00
  LID-2            LID-2                1      349.00        5.10      100.00        0.00        0.00
  LID-3            LID-3                1      554.00       13.00      100.00        0.00        0.00

  ************
  Node Summary
  ************
                                           Invert      Max.    Ponded    External
  Name                 Type                 Elev.     Depth      Area    Inflow
  -------------------------------------------------------------------------------
  OF1                  OUTFALL             251.98      0.00       0.0

  *********************************************************
  NOTE: The summary statistics displayed in this report are
  based on results found at every computational time step,
  not just on results from each reporting time step.
  *********************************************************

  ****************
  Analysis Options
  ****************
  Flow Units ............... CMS
  Process Models:
    Rainfall/Runoff ........ YES
    RDII ................... NO
    Snowmelt ............... YES
    Groundwater ............ YES
    Flow Routing ........... NO
    Water Quality .......... NO
  Infiltration Method ...... GREEN_AMPT
  Surcharge Method ......... EXTRAN
  Starting Date ............ 06/01/2005 00:00:00
  Ending Date .............. 06/04/2005 00:00:00
  Antecedent Dry Days ...... 7.0
  Report Time Step ......... 00:00:15
  Wet Time Step ............ 00:00:15
  Dry Time Step ............ 00:00:15
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  **************************        Volume         Depth
  Runoff Quantity Continuity     hectare-m            mm
  **************************     ---------       -------
  Initial LID Storage ......         0.036        10.860
  Initial Snow Cover .......         0.000         0.000
  Total Precipitation ......         0.666       203.531
  Evaporation Loss .........         0.011         3.405
  Infiltration Loss ........         0.345       105.297
  Surface Runoff ...........         0.343       104.679
  Snow Removed .............         0.000         0.000
  Final Snow Cover .........         0.000         0.000
  Final Storage ............         0.003         1.010
  Continuity Error (%) .....         0.000

  **************************        Volume         Depth
  Groundwater Continuity         hectare-m            mm
  **************************     ---------       -------
  Initial Storage ..........        17.051      5398.950
  Infiltration .............         0.277        87.577
  Upper Zone ET ............         0.019         5.932
  Lower Zone ET ............         0.000         0.000
  Deep Percolation .........         0.000         0.097
  Groundwater Flow .........         0.000         0.000
  Final Storage ............        17.309      5480.497
  Continuity Error (%) .....         0.000

  **************************        Volume        Volume
  Flow Routing Continuity        hectare-m      10^6 ltr
  **************************     ---------     ---------
  Dry Weather Inflow .......         0.000         0.000
  Wet Weather Inflow .......         0.343         3.427
  Groundwater Inflow .......         0.000         0.000
  RDII Inflow ..............         0.000         0.000
  External Inflow ..........         0.000         0.000
  External Outflow .........         0.343         3.427
  Flooding Loss ............         0.000         0.000
  Evaporation Loss .........         0.000         0.000
  Exfiltration Loss ........         0.000         0.000
  Initial Stored Volume ....         0.000         0.000
  Final Stored Volume ......         0.000         0.000
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  Continuity Error (%) .....         0.000

  ***************************
  Subcatchment Runoff Summary
  ***************************

  ------------------------------------------------------------------------------------------------------------------------------
                            Total      Total      Total      Total     Imperv       Perv      Total       Total     Peak  Runoff
                           Precip      Runon       Evap      Infil     Runoff     Runoff     Runoff      Runoff   Runoff   Coeff
  Subcatchment                 mm         mm         mm         mm         mm         mm         mm    10^6 ltr      CMS
  ------------------------------------------------------------------------------------------------------------------------------
  101                      211.00       0.00       3.98      39.82     163.04       5.70     167.20        0.43     0.03   0.792
  201                      211.00       0.00       1.43     176.74      39.05      32.84      32.84        0.01     0.00   0.156
  202                      211.00       0.00       4.89       0.00     206.11       0.00     206.11        0.19     0.01   0.977
  203                      211.00       0.00       4.89       0.00     206.11       0.00     206.11        0.35     0.02   0.977
  204                      211.00       0.00       1.01     181.47      20.17      25.83      28.52        0.01     0.00   0.135
  205                      211.00       4.04       3.77      49.00     156.28       7.87     162.28        0.53     0.04   0.755
  301                      211.00       0.00       4.89       0.00     206.11       0.00     206.11        0.37     0.03   0.977
  302                      211.00       0.00       1.19     170.04      28.62      20.85      39.76        0.07     0.01   0.188
  303                      211.00       0.00       0.66     187.07       4.39      23.28      23.28        0.02     0.01   0.110
  304                      211.00       0.00       4.89       0.00     206.11       0.00     206.11        0.35     0.02   0.977
  305                      211.00      21.69       3.51      64.78     153.72      14.61     164.40        0.67     0.06   0.707
  501                      211.00       0.00       1.35     160.99      36.51      20.14      48.67        0.14     0.02   0.231
  502                      211.00       0.00       1.03     164.01      24.40      21.56      45.96        0.02     0.00   0.218
  503                      211.00       0.00       3.92      45.41     162.45       9.78     161.67        0.09     0.01   0.766
  504                      211.00      80.25       4.38      28.64     252.60       8.73     258.23        0.28     0.02   0.887
  505                      211.00       0.00       3.35      64.08     135.19       8.38     143.57        0.23     0.02   0.680
  506                      211.00       0.00       1.68     153.20      53.59      27.10      56.12        0.03     0.00   0.266
  601                      211.00       0.00       0.64     181.02       5.27      24.06      29.33        0.12     0.03   0.139
  602                      211.00       0.00       1.46     144.58      45.52      19.44      64.96        0.04     0.00   0.308
  603                      211.00       0.00       4.32      21.05     182.79       2.84     185.63        0.04     0.00   0.880
  LID-1                      0.01    1665.49      16.52     599.95       0.00       0.00    1328.07        0.34     0.03   0.797
  LID-2                      0.01    3101.12      16.53     600.70       0.00       0.00    2762.92        0.96     0.08   0.891
  LID-3                      0.01    2503.04      16.53     574.80       0.00       0.00    2189.14        1.21     0.11   0.875

  ***********************
  LID Performance Summary
  ***********************

  --------------------------------------------------------------------------------------------------------------------
                                         Total      Evap     Infil   Surface    Drain    Initial     Final  Continuity
                                        Inflow      Loss      Loss   Outflow   Outflow   Storage   Storage       Error
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  Subcatchment      LID Control             mm        mm        mm        mm        mm        mm        mm           %
  --------------------------------------------------------------------------------------------------------------------
  LID-1             LID-1              1665.50     16.52    599.95   1328.07      0.00    306.79     27.75       -0.00
  LID-2             LID-2              3101.13     16.53    600.70   2762.92      0.00    306.79     27.77       -0.00
  LID-3             LID-3              2503.05     16.53    574.80   2189.14      0.00    306.79     29.37       -0.00

  *******************
  Groundwater Summary
  *******************

  -----------------------------------------------------------------------------------------------------
                                            Total    Total  Maximum  Average  Average    Final    Final
                          Total    Total    Lower  Lateral  Lateral    Upper    Water    Upper    Water
                          Infil     Evap  Seepage  Outflow  Outflow   Moist.    Table   Moist.    Table
  Subcatchment               mm       mm       mm       mm      CMS                 m                 m
  -----------------------------------------------------------------------------------------------------
  101                     39.82     2.44     0.12     0.00     0.00     0.32   246.25     0.32   246.25
  201                    176.74    10.75     0.12     0.00     0.00     0.38   246.33     0.38   246.42
  202                      0.00     0.00     0.00     0.00     0.00     0.00     0.00     0.00     0.00
  203                      0.00     0.00     0.00     0.00     0.00     0.00     0.00     0.00     0.00
  204                    181.47    12.22     0.12     0.00     0.00     0.38   246.33     0.38   246.42
  205                     49.00     3.00     0.12     0.00     0.00     0.32   246.25     0.32   246.25
  301                      0.00     0.00     0.00     0.00     0.00     0.00     0.00     0.00     0.00
  302                    170.04    11.55     0.12     0.00     0.00     0.37   246.32     0.37   246.40
  303                    187.07    13.47     0.12     0.00     0.00     0.38   246.34     0.38   246.44
  304                      0.00     0.00     0.00     0.00     0.00     0.00     0.00     0.00     0.00
  305                     64.78     3.78     0.12     0.00     0.00     0.33   246.25     0.33   246.25
  501                    160.99    10.94     0.12     0.00     0.00     0.37   246.31     0.37   246.37
  502                    164.01    11.95     0.12     0.00     0.00     0.37   246.32     0.37   246.39
  503                     45.41     2.49     0.12     0.00     0.00     0.32   246.25     0.32   246.25
  504                     28.64     1.38     0.12     0.00     0.00     0.31   246.25     0.31   246.25
  505                     64.08     4.04     0.12     0.00     0.00     0.33   246.25     0.33   246.25
  506                    153.20     9.66     0.12     0.00     0.00     0.37   246.30     0.37   246.34
  601                    181.02    13.42     0.12     0.00     0.00     0.38   246.33     0.38   246.42
  602                    144.58    10.33     0.12     0.00     0.00     0.36   246.28     0.37   246.29
  603                     21.05     1.33     0.12     0.00     0.00     0.31   246.25     0.31   246.25

  Analysis begun on:  Wed Aug  4 15:59:53 2021
  Analysis ended on:  Wed Aug  4 16:00:42 2021
  Total elapsed time: 00:00:49
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