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1. INTRODUCTION 

 

This Study has been prepared as a technical document in support of the Draft Plan application for 

the subject subdivision located at 15544 Mclaughlin Road and addresses sanitary, storm and water 

servicing and stormwater management. 

 

The proposed subdivision is located in the Village of Inglewood, in the Town of Caledon and is 

bounded by agricultural lands to the south and west and existing residential lands to the north and 

east.  

 

The subdivision, as illustrated on the Draft Plan (copy attached) comprises an area of 4.02 ha and 

includes: 

 Thirteen (13) Detached Residential Lots; 

 One (1) Parkette Block; 

 Two (2) Open Space Blocks; 

 One (1) SWM Block; 

 One (1) storm easement Block; 

 

The report describes the existing site conditions, and the proposed sanitary, storm and water 

systems, as well as the stormwater management infrastructure.  The report includes preliminary 

grading information and outlines the required Erosion and Sediment Control Measures. 
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2. BACKGROUND TECHNICAL STUDIES 

 

The subject subdivision is located in the Village of Inglewood in the Town of Caledon.  The 

following applicable Studies were reviewed which are relevant to the development servicing of the 

subject subdivision. 

 

2.1  Inglewood Village Water and Wastewater Servicing Plan1

 

 

The Town of Caledon and the Region of Peel commissioned a study of the water and 

wastewater capacity in the village of Inglewood in 1999.  The report reviewed both existing 

and proposed sanitary and water demands for the area.  The report included the subject lands 

in their analysis. The report recommended the following; 

 

WATER 

• Connect McDonald Street watermain with Balmer Heights area 

• New permit to take water to increase capacity from existing wells 

• New pressure reducing valve at West Village drive and Mclaughlin road 

• Expansion of the existing reservoir 

WASTEWATER 

• New sanitary sewers on Mclaughlin Road, McDonald street, McKenzie Street, 

Louise Street Victoria Street and Lorne Street 

• New wastewater treatment plant 

  

 

 

  

 

 

 

 
1  Inglewood Village Water and Wastewater Servicing Plans, prepared for The Town of Caledon, Credit Valley 
Conservation, Region of Peel, dated June 1999, prepared by XCG 
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3. EXISTING CONDITIONS 

 

3.1 General 

 

The subject lands are currently agricultural lands. 

As part of the Planning process for the subject subdivision the following Studies were 

completed: 

  - Preliminary Geotechnical Investigation2

 - Preliminary Hydrogeological Investigation3

 

  

3.2   Topography, Drainage and Natural Features 

 

As noted above, the lands are currently agricultural lands and generally drain from north to 

south toward an existing creek located south of the subject lands. 

 

3.3   Physiography and Geotechnical Conditions 

 

The preliminary Geotechnical Investigation (copy of report included in Appendix “D”) 

indicated topsoil depths of 0.15 to 0.30m overlaying earth fill to depths up to 2.2m.  The 

earth fill overlays a layer of silt, sandy silt and silty sand. The boreholes also encountered 

sand and gravel in the eastern portion of the site. 

 

Falling Head tests were conducted to determine soil conductivity (K) values of the soils.  

Based on the testing the average K value was calculated to be between 6 x 10-7 to 1.7 x10-6 

m/s. A copy of the hydrogeological report is included in Appendix “E”. 

  

 
2  Report to 2868577 Ontario Inc., Geotechnical Investigation for Proposed Residential Development, 

15544 McLaughlin Road, Town of Caledon, Prepared by Soil Engineers reference number 2301-

S042, Dated March 2024 

 
3  Report to 2868577 Ontario Inc., Hydrogeological Assessment for Proposed Residential 

Development, 15544 McLaughlin Road, Town of Caledon, Prepared by Soil Engineers reference 

number 2301-W042, Dated August 2023, Revised on April 9, 2024 
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4. SANITARY AND WATER SERVICING 

 

  4.1     Sanitary 

 

4.1.1 Existing Sanitary Sewers 

 

The existing sewers in the vicinity of the subdivision consists of a 250mm sanitary sewer 

on MacKenzie Street.  

 

4.1.2 Proposed Sanitary Sewer System 

 

The subject subdivision is proposed to drain to the existing sanitary sewer on MacKenzie 

Street via a proposed 250mm sanitary sewer. 

 

The drainage areas for the sanitary sewer system are shown on Drawing SA-1, and the 

Sanitary Sewer Design Sheets are included in Appendix “A”.   

 

The sewer system will be designed in accordance with the Region of Peel Criteria and 

Standards.  A copy of the Region of Peel Connection Multi-Use Demand Table for the 

subdivision is included in Appendix “A”.  The sanitary design population/ha for different 

land uses is provided in Table 4.1. 

 

TABLE 4.1 SANITARY DESIGN POPULATIONS PER HECTARE 

 

 

 

 

 

 

 

Density Pop. /Hectare 

Single family (greater than 10m frontage) 50 persons/hectare 
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The anticipated sanitary flows from the development, based on actual unit types and number of units are 

given in Table 4.3. 

 

TABLE 4.2 SANITARY DESIGN POPULATIONS PER UNIT TYPE 

 

  

Unit Type  Population/Unit 

Single detached   4.20 

TABLE 4.3 SANITARY FLOWS BASED ON UNIT TYPE 

    

    
Developable Area(ha) 1.24     

        

Unit Type Units Pop/Unit Population 

        

Single Detached 13 4.2 54.6 

  total population 54.6 

Average Day (L/s) 0.183     

Peak Factor 4.307     

Infiltration 0.322     

Total Peak Sanitary Flow (Ls) 1.112     
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A copy of the Region of Peel Connection Multi-Use Demand Table for the subdivision 

is included in Appendix “A” and is based on the values shown in Table 4.2. 

 

The downstream sanitary sewers were reviewed to confirm capacity exists for the 

proposed development, based on a sanitary design prepared by RJ Burnside for 

Inglewood Village. The review shows that there is capacity within the existing sewers 

for the proposed development.  A copy of the calculation sheet is included in Appendix 

“A”  

 

 

4.2   Water 

 

 4.2.1   Existing and Planned Watermains 

 

The proposed subdivision is located within Region of Peel water pressure Zone IN-7.  

There are existing 150mm watermains on Kaufman Road and MacKenzie Street adjacent 

to the site. 

 

 

4.2.2 Proposed Watermain System 

 

It is proposed that the subdivision be serviced via a 150m watermain that will connect to 

the existing watermains located on Kaufman Road and MacKenzie Street.   

 

The anticipated water demands for the subject lands are summarized in Tables 4.4.  
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TABLE 4.4 WATER DEMAND BASED ON UNIT TYPE 

 

Unit Type Units Pop/Unit Population 

        

Single detached 13 4.2 54.6 

  Total Population 54.6 

   

Average Day (L/s) 0.177     

Max Day (L/s) 0.354     

Peak Hour (L/s) 0.531     

Max Day Plus Fire (L/s) 133.690     
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5. STORM DRAINAGE and STORM WATER MANAGEMENT  

 

5.1 General–Related Background Studies and Design Guidelines  

The following reports and documentation were consulted to establish 

stormwater management design criteria for the proposed development.  

  

• Inglewood Village Community Design Guidelines, Town of Caledon, 

Credit Valley Conservation & Regional of Peel, dated July 12th, 1999. 

• Tributary Study, Village of Inglewood, Town of Caledon, dated May 

1999. 

• Inglewood Village Environmental Management Plan, Town of Caledon, 

Credit Valley Conservation & Regional of Peel, dated June 1999. 

• Characterization Report, East Credit Sub Watershed Study (Sub 

watershed 13), Town of Caledon, Credit Valley Conservation & 

Regional of Peel, dated July 2007. 

• Stormwater Management Guideline, Credit Valley Conservation, dated 

July 2022. 

• Low Impact Development Stormwater Management Planning and 

Design Guide, Credit Valley Conservation Authority (2010). 

• Ministry of Environment (MOE), Stormwater Management Planning 

and Design Manual, March 2003.  

• Town of Caledon, Development Standards Manual, Version 5.0, 2019. 

• Environmental Compliance Approval for a Municipal Stormwater 

System, ECA Number: 324-S701.  

 

5.2 Storm Sewer design 

Storm sewers shall be designed in accordance with the current Town of Caledon 

Development Standards Manual.  Storm sewers will be designed to accommodate a 10-

year storm with footing drains connected to the storm sewer.  The proposed storm sewer 

design is shown on drawing STMDR -1 and PS-1. In the event of a storm greater than the 

10-year event, the proposed storm sewer will surcharge, forcing stormwater to the surface. 

The site will be graded so that the major storm runoff will be conveyed via overland flow 

route (roads) and will enter the dry pond.  
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5.3 Stormwater Management Design Criteria 

The proposed development will meet the design standards set out in the MOE 

Stormwater Management Planning, Inglewood Studies by Town of Caledon 

and CVC engineering standards. A brief summary of the design criteria is 

provided below;  

• For proposed development, the return frequency for design shall be 10-

year for the Minor System (Storm sewers) and 100-year for the Major 

System.  

• The Town of Caledon Rainfall Intensity Curves is to be used for the 

design of the Minor System.  

• Water Quantity Control: Post-development flows to pre-development 

levels. 

• Water Quality Control: Level 1 (Enhanced level protection – 80% TSS 

Removal) and Phosphorous Removal is required. 

• The Rainfall data used for VO modelling is Toronto Pearson Int Airport 

IDF values for SCS Type II storm.  

5.4 Proposed Stormwater Measures 

5.4.1 Water Quantity Control 

The release of stormwater from the development assumes that “post-

development flows will be equal to or less than the pre-development flows”. For 

this development, the predevelopment runoff was estimated through Visual 

Otthymo Modelling. The Toronto Pearson Int’l Airport parameters were used 

to determine the storm intensity values and the following 2, 5, 10, 25, 50 and 

100-year pre- and post-development release rates have been calculated. The 

allowable peak flows for the proposed development will be determined using 

the pre-development flows as shown in Table I. VO modelling results can be 

found in Appendix A. 

TABLE I  

Pre-Development Peak Flows 

Drainage Area = 1.76 ha (including 0.13 ha External Drainage from North) 

Composite Runoff C = 0.25 

Storm Event 
2-Year 

Storm 

5-Year 

Storm 

10-Year 

Storm 

25-Year 

Storm 

50-Year 

Storm 

100-Year 

Storm 

VO Flows 

(m3/s) 
0.108 0.166 0.211 0.266 0.314 0.362 
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The post-development drainage replicates the existing drainage patterns and 

will convey the flows from the site to the proposed Dry Pond for quantity 

control before release. The proposed storm drainage system is shown on 

Drawing STMDR -1. Table II below summarizes post-development peak 

flows and demonstrates that the post-development flows for all storm events 

are equal to or less than the pre-development peak flows.    

TABLE II  

Post-Development Peak Flows 

POST - DEVELOPMENT SCENARIO  

Total Site Development Area  1.76 ha 

Controlled Site Area = 1.60 ha 

External Drainage Area = 0.13 ha 

Un-Controlled Area = 
0.03 ha (Open Space draining directly to the 

Valley in the South) 

Total Area to Dry Pond = 1.73 ha 

Time of Concentration (min) = 10 min 

Composite Runoff C = 0.55 

VO Uncontrolled Peak Flows (Area = 0.03 Ha) 

Storm Event 
2-Year 

Storm 

5-Year 

Storm 

10-Year 

Storm 

25-Year 

Storm 

50-Year 

Storm 

100-Year 

Storm 

VO Flows (m3/s) – 

NHYD 5 
0.002 0.003 0.004 0.005 0.005 0.006 

Peak Flows from Dry Pond (Area = 1.73 Ha) 

VO Flows (m3/s) -

NHYD 4 
0.100 0.117 0.126 0.139 0.145 0.151 

Comparison between Pre and Post Flows from Site  

Pre  0.108 0.166 0.211 0.266 0.314 0.362 

Post (Total Flows from 

Site) -NHYD 6 
0.101 0.119 0.129 0.142 0.149 0.156 

Dry Pond Design 

The proposed dry pond is designed with 4:1 side slope and a 100-year storage 

capacity of 579 m3 at an elevation of 276.69m within the pond. The top of the 

berm elevation is 276.75m. A 245 mm diameter orifice plate located within a 

Hickenbottom outlet structure of the pond will control outflow from the pond 

and reduce it to pre-development values. The dry pond has been designed to 

provide quantity control for all storm events up to and including the 100-year 
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storm event. The following table summarizes the dry pond stage storage 

discharge (detailed calculations located in Appendix “C”).  

TABLE II  

Dry Pond – Stage-Storage-Discharge 

Orifice Plate Diameter (mm) =  245 mm (Flow Control), Invert = 275.35m  

Storm Event 2 - Year 5 - Year 10 - Year 25 - Year 50 - Year 100 – Year 

VO Storage 

Required (m3) 
193 265 330 436 503 572 

Storage provided 

in Dry Pond (m3) * 
203 269 349 438 552 579 

Discharge (m3/s) * 0.106 0.118 0.129 0.139 0.150 0.152 

Elevation (m) 276.00 276.15 276.31 276.47 276.65 276.69 

* Refer to Dry Pond Orifice Calcs 

5.4.2 Water Quality Control 

In accordance with the MOE SWM planning and Design Manual for this site, 

stormwater should be treated to an Enhanced Protection Level (Level 1) which 

is 80% TSS (Total Suspended Solids) Removal. 

Major storm event stormwater flows from the site will be conveyed via overland 

flow into the dry pond. The Dry Pond will provide Basic Level (60%) suspended 

solid removal. Following the discharge from the (SWM) dry pond, the 

stormwater will pass through a filtration unit before outletting the headwall. 

Based on the manufacturer’s modelling software, Jellyfish unit JF6-6-1 has been 

designed to provide the removal of approximately 90% of the Total Suspended 

Solids. For a detailed sizing report of the JellyFish unit refer to Appendix “C”. 

5.4.3 Phosphorus Budget  

Inglewood Village Studies has identified the importance of reducing the phosphorus 

level in the watercourses in these areas. The MOE Phosphorus Loading Development 

tool4 has been utilized to determine Pre and Post Development Phosphorus conditions.  

i. Pre-Development Phosphorus Loading 

 
4 Hutchinson Environmental Sciences Ltd., Phosphorus Budget Tool in Support of Sustainable Development for the 

Lake Simcoe Watershed, prepared for Ontario Ministry of the Environment, Dated: March 30th, 2012, Version 2.  
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The Pre-Development phosphorus loading was calculated based on the 

existing conditions from the site survey. The Pre-Development land use 

consists of vacant agricultural fields.  The Pre-Development phosphorous 

loading for the 1.76 ha area was calculated to be 0.21 Kg/year with no Best 

Management Practices (BMPs).  

 

ii. Post-Development Phosphorus Loading 

The Post-Development land use for the subject site consists of residential 

development [Refer to Draft Plan prepared by Candevcon Ltd.].  The Post-

Development phosphorus loading, with no BMPs, was calculated to be 3.08 

Kg/year.  

To minimize the amount of phosphorus being discharged from the site, a 

treatment train approach is proposed.  Runoff from the site will be treated by 

dry pond and Jellyfish unit prior to release. The following Table IV represents 

the anticipated phosphorus loading and treatment process results. 

TABLE IV 

Pre and Post Phosphorus Loading and Mitigation 

Pre-development phosphorus loading =  0.21 Kg/Year  

Post-development phosphorus loading (with No BMP) = 2.32 Kg/Year  

Treatment Train Approach through LIDs  

Treatment 

ID 

Run-off 

From 
LID Type  

% Phosphorus 

Removal as per 

MOE  

Phosphorus 

Removed 

(Kg/Year)  

1 
Site 

(Residential) 
Dry Pond 10% 0.23 

2 
Site 

(Residential) 

Filtration Unit 

(Jellyfish) 
77.5% 2.28 

 Total Post-development phosphorus loading = 
0.33 Kg/Year 

(86% P removal)   
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5.4.4 Water Balance  

Since the post-development condition will increase the imperviousness of the 

site the pre and post infiltration volumes were calculated to assess the infiltration 

deficit and the proposed mitigation measures were evaluated to demonstrate the 

pre-development infiltration can be matched in the post-development condition.  

Site climatic conditions were calculated using the Thornthwaite method 

utilizing meteorological data obtained from Environmental Canada historical 

weather data for Toronto Lester B. Pearson, ON (Climate Id: 6158733) weather 

station. Monthly precipitation averages were obtained over the period of 1981 

to 2010.  

Site conditions have been summarized as follows:  

• Precipitation 786 mm/yr 

• Evapotranspiration 625.1 mm/yr 

• Water Surplus 160.9 mm/yr 

• Infiltration 96.6 mm/yr 

• Run-off 64.4 mm/yr 

Infiltration rates were determined based on infiltration guideline sub-factors 

provided within the “MOEE Hydrogeological Technical Information 

Requirements for Land Development Application”, (MOEE, 1995).   

Based on the noted climate and soil conditions of the Subject Site it is expected 

that the increase in impervious areas will result in a groundwater infiltration 

deficit following development. The Water Balance calculations are provided in 

Appendix “C”. As shown in the calculations, the proposed development without 

mitigation would result in an infiltration deficit of 895m3/year. To balance this 

infiltration deficit, StormTech underground infiltration chambers will be 

utilized to meet the volume requirements. The sizing and design specifications 

of infiltration chambers will be finalized during detailed design stage.  
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5.4.6 CLI ECA Performance Criteria 

The stormwater management design of the site aligns with the standards set forth in the 

CLI ECA Stormwater Management criteria. Below is a detailed description of the 

criteria and how they are met: 

TABLE V 

SUMMARY OF CLI ECA STORMWATER MANAGEMENT PERFORMANCE 

Control Criteria SWM Strategy Check 

Water 
Quality  

Enhanced Level Suspended Solids Removal  
1. Rear yard and roof will drain to 
Infiltration galleries proposed in 
ROW.  
2. Dry Pond will provide basic 60% 
TSS Removal.  
3. Jellyfish filtration unit will further 
provide 89% TSS removal and 77.5% 
Phosphorus Removal  

Criteria is 
Met 

Phosphorus Removal 

Erosion 
Control 

25mm Storm Event 

Dry Pond is designed for 25mm 
rainfall event volume and further 
erosion control will be provided with 
engineered low flow channel at 
outlet 

Criteria is 
Met 

Water 
Quantity  

Stormwater volumes generated from the 
geographically specific 90th percentile rainfall 
event on an annual average basis from all 
surfaces on 
the entire site is targeted for control. Control 
is in the following hierarchical order, with 
each step exhausted before proceeding to the 
next:  
1) retention (infiltration, reuse, or 
evapotranspiration),  
2) LID filtration, and  
3) conventional Stormwater management.  
Step 3, conventional Stormwater 
management, should proceed only once 
Maximum Extent Possible* has been attained 
for Steps 1 and 2 for retention and 
filtration. 

Building roof will drain to Infiltration 
galleries proposed in ROW which will 
promote storage and support 
infiltration. 
2 to 100-Year Storm Event storage 
will be provided in Dry Pond.  
* Dry Pond volume includes roof 
drainage. 

 

Criteria is 
Met 

Flood 
Control 

Manage peak flow control as per 
watershed/sub watershed plans, municipal 
criteria being a minimum 100-year return 
storm 

Post Development Flows controlled 
to Pre-Development Flows for 2 to 
100-Year Storm Events 

Criteria is 
Met 

Water 
Balance 

Control the recharge to meet Pre-
Development conditions 

Roofs downspout to connect to 
Infiltration chambers in ROW to 
achieve infiltration deficit volume 

Criteria is 
Met 
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* Maximum Extent Possible means maximum achievable Stormwater volume control through retention and 

LID filtration engineered/landscaped/technical Stormwater practices, given the site constraints 

6     EROSION AND SEDIMENT CONTROL 

 

Erosion and sedimentation are naturally occurring processes that involve particle detachment, 

sediment transport and deposition of soil particles.  Construction activities commonly alter the 

landscapes where they are located, exacerbating these natural processes.  One of the most 

significant alterations encountered during construction is the removal of the vegetation that 

stabilizes the subsoil.  In the absence of the vegetation, the underlying soils are fully or partially 

exposed to various natural forces such as rain, flowing water, wind, and gravity.5

 

 

The discharge of high sediment loads to natural watercourses has significant impacts on receiving 

waters and aquatic habitat.  Some specific examples include: 

 

 Degradation of water quality; 

 Damage or destruction of fish habitat; 

 Increased flooding. 

 

In consideration of the above, it is necessary as part of the Final Design and implementation of 

infrastructure and development servicing to incorporate a comprehensive Erosion and Sediment 

Control Plan.  The objectives are: 

 

(i) Minimize wherever possible the extent of vegetation removal; 

(ii) Provide appropriate sediment control measures to minimize the off-site transport of 

sediment; 

(iii) Minimize the extent of time that sites are devoid of stabilizing vegetation; 

(iv) Provide interim erosion control measures where permanent restoration is not feasible. 

(v) Provide permanent restoration to eliminate future erosion. 

 

 
5   Erosion and Sediment Control Guidelines for Urban Construction, December 2006, Greater 

Horseshoe Conservation Authorities. 
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The Erosion and Sediment Control Plan should consider the specific characteristics of each 

development site and address the requirements relating to the following typical construction 

stages: 

 

∙  Topsoil Stripping and Site Pre-Grading 

∙  Infrastructure Servicing 

∙  Building Construction 

 

A “treatment train” approach is recommended in the development of an appropriate Erosion and 

Sediment Control Plan in compliance with the Erosion and Sediment Control Guidelines for 

Urban Construction.  Typical sediment control measures include: 

 

∙  Installation of double silt fencing along the boundary of work areas adjacent to the NHS; 

∙  Construction of vegetated cut off swales including sediment traps and rock check dams; 

∙  Stabilization of temporary sediment traps and provision of vegetated filter strips adjacent 

to the NHS; 

∙  Provision of catch basin sediment controls. 

 

Inherent in the Erosion and Sediment Control Plan is a monitoring program with an Action Plan 

to implement remedial measures in a timely manner where required. 

 

As part of the final engineering design, the Sediment and Erosion Control Plan will be prepared 

including sizing of temporary sedimentation ponds and sediment traps. 
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7         SUMMARY AND COMPLIANCE DECLARATION 

 

7.1 Summary 

Based on the findings of this report, the conclusions and recommendations are as follows: 

(i) Sanitary sewer servicing can be achieved by connecting to the existing Sanitary 

sewers on Mackenzie Street. 

(ii) Water supply can be achieved by connecting to the existing watermains on 

Kaufman Road and MacKenzie Street.  

(iii) Storm water management will be provided by a dry pond to be located on Block 3 

as well as by a filtration system. 

(iv)  It should be noted that the details of the stormwater management systems will be 

finalized during the detailed design stage of the Subdivision; 

(v) Erosion and sediment control measures will be installed as recommended.  

7.2 Compliance Declaration 

 

The undersigned hereby confirm that: 

(i) The Functional Servicing/Stormwater Management Study complies with the Town 

of Caledon current edition of the Subdivision Design Manual  

(ii) The drainage of the adjacent lands will not be adversely affected by the proposed 

stormwater management provisions. 

 

 

 

_____________________________________  ___________________________________ 

Scott Lang, P. Eng     Shuchi Singh, P.Eng.
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APPENDIX A 

SANITARY SEWER CALCULATIONS AND MULTI USE TABLES 



Project No.:        W22002

Date:

Prepared By:              YDN

Checked By:             SDL

SECTION AREA (Ha) REMARKS

AREA

Executive 

Residential Low Density 

Low / 

Medium 

Density

Medium 

Density

High 

Density

Commercial 

/Retail Junior School Senior School High School Residential Commercial School TOTAL ACCUM. ACCUM. PK. DAY INFILT. TOTAL SIZE SLOPE CAPACITY

DESIGN FLOW /     

FULL FLOW               

%

ID POP POP. AREA AREA FLOW FLOW

Upstream Downstream (ha) (ha) (m
3
/s) (m

3
/s) (m

3
/s) (mm) (%) (m

3
/s)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 20 21 22 23 24 25 26 27 28 29 30

1 MH1A MH2A 0.917 46 0.00 0.00 46 46 0.92 0.92 0.013 0.000 0.013 250 5.40% 0.138 2.82 1.08 9

2 MH2A MH3A 0.164 8 0.00 0.00 8 54 0.16 1.08 0.013 0.000 0.013 250 2.50% 0.094 1.92 0.90 14

3 MH3A OUTLET 0.000 0 0.00 0.00 0 54 0.00 1.08 0.013 0.000 0.013 250 2.10% 0.086 1.76 0.90 15

REGION OF PEEL  DESIGN CRITERIA

equivalent populations people/ha

Executive residential 10 Average Day Flow: 302.8 Lpcd

low density (greater than 10m frontage) 50

Low density (less than 10m frontage) 70 Peaking Factor: 1+14/(4+(P)^0.5)  P = Pop. in 1000's

Low/medium density 123 Infiltration: Pipes: 0.0002 m
3
/s/ha

Medium density 175 0.000028 m
3
/s/m

High density 475 Manning's Co-eff.: n = 0.013

Junior school pop/3

Senior School pop/2

High School (pop x 2)/3

Commercial/retail 50

April 30, 2024

FULL FLOW 

(m/s)

ACT. FLOW 

(m/s)

STREET MAINTANANCE HOLES VELOCITY

LOCATION FLOWSPOPULATION

Subdivision:

File No.:

Consultant:

Drainage Area Plan:

CITY OF BRAMPTON

SANITARY DRAINAGE 

15544 MClAUGHLIN ROAD

Pre 2020-0106

Candevcon Limited

SA-1

Page 1 of 1



Connection Multi Use Demand Table

Hydrant flow test location

Pressure

(kPa)
Flow (in l/s) Time

Use 1 
5)

Use 2 
5) Total

1 Average day flow 0.18 0.18

2 Maximum day flow 0.35 0.35

3 Peak hour flow 0.53 0.53

4 Fire flow 
2) 100.00 100.00

5 Maximum day plus fire flow 100.35 100.35

WASTEWATER CONNECTION

Total

0 0

1.24 1.240

6 1.1 1.1

1) The calculations should be based on the development estimated population (employment and/or residential).

2) fire flow based on Table 8.1, Fire Flow requirements, MOE Design Guidelines For Drinking Water Systems

3) Please specify the connection point ID

4) Please specify the connection point (wastewater line or manhole ID)

Also, the "total equivalent popopulation to be serviced" and the "total lands

to be serviced" should reference the connection point. (The FSR should contain one copy of Site Servicing Plan)

5) Please complete as many uses are necessary for the development. (Please specify the use)

Pressure zone of connection point 5

15544 MCLAUGHLIN ROAD

WATER CONNECTION

Connection point 
3)

No.

Water demands

Demand type

Demand (in l/s)

Total equivalent population to be serviced 
1) 0

Total lands to be serviced 1.24

Hydrant flow test

Minimum water pressure

Maximum water pressure

Analysis

Connection point  
4)

Total equivalent population to be serviced 
1)

Total lands to be serviced

Wastewater sewer effluent (in l/s)



Population 

area (Ha) 1.24

land use residential

total population 54.6

Unit Count Sanitary Flows Based on Unit Type  

unit type units pop/unit pop/sm population

single detached 13 4.2 54.6

semi detached 4.2 0

townhouse 3.4 0

large apartment (greater than 1 bedroom) 3.1

small apartment (less than or equal to 1 bedroom) 1.7

Medium density (ha) 175 0

reserve (ha) 50 0

commercial/industrial (ha) 50 0

residential population 54.6
non-residential population 0

total population 54.6

Water Demand

demand type factor demand
Residential per capita sanitary 

demand(lpcd)
280

ave day 1 0.177
Non-Residential per capita 

sanitary demand(lpcd)
300

max day 2 0.354

peak hour 3 0.531

Sanitary Demand
Residential per capita sanitary 

demand(lpcd)
290

Average day (l/s) 0.183
Non-Residential per capita 

sanitary demand(lpcd)

270

peak factor 4.307 *calculated using emiprical formula

infiltration 0.322 infiltration (l/sec/ha) 0.26

total peak sanitary flow (l/s) 1.112

Fire Flow

Unit Type Required flow (L/s) Suggested flow (L/min) 6000 SINGLE DETACHED

Residential 100.000

F (220CA^
.5

)/60
F the required fire flow in litres per secound

C = coefficient related to the type of construction.

= 1.5 for wood frame construction (structure essentially all combustible).

= 1.0 for ordinary construction (brick or other masonry walls, combustible floor and interior).

= 0.6 for fire-resistive construction (fully protected frame, floors, roof).

A

Separation Charge

20.1 to 30 m 10%

30.1 to 45m 5%

The total percentage shall be the sum of the percentage for all sides, but shall not exceed 75 %.

The fire flow shall not exceed 45,000 L/min nor be less than 2,000 L/min.

The charge for any one side generally should not exceed the following limits for the separation:

= 0.8 for non-combustible construction (unprotected metal structural components, masonry or metal 

walls).

The total floor area in square metres (including all storeys, but excluding basements at least 50 percent 

below grade) in the building being considered.

For fire-resistive buildings, consider the two largest adjoining floors plus 50 percent of each of any floors 

immediately above them up to eight, when the vertical openings are inadequately protected. If the vertical 

openings and exterior vertical communications are properly protected (one hour rating), consider only the 

area of the largest floor plus 25 percent of each of the two immediately adjoining floors.

1.    To the value obtained  above a percentage should be added for structures exposed within 45 metres 

by the fire area under consideration. This percentage shall depend upon the height, area, and construction 

of the building(s) being exposed, the separation, openings in the exposed building(s), the length and 

height of exposure, the provision of automatic sprinklers and/or outside sprinklers in the building(s) 

exposed, the occupancy of the exposed building(s), and the effect of hillside locations on the possible 

spread of fire.

Separation Charge

0 to 3m 25%

3.1 to 10m 20%



Note E:

Note F:

Note G: If a building is exposed within 45 metres, normally some surcharge for exposure will be made.

Note H:

Note I:

Note J:

Exposure distances Masonry or Brick

Less than 3m
See Note "D" 

4,000 L/min
6,000 L/min

3 to 10m 3,000 L/min 4,000 L/min

10.1 to 30m 2,000 L/min 3,000 L/min

Over 30m 2,000 L/min

If the buildings are contiguous, use a minimum of 8,000 L/min. Also consider Note H.

OUTLINE OF PROCEDURE

A. Determine the type of construction.

B. Determine the ground floor area.

C. Determine the height in storeys. Using the fire flow formula, determine the required fire flow to the nearest 1,000 L/min.

E. Determine the increase or decrease for occupancy and apply to the value obtained in D above. Do not round off the answer.

F. Determine the decrease, if any, for automatic sprinkler protection. Do not round off the value.

G. Determine the total increase for exposures, Do not round off the value.

H.
To the answer obtained in E, subtract the value obtained in F and add the value obtained in G. The final figure is customarily rounded off to the 

nearest 1,000 L/min.

Fire Walls: - In determining floor areas, a fire wall that meets or exceeds the requirements of the current edition of the National Building Code of 

Canada (provided this necessitates a fire resistance rating of 2 or more hours) may be deemed to subdivide the building into more than one area 

or may, as a party wall, separate the building from an adjoining building.

Normally any unpierced party wall considered to form a boundary when determining floor areas may warrant up to a 10% exposure charge.

 High one storey buildings: When a building is stated as 1=2, or more storeys, the number of storeys to be used in the formula depends upon the 

use being made of the building. For example, consider a 1=3 storey building. If the building is being used for high piled stock, or for rack storage, 

the building would probably be considered as 3 storeys and, in addition, an occupancy percentage increase may be warranted.

However, if the building is being used for steel fabrication and the extra height is provided only to facilitate movement of objects by a crane, the 

building would probably be considered as a one storey building and an occupancy credit percentage may be warranted.

Where wood shingle or shake roofs could contribute to spreading fires, add 2,000 L/min to 4,000 L/min in accordance with extent and condition.

Any non-combustible building is considered to warrant a 0.8 coefficient.

Dwellings: For groupings of detached one family and small two family dwellings not exceeding 2 stories in height, the following short method may 

be used. (For other residential buildings, the regular method should be used.)

sugested fire flow



APPENDIX B 

STORM SEWER CALCULATIONS 



PREPARED BY:

CHECKED BY:

Parks 0.25 A B C

Single/Semi 0.50 For 2-yr storm I2      = 1070 0.8759 7.85

Multiple/Inst. 0.75 For 5-yr storm I5      = 1593 0.8789 11

Industrial/Com. 0.90 For 10-yr storm I10      = 2221 0.908 12

For 100-yr storm I100   = 4688 0.9624 17

Roads 0.90

Core 

System

Area 

No.

Up-

stream

Down-

stream
C Total Cummulative I2 I5 I10

FLOW                 

Q= 

2.78AC

I/1000

Node Node In Area Control Total 0.25 0.50 0.75 0.90 0.25 0.50 0.75 0.90 A x C AxC In Area Total Qdesign

Length   

(m)

Size 

(mm)

Grade  

(%)

Capacity 

(m
3
/sec)

Velocity 

(m/s)

Time 

(min) % Full

POND G5

EXT-1 EXT1 CB 0.05 0.00 0.05 0.05 0.01 0.00 0.00 0.00 0.25 0.01 0.01

1 CB MH1 0.25 0.05 0.30 0.25 0.00 0.13 0.00 0.00 0.50 0.13 0.14 10.00 10.0 85.6 109.5 133.9 0.042 4.0 250 2.00 0.084 1.71 0.04 50%

EXT-2 EXT2 CB 0.05 0.00 0.05 0.05 0.01 0.00 0.00 0.00 0.25 0.01 0.01

2 MH1 CB 0.41 0.35 0.76 0.41 0.00 0.21 0.00 0.00 0.50 0.21 0.36 10.04 10.4 84.1 107.9 132.0 0.107 66.0 300 5.30 0.223 3.15 0.35 48%

3 CB MH2 0.12 0.76 0.88 0.12 0.00 0.06 0.00 0.00 0.50 0.06 0.42 10.39 10.5 83.6 107.4 131.4 0.124 24.0 300 5.30 0.223 3.15 0.13 56%

EXT-3 EXT3 CB 0.03 0.00 0.03 0.03 0.01 0.00 0.00 0.00 0.25 0.01 0.01

4 MH2 CBMH3 0.39 0.92 1.31 0.39 0.00 0.20 0.00 0.00 0.50 0.20 0.62 10.52 10.7 82.9 106.6 130.5 0.183 38.0 375 5.20 0.400 3.62 0.17 46%

5 CBMH3 MH5 0.03 1.31 1.34 0.03 0.00 0.02 0.00 0.00 0.50 0.02 0.63 10.69 10.8 82.6 106.2 130.0 0.187 10.0 450 1.00 0.285 1.79 0.09 66%

6 MH5 POND 0.40 1.34 1.74 0.40 0.00 0.20 0.00 0.00 0.50 0.20 0.83 10.78 10.8 82.4 106.0 129.7 0.245 6.0 525 1.00 0.430 1.99 0.05 57%

TOTAL 1.74

W22002

SDL

FILE NUMBER:

DATE:

15544 MCLAUGHLIN 

Candevcon Limited
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Time (min)

TOWN OF CALEDON

STORM DRAINAGE

Drainage Area Plan: STM 1

Consultant:

PIPEContributing Area (ha) Breakdown of Areas Area x Storm Co-eff

File No.:



APPENDIX "C"
STORMWATER MANAGEMENT 

CALCULATIONS



Existing Site Conditions for Pre-Development Model

1.64 Ha
farmland, where the surrounding land use includes; a water course flowing
south of the site, wooded areas, situated immediate to the south-west, and existing
residential properties to the north, north-east and north-west of the subject site
At present, the entire site drains from the north to the south-east corner of the site towards
existing Ditch

Stormwater Management Design Criteria applicable for Subject Site ;

- SWM Measures for Quality, Quantity and Erosion Control will be provided as per
Town of Caledon & CVC recommendations

- As per Pre-consultation meeting comments, proposed SWM Design should be in accordance with the
CVC’s Stormwater Management Guideline (July 2022)

- The Storm Servicing Criteria is to address the previously completed Inglewood Village Studies.

Stormwater Management Recommendations from Inglewood Village Studies ;

Tributary 3 of Credit River is located south of subject site

Water Quality Control :
- Level 1 (Enhanced- 80% TSS Removal) as per MOEE Guidelines for Storage Requirement
- Phosphorous Control is required

Erosion Control : 
- 25mm Rainfall event stored over 24 hours*
- * Releasing over longer duration is recommended to prevent further erosion damage

Water Quantity Control :
- Post Development Flows to Pre-Development Levels
- Regional Storm - Hurricane Hazel

Rainfall/ IDF Data Used : 
- Toronto Pearson International Airport
- 24hours SCS Type II for Pond Design
- Chicago Storm for Culvert, Sewers and Channel Design

Infiltration & Water Balance :
- Structural IT measures are suited due to till soil present throughout the area
- Lot Level & Conveyance Controls recommended

Total Site Area =
Current Site Condition =

Current Drainage Condition =

SUBJECT SITE

Sheet : 1



CVC Water Quantity/Flood Control Criteria (Ref: Stormwater Management Guidelines. 2022)

Subject Site Watershed 
Boundary belongs to No. 20 

for Flood Control Criteria

Sheet : 2



Rainfall Data & IDF Curves Information 
The IDF equations parameters are based on MTO IDF Curve Lookup Tool

Sheet: 3



 Pre-Development VO Model Scenario

For VO Model, the storm files for 2 to 100-year are generated using 24-Hour SCS type II design storm distribution

Pre-Development Model Parameters ; 

1.76 Ha (Site Area + External Drainage to Site from North)

NHYD DT (min) Area (Ha) CN IA (mm) N Tp (hr)
Farm Land/ Green 1 10 1.76 80 5 3 0.2

Pre-Development (Hydrograph Results) ; 

NHYD Flow Type DT (Hr) Area (Ha) PKFW (m3/s) TP (hr) RV (mm)

2yr 24hr 10min SCS Type II (MTO) 1 Outflow 0.167 1.76 0.108 12.167 23.211

5yr 24hr 10min SCS Type II (MTO) 1 Outflow 0.167 1.76 0.166 12.167 35.299

10yr 24hr 10min SCS Type II (MTO) 1 Outflow 0.167 1.76 0.211 12.167 44.539

25yr 24hr 10min SCS Type II (MTO) 1 Outflow 0.167 1.76 0.266 12.167 56.115

50yr 24hr 10min SCS Type II (MTO) 1 Outflow 0.167 1.76 0.314 12.167 66.076

100yr 24hr 10min SCS Type II (MTO) 1 Outflow 0.167 1.76 0.362 12.167 76.263

Total Site Area =

TABLE I ( PRE-DEVELOPMENT VO MODEL PARAMETERS)

TABLE II (PRE-DEVEVELOPMENT VO OUTPUT RESULTS)

Sheet : 4



Catchment Type
Typical 

Imperviousness

Typical Run-Off 

"C"
Area (Ha)

Area - 1 60% 0.50 0.25

Area - 2 60% 0.50 0.41

Area - 3 60% 0.50 0.12

Area - 4 80% 0.75 0.39

Area - 5 60% 0.50 0.03

Area - 6 60% 0.50 0.40

External Drainage from 

North (EXT 1 to 3)
10% 0.25 0.13

1.73 Ha

61%

0.54

Uncontrolled Drainage 

from Site (101)
10% 0.25 0.03

1.76 Ha

Total  Area draining to Proposed Dry Pond = 1.73 Ha *(Includes External drainage from North)

** (Excludes Uncontrolled drainage area)

Flows Generated by Uncontrolled Drainage Area ; 

NHYD Flow Type DT (Hr) Area (Ha) PKFW (m
3
/s) TP (hr) RV (mm)

2yr 24hr 10min SCS 

Type II (MTO)
5 Outflow 0.167 0.030 0.002 12.167 23.186

5yr 24hr 10min SCS 

Type II (MTO)
5 Outflow 0.167 0.030 0.003 12.167 35.288

10yr 24hr 10min SCS 

Type II (MTO)
5 Outflow 0.167 0.030 0.004 12.167 44.526

25yr 24hr 10min SCS 

Type II (MTO)
5 Outflow 0.167 0.030 0.005 12.167 56.099

50yr 24hr 10min SCS 

Type II (MTO)
5 Outflow 0.167 0.030 0.005 12.167 66.057

100yr 24hr 10min 

SCS Type II (MTO)
5 Outflow 0.167 0.030 0.006 12.167 76.242

 

Storm Event

Pre-

Development 

Release Rates 

(m
3
/s)

Uncontrolled 

Release Rates 

(m
3
/s)

Dry Pond 

Release Rate  

Targets (m
3
/s)

2-Year 0.108 0.002 0.106

5-Year 0.166 0.003 0.163

10-Year 0.211 0.004 0.207

25-Year 0.266 0.005 0.261

50-Year 0.314 0.005 0.309

100-Year 0.362 0.006 0.356

Flow Targets for Dry 

Pond

Flows from Dry 

pond Orifice

Uncontrolled 

Flows (NHYD 5)

Total Flows 

from Site 

(NHYD 6)

Storage 

Required in 

Facility

m
3
/s m

3
/s m

3
/s m

3
/s (m

3
)

2-Year 0.106 0.100 0.002 0.101 197 4.72 % (less than Pre)

5-Year 0.163 0.117 0.003 0.119 265 26.99 % (less than Pre)

10-Year 0.207 0.126 0.004 0.129 330 37.68 % (less than Pre)

25-Year 0.261 0.139 0.005 0.142 436 45.59 % (less than Pre)

50-Year 0.309 0.145 0.005 0.149 503 51.78 % (less than Pre)

100-Year 0.356 0.151 0.006 0.156 572 56.18 % (less than Pre)

621 m
3
 (at Elv = 276.75m)

Storm Event

Total Storage available in Dry Detention Pond =

 Post-Development VO Model Scenario

Total Area to Dry Pond =

Composite Imperviousness =

Total Drainage Area =

TABLE III ( POST-DEVELOPMENT DRAINAGE AREA VS IMPERVIOUSNESS)

TABLE IV ( POST-DEVELOPMENT - VO FLOWS GENERATED BY UNCONTROLLED DRAINAGE AREA)

TABLE V DRY POND (SWM ) RELEASE RATE TARGETS

TABLE VI SUMMARY OF FLOWS FROM SITE

Post flow 

comparison 

with Pre

Composite Runoff C =

VO MODEL Schematic - Post 
Development



Orifice Control No. 1

Orifice Plate Diameter = 0.245 m
245 mm

Opening Area = 0.0471 m2

Orifice Coeff. ( C )= 0.63
Invert = 275.35 m

Submerged Orifice Equation = Qo = 0.63 x A x [2 x g x H]1/2

Where, 
Q = Flow rate (m3/s)
C = Constant 

A = Area of opening (m2)
H = Net head above the orifice (m)
g = Acceleration due to gravity (m/s) 

Stage (m): 0.10
Elevation Depth above orifice Orifice No.1 Flow Storage in Dry Pond Total Flow 

(m) (m3/s)  (m3) (m3/s)
275.25 0 0 0 0.000
275.35 0 0 15 0.000
275.45 0.10 0.042 33 0.042
275.55 0.20 0.059 56 0.059
275.60 0.25 0.066 57 0.066
275.65 0.30 0.072 82 0.072
275.75 0.40 0.083 112 0.083
275.85 0.50 0.093 145 0.093
275.95 0.60 0.102 183 0.102
276.00 0.65 0.106 203 0.106 2-Year
276.05 0.70 0.110 224 0.110
276.10 0.75 0.114 246 0.114
276.15 0.80 0.118 269 0.118 5-Year
276.20 0.85 0.121 293 0.121 25mm
276.25 0.90 0.125 317 0.125
276.30 0.95 0.128 343 0.128
276.31 0.96 0.129 349 0.129 10-Yr
276.35 1.00 0.132 370 0.132
276.45 1.10 0.138 426 0.138
276.47 1.12 0.139 438 0.139 25-Yr
276.55 1.20 0.144 487 0.144
276.65 1.30 0.150 552 0.150 50-Yr
276.69 1.34 0.152 579 0.152 100-Yr
276.75 1.40 0.156 621 0.156

Water Quality and 25mm Erosion Volume Design ; 

Contributing Drainage Area (ha) = 1.73 Ha

As per MOE Table 3.2 (Basic 60% TSS Removal) = 170.00 (m3/ha)
Storage Required = 294.10 m3

Storage Provided = 621.00 m3

25mm 4Hr Chicago Post Development Runoff Volume in Depth = 16.705 mm (Refer to 25mm VO Results)
( R. V x Drainage Area)

25mm 4Hr Chicago Post Development Storage Required in Pond = 289  m3

Storage Provided = 293  m3 @ Elv = 276.20m 

Storm Event 2-Year 5-Year 10-Year 25-Year 50-Year 100-Year
Target Rate (m3/s) 0.106 0.163 0.207 0.261 0.309 0.356
Peak Flows Generated (m3/s) 0.223 0.314 0.373 0.487 0.555 0.623
VO Release Rate (m3/s) 0.100 0.117 0.126 0.138 0.145 0.151

TABLE VII VO RATING CURVE DESIGN (STAGE VS STORAGE VS FLOWS)

TABLE VIII Summary of Visual Otthymo Results for 2 to 100-Year , 24hr SCS Type II Storm (Toronto Pearson IDF) - Dry Pond

Sheet: 6



VISUAL OTTHYMO 
MODELLING RESULTS



PRE-DEVELOPMENT VO LAYOUT



==========================================================================
=================================

V    V   I    SSSSS  U   U    A    L    (v 6.2.2015)
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Developed and Distributed by Smart City Water Inc
Copyright 2007 - 2022 Smart City Water Inc
All rights reserved.

*****  D E T A I L E D   O U T P U T *****
--------------------------------------------------------------------------
---------------------------------
************************************************
** SIMULATION : 2yr 24hr 10min SCS Type II (M **
************************************************

--------------------
|    READ STORM    |    Filename: C:\Users\shuchi\AppD
|        | ata\Local\Temp\
|        | 873ef3e2-bf5d-4277-89d5-
b3dc59f526f6\9ca73161
| Ptotal= 57.60 mm |    Comments: 2yr 24hr 10min SCS Type II (MTO)-Toronto
--------------------

TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    
RAIN

hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   
mm/hr

0.00    0.00 |  6.17    1.04 | 12.33    8.29 | 18.50    
1.04

0.17    0.63 |  6.33    1.04 | 12.50    8.29 | 18.67    
1.04

0.33    0.63 |  6.50    1.04 | 12.67    4.26 | 18.83    
1.04

0.50    0.63 |  6.67    1.04 | 12.83    4.26 | 19.00    
1.04

0.67    0.63 |  6.83    1.04 | 13.00    4.26 | 19.17    
1.04

0.83    0.63 |  7.00    1.04 | 13.17    3.11 | 19.33    
1.04

1.00    0.63 |  7.17    1.27 | 13.33    3.11 | 19.50    
1.04

1.17    0.63 |  7.33    1.27 | 13.50    3.11 | 19.67    
1.04

1.33    0.63 |  7.50    1.27 | 13.67    2.42 | 19.83    
1.04



1.50    0.63 |  7.67    1.27 | 13.83    2.42 | 20.00    
1.04

1.67    0.63 |  7.83    1.27 | 14.00    2.42 | 20.17    
0.69

1.83    0.63 |  8.00    1.27 | 14.17    1.73 | 20.33    
0.69

2.00    0.63 |  8.17    1.50 | 14.33    1.73 | 20.50    
0.69

2.17    0.75 |  8.33    1.50 | 14.50    1.73 | 20.67    
0.69

2.33    0.75 |  8.50    1.50 | 14.67    1.73 | 20.83    
0.69

2.50    0.75 |  8.67    1.61 | 14.83    1.73 | 21.00    
0.69

2.67    0.75 |  8.83    1.61 | 15.00    1.73 | 21.17    
0.69

2.83    0.75 |  9.00    1.61 | 15.17    1.73 | 21.33    
0.69

3.00    0.75 |  9.17    1.84 | 15.33    1.73 | 21.50    
0.69

3.17    0.75 |  9.33    1.84 | 15.50    1.73 | 21.67    
0.69

3.33    0.75 |  9.50    1.84 | 15.67    1.73 | 21.83    
0.69

3.50    0.75 |  9.67    2.07 | 15.83    1.73 | 22.00    
0.69

3.67    0.75 |  9.83    2.07 | 16.00    1.73 | 22.17    
0.69

3.83    0.75 | 10.00    2.07 | 16.17    1.04 | 22.33    
0.69

4.00    0.75 | 10.17    2.65 | 16.33    1.04 | 22.50    
0.69

4.17    0.92 | 10.33    2.65 | 16.50    1.04 | 22.67    
0.69

4.33    0.92 | 10.50    2.65 | 16.67    1.04 | 22.83    
0.69

4.50    0.92 | 10.67    3.57 | 16.83    1.04 | 23.00    
0.69

4.67    0.92 | 10.83    3.57 | 17.00    1.04 | 23.17    
0.69

4.83    0.92 | 11.00    3.57 | 17.17    1.04 | 23.33    
0.69

5.00    0.92 | 11.17    5.53 | 17.33    1.04 | 23.50    
0.69

5.17    0.92 | 11.33    5.53 | 17.50    1.04 | 23.67    
0.69

5.33    0.92 | 11.50    5.53 | 17.67    1.04 | 23.83    
0.69

5.50    0.92 | 11.67   17.05 | 17.83    1.04 | 24.00    
0.69

5.67    0.92 | 11.83   43.78 | 18.00    1.04 |
5.83    0.92 | 12.00   70.50 | 18.17    1.04 |
6.00    0.92 | 12.17    8.29 | 18.33    1.04 |



--------------------------------------------------------------------------
-----

--------------------
| CALIB            |
| NASHYD   (  0001)|   Area    (ha)=   1.76   Curve Number   (CN)= 80.0
|ID= 1 DT=10.0 min |   Ia      (mm)=   5.00   # of Linear Res.(N)= 3.00
--------------------   U.H. Tp(hrs)=   0.20

Unit Hyd Qpeak  (cms)=   0.336

PEAK FLOW       (cms)=   0.108 (i)
TIME TO PEAK    (hrs)=  12.167
RUNOFF VOLUME    (mm)=  23.211
TOTAL RAINFALL   (mm)=  57.600
RUNOFF COEFFICIENT   =   0.403

(i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.

--------------------------------------------------------------------------
-----

FINISH
==========================================================================
=================================
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V    V   I    SSSSS  U   U    A    L              (v 6.2.2015)
V    V   I    SS     U   U   A A   L
V  V    I     SS    U   U  AAAAA  L
V  V    I      SS   U   U  A   A  L
VV     I    SSSSS  UUUUU  A   A  LLLLL

OOO   TTTTT  TTTTT  H   H  Y   Y  M   M   OOO    TM
O   O    T      T    H   H   Y Y   MM MM  O   O
O   O    T      T    H   H    Y    M   M  O   O
OOO     T      T    H   H    Y    M   M   OOO

Developed and Distributed by Smart City Water Inc
Copyright 2007 - 2022 Smart City Water Inc
All rights reserved.

*****  D E T A I L E D   O U T P U T *****
--------------------------------------------------------------------------
---------------------------------
************************************************
** SIMULATION : 5yr 24hr 10min SCS Type II (M **
************************************************

--------------------
|    READ STORM    |    Filename: C:\Users\shuchi\AppD
|                  |              ata\Local\Temp\
|                  |              873ef3e2-bf5d-4277-89d5-
b3dc59f526f6\955bcef0
| Ptotal= 74.40 mm |    Comments: 5yr 24hr 10min SCS Type II (MTO)-Toronto
--------------------

TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    
RAIN

hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   
mm/hr

0.00    0.00 |  6.17    1.34 | 12.33   10.71 | 18.50    
1.34

0.17    0.82 |  6.33    1.34 | 12.50   10.71 | 18.67    
1.34

0.33    0.82 |  6.50    1.34 | 12.67    5.51 | 18.83    
1.34

0.50    0.82 |  6.67    1.34 | 12.83    5.51 | 19.00    
1.34

0.67    0.82 |  6.83    1.34 | 13.00    5.51 | 19.17    
1.34

0.83    0.82 |  7.00    1.34 | 13.17    4.02 | 19.33    
1.34

1.00    0.82 |  7.17    1.64 | 13.33    4.02 | 19.50    
1.34

1.17    0.82 |  7.33    1.64 | 13.50    4.02 | 19.67    
1.34



1.33    0.82 |  7.50    1.64 | 13.67    3.12 | 19.83    
1.34

1.50    0.82 |  7.67    1.64 | 13.83    3.12 | 20.00    
1.34

1.67    0.82 |  7.83    1.64 | 14.00    3.12 | 20.17    
0.89

1.83    0.82 |  8.00    1.64 | 14.17    2.23 | 20.33    
0.89

2.00    0.82 |  8.17    1.93 | 14.33    2.23 | 20.50    
0.89

2.17    0.97 |  8.33    1.93 | 14.50    2.23 | 20.67    
0.89

2.33    0.97 |  8.50    1.93 | 14.67    2.23 | 20.83    
0.89

2.50    0.97 |  8.67    2.08 | 14.83    2.23 | 21.00    
0.89

2.67    0.97 |  8.83    2.08 | 15.00    2.23 | 21.17    
0.89

2.83    0.97 |  9.00    2.08 | 15.17    2.23 | 21.33    
0.89

3.00    0.97 |  9.17    2.38 | 15.33    2.23 | 21.50    
0.89

3.17    0.97 |  9.33    2.38 | 15.50    2.23 | 21.67    
0.89

3.33    0.97 |  9.50    2.38 | 15.67    2.23 | 21.83    
0.89

3.50    0.97 |  9.67    2.68 | 15.83    2.23 | 22.00    
0.89

3.67    0.97 |  9.83    2.68 | 16.00    2.23 | 22.17    
0.89

3.83    0.97 | 10.00    2.68 | 16.17    1.34 | 22.33    
0.89

4.00    0.97 | 10.17    3.42 | 16.33    1.34 | 22.50    
0.89

4.17    1.19 | 10.33    3.42 | 16.50    1.34 | 22.67    
0.89

4.33    1.19 | 10.50    3.42 | 16.67    1.34 | 22.83    
0.89

4.50    1.19 | 10.67    4.61 | 16.83    1.34 | 23.00    
0.89

4.67    1.19 | 10.83    4.61 | 17.00    1.34 | 23.17    
0.89

4.83    1.19 | 11.00    4.61 | 17.17    1.34 | 23.33    
0.89

5.00    1.19 | 11.17    7.14 | 17.33    1.34 | 23.50    
0.89

5.17    1.19 | 11.33    7.14 | 17.50    1.34 | 23.67    
0.89

5.33    1.19 | 11.50    7.14 | 17.67    1.34 | 23.83    
0.89

5.50    1.19 | 11.67   22.02 | 17.83    1.34 | 24.00    
0.89

5.67    1.19 | 11.83   56.54 | 18.00    1.34 |
5.83    1.19 | 12.00   91.07 | 18.17    1.34 |



6.00    1.19 | 12.17   10.71 | 18.33    1.34 |

--------------------------------------------------------------------------
-----

--------------------
| CALIB            |
| NASHYD   (  0001)|   Area    (ha)=   1.76   Curve Number   (CN)= 80.0
|ID= 1 DT=10.0 min |   Ia      (mm)=   5.00   # of Linear Res.(N)= 3.00
--------------------   U.H. Tp(hrs)=   0.20

Unit Hyd Qpeak  (cms)=   0.336

PEAK FLOW       (cms)=   0.166 (i)
TIME TO PEAK    (hrs)=  12.167
RUNOFF VOLUME    (mm)=  35.299
TOTAL RAINFALL   (mm)=  74.400
RUNOFF COEFFICIENT   =   0.474

(i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.

--------------------------------------------------------------------------
-----
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Developed and Distributed by Smart City Water Inc
Copyright 2007 - 2022 Smart City Water Inc
All rights reserved.

*****  D E T A I L E D   O U T P U T *****
--------------------------------------------------------------------------
---------------------------------
************************************************
** SIMULATION : 10yr 24hr 10min SCS Type II ( **
************************************************

--------------------
|    READ STORM    |    Filename: C:\Users\shuchi\AppD
|                  |              ata\Local\Temp\
|                  |              873ef3e2-bf5d-4277-89d5-
b3dc59f526f6\ca7e1ce8
| Ptotal= 86.40 mm |    Comments: 10yr 24hr 10min SCS Type II (MTO)-Toront
--------------------

TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    
RAIN

hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   
mm/hr

0.00    0.00 |  6.17    1.56 | 12.33   12.44 | 18.50    
1.56

0.17    0.95 |  6.33    1.56 | 12.50   12.44 | 18.67    
1.56

0.33    0.95 |  6.50    1.56 | 12.67    6.39 | 18.83    
1.56

0.50    0.95 |  6.67    1.56 | 12.83    6.39 | 19.00    
1.56

0.67    0.95 |  6.83    1.56 | 13.00    6.39 | 19.17    
1.56

0.83    0.95 |  7.00    1.56 | 13.17    4.67 | 19.33    
1.56

1.00    0.95 |  7.17    1.90 | 13.33    4.67 | 19.50    
1.56

1.17    0.95 |  7.33    1.90 | 13.50    4.67 | 19.67    
1.56



1.33    0.95 |  7.50    1.90 | 13.67    3.63 | 19.83    
1.56

1.50    0.95 |  7.67    1.90 | 13.83    3.63 | 20.00    
1.56

1.67    0.95 |  7.83    1.90 | 14.00    3.63 | 20.17    
1.04

1.83    0.95 |  8.00    1.90 | 14.17    2.59 | 20.33    
1.04

2.00    0.95 |  8.17    2.25 | 14.33    2.59 | 20.50    
1.04

2.17    1.12 |  8.33    2.25 | 14.50    2.59 | 20.67    
1.04

2.33    1.12 |  8.50    2.25 | 14.67    2.59 | 20.83    
1.04

2.50    1.12 |  8.67    2.42 | 14.83    2.59 | 21.00    
1.04

2.67    1.12 |  8.83    2.42 | 15.00    2.59 | 21.17    
1.04

2.83    1.12 |  9.00    2.42 | 15.17    2.59 | 21.33    
1.04

3.00    1.12 |  9.17    2.76 | 15.33    2.59 | 21.50    
1.04

3.17    1.12 |  9.33    2.76 | 15.50    2.59 | 21.67    
1.04

3.33    1.12 |  9.50    2.76 | 15.67    2.59 | 21.83    
1.04

3.50    1.12 |  9.67    3.11 | 15.83    2.59 | 22.00    
1.04

3.67    1.12 |  9.83    3.11 | 16.00    2.59 | 22.17    
1.04

3.83    1.12 | 10.00    3.11 | 16.17    1.56 | 22.33    
1.04

4.00    1.12 | 10.17    3.97 | 16.33    1.56 | 22.50    
1.04

4.17    1.38 | 10.33    3.97 | 16.50    1.56 | 22.67    
1.04

4.33    1.38 | 10.50    3.97 | 16.67    1.56 | 22.83    
1.04

4.50    1.38 | 10.67    5.36 | 16.83    1.56 | 23.00    
1.04

4.67    1.38 | 10.83    5.36 | 17.00    1.56 | 23.17    
1.04

4.83    1.38 | 11.00    5.36 | 17.17    1.56 | 23.33    
1.04

5.00    1.38 | 11.17    8.29 | 17.33    1.56 | 23.50    
1.04

5.17    1.38 | 11.33    8.29 | 17.50    1.56 | 23.67    
1.04

5.33    1.38 | 11.50    8.29 | 17.67    1.56 | 23.83    
1.04

5.50    1.38 | 11.67   25.57 | 17.83    1.56 | 24.00    
1.04

5.67    1.38 | 11.83   65.66 | 18.00    1.56 |
5.83    1.38 | 12.00  105.75 | 18.17    1.56 |



6.00    1.38 | 12.17   12.44 | 18.33    1.56 |

--------------------------------------------------------------------------
-----

--------------------
| CALIB            |
| NASHYD   (  0001)|   Area    (ha)=   1.76   Curve Number   (CN)= 80.0
|ID= 1 DT=10.0 min |   Ia      (mm)=   5.00   # of Linear Res.(N)= 3.00
--------------------   U.H. Tp(hrs)=   0.20

Unit Hyd Qpeak  (cms)=   0.336

PEAK FLOW       (cms)=   0.211 (i)
TIME TO PEAK    (hrs)=  12.167
RUNOFF VOLUME    (mm)=  44.539
TOTAL RAINFALL   (mm)=  86.400
RUNOFF COEFFICIENT   =   0.516

(i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.

--------------------------------------------------------------------------
-----
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Developed and Distributed by Smart City Water Inc
Copyright 2007 - 2022 Smart City Water Inc
All rights reserved.

*****  D E T A I L E D   O U T P U T *****
--------------------------------------------------------------------------
---------------------------------
************************************************
** SIMULATION : 25yr 24hr 10min SCS Type II ( **
************************************************

--------------------
|    READ STORM    |    Filename: C:\Users\shuchi\AppD
|                  |              ata\Local\Temp\
|                  |              873ef3e2-bf5d-4277-89d5-
b3dc59f526f6\0d9dafb1
| Ptotal=100.80 mm |    Comments: 25yr 24hr 10min SCS Type II (MTO)-Toront
--------------------

TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    
RAIN

hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   
mm/hr

0.00    0.00 |  6.17    1.81 | 12.33   14.52 | 18.50    
1.81

0.17    1.11 |  6.33    1.81 | 12.50   14.52 | 18.67    
1.81

0.33    1.11 |  6.50    1.81 | 12.67    7.46 | 18.83    
1.81

0.50    1.11 |  6.67    1.81 | 12.83    7.46 | 19.00    
1.81

0.67    1.11 |  6.83    1.81 | 13.00    7.46 | 19.17    
1.81

0.83    1.11 |  7.00    1.81 | 13.17    5.44 | 19.33    
1.81

1.00    1.11 |  7.17    2.22 | 13.33    5.44 | 19.50    
1.81

1.17    1.11 |  7.33    2.22 | 13.50    5.44 | 19.67    
1.81



1.33    1.11 |  7.50    2.22 | 13.67    4.23 | 19.83    
1.81

1.50    1.11 |  7.67    2.22 | 13.83    4.23 | 20.00    
1.81

1.67    1.11 |  7.83    2.22 | 14.00    4.23 | 20.17    
1.21

1.83    1.11 |  8.00    2.22 | 14.17    3.02 | 20.33    
1.21

2.00    1.11 |  8.17    2.62 | 14.33    3.02 | 20.50    
1.21

2.17    1.31 |  8.33    2.62 | 14.50    3.02 | 20.67    
1.21

2.33    1.31 |  8.50    2.62 | 14.67    3.02 | 20.83    
1.21

2.50    1.31 |  8.67    2.82 | 14.83    3.02 | 21.00    
1.21

2.67    1.31 |  8.83    2.82 | 15.00    3.02 | 21.17    
1.21

2.83    1.31 |  9.00    2.82 | 15.17    3.02 | 21.33    
1.21

3.00    1.31 |  9.17    3.23 | 15.33    3.02 | 21.50    
1.21

3.17    1.31 |  9.33    3.23 | 15.50    3.02 | 21.67    
1.21

3.33    1.31 |  9.50    3.23 | 15.67    3.02 | 21.83    
1.21

3.50    1.31 |  9.67    3.63 | 15.83    3.02 | 22.00    
1.21

3.67    1.31 |  9.83    3.63 | 16.00    3.02 | 22.17    
1.21

3.83    1.31 | 10.00    3.63 | 16.17    1.81 | 22.33    
1.21

4.00    1.31 | 10.17    4.64 | 16.33    1.81 | 22.50    
1.21

4.17    1.61 | 10.33    4.64 | 16.50    1.81 | 22.67    
1.21

4.33    1.61 | 10.50    4.64 | 16.67    1.81 | 22.83    
1.21

4.50    1.61 | 10.67    6.25 | 16.83    1.81 | 23.00    
1.21

4.67    1.61 | 10.83    6.25 | 17.00    1.81 | 23.17    
1.21

4.83    1.61 | 11.00    6.25 | 17.17    1.81 | 23.33    
1.21

5.00    1.61 | 11.17    9.68 | 17.33    1.81 | 23.50    
1.21

5.17    1.61 | 11.33    9.68 | 17.50    1.81 | 23.67    
1.21

5.33    1.61 | 11.50    9.68 | 17.67    1.81 | 23.83    
1.21

5.50    1.61 | 11.67   29.84 | 17.83    1.81 | 24.00    
1.21

5.67    1.61 | 11.83   76.61 | 18.00    1.81 |
5.83    1.61 | 12.00  123.38 | 18.17    1.81 |



6.00    1.61 | 12.17   14.52 | 18.33    1.81 |

--------------------------------------------------------------------------
-----

--------------------
| CALIB            |
| NASHYD   (  0001)|   Area    (ha)=   1.76   Curve Number   (CN)= 80.0
|ID= 1 DT=10.0 min |   Ia      (mm)=   5.00   # of Linear Res.(N)= 3.00
--------------------   U.H. Tp(hrs)=   0.20

Unit Hyd Qpeak  (cms)=   0.336

PEAK FLOW       (cms)=   0.266 (i)
TIME TO PEAK    (hrs)=  12.167
RUNOFF VOLUME    (mm)=  56.115
TOTAL RAINFALL   (mm)= 100.800
RUNOFF COEFFICIENT   =   0.557

(i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.

--------------------------------------------------------------------------
-----
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*****  D E T A I L E D   O U T P U T *****
--------------------------------------------------------------------------
---------------------------------
************************************************
** SIMULATION : 50yr 24hr 10min SCS Type II ( **
************************************************

--------------------
|    READ STORM    |    Filename: C:\Users\shuchi\AppD
|                  |              ata\Local\Temp\
|                  |              873ef3e2-bf5d-4277-89d5-
b3dc59f526f6\c5ab3b65
| Ptotal=112.80 mm |    Comments: 50yr 24hr 10min SCS Type II (MTO)-Toront
--------------------

TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    
RAIN

hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   
mm/hr

0.00    0.00 |  6.17    2.03 | 12.33   16.24 | 18.50    
2.03

0.17    1.24 |  6.33    2.03 | 12.50   16.24 | 18.67    
2.03

0.33    1.24 |  6.50    2.03 | 12.67    8.35 | 18.83    
2.03

0.50    1.24 |  6.67    2.03 | 12.83    8.35 | 19.00    
2.03

0.67    1.24 |  6.83    2.03 | 13.00    8.35 | 19.17    
2.03

0.83    1.24 |  7.00    2.03 | 13.17    6.09 | 19.33    
2.03

1.00    1.24 |  7.17    2.48 | 13.33    6.09 | 19.50    
2.03

1.17    1.24 |  7.33    2.48 | 13.50    6.09 | 19.67    
2.03



1.33    1.24 |  7.50    2.48 | 13.67    4.74 | 19.83    
2.03

1.50    1.24 |  7.67    2.48 | 13.83    4.74 | 20.00    
2.03

1.67    1.24 |  7.83    2.48 | 14.00    4.74 | 20.17    
1.35

1.83    1.24 |  8.00    2.48 | 14.17    3.38 | 20.33    
1.35

2.00    1.24 |  8.17    2.93 | 14.33    3.38 | 20.50    
1.35

2.17    1.47 |  8.33    2.93 | 14.50    3.38 | 20.67    
1.35

2.33    1.47 |  8.50    2.93 | 14.67    3.38 | 20.83    
1.35

2.50    1.47 |  8.67    3.16 | 14.83    3.38 | 21.00    
1.35

2.67    1.47 |  8.83    3.16 | 15.00    3.38 | 21.17    
1.35

2.83    1.47 |  9.00    3.16 | 15.17    3.38 | 21.33    
1.35

3.00    1.47 |  9.17    3.61 | 15.33    3.38 | 21.50    
1.35

3.17    1.47 |  9.33    3.61 | 15.50    3.38 | 21.67    
1.35

3.33    1.47 |  9.50    3.61 | 15.67    3.38 | 21.83    
1.35

3.50    1.47 |  9.67    4.06 | 15.83    3.38 | 22.00    
1.35

3.67    1.47 |  9.83    4.06 | 16.00    3.38 | 22.17    
1.35

3.83    1.47 | 10.00    4.06 | 16.17    2.03 | 22.33    
1.35

4.00    1.47 | 10.17    5.19 | 16.33    2.03 | 22.50    
1.35

4.17    1.80 | 10.33    5.19 | 16.50    2.03 | 22.67    
1.35

4.33    1.80 | 10.50    5.19 | 16.67    2.03 | 22.83    
1.35

4.50    1.80 | 10.67    6.99 | 16.83    2.03 | 23.00    
1.35

4.67    1.80 | 10.83    6.99 | 17.00    2.03 | 23.17    
1.35

4.83    1.80 | 11.00    6.99 | 17.17    2.03 | 23.33    
1.35

5.00    1.80 | 11.17   10.83 | 17.33    2.03 | 23.50    
1.35

5.17    1.80 | 11.33   10.83 | 17.50    2.03 | 23.67    
1.35

5.33    1.80 | 11.50   10.83 | 17.67    2.03 | 23.83    
1.35

5.50    1.80 | 11.67   33.39 | 17.83    2.03 | 24.00    
1.35

5.67    1.80 | 11.83   85.73 | 18.00    2.03 |
5.83    1.80 | 12.00  138.07 | 18.17    2.03 |



6.00    1.80 | 12.17   16.24 | 18.33    2.03 |

--------------------------------------------------------------------------
-----

--------------------
| CALIB            |
| NASHYD   (  0001)|   Area    (ha)=   1.76   Curve Number   (CN)= 80.0
|ID= 1 DT=10.0 min |   Ia      (mm)=   5.00   # of Linear Res.(N)= 3.00
--------------------   U.H. Tp(hrs)=   0.20

Unit Hyd Qpeak  (cms)=   0.336

PEAK FLOW       (cms)=   0.314 (i)
TIME TO PEAK    (hrs)=  12.167
RUNOFF VOLUME    (mm)=  66.076
TOTAL RAINFALL   (mm)= 112.800
RUNOFF COEFFICIENT   =   0.586

(i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.

--------------------------------------------------------------------------
-----
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Developed and Distributed by Smart City Water Inc
Copyright 2007 - 2022 Smart City Water Inc
All rights reserved.

*****  D E T A I L E D   O U T P U T *****
--------------------------------------------------------------------------
---------------------------------
************************************************
** SIMULATION : 100yr 24hr 10min SCS Type II  **
************************************************

--------------------
|    READ STORM    |    Filename: C:\Users\shuchi\AppD
|                  |              ata\Local\Temp\
|                  |              873ef3e2-bf5d-4277-89d5-
b3dc59f526f6\40ec4445
| Ptotal=124.80 mm |    Comments: 100yr 24hr 10min SCS Type II (MTO)-Toron
--------------------

TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    
RAIN

hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   
mm/hr

0.00    0.00 |  6.17    2.25 | 12.33   17.97 | 18.50    
2.25

0.17    1.37 |  6.33    2.25 | 12.50   17.97 | 18.67    
2.25

0.33    1.37 |  6.50    2.25 | 12.67    9.24 | 18.83    
2.25

0.50    1.37 |  6.67    2.25 | 12.83    9.24 | 19.00    
2.25

0.67    1.37 |  6.83    2.25 | 13.00    9.24 | 19.17    
2.25

0.83    1.37 |  7.00    2.25 | 13.17    6.74 | 19.33    
2.25

1.00    1.37 |  7.17    2.75 | 13.33    6.74 | 19.50    
2.25

1.17    1.37 |  7.33    2.75 | 13.50    6.74 | 19.67    
2.25



1.33    1.37 |  7.50    2.75 | 13.67    5.24 | 19.83    
2.25

1.50    1.37 |  7.67    2.75 | 13.83    5.24 | 20.00    
2.25

1.67    1.37 |  7.83    2.75 | 14.00    5.24 | 20.17    
1.50

1.83    1.37 |  8.00    2.75 | 14.17    3.74 | 20.33    
1.50

2.00    1.37 |  8.17    3.24 | 14.33    3.74 | 20.50    
1.50

2.17    1.62 |  8.33    3.24 | 14.50    3.74 | 20.67    
1.50

2.33    1.62 |  8.50    3.24 | 14.67    3.74 | 20.83    
1.50

2.50    1.62 |  8.67    3.49 | 14.83    3.74 | 21.00    
1.50

2.67    1.62 |  8.83    3.49 | 15.00    3.74 | 21.17    
1.50

2.83    1.62 |  9.00    3.49 | 15.17    3.74 | 21.33    
1.50

3.00    1.62 |  9.17    3.99 | 15.33    3.74 | 21.50    
1.50

3.17    1.62 |  9.33    3.99 | 15.50    3.74 | 21.67    
1.50

3.33    1.62 |  9.50    3.99 | 15.67    3.74 | 21.83    
1.50

3.50    1.62 |  9.67    4.49 | 15.83    3.74 | 22.00    
1.50

3.67    1.62 |  9.83    4.49 | 16.00    3.74 | 22.17    
1.50

3.83    1.62 | 10.00    4.49 | 16.17    2.25 | 22.33    
1.50

4.00    1.62 | 10.17    5.74 | 16.33    2.25 | 22.50    
1.50

4.17    2.00 | 10.33    5.74 | 16.50    2.25 | 22.67    
1.50

4.33    2.00 | 10.50    5.74 | 16.67    2.25 | 22.83    
1.50

4.50    2.00 | 10.67    7.74 | 16.83    2.25 | 23.00    
1.50

4.67    2.00 | 10.83    7.74 | 17.00    2.25 | 23.17    
1.50

4.83    2.00 | 11.00    7.74 | 17.17    2.25 | 23.33    
1.50

5.00    2.00 | 11.17   11.98 | 17.33    2.25 | 23.50    
1.50

5.17    2.00 | 11.33   11.98 | 17.50    2.25 | 23.67    
1.50

5.33    2.00 | 11.50   11.98 | 17.67    2.25 | 23.83    
1.50

5.50    2.00 | 11.67   36.94 | 17.83    2.25 | 24.00    
1.50

5.67    2.00 | 11.83   94.85 | 18.00    2.25 |
5.83    2.00 | 12.00  152.76 | 18.17    2.25 |



6.00    2.00 | 12.17   17.97 | 18.33    2.25 |

--------------------------------------------------------------------------
-----

--------------------
| CALIB    |
| NASHYD   (  0001)|   Area    (ha)=   1.76   Curve Number   (CN)= 80.0
|ID= 1 DT=10.0 min |   Ia      (mm)=   5.00   # of Linear Res.(N)= 3.00
--------------------   U.H. Tp(hrs)=   0.20

Unit Hyd Qpeak  (cms)=   0.336

PEAK FLOW (cms)=   0.362 (i)
TIME TO PEAK    (hrs)=  12.167
RUNOFF VOLUME    (mm)=  76.263
TOTAL RAINFALL   (mm)= 124.800
RUNOFF COEFFICIENT   =   0.611

(i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.

--------------------------------------------------------------------------
-----
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*****  D E T A I L E D   O U T P U T *****
--------------------------------------------------------------------------
---------------------------------
************************************************
** SIMULATION : 25mm Chicago Storm            **
************************************************

--------------------
|    READ STORM    |    Filename: C:\Users\shuchi\AppD
|                  |              ata\Local\Temp\
|                  |              fa713a13-5efc-404a-8020-
e3da1b5550e1\35b5a328
| Ptotal= 25.00 mm |    Comments: 25mm Chicago Storm
--------------------

TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    
RAIN

hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   
mm/hr

0.00    1.43 |  1.00    6.03 |  2.00    4.18 |  3.00    
1.97

0.08    1.52 |  1.08    8.92 |  2.08    3.80 |  3.08    
1.89

0.17    1.62 |  1.17   17.69 |  2.17    3.48 |  3.17    
1.82

0.25    1.73 |  1.25   87.18 |  2.25    3.22 |  3.25    
1.75

0.33    1.87 |  1.33   34.64 |  2.33    3.00 |  3.33    
1.69

0.42    2.03 |  1.42   17.96 |  2.42    2.80 |  3.42    
1.64

0.50    2.22 |  1.50   12.02 |  2.50    2.64 |  3.50    
1.59

0.58    2.46 |  1.58    9.05 |  2.58    2.49 |  3.58    
1.54



0.67    2.77 |  1.67    7.28 |  2.67    2.36 |  3.67    
1.49

0.75    3.18 |  1.75    6.11 |  2.75    2.25 |  3.75    
1.45

0.83    3.74 |  1.83    5.28 |  2.83    2.15 |  3.83    
1.41

0.92    4.60 |  1.92    4.66 |  2.92    2.05 |  3.92    
1.37

--------------------------------------------------------------------------
-----

--------------------
| CALIB            |
| NASHYD   (  0002)|   Area    (ha)=   0.13   Curve Number   (CN)= 80.0
|ID= 1 DT=10.0 min |   Ia      (mm)=   5.00   # of Linear Res.(N)= 3.00
--------------------   U.H. Tp(hrs)=   0.20

NOTE:  RAINFALL WAS TRANSFORMED TO  10.0 MIN. TIME STEP.

---- TRANSFORMED HYETOGRAPH ----
TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    

RAIN
hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   

mm/hr
0.167    1.47 | 1.167    7.48 | 2.167    3.99 |  3.17    

1.93
0.333    1.67 | 1.333   52.44 | 2.333    3.35 |  3.33    

1.79
0.500    1.95 | 1.500   26.30 | 2.500    2.90 |  3.50    

1.66
0.667    2.34 | 1.667   10.54 | 2.667    2.57 |  3.67    

1.57
0.833    2.98 | 1.833    6.69 | 2.833    2.31 |  3.83    

1.47
1.000    4.17 | 2.000    4.97 | 3.000    2.10 |  4.00    

1.39

Unit Hyd Qpeak  (cms)=   0.025

PEAK FLOW       (cms)=   0.002 (i)
TIME TO PEAK    (hrs)=   1.500
RUNOFF VOLUME    (mm)=   4.664
TOTAL RAINFALL   (mm)=  25.002
RUNOFF COEFFICIENT   =   0.187

(i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.

--------------------------------------------------------------------------
-----
--------------------
| CALIB            |
| STANDHYD (  0001)|   Area    (ha)=   1.60



|ID= 1 DT=10.0 min |   Total Imp(%)=  61.00   Dir. Conn.(%)=  60.00
--------------------

IMPERVIOUS    PERVIOUS (i)
Surface Area     (ha)=       0.98         0.62
Dep. Storage     (mm)=       1.00         1.50
Average Slope     (%)=       1.00         2.00
Length            (m)=     103.28        40.00
Mannings n           =      0.013        0.250

NOTE:  RAINFALL WAS TRANSFORMED TO  10.0 MIN. TIME STEP.

---- TRANSFORMED HYETOGRAPH ----
TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    

RAIN
hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   

mm/hr
0.167    1.47 | 1.167    7.48 | 2.167    3.99 |  3.17    

1.93
0.333    1.67 | 1.333   52.44 | 2.333    3.35 |  3.33    

1.79
0.500    1.95 | 1.500   26.30 | 2.500    2.90 |  3.50    

1.66
0.667    2.34 | 1.667   10.54 | 2.667    2.57 |  3.67    

1.57
0.833    2.98 | 1.833    6.69 | 2.833    2.31 |  3.83    

1.47
1.000    4.17 | 2.000    4.97 | 3.000    2.10 |  4.00    

1.39

Max.Eff.Inten.(mm/hr)=      52.44        11.93
over (min)       10.00        20.00

Storage Coeff.  (min)=       3.37 (ii)   19.89 (ii)
Unit Hyd. Tpeak (min)=      10.00        20.00
Unit Hyd. peak  (cms)=       0.16         0.06

* TOTALS*
PEAK FLOW       (cms)=       0.13         0.01          0.138 (iii)
TIME TO PEAK    (hrs)=       1.33         1.67           1.33
RUNOFF VOLUME    (mm)=      24.00         8.24          17.69
TOTAL RAINFALL   (mm)=      25.00        25.00          25.00
RUNOFF COEFFICIENT   =       0.96         0.33           0.71

***** WARNING: STORAGE COEFF. IS SMALLER THAN TIME STEP!

(i) CN PROCEDURE SELECTED FOR PERVIOUS LOSSES:
CN*  =  85.0    Ia = Dep. Storage  (Above)

(ii) TIME STEP (DT) SHOULD BE SMALLER OR EQUAL
THAN THE STORAGE COEFFICIENT.

(iii) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.

--------------------------------------------------------------------------
-----

--------------------



| ADD HYD  (  0003)|
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V.
--------------------         (ha)    (cms)    (hrs)     (mm)

ID1= 1 (  0001):     1.60   0.138     1.33    17.69
+ ID2= 2 (  0002):     0.13   0.002     1.50     4.66
====================================================
ID = 3 (  0003):     1.73   0.138     1.33    16.71

NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.
--------------------------------------------------------------------------
-----

FINISH
==========================================================================
=================================
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*****  D E T A I L E D   O U T P U T *****
--------------------------------------------------------------------------
---------------------------------
************************************************
** SIMULATION : 2yr 24hr 10min SCS Type II (M **
************************************************

--------------------
|    READ STORM    |    Filename: C:\Users\shuchi\AppD
|                  |              ata\Local\Temp\
|                  |              a0fd72d0-0518-4658-b701-
41444193f4ef\9fa91462
| Ptotal= 57.60 mm |    Comments: 2yr 24hr 10min SCS Type II (MTO)-Toronto
--------------------

TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    
RAIN

hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   
mm/hr

0.00    0.00 |  6.17    1.04 | 12.33    8.29 | 18.50    
1.04

0.17    0.63 |  6.33    1.04 | 12.50    8.29 | 18.67    
1.04

0.33    0.63 |  6.50    1.04 | 12.67    4.26 | 18.83    
1.04

0.50    0.63 |  6.67    1.04 | 12.83    4.26 | 19.00    
1.04

0.67    0.63 |  6.83    1.04 | 13.00    4.26 | 19.17    
1.04

0.83    0.63 |  7.00    1.04 | 13.17    3.11 | 19.33    
1.04

1.00    0.63 |  7.17    1.27 | 13.33    3.11 | 19.50    
1.04

1.17    0.63 |  7.33    1.27 | 13.50    3.11 | 19.67    
1.04



1.33    0.63 |  7.50    1.27 | 13.67    2.42 | 19.83    
1.04

1.50    0.63 |  7.67    1.27 | 13.83    2.42 | 20.00    
1.04

1.67    0.63 |  7.83    1.27 | 14.00    2.42 | 20.17    
0.69

1.83    0.63 |  8.00    1.27 | 14.17    1.73 | 20.33    
0.69

2.00    0.63 |  8.17    1.50 | 14.33    1.73 | 20.50    
0.69

2.17    0.75 |  8.33    1.50 | 14.50    1.73 | 20.67    
0.69

2.33    0.75 |  8.50    1.50 | 14.67    1.73 | 20.83    
0.69

2.50    0.75 |  8.67    1.61 | 14.83    1.73 | 21.00    
0.69

2.67    0.75 |  8.83    1.61 | 15.00    1.73 | 21.17    
0.69

2.83    0.75 |  9.00    1.61 | 15.17    1.73 | 21.33    
0.69

3.00    0.75 |  9.17    1.84 | 15.33    1.73 | 21.50    
0.69

3.17    0.75 |  9.33    1.84 | 15.50    1.73 | 21.67    
0.69

3.33    0.75 |  9.50    1.84 | 15.67    1.73 | 21.83    
0.69

3.50    0.75 |  9.67    2.07 | 15.83    1.73 | 22.00    
0.69

3.67    0.75 |  9.83    2.07 | 16.00    1.73 | 22.17    
0.69

3.83    0.75 | 10.00    2.07 | 16.17    1.04 | 22.33    
0.69

4.00    0.75 | 10.17    2.65 | 16.33    1.04 | 22.50    
0.69

4.17    0.92 | 10.33    2.65 | 16.50    1.04 | 22.67    
0.69

4.33    0.92 | 10.50    2.65 | 16.67    1.04 | 22.83    
0.69

4.50    0.92 | 10.67    3.57 | 16.83    1.04 | 23.00    
0.69

4.67    0.92 | 10.83    3.57 | 17.00    1.04 | 23.17    
0.69

4.83    0.92 | 11.00    3.57 | 17.17    1.04 | 23.33    
0.69

5.00    0.92 | 11.17    5.53 | 17.33    1.04 | 23.50    
0.69

5.17    0.92 | 11.33    5.53 | 17.50    1.04 | 23.67    
0.69

5.33    0.92 | 11.50    5.53 | 17.67    1.04 | 23.83    
0.69

5.50    0.92 | 11.67   17.05 | 17.83    1.04 | 24.00    
0.69

5.67    0.92 | 11.83   43.78 | 18.00    1.04 |
5.83    0.92 | 12.00   70.50 | 18.17    1.04 |



6.00    0.92 | 12.17    8.29 | 18.33    1.04 |

--------------------------------------------------------------------------
-----

--------------------
| CALIB            |
| NASHYD   (  0005)|   Area    (ha)=   0.03   Curve Number   (CN)= 80.0
|ID= 1 DT=10.0 min |   Ia      (mm)=   5.00   # of Linear Res.(N)= 3.00
--------------------   U.H. Tp(hrs)=   0.20

Unit Hyd Qpeak  (cms)=   0.006

PEAK FLOW       (cms)=   0.002 (i)
TIME TO PEAK    (hrs)=  12.167
RUNOFF VOLUME    (mm)=  23.186
TOTAL RAINFALL   (mm)=  57.600
RUNOFF COEFFICIENT   =   0.403

(i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.

--------------------------------------------------------------------------
-----
--------------------
| CALIB            |
| NASHYD   (  0002)|   Area    (ha)=   0.13   Curve Number   (CN)= 80.0
|ID= 1 DT=10.0 min |   Ia      (mm)=   5.00   # of Linear Res.(N)= 3.00
--------------------   U.H. Tp(hrs)=   0.20

Unit Hyd Qpeak  (cms)=   0.025

PEAK FLOW       (cms)=   0.008 (i)
TIME TO PEAK    (hrs)=  12.167
RUNOFF VOLUME    (mm)=  23.209
TOTAL RAINFALL   (mm)=  57.600
RUNOFF COEFFICIENT   =   0.403

(i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.

--------------------------------------------------------------------------
-----
--------------------
| CALIB            |
| STANDHYD (  0001)|   Area    (ha)=   1.60
|ID= 1 DT=10.0 min |   Total Imp(%)=  61.00   Dir. Conn.(%)=  60.00
--------------------

IMPERVIOUS    PERVIOUS (i)
Surface Area     (ha)=       0.98         0.62
Dep. Storage     (mm)=       1.00         1.50
Average Slope     (%)=       1.00         2.00
Length            (m)=     103.28        40.00
Mannings n           =      0.013        0.250

Max.Eff.Inten.(mm/hr)=      70.50        47.31



over (min)       10.00        20.00
Storage Coeff.  (min)=       3.00 (ii)   12.52 (ii)
Unit Hyd. Tpeak (min)=      10.00        20.00
Unit Hyd. peak  (cms)=       0.16         0.07

* TOTALS*
PEAK FLOW       (cms)=       0.19         0.05          0.225 (iii)
TIME TO PEAK    (hrs)=      12.17        12.33          12.17
RUNOFF VOLUME    (mm)=      56.60        31.56          46.58
TOTAL RAINFALL   (mm)=      57.60        57.60          57.60
RUNOFF COEFFICIENT   =       0.98         0.55           0.81

***** WARNING: STORAGE COEFF. IS SMALLER THAN TIME STEP!

(i) CN PROCEDURE SELECTED FOR PERVIOUS LOSSES:
CN*  =  85.0    Ia = Dep. Storage  (Above)

(ii) TIME STEP (DT) SHOULD BE SMALLER OR EQUAL
THAN THE STORAGE COEFFICIENT.

(iii) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.

--------------------------------------------------------------------------
-----

--------------------
| ADD HYD  (  0003)|
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V.
--------------------         (ha)    (cms)    (hrs)     (mm)

ID1= 1 (  0001):     1.60   0.225    12.17    46.58
+ ID2= 2 (  0002):     0.13   0.008    12.17    23.21
====================================================
ID = 3 (  0003):     1.73   0.233    12.17    44.82

NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.
--------------------------------------------------------------------------
-----
--------------------
| RESERVOIR(  0004)|     OVERFLOW IS OFF
| IN= 2---> OUT= 1 |
| DT= 10.0 min     |     OUTFLOW    STORAGE   |  OUTFLOW    STORAGE
--------------------      (cms)     (ha.m.)   |   (cms)     (ha.m.)

0.0000     0.0000   |   0.1390      0.0432
0.1060     0.0203   |   0.1500      0.0552
0.1180     0.0269   |   0.1520      0.0579
0.1290     0.0349   |   0.0000      0.0000

AREA     QPEAK     TPEAK       R.V.
(ha)     (cms)     (hrs)       (mm)

INFLOW : ID= 2 (  0003)      1.730      0.233     12.17      44.82
OUTFLOW: ID= 1 (  0004)      1.730      0.100     12.33      44.80

PEAK   FLOW   REDUCTION [Qout/Qin](%)= 42.96
TIME SHIFT OF PEAK FLOW         (min)= 10.00
MAXIMUM  STORAGE   USED       (ha.m.)=  0.0197



--------------------------------------------------------------------------
-----

--------------------
| ADD HYD  (  0006)|
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V.
--------------------         (ha)    (cms)    (hrs)     (mm)

ID1= 1 (  0004):     1.73   0.100    12.33    44.80
+ ID2= 2 (  0005):     0.03   0.002    12.17    23.19
====================================================
ID = 3 (  0006):     1.76   0.101    12.33    44.43

NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.
--------------------------------------------------------------------------
-----
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*****  D E T A I L E D   O U T P U T *****
--------------------------------------------------------------------------
---------------------------------
************************************************
** SIMULATION : 5yr 24hr 10min SCS Type II (M **
************************************************

--------------------
|    READ STORM    |    Filename: C:\Users\shuchi\AppD
|                  |              ata\Local\Temp\
|                  |              a0fd72d0-0518-4658-b701-
41444193f4ef\c5c83801
| Ptotal= 74.40 mm |    Comments: 5yr 24hr 10min SCS Type II (MTO)-Toronto
--------------------

TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    
RAIN

hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   
mm/hr

0.00    0.00 |  6.17    1.34 | 12.33   10.71 | 18.50    
1.34

0.17    0.82 |  6.33    1.34 | 12.50   10.71 | 18.67    
1.34

0.33    0.82 |  6.50    1.34 | 12.67    5.51 | 18.83    
1.34

0.50    0.82 |  6.67    1.34 | 12.83    5.51 | 19.00    
1.34

0.67    0.82 |  6.83    1.34 | 13.00    5.51 | 19.17    
1.34

0.83    0.82 |  7.00    1.34 | 13.17    4.02 | 19.33    
1.34

1.00    0.82 |  7.17    1.64 | 13.33    4.02 | 19.50    
1.34

1.17    0.82 |  7.33    1.64 | 13.50    4.02 | 19.67    
1.34



1.33    0.82 |  7.50    1.64 | 13.67    3.12 | 19.83    
1.34

1.50    0.82 |  7.67    1.64 | 13.83    3.12 | 20.00    
1.34

1.67    0.82 |  7.83    1.64 | 14.00    3.12 | 20.17    
0.89

1.83    0.82 |  8.00    1.64 | 14.17    2.23 | 20.33    
0.89

2.00    0.82 |  8.17    1.93 | 14.33    2.23 | 20.50    
0.89

2.17    0.97 |  8.33    1.93 | 14.50    2.23 | 20.67    
0.89

2.33    0.97 |  8.50    1.93 | 14.67    2.23 | 20.83    
0.89

2.50    0.97 |  8.67    2.08 | 14.83    2.23 | 21.00    
0.89

2.67    0.97 |  8.83    2.08 | 15.00    2.23 | 21.17    
0.89

2.83    0.97 |  9.00    2.08 | 15.17    2.23 | 21.33    
0.89

3.00    0.97 |  9.17    2.38 | 15.33    2.23 | 21.50    
0.89

3.17    0.97 |  9.33    2.38 | 15.50    2.23 | 21.67    
0.89

3.33    0.97 |  9.50    2.38 | 15.67    2.23 | 21.83    
0.89

3.50    0.97 |  9.67    2.68 | 15.83    2.23 | 22.00    
0.89

3.67    0.97 |  9.83    2.68 | 16.00    2.23 | 22.17    
0.89

3.83    0.97 | 10.00    2.68 | 16.17    1.34 | 22.33    
0.89

4.00    0.97 | 10.17    3.42 | 16.33    1.34 | 22.50    
0.89

4.17    1.19 | 10.33    3.42 | 16.50    1.34 | 22.67    
0.89

4.33    1.19 | 10.50    3.42 | 16.67    1.34 | 22.83    
0.89

4.50    1.19 | 10.67    4.61 | 16.83    1.34 | 23.00    
0.89

4.67    1.19 | 10.83    4.61 | 17.00    1.34 | 23.17    
0.89

4.83    1.19 | 11.00    4.61 | 17.17    1.34 | 23.33    
0.89

5.00    1.19 | 11.17    7.14 | 17.33    1.34 | 23.50    
0.89

5.17    1.19 | 11.33    7.14 | 17.50    1.34 | 23.67    
0.89

5.33    1.19 | 11.50    7.14 | 17.67    1.34 | 23.83    
0.89

5.50    1.19 | 11.67   22.02 | 17.83    1.34 | 24.00    
0.89

5.67    1.19 | 11.83   56.54 | 18.00    1.34 |
5.83    1.19 | 12.00   91.07 | 18.17    1.34 |



6.00    1.19 | 12.17   10.71 | 18.33    1.34 |

--------------------------------------------------------------------------
-----

--------------------
| CALIB            |
| NASHYD   (  0005)|   Area    (ha)=   0.03   Curve Number   (CN)= 80.0
|ID= 1 DT=10.0 min |   Ia      (mm)=   5.00   # of Linear Res.(N)= 3.00
--------------------   U.H. Tp(hrs)=   0.20

Unit Hyd Qpeak  (cms)=   0.006

PEAK FLOW       (cms)=   0.003 (i)
TIME TO PEAK    (hrs)=  12.167
RUNOFF VOLUME    (mm)=  35.288
TOTAL RAINFALL   (mm)=  74.400
RUNOFF COEFFICIENT   =   0.474

(i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.

--------------------------------------------------------------------------
-----
--------------------
| CALIB            |
| NASHYD   (  0002)|   Area    (ha)=   0.13   Curve Number   (CN)= 80.0
|ID= 1 DT=10.0 min |   Ia      (mm)=   5.00   # of Linear Res.(N)= 3.00
--------------------   U.H. Tp(hrs)=   0.20

Unit Hyd Qpeak  (cms)=   0.025

PEAK FLOW       (cms)=   0.012 (i)
TIME TO PEAK    (hrs)=  12.167
RUNOFF VOLUME    (mm)=  35.296
TOTAL RAINFALL   (mm)=  74.400
RUNOFF COEFFICIENT   =   0.474

(i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.

--------------------------------------------------------------------------
-----
--------------------
| CALIB            |
| STANDHYD (  0001)|   Area    (ha)=   1.60
|ID= 1 DT=10.0 min |   Total Imp(%)=  61.00   Dir. Conn.(%)=  60.00
--------------------

IMPERVIOUS    PERVIOUS (i)
Surface Area     (ha)=       0.98         0.62
Dep. Storage     (mm)=       1.00         1.50
Average Slope     (%)=       1.00         2.00
Length            (m)=     103.28        40.00
Mannings n           =      0.013        0.250

Max.Eff.Inten.(mm/hr)=      91.07        67.90



over (min)       10.00        20.00
Storage Coeff.  (min)=       2.70 (ii)   10.94 (ii)
Unit Hyd. Tpeak (min)=      10.00        20.00
Unit Hyd. peak  (cms)=       0.17         0.08

* TOTALS*
PEAK FLOW       (cms)=       0.24         0.07          0.301 (iii)
TIME TO PEAK    (hrs)=      12.17        12.33          12.17
RUNOFF VOLUME    (mm)=      73.40        45.61          62.28
TOTAL RAINFALL   (mm)=      74.40        74.40          74.40
RUNOFF COEFFICIENT   =       0.99         0.61           0.84

***** WARNING: STORAGE COEFF. IS SMALLER THAN TIME STEP!

(i) CN PROCEDURE SELECTED FOR PERVIOUS LOSSES:
CN*  =  85.0    Ia = Dep. Storage  (Above)

(ii) TIME STEP (DT) SHOULD BE SMALLER OR EQUAL
THAN THE STORAGE COEFFICIENT.

(iii) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.

--------------------------------------------------------------------------
-----

--------------------
| ADD HYD  (  0003)|
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V.
--------------------         (ha)    (cms)    (hrs)     (mm)

ID1= 1 (  0001):     1.60   0.301    12.17    62.28
+ ID2= 2 (  0002):     0.13   0.012    12.17    35.30
====================================================
ID = 3 (  0003):     1.73   0.314    12.17    60.25

NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.
--------------------------------------------------------------------------
-----
--------------------
| RESERVOIR(  0004)|     OVERFLOW IS OFF
| IN= 2---> OUT= 1 |
| DT= 10.0 min     |     OUTFLOW    STORAGE   |  OUTFLOW    STORAGE
--------------------      (cms)     (ha.m.)   |   (cms)     (ha.m.)

0.0000     0.0000   |   0.1390      0.0432
0.1060     0.0203   |   0.1500      0.0552
0.1180     0.0269   |   0.1520      0.0579
0.1290     0.0349   |   0.0000      0.0000

AREA     QPEAK     TPEAK       R.V.
(ha)     (cms)     (hrs)       (mm)

INFLOW : ID= 2 (  0003)      1.730      0.314     12.17      60.25
OUTFLOW: ID= 1 (  0004)      1.730      0.117     12.33      60.23

PEAK   FLOW   REDUCTION [Qout/Qin](%)= 37.36
TIME SHIFT OF PEAK FLOW         (min)= 10.00
MAXIMUM  STORAGE   USED       (ha.m.)=  0.0265



--------------------------------------------------------------------------
-----

--------------------
| ADD HYD  (  0006)|
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V.
--------------------         (ha)    (cms)    (hrs)     (mm)

ID1= 1 (  0004):     1.73   0.117    12.33    60.23
+ ID2= 2 (  0005):     0.03   0.003    12.17    35.29
====================================================
ID = 3 (  0006):     1.76   0.119    12.33    59.80

NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.
--------------------------------------------------------------------------
-----
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*****  D E T A I L E D   O U T P U T *****

--------------------------------------------------------------------------
---------------------------------
************************************************
** SIMULATION : 10yr 24hr 10min SCS Type II ( **
************************************************

--------------------
|    READ STORM    |    Filename: C:\Users\shuchi\AppD
|                  |              ata\Local\Temp\
|                  |              a0fd72d0-0518-4658-b701-
41444193f4ef\664e8d69
| Ptotal= 86.40 mm |    Comments: 10yr 24hr 10min SCS Type II (MTO)-Toront
--------------------

TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    
RAIN

hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   
mm/hr

0.00    0.00 |  6.17    1.56 | 12.33   12.44 | 18.50    
1.56

0.17    0.95 |  6.33    1.56 | 12.50   12.44 | 18.67    
1.56

0.33    0.95 |  6.50    1.56 | 12.67    6.39 | 18.83    
1.56

0.50    0.95 |  6.67    1.56 | 12.83    6.39 | 19.00    
1.56

0.67    0.95 |  6.83    1.56 | 13.00    6.39 | 19.17    
1.56

0.83    0.95 |  7.00    1.56 | 13.17    4.67 | 19.33    
1.56

1.00    0.95 |  7.17    1.90 | 13.33    4.67 | 19.50    
1.56

1.17    0.95 |  7.33    1.90 | 13.50    4.67 | 19.67    
1.56



1.33    0.95 |  7.50    1.90 | 13.67    3.63 | 19.83    
1.56

1.50    0.95 |  7.67    1.90 | 13.83    3.63 | 20.00    
1.56

1.67    0.95 |  7.83    1.90 | 14.00    3.63 | 20.17    
1.04

1.83    0.95 |  8.00    1.90 | 14.17    2.59 | 20.33    
1.04

2.00    0.95 |  8.17    2.25 | 14.33    2.59 | 20.50    
1.04

2.17    1.12 |  8.33    2.25 | 14.50    2.59 | 20.67    
1.04

2.33    1.12 |  8.50    2.25 | 14.67    2.59 | 20.83    
1.04

2.50    1.12 |  8.67    2.42 | 14.83    2.59 | 21.00    
1.04

2.67    1.12 |  8.83    2.42 | 15.00    2.59 | 21.17    
1.04

2.83    1.12 |  9.00    2.42 | 15.17    2.59 | 21.33    
1.04

3.00    1.12 |  9.17    2.76 | 15.33    2.59 | 21.50    
1.04

3.17    1.12 |  9.33    2.76 | 15.50    2.59 | 21.67    
1.04

3.33    1.12 |  9.50    2.76 | 15.67    2.59 | 21.83    
1.04

3.50    1.12 |  9.67    3.11 | 15.83    2.59 | 22.00    
1.04

3.67    1.12 |  9.83    3.11 | 16.00    2.59 | 22.17    
1.04

3.83    1.12 | 10.00    3.11 | 16.17    1.56 | 22.33    
1.04

4.00    1.12 | 10.17    3.97 | 16.33    1.56 | 22.50    
1.04

4.17    1.38 | 10.33    3.97 | 16.50    1.56 | 22.67    
1.04

4.33    1.38 | 10.50    3.97 | 16.67    1.56 | 22.83    
1.04

4.50    1.38 | 10.67    5.36 | 16.83    1.56 | 23.00    
1.04

4.67    1.38 | 10.83    5.36 | 17.00    1.56 | 23.17    
1.04

4.83    1.38 | 11.00    5.36 | 17.17    1.56 | 23.33    
1.04

5.00    1.38 | 11.17    8.29 | 17.33    1.56 | 23.50    
1.04

5.17    1.38 | 11.33    8.29 | 17.50    1.56 | 23.67    
1.04

5.33    1.38 | 11.50    8.29 | 17.67    1.56 | 23.83    
1.04

5.50    1.38 | 11.67   25.57 | 17.83    1.56 | 24.00    
1.04

5.67    1.38 | 11.83   65.66 | 18.00    1.56 |
5.83    1.38 | 12.00  105.75 | 18.17    1.56 |



6.00    1.38 | 12.17   12.44 | 18.33    1.56 |

--------------------------------------------------------------------------
-----

--------------------
| CALIB            |
| NASHYD   (  0005)|   Area    (ha)=   0.03   Curve Number   (CN)= 80.0
|ID= 1 DT=10.0 min |   Ia      (mm)=   5.00   # of Linear Res.(N)= 3.00
--------------------   U.H. Tp(hrs)=   0.20

Unit Hyd Qpeak  (cms)=   0.006

PEAK FLOW       (cms)=   0.004 (i)
TIME TO PEAK    (hrs)=  12.167
RUNOFF VOLUME    (mm)=  44.526
TOTAL RAINFALL   (mm)=  86.400
RUNOFF COEFFICIENT   =   0.515

(i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.

--------------------------------------------------------------------------
-----
--------------------
| CALIB            |
| NASHYD   (  0002)|   Area    (ha)=   0.13   Curve Number   (CN)= 80.0
|ID= 1 DT=10.0 min |   Ia      (mm)=   5.00   # of Linear Res.(N)= 3.00
--------------------   U.H. Tp(hrs)=   0.20

Unit Hyd Qpeak  (cms)=   0.025

PEAK FLOW       (cms)=   0.016 (i)
TIME TO PEAK    (hrs)=  12.167
RUNOFF VOLUME    (mm)=  44.536
TOTAL RAINFALL   (mm)=  86.400
RUNOFF COEFFICIENT   =   0.515

(i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.

--------------------------------------------------------------------------
-----
--------------------
| CALIB            |
| STANDHYD (  0001)|   Area    (ha)=   1.60
|ID= 1 DT=10.0 min |   Total Imp(%)=  61.00   Dir. Conn.(%)=  60.00
--------------------

IMPERVIOUS    PERVIOUS (i)
Surface Area     (ha)=       0.98         0.62
Dep. Storage     (mm)=       1.00         1.50
Average Slope     (%)=       1.00         2.00
Length            (m)=     103.28        40.00
Mannings n           =      0.013        0.250

Max.Eff.Inten.(mm/hr)=     105.75        83.05



over (min)       10.00        20.00
Storage Coeff.  (min)=       2.55 (ii)   10.15 (ii)
Unit Hyd. Tpeak (min)=      10.00        20.00
Unit Hyd. peak  (cms)=       0.17         0.08

* TOTALS*
PEAK FLOW       (cms)=       0.28         0.09          0.357 (iii)
TIME TO PEAK    (hrs)=      12.17        12.33          12.17
RUNOFF VOLUME    (mm)=      85.40        56.08          73.67
TOTAL RAINFALL   (mm)=      86.40        86.40          86.40
RUNOFF COEFFICIENT   =       0.99         0.65           0.85

***** WARNING: STORAGE COEFF. IS SMALLER THAN TIME STEP!

(i) CN PROCEDURE SELECTED FOR PERVIOUS LOSSES:
CN*  =  85.0    Ia = Dep. Storage  (Above)

(ii) TIME STEP (DT) SHOULD BE SMALLER OR EQUAL
THAN THE STORAGE COEFFICIENT.

(iii) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.

--------------------------------------------------------------------------
-----

--------------------
| ADD HYD  (  0003)|
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V.
--------------------         (ha)    (cms)    (hrs)     (mm)

ID1= 1 (  0001):     1.60   0.357    12.17    73.67
+ ID2= 2 (  0002):     0.13   0.016    12.17    44.54
====================================================
ID = 3 (  0003):     1.73   0.373    12.17    71.48

NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.
--------------------------------------------------------------------------
-----
--------------------
| RESERVOIR(  0004)|     OVERFLOW IS OFF
| IN= 2---> OUT= 1 |
| DT= 10.0 min     |     OUTFLOW    STORAGE   |  OUTFLOW    STORAGE
--------------------      (cms)     (ha.m.)   |   (cms)     (ha.m.)

0.0000     0.0000   |   0.1390      0.0432
0.1060     0.0203   |   0.1500      0.0552
0.1180     0.0269   |   0.1520      0.0579
0.1290     0.0349   |   0.0000      0.0000

AREA     QPEAK     TPEAK       R.V.
(ha)     (cms)     (hrs)       (mm)

INFLOW : ID= 2 (  0003)      1.730      0.373     12.17      71.48
OUTFLOW: ID= 1 (  0004)      1.730      0.126     12.33      71.46

PEAK   FLOW   REDUCTION [Qout/Qin](%)= 33.77
TIME SHIFT OF PEAK FLOW         (min)= 10.00
MAXIMUM  STORAGE   USED       (ha.m.)=  0.0330



--------------------------------------------------------------------------
-----

--------------------
| ADD HYD  (  0006)|
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V.
--------------------         (ha)    (cms)    (hrs)     (mm)

ID1= 1 (  0004):     1.73   0.126    12.33    71.46
+ ID2= 2 (  0005):     0.03   0.004    12.17    44.53
====================================================
ID = 3 (  0006):     1.76   0.129    12.33    71.00

NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.
--------------------------------------------------------------------------
-----
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*****  D E T A I L E D   O U T P U T *****
--------------------------------------------------------------------------
---------------------------------
************************************************
** SIMULATION : 25yr 24hr 10min SCS Type II ( **
************************************************

--------------------
|    READ STORM    |    Filename: C:\Users\shuchi\AppD
|                  |              ata\Local\Temp\
|                  |              a0fd72d0-0518-4658-b701-
41444193f4ef\6fd937b5
| Ptotal=100.80 mm |    Comments: 25yr 24hr 10min SCS Type II (MTO)-Toront
--------------------

TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    
RAIN

hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   
mm/hr

0.00    0.00 |  6.17    1.81 | 12.33   14.52 | 18.50    
1.81

0.17    1.11 |  6.33    1.81 | 12.50   14.52 | 18.67    
1.81

0.33    1.11 |  6.50    1.81 | 12.67    7.46 | 18.83    
1.81

0.50    1.11 |  6.67    1.81 | 12.83    7.46 | 19.00    
1.81

0.67    1.11 |  6.83    1.81 | 13.00    7.46 | 19.17    
1.81

0.83    1.11 |  7.00    1.81 | 13.17    5.44 | 19.33    
1.81

1.00    1.11 |  7.17    2.22 | 13.33    5.44 | 19.50    
1.81

1.17    1.11 |  7.33    2.22 | 13.50    5.44 | 19.67    
1.81



1.33    1.11 |  7.50    2.22 | 13.67    4.23 | 19.83    
1.81

1.50    1.11 |  7.67    2.22 | 13.83    4.23 | 20.00    
1.81

1.67    1.11 |  7.83    2.22 | 14.00    4.23 | 20.17    
1.21

1.83    1.11 |  8.00    2.22 | 14.17    3.02 | 20.33    
1.21

2.00    1.11 |  8.17    2.62 | 14.33    3.02 | 20.50    
1.21

2.17    1.31 |  8.33    2.62 | 14.50    3.02 | 20.67    
1.21

2.33    1.31 |  8.50    2.62 | 14.67    3.02 | 20.83    
1.21

2.50    1.31 |  8.67    2.82 | 14.83    3.02 | 21.00    
1.21

2.67    1.31 |  8.83    2.82 | 15.00    3.02 | 21.17    
1.21

2.83    1.31 |  9.00    2.82 | 15.17    3.02 | 21.33    
1.21

3.00    1.31 |  9.17    3.23 | 15.33    3.02 | 21.50    
1.21

3.17    1.31 |  9.33    3.23 | 15.50    3.02 | 21.67    
1.21

3.33    1.31 |  9.50    3.23 | 15.67    3.02 | 21.83    
1.21

3.50    1.31 |  9.67    3.63 | 15.83    3.02 | 22.00    
1.21

3.67    1.31 |  9.83    3.63 | 16.00    3.02 | 22.17    
1.21

3.83    1.31 | 10.00    3.63 | 16.17    1.81 | 22.33    
1.21

4.00    1.31 | 10.17    4.64 | 16.33    1.81 | 22.50    
1.21

4.17    1.61 | 10.33    4.64 | 16.50    1.81 | 22.67    
1.21

4.33    1.61 | 10.50    4.64 | 16.67    1.81 | 22.83    
1.21

4.50    1.61 | 10.67    6.25 | 16.83    1.81 | 23.00    
1.21

4.67    1.61 | 10.83    6.25 | 17.00    1.81 | 23.17    
1.21

4.83    1.61 | 11.00    6.25 | 17.17    1.81 | 23.33    
1.21

5.00    1.61 | 11.17    9.68 | 17.33    1.81 | 23.50    
1.21

5.17    1.61 | 11.33    9.68 | 17.50    1.81 | 23.67    
1.21

5.33    1.61 | 11.50    9.68 | 17.67    1.81 | 23.83    
1.21

5.50    1.61 | 11.67   29.84 | 17.83    1.81 | 24.00    
1.21

5.67    1.61 | 11.83   76.61 | 18.00    1.81 |
5.83    1.61 | 12.00  123.38 | 18.17    1.81 |



6.00    1.61 | 12.17   14.52 | 18.33    1.81 |

--------------------------------------------------------------------------
-----

--------------------
| CALIB            |
| NASHYD   (  0005)|   Area    (ha)=   0.03   Curve Number   (CN)= 80.0
|ID= 1 DT=10.0 min |   Ia      (mm)=   5.00   # of Linear Res.(N)= 3.00
--------------------   U.H. Tp(hrs)=   0.20

Unit Hyd Qpeak  (cms)=   0.006

PEAK FLOW       (cms)=   0.005 (i)
TIME TO PEAK    (hrs)=  12.167
RUNOFF VOLUME    (mm)=  56.099
TOTAL RAINFALL   (mm)= 100.800
RUNOFF COEFFICIENT   =   0.557

(i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.

--------------------------------------------------------------------------
-----
--------------------
| CALIB            |
| NASHYD   (  0002)|   Area    (ha)=   0.13   Curve Number   (CN)= 80.0
|ID= 1 DT=10.0 min |   Ia      (mm)=   5.00   # of Linear Res.(N)= 3.00
--------------------   U.H. Tp(hrs)=   0.20

Unit Hyd Qpeak  (cms)=   0.025

PEAK FLOW       (cms)=   0.020 (i)
TIME TO PEAK    (hrs)=  12.167
RUNOFF VOLUME    (mm)=  56.111
TOTAL RAINFALL   (mm)= 100.800
RUNOFF COEFFICIENT   =   0.557

(i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.

--------------------------------------------------------------------------
-----
--------------------
| CALIB            |
| STANDHYD (  0001)|   Area    (ha)=   1.60
|ID= 1 DT=10.0 min |   Total Imp(%)=  61.00   Dir. Conn.(%)=  60.00
--------------------

IMPERVIOUS    PERVIOUS (i)
Surface Area     (ha)=       0.98         0.62
Dep. Storage     (mm)=       1.00         1.50
Average Slope     (%)=       1.00         2.00
Length            (m)=     103.28        40.00
Mannings n           =      0.013        0.250

Max.Eff.Inten.(mm/hr)=     123.38       101.51



over (min)       10.00        10.00
Storage Coeff.  (min)=       2.39 (ii)    9.41 (ii)
Unit Hyd. Tpeak (min)=      10.00        10.00
Unit Hyd. peak  (cms)=       0.17         0.11

* TOTALS*
PEAK FLOW       (cms)=       0.33         0.14          0.467 (iii)
TIME TO PEAK    (hrs)=      12.17        12.17          12.17
RUNOFF VOLUME    (mm)=      99.80        68.99          87.47
TOTAL RAINFALL   (mm)=     100.80       100.80         100.80
RUNOFF COEFFICIENT   =       0.99         0.68           0.87

***** WARNING: STORAGE COEFF. IS SMALLER THAN TIME STEP!

(i) CN PROCEDURE SELECTED FOR PERVIOUS LOSSES:
CN*  =  85.0    Ia = Dep. Storage  (Above)

(ii) TIME STEP (DT) SHOULD BE SMALLER OR EQUAL
THAN THE STORAGE COEFFICIENT.

(iii) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.

--------------------------------------------------------------------------
-----

--------------------
| ADD HYD  (  0003)|
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V.
--------------------         (ha)    (cms)    (hrs)     (mm)

ID1= 1 (  0001):     1.60   0.467    12.17    87.47
+ ID2= 2 (  0002):     0.13   0.020    12.17    56.11
====================================================
ID = 3 (  0003):     1.73   0.487    12.17    85.11

NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.
--------------------------------------------------------------------------
-----
--------------------
| RESERVOIR(  0004)|     OVERFLOW IS OFF
| IN= 2---> OUT= 1 |
| DT= 10.0 min     |     OUTFLOW    STORAGE   |  OUTFLOW    STORAGE
--------------------      (cms)     (ha.m.)   |   (cms)     (ha.m.)

0.0000     0.0000   |   0.1390      0.0432
0.1060     0.0203   |   0.1500      0.0552
0.1180     0.0269   |   0.1520      0.0579
0.1290     0.0349   |   0.0000      0.0000

AREA     QPEAK     TPEAK       R.V.
(ha)     (cms)     (hrs)       (mm)

INFLOW : ID= 2 (  0003)      1.730      0.487     12.17      85.11
OUTFLOW: ID= 1 (  0004)      1.730      0.139     12.33      85.09

PEAK   FLOW   REDUCTION [Qout/Qin](%)= 28.49
TIME SHIFT OF PEAK FLOW         (min)= 10.00
MAXIMUM  STORAGE   USED       (ha.m.)=  0.0436



--------------------------------------------------------------------------
-----

--------------------
| ADD HYD  (  0006)|
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V.
--------------------         (ha)    (cms)    (hrs)     (mm)

ID1= 1 (  0004):     1.73   0.139    12.33    85.09
+ ID2= 2 (  0005):     0.03   0.005    12.17    56.10
====================================================
ID = 3 (  0006):     1.76   0.142    12.33    84.60

NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.
--------------------------------------------------------------------------
-----



==========================================================================
=================================
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Developed and Distributed by Smart City Water Inc
Copyright 2007 - 2022 Smart City Water Inc
All rights reserved.

*****  D E T A I L E D   O U T P U T *****
--------------------------------------------------------------------------
---------------------------------
************************************************
** SIMULATION : 50yr 24hr 10min SCS Type II ( **
************************************************

--------------------
|    READ STORM    |    Filename: C:\Users\shuchi\AppD
|                  |              ata\Local\Temp\
|                  |              a0fd72d0-0518-4658-b701-
41444193f4ef\afcb7b4a
| Ptotal=112.80 mm |    Comments: 50yr 24hr 10min SCS Type II (MTO)-Toront
--------------------

TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    
RAIN

hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   
mm/hr

0.00    0.00 |  6.17    2.03 | 12.33   16.24 | 18.50    
2.03

0.17    1.24 |  6.33    2.03 | 12.50   16.24 | 18.67    
2.03

0.33    1.24 |  6.50    2.03 | 12.67    8.35 | 18.83    
2.03

0.50    1.24 |  6.67    2.03 | 12.83    8.35 | 19.00    
2.03

0.67    1.24 |  6.83    2.03 | 13.00    8.35 | 19.17    
2.03

0.83    1.24 |  7.00    2.03 | 13.17    6.09 | 19.33    
2.03

1.00    1.24 |  7.17    2.48 | 13.33    6.09 | 19.50    
2.03

1.17    1.24 |  7.33    2.48 | 13.50    6.09 | 19.67    
2.03



1.33    1.24 |  7.50    2.48 | 13.67    4.74 | 19.83    
2.03

1.50    1.24 |  7.67    2.48 | 13.83    4.74 | 20.00    
2.03

1.67    1.24 |  7.83    2.48 | 14.00    4.74 | 20.17    
1.35

1.83    1.24 |  8.00    2.48 | 14.17    3.38 | 20.33    
1.35

2.00    1.24 |  8.17    2.93 | 14.33    3.38 | 20.50    
1.35

2.17    1.47 |  8.33    2.93 | 14.50    3.38 | 20.67    
1.35

2.33    1.47 |  8.50    2.93 | 14.67    3.38 | 20.83    
1.35

2.50    1.47 |  8.67    3.16 | 14.83    3.38 | 21.00    
1.35

2.67    1.47 |  8.83    3.16 | 15.00    3.38 | 21.17    
1.35

2.83    1.47 |  9.00    3.16 | 15.17    3.38 | 21.33    
1.35

3.00    1.47 |  9.17    3.61 | 15.33    3.38 | 21.50    
1.35

3.17    1.47 |  9.33    3.61 | 15.50    3.38 | 21.67    
1.35

3.33    1.47 |  9.50    3.61 | 15.67    3.38 | 21.83    
1.35

3.50    1.47 |  9.67    4.06 | 15.83    3.38 | 22.00    
1.35

3.67    1.47 |  9.83    4.06 | 16.00    3.38 | 22.17    
1.35

3.83    1.47 | 10.00    4.06 | 16.17    2.03 | 22.33    
1.35

4.00    1.47 | 10.17    5.19 | 16.33    2.03 | 22.50    
1.35

4.17    1.80 | 10.33    5.19 | 16.50    2.03 | 22.67    
1.35

4.33    1.80 | 10.50    5.19 | 16.67    2.03 | 22.83    
1.35

4.50    1.80 | 10.67    6.99 | 16.83    2.03 | 23.00    
1.35

4.67    1.80 | 10.83    6.99 | 17.00    2.03 | 23.17    
1.35

4.83    1.80 | 11.00    6.99 | 17.17    2.03 | 23.33    
1.35

5.00    1.80 | 11.17   10.83 | 17.33    2.03 | 23.50    
1.35

5.17    1.80 | 11.33   10.83 | 17.50    2.03 | 23.67    
1.35

5.33    1.80 | 11.50   10.83 | 17.67    2.03 | 23.83    
1.35

5.50    1.80 | 11.67   33.39 | 17.83    2.03 | 24.00    
1.35

5.67    1.80 | 11.83   85.73 | 18.00    2.03 |
5.83    1.80 | 12.00  138.07 | 18.17    2.03 |



6.00    1.80 | 12.17   16.24 | 18.33    2.03 |

--------------------------------------------------------------------------
-----

--------------------
| CALIB            |
| NASHYD   (  0005)|   Area    (ha)=   0.03   Curve Number   (CN)= 80.0
|ID= 1 DT=10.0 min |   Ia      (mm)=   5.00   # of Linear Res.(N)= 3.00
--------------------   U.H. Tp(hrs)=   0.20

Unit Hyd Qpeak  (cms)=   0.006

PEAK FLOW       (cms)=   0.005 (i)
TIME TO PEAK    (hrs)=  12.167
RUNOFF VOLUME    (mm)=  66.057
TOTAL RAINFALL   (mm)= 112.800
RUNOFF COEFFICIENT   =   0.586

(i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.

--------------------------------------------------------------------------
-----
--------------------
| CALIB            |
| NASHYD   (  0002)|   Area    (ha)=   0.13   Curve Number   (CN)= 80.0
|ID= 1 DT=10.0 min |   Ia      (mm)=   5.00   # of Linear Res.(N)= 3.00
--------------------   U.H. Tp(hrs)=   0.20

Unit Hyd Qpeak  (cms)=   0.025

PEAK FLOW       (cms)=   0.023 (i)
TIME TO PEAK    (hrs)=  12.167
RUNOFF VOLUME    (mm)=  66.071
TOTAL RAINFALL   (mm)= 112.800
RUNOFF COEFFICIENT   =   0.586

(i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.

--------------------------------------------------------------------------
-----
--------------------
| CALIB            |
| STANDHYD (  0001)|   Area    (ha)=   1.60
|ID= 1 DT=10.0 min |   Total Imp(%)=  61.00   Dir. Conn.(%)=  60.00
--------------------

IMPERVIOUS    PERVIOUS (i)
Surface Area     (ha)=       0.98         0.62
Dep. Storage     (mm)=       1.00         1.50
Average Slope     (%)=       1.00         2.00
Length            (m)=     103.28        40.00
Mannings n           =      0.013        0.250

Max.Eff.Inten.(mm/hr)=     138.07       117.03



over (min)       10.00        10.00
Storage Coeff.  (min)=       2.29 (ii)    8.92 (ii)
Unit Hyd. Tpeak (min)=      10.00        10.00
Unit Hyd. peak  (cms)=       0.17         0.11

* TOTALS*
PEAK FLOW       (cms)=       0.37         0.16          0.531 (iii)
TIME TO PEAK    (hrs)=      12.17        12.17          12.17
RUNOFF VOLUME    (mm)=     111.80        79.95          99.06
TOTAL RAINFALL   (mm)=     112.80       112.80         112.80
RUNOFF COEFFICIENT   =       0.99         0.71           0.88

***** WARNING: STORAGE COEFF. IS SMALLER THAN TIME STEP!

(i) CN PROCEDURE SELECTED FOR PERVIOUS LOSSES:
CN*  =  85.0    Ia = Dep. Storage  (Above)

(ii) TIME STEP (DT) SHOULD BE SMALLER OR EQUAL
THAN THE STORAGE COEFFICIENT.

(iii) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.

--------------------------------------------------------------------------
-----

--------------------
| ADD HYD  (  0003)|
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V.
--------------------         (ha)    (cms)    (hrs)     (mm)

ID1= 1 (  0001):     1.60   0.531    12.17    99.06
+ ID2= 2 (  0002):     0.13   0.023    12.17    66.07
====================================================
ID = 3 (  0003):     1.73   0.555    12.17    96.58

NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.
--------------------------------------------------------------------------
-----
--------------------
| RESERVOIR(  0004)|     OVERFLOW IS OFF
| IN= 2---> OUT= 1 |
| DT= 10.0 min     |     OUTFLOW    STORAGE   |  OUTFLOW    STORAGE
--------------------      (cms)     (ha.m.)   |   (cms)     (ha.m.)

0.0000     0.0000   |   0.1390      0.0432
0.1060     0.0203   |   0.1500      0.0552
0.1180     0.0269   |   0.1520      0.0579
0.1290     0.0349   |   0.0000      0.0000

AREA     QPEAK     TPEAK       R.V.
(ha)     (cms)     (hrs)       (mm)

INFLOW : ID= 2 (  0003)      1.730      0.555     12.17      96.58
OUTFLOW: ID= 1 (  0004)      1.730      0.145     12.33      96.56

PEAK   FLOW   REDUCTION [Qout/Qin](%)= 26.19
TIME SHIFT OF PEAK FLOW         (min)= 10.00
MAXIMUM  STORAGE   USED       (ha.m.)=  0.0503



--------------------------------------------------------------------------
-----

--------------------
| ADD HYD  (  0006)|
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V.
--------------------         (ha)    (cms)    (hrs)     (mm)

ID1= 1 (  0004):     1.73   0.145    12.33    96.56
+ ID2= 2 (  0005):     0.03   0.005    12.17    66.06
====================================================
ID = 3 (  0006):     1.76   0.149    12.33    96.04

NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.
--------------------------------------------------------------------------
-----
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Developed and Distributed by Smart City Water Inc
Copyright 2007 - 2022 Smart City Water Inc
All rights reserved.

*****  D E T A I L E D   O U T P U T *****
--------------------------------------------------------------------------
---------------------------------
************************************************
** SIMULATION : 100yr 24hr 10min SCS Type II  **
************************************************

--------------------
|    READ STORM    |    Filename: C:\Users\shuchi\AppD
|                  |              ata\Local\Temp\
|                  |              a0fd72d0-0518-4658-b701-
41444193f4ef\d268efaa
| Ptotal=124.80 mm |    Comments: 100yr 24hr 10min SCS Type II (MTO)-Toron
--------------------

TIME    RAIN |  TIME    RAIN |'  TIME    RAIN |  TIME    
RAIN

hrs   mm/hr |   hrs   mm/hr |'   hrs   mm/hr |   hrs   
mm/hr

0.00    0.00 |  6.17    2.25 | 12.33   17.97 | 18.50    
2.25

0.17    1.37 |  6.33    2.25 | 12.50   17.97 | 18.67    
2.25

0.33    1.37 |  6.50    2.25 | 12.67    9.24 | 18.83    
2.25

0.50    1.37 |  6.67    2.25 | 12.83    9.24 | 19.00    
2.25

0.67    1.37 |  6.83    2.25 | 13.00    9.24 | 19.17    
2.25

0.83    1.37 |  7.00    2.25 | 13.17    6.74 | 19.33    
2.25

1.00    1.37 |  7.17    2.75 | 13.33    6.74 | 19.50    
2.25

1.17    1.37 |  7.33    2.75 | 13.50    6.74 | 19.67    
2.25



1.33    1.37 |  7.50    2.75 | 13.67    5.24 | 19.83    
2.25

1.50    1.37 |  7.67    2.75 | 13.83    5.24 | 20.00    
2.25

1.67    1.37 |  7.83    2.75 | 14.00    5.24 | 20.17    
1.50

1.83    1.37 |  8.00    2.75 | 14.17    3.74 | 20.33    
1.50

2.00    1.37 |  8.17    3.24 | 14.33    3.74 | 20.50    
1.50

2.17    1.62 |  8.33    3.24 | 14.50    3.74 | 20.67    
1.50

2.33    1.62 |  8.50    3.24 | 14.67    3.74 | 20.83    
1.50

2.50    1.62 |  8.67    3.49 | 14.83    3.74 | 21.00    
1.50

2.67    1.62 |  8.83    3.49 | 15.00    3.74 | 21.17    
1.50

2.83    1.62 |  9.00    3.49 | 15.17    3.74 | 21.33    
1.50

3.00    1.62 |  9.17    3.99 | 15.33    3.74 | 21.50    
1.50

3.17    1.62 |  9.33    3.99 | 15.50    3.74 | 21.67    
1.50

3.33    1.62 |  9.50    3.99 | 15.67    3.74 | 21.83    
1.50

3.50    1.62 |  9.67    4.49 | 15.83    3.74 | 22.00    
1.50

3.67    1.62 |  9.83    4.49 | 16.00    3.74 | 22.17    
1.50

3.83    1.62 | 10.00    4.49 | 16.17    2.25 | 22.33    
1.50

4.00    1.62 | 10.17    5.74 | 16.33    2.25 | 22.50    
1.50

4.17    2.00 | 10.33    5.74 | 16.50    2.25 | 22.67    
1.50

4.33    2.00 | 10.50    5.74 | 16.67    2.25 | 22.83    
1.50

4.50    2.00 | 10.67    7.74 | 16.83    2.25 | 23.00    
1.50

4.67    2.00 | 10.83    7.74 | 17.00    2.25 | 23.17    
1.50

4.83    2.00 | 11.00    7.74 | 17.17    2.25 | 23.33    
1.50

5.00    2.00 | 11.17   11.98 | 17.33    2.25 | 23.50    
1.50

5.17    2.00 | 11.33   11.98 | 17.50    2.25 | 23.67    
1.50

5.33    2.00 | 11.50   11.98 | 17.67    2.25 | 23.83    
1.50

5.50    2.00 | 11.67   36.94 | 17.83    2.25 | 24.00    
1.50

5.67    2.00 | 11.83   94.85 | 18.00    2.25 |
5.83    2.00 | 12.00  152.76 | 18.17    2.25 |



6.00    2.00 | 12.17   17.97 | 18.33    2.25 |

--------------------------------------------------------------------------
-----

--------------------
| CALIB            |
| NASHYD   (  0005)|   Area    (ha)=   0.03   Curve Number   (CN)= 80.0
|ID= 1 DT=10.0 min |   Ia      (mm)=   5.00   # of Linear Res.(N)= 3.00
--------------------   U.H. Tp(hrs)=   0.20

Unit Hyd Qpeak  (cms)=   0.006

PEAK FLOW       (cms)=   0.006 (i)
TIME TO PEAK    (hrs)=  12.167
RUNOFF VOLUME    (mm)=  76.242
TOTAL RAINFALL   (mm)= 124.800
RUNOFF COEFFICIENT   =   0.611

(i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.

--------------------------------------------------------------------------
-----
--------------------
| CALIB            |
| NASHYD   (  0002)|   Area    (ha)=   0.13   Curve Number   (CN)= 80.0
|ID= 1 DT=10.0 min |   Ia      (mm)=   5.00   # of Linear Res.(N)= 3.00
--------------------   U.H. Tp(hrs)=   0.20

Unit Hyd Qpeak  (cms)=   0.025

PEAK FLOW       (cms)=   0.027 (i)
TIME TO PEAK    (hrs)=  12.167
RUNOFF VOLUME    (mm)=  76.258
TOTAL RAINFALL   (mm)= 124.800
RUNOFF COEFFICIENT   =   0.611

(i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.

--------------------------------------------------------------------------
-----
--------------------
| CALIB            |
| STANDHYD (  0001)|   Area    (ha)=   1.60
|ID= 1 DT=10.0 min |   Total Imp(%)=  61.00   Dir. Conn.(%)=  60.00
--------------------

IMPERVIOUS    PERVIOUS (i)
Surface Area     (ha)=       0.98         0.62
Dep. Storage     (mm)=       1.00         1.50
Average Slope     (%)=       1.00         2.00
Length            (m)=     103.28        40.00
Mannings n           =      0.013        0.250

Max.Eff.Inten.(mm/hr)=     152.76       132.62



over (min)       10.00        10.00
Storage Coeff.  (min)=       2.20 (ii)    8.50 (ii)
Unit Hyd. Tpeak (min)=      10.00        10.00
Unit Hyd. peak  (cms)=       0.17         0.12

* TOTALS*
PEAK FLOW       (cms)=       0.41         0.19          0.596 (iii)
TIME TO PEAK    (hrs)=      12.17        12.17          12.17
RUNOFF VOLUME    (mm)=     123.80        91.07         110.70
TOTAL RAINFALL   (mm)=     124.80       124.80         124.80
RUNOFF COEFFICIENT   =       0.99         0.73           0.89

***** WARNING: STORAGE COEFF. IS SMALLER THAN TIME STEP!

(i) CN PROCEDURE SELECTED FOR PERVIOUS LOSSES:
CN*  =  85.0    Ia = Dep. Storage  (Above)

(ii) TIME STEP (DT) SHOULD BE SMALLER OR EQUAL
THAN THE STORAGE COEFFICIENT.

(iii) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY.

--------------------------------------------------------------------------
-----

--------------------
| ADD HYD  (  0003)|
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V.
--------------------         (ha)    (cms)    (hrs)     (mm)

ID1= 1 (  0001):     1.60   0.596    12.17   110.70
+ ID2= 2 (  0002):     0.13   0.027    12.17    76.26
====================================================
ID = 3 (  0003):     1.73   0.623    12.17   108.12

NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.
--------------------------------------------------------------------------
-----
--------------------
| RESERVOIR(  0004)|     OVERFLOW IS OFF
| IN= 2---> OUT= 1 |
| DT= 10.0 min     |     OUTFLOW    STORAGE   |  OUTFLOW    STORAGE
--------------------      (cms)     (ha.m.)   |   (cms)     (ha.m.)

0.0000     0.0000   |   0.1390      0.0432
0.1060     0.0203   |   0.1500      0.0552
0.1180     0.0269   |   0.1520      0.0579
0.1290     0.0349   |   0.0000      0.0000

AREA     QPEAK     TPEAK       R.V.
(ha)     (cms)     (hrs)       (mm)

INFLOW : ID= 2 (  0003)      1.730      0.623     12.17     108.12
OUTFLOW: ID= 1 (  0004)      1.730      0.151     12.33     108.10

PEAK   FLOW   REDUCTION [Qout/Qin](%)= 24.32
TIME SHIFT OF PEAK FLOW         (min)= 10.00
MAXIMUM  STORAGE   USED       (ha.m.)=  0.0572



--------------------------------------------------------------------------
-----

--------------------
| ADD HYD  (  0006)|
|   1 +  2 =  3    |   AREA    QPEAK    TPEAK     R.V.
--------------------    (ha)    (cms)    (hrs)     (mm)

ID1= 1 (  0004):     1.73   0.151    12.33   108.10
+ ID2= 2 (  0005):     0.03   0.006    12.17    76.24
====================================================
ID = 3 (  0006):     1.76   0.156    12.33   107.55

NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.
--------------------------------------------------------------------------
-----



WATER QUALITY - JELLYFISH FILTRATION 
TREATMENT DESIGN REPORT



JF8-6-2 6 2 2.4 35.3 398

1

Jellyfish Filter System Recommendation
The Jellyfish Filter model JF8-6-2 is recommended to meet the water quality objective by treating a 

flow of 35.3 L/s, which meets or exceeds 90% of the average annual rainfall runoff volume based on 

18 years of TORONTO CENTRAL rainfall data for this site. This model has a sediment capacity of 

398 kg, which meets or exceeds the estimated average annual sediment load.

Sediment 

Capacity (kg)

Treatment 

Flow Rate 

(L/s)

The Jellyfish Filter System

Jellyfish 

Model

Jellyfish Filter Sizing Report

This report provides information for the sizing and specification of the Jellyfish Filter. When 

designed properly in accordance to the guidelines detailed in the Jellyfish Filter Technical Manual, 

the Jellyfish Filter will exceed the performance and longevity of conventional horizontal bed and 

granular media filters. 

Please see www.ImbriumSystems.com  for more information.

Project Information

Location

Friday, May 24, 2024

Kaufman Rd.

Date

Project Name

Jellyfish Filter Design Overview

W22002

W22002

Project Number

Number of 

High-Flo 

Cartridges

Number of 

Draindown 

Cartridges

Manhole 

Diameter 

(m)

The patented Jellyfish Filter is an engineered stormwater quality treatment technology featuring 

unique membrane filtration in a compact stand-alone treatment system that removes a high level 

and wide variety of stormwater pollutants. Exceptional pollutant removal is achieved at high 

treatment flow rates with minimal head loss and low maintenance costs. Each lightweight Jellyfish 

Filter cartridge contains an extraordinarily large amount of membrane surface area, resulting in 

superior flow capacity and pollutant removal capacity. 

Regular scheduled inspections and maintenance is necessary to assure proper functioning of the 

Jellyfish Filter. The maintenance interval is designed to be a minimum of 12 months, but this will 

vary depending on site loading conditions and upstream pretreatment measures. Quarterly 

inspections and inspections after all storms beyond the 5-year event are recommended until enough 

historical performance data has been logged to comfortably initiate an alternative inspection interval.

Maintenance

Please see www.ImbriumSystems.com  for more information.

Thank you for the opportunity to present this information to you and your client.

CDN/Int'l: 1 (800) 565-4801 | US: 1 (888) 279-8826 www.ImbriumSystems.com

STANDARD OFFLINE

http://www.imbriumsystems.com/
http://www.imbriumsystems.com/
http://www.imbriumsystems.com/
http://www.imbriumsystems.com/
http://www.imbriumsystems.com/






 90% Total Copper, 81% Total Lead, 70% Total Zinc



 Free oil, Floatable trash and debris

l

l

l

2

77% TP removal & 51% TN removal
89% of the total suspended solids (TSS) load, including particles less than 5 microns

Field Proven Peformance

Performance

The Jellyfish filter has been field-tested on an urban site with 25 TAPE qualifying rain events and 

field monitored according to the TAPE field test protocol, demonstrating:

Particulate-bound pollutants such as nutrients, toxic metals, hydrocarbons and bacteria

Jellyfish efficiently captures a high level of Stormwater pollutants, including:

www.ImbriumSystems.com

Jellyfish Filter Treatment Functions

The ability to capture fine particles as indicated by an effluent d50 median of 3 microns 

for all monitotred storm events, and a median effluent turbidity of 5 NTUs;

A median Total Phosphorus removal of 77%, and a median Total Nitrogen removal of 

51%.

Pre-treatment and Membrane Filtration

A median TSS removal efficiency of 90%, and a median SSC removal of 99%;

CDN/Int'l: 1 (800) 565-4801 | US: 1 (888) 279-8826

http://www.imbriumsystems.com/
http://www.imbriumsystems.com/
http://www.imbriumsystems.com/
http://www.imbriumsystems.com/
http://www.imbriumsystems.com/


Name:

State:

ID:

Record:

Co-ords:

JF4-1-1 1 1 1.2 2313 0.34 379 7.6 85

JF4-2-1 2 1 1.2 2313 0.34 379 12.6 142

JF6-3-1 3 1 1.8 5205 0.79 848 17.7 199

JF6-4-1 4 1 1.8 5205 0.79 848 22.7 256

JF6-5-1 5 1 1.8 5205 0.79 848 27.8 313

JF6-6-1 6 1 1.8 5205 0.79 848 28.6 370

JF8-6-2 6 2 2.4 9252 1.42 1469 35.3 398

JF8-7-2 7 2 2.4 9252 1.42 1469 40.4 455

JF8-8-2 8 2 2.4 9252 1.42 1469 45.4 512

JF8-9-2 9 2 2.4 9252 1.42 1469 50.5 569

JF8-10-2 10 2 2.4 9252 1.42 1469 50.5 626

JF10-11-3 11 3 3.0 14456 2.21 2302 63.1 711

JF10-12-3 12 3 3.0 14456 2.21 2302 68.2 768

JF10-12-4 12 4 3.0 14456 2.21 2302 70.7 796

JF10-13-4 13 4 3.0 14456 2.21 2302 75.7 853

JF10-14-4 14 4 3.0 14456 2.21 2302 78.9 910

JF10-15-4 15 4 3.0 14456 2.21 2302 78.9 967

JF10-16-4 16 4 3.0 14456 2.21 2302 78.9 1024

JF10-17-4 17 4 3.0 14456 2.21 2302 78.9 1081

JF10-18-4 18 4 3.0 14456 2.21 2302 78.9 1138

JF10-19-4 19 4 3.0 14456 2.21 2302 78.9 1195

JF12-20-5 20 5 3.6 20820 3.2 2771 113.6 1280

JF12-21-5 21 5 3.6 20820 3.2 2771 113.7 1337

JF12-22-5 22 5 3.6 20820 3.2 2771 113.7 1394

JF12-23-5 23 5 3.6 20820 3.2 2771 113.7 1451

JF12-24-5 24 5 3.6 20820 3.2 2771 113.7 1508

JF12-25-5 25 5 3.6 20820 3.2 2771 113.7 1565

JF12-26-5 26 5 3.6 20820 3.2 2771 113.7 1622

JF12-27-5 27 5 3.6 20820 3.2 2771 113.7 1679

3

Date:

Project Number:

Location:

W22002

The Jellyfish Filter model JF8-6-2 is recommended to meet the water quality objective by treating a 

flow of 35.3 L/s, which meets or exceeds 90% of the average annual rainfall runoff volume based on 

18 years of TORONTO CENTRAL rainfall data for this site. This model has a sediment capacity of 

398 kg, which meets or exceeds the estimated average annual sediment load.

Project Information Rainfall

Shuchi Singh

Designer Information

Drainage Area

61%

TORONTO CENTRALFriday, May 24, 2024

W22002

ON

Pretreatment Credit:

n/aPeak Release Rate:

n/a

90% of the Average Annual Runoff based on 18 years 

of TORONTO CENTRAL rainfall data:

Flow 

Loading

379 kg

Company:

Contact:

Notes

Total Area:

Imperviousness:

Upstream Detention

1.73 ha

Project Name: Kaufman Rd.

Number of 

High-Flo 

Cartridges

Jellyfish 

Model

Treatment 

Flow Rate 

(L/s)

Sediment 

Capacity 

(kg)

www.ImbriumSystems.comCDN/Int'l: 1 (800) 565-4801 | US: 1 (888) 279-8826

Recommendation

Design System Requirements

Number of 

Draindown 

Cartridges

Manhole 

Diameter 

(m)

Wet Vol 

Below Deck 

(L)

Sump 

Storage 

(m³)

Oil 

Capacity 

(L)

Treating 90% of the average annual runoff volume, 

6311 m³, with a suspended sediment concentration of 

60 mg/L.

29.2 L/s

45°30'N, 90°30'W

Phone #:

Candevcon Ltd.

Sediment 

Loading

100

1982 to 1999

http://www.imbriumsystems.com/
http://www.imbriumsystems.com/
http://www.imbriumsystems.com/
http://www.imbriumsystems.com/
http://www.imbriumsystems.com/


Jellyfish Filter Design Notes
l

Jellyfish Filter Typical Layout

l

l

l

l

l

l

l

l

4

While the optional inlet below deck configuration offers 0 to 360 degree flexibility between the inlet 

and outlet pipe, typical systems conform to the following:

59º 200 250

Typically the Jellyfish Filter is designed in an offline configuration, as all stormwater filter systems 

will perform for a longer duration between required maintenance services when designed and 

applied in off-line configurations. Depending on the design parameters, an optional internal bypass 

may be incorporated into the Jellyfish Filter, however note the inspection and maintenance 

frequency should be expected to increase above that of an off-line system. Speak to your local 

representative for more information.

Typically, 18 inches (457 mm) of driving head is designed into the system, calculated as the 

difference in elevation between the top of the diversion structure weir and the invert of the Jellyfish 

Filter outlet pipe.  Alternative driving head values can be designed as 12 to 24 inches (305 to 

610mm) depending on specific site requirements, requiring additional sizing and design assistance.

Typically, the Jellyfish Filter is designed with the inlet pipe configured 6 inches (150 mm) above the 

outlet invert elevation. However, depending on site parameters this can vary to an optional 

configuration of the inlet pipe entering the unit below the outlet invert elevation. 
The Jellyfish Filter can accommodate multiple inlet pipes within certain restrictions. 

Model Diameter (m)
Minimum Angle 

Inlet / Outlet Pipes

Minimum Inlet Pipe 

Diameter (mm)

Minimum Outlet Pipe 

Diameter (mm)

3.6 40º 300 450

www.ImbriumSystems.comCDN/Int'l: 1 (800) 565-4801 | US: 1 (888) 279-8826

The Jellyfish Filter can be built at all depths of cover generally associated with conventional 

stormwater conveyance systems. For sites that require minimal depth of cover for the stormwater 

infrastructure, the Jellyfish Filter can be applied in a shallow application using a hatch cover. The 

general minimum depth of cover is 36 inches (915 mm) from top of the underslab to outlet invert.

If driving head caclulations account for water elevation during submerged conditions the Jellyfish 

Filter will function effectively under submerged condtions.

Jellyfish Filter systems may incorporate grated inlets depending on system configuration. 

For sites with water quality treatment flow rates or mass loadings that exceed the design flow rate of 

the largest standard Jellyfish Filter manhole models, systems can be designed that hydraulically 

connect multiple Jellyfish Filters in series or alternatively Jellyfish Vault units can be designed.

2.4 52º 250 300

3.0 48º 300 450

1.2 62º 150 200

1.8

http://www.imbriumsystems.com/
http://www.imbriumsystems.com/
http://www.imbriumsystems.com/
http://www.imbriumsystems.com/
http://www.imbriumsystems.com/
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STANDARD PERFORMANCE SPECIFICATION 
 STORMWATER QUALITY – MEMBRANE FILTRATION TREATMENT DEVICE 
 
PART 1 – GENERAL 
 
1.1  WORK INCLUDED 
 
This section specifies requirements for selecting, sizing, and designing an underground stormwater 
quality membrane filtration treatment device that removes pollutants from stormwater runoff 
through the unit operations of sedimentation, floatation, and membrane filtration. 

 
1.2  REFERENCE STANDARDS & PROCEDURES 
 
ISO 14034:2016 Environmental Management – Environmental Technology Verification (ETV) 
 
1.3  SUBMITTALS   
 

1.3.1 All submittals, including sizing reports & shop drawings, shall be submitted upon 
request with each order to the contractor then forwarded to the Engineer of Record 
for review and acceptance.  Shop drawings shall detail all OGS components, 
elevations, and sequence of construction. 

 
1.3.2 Alternative devices shall have features identical to or greater than the specified 

device, including:  filtration surface area, treatment chamber diameter, treatment 
chamber wet volume,  sediment storage volume, and oil storage volume.   

 
1.3.3    Unless directed otherwise by the Engineer of Record, filtration treatment device 

product substitutions or alternatives submitted within ten days prior to project bid 
shall not be accepted. All alternatives or substitutions submitted shall be signed 
and sealed by a local registered Professional Engineer, based on the exact same 
criteria detailed in Section 3, in entirety, subject to review and approval by the 
Engineer of Record.   

 
 
PART 2 – PRODUCTS 
 
2.1 GENERAL 
 

2.1.1     Maintenance Access to Captured Pollutants  The filter device shall contain an 
opening(s) that provides maintenance access for removal of accumulated floatable 
pollutants and sediment, removal of and replacement of filter cartridges, cleaning 
of the sump, and rinsing of the internal components.  Access shall have a minimum 
clear vertical clear space over all of the filter cartridges.  Filter cartridges shall be 
able to be lifted straight vertically out of their installed placement for the entire 
length of the cartridge. 

 
2.1.2 Pollutant Storage:  The Filter device shall include a sump for sediment storage, 

and a protected volume for the capture and storage of petroleum hydrocarbons 
and buoyant gross pollutants.   

 
PART 3 – PERFORMANCE  
 

http://www.imbriumsystems.com/


  
Imbrium Systems         Ph 888-279-8826 
www.imbriumsystems.com         Ph 416-960-9900  

 
Page 2 of 2 

 
 

3.1 GENERAL 
 

3.1.1 Verification – The stormwater quality filter treatment device shall have been field 
tested in accordance with either TARP Tier II Protocol (TARP, 2003) and New Jersey 
Tier II Stormwater Test Requirements – Amendments to TARP Tier II Protocol 
(NJDEP, 2009) or Washington State Technology Assessment Protocol – Ecology 
(TAPE), 2011 or later version. The field test shall have been verified in accordance 
with ISO 14034:2016 Environmental Management – Environmental Technology 
Verification (ETV).  See Section 3.2 of this specification for field test performance 
requirements. 
 

3.2 FIELD TEST PERFORMANCE  
 
The field test (as specified in section 3.1.1)shall have monitored a minimum of twenty (20) TARP 
or TAPE qualifying storm events, and report at minimum the following results: 
 

3.2.1 Suspended Solids Removal - The stormwater quality filter treatment device shall have 
ISO 14034 ETV verified load based median TSS removal efficiency of at least 85% 
and load based median SSC removal efficiency of at least 98%.   
 

3.2.2 Runoff Volume – The stormwater quality filter treatment device shall be engineered, 
designed, and sized to treat a minimum of 90 percent of the annual runoff volume 
determined from use of a minimum 15-year rainfall data set. 

 
3.2.3 Fine Particle Removal - The stormwater quality filter treatment device shall have 

demonstrated the ability to capture fine particles as indicated by a minimum median 
removal efficiency of 75% for the particle fraction less than 25 microns, and an 
effluent d50 of 15 microns or lower for all monitored storm events. 

 
3.2.4 Turbidity Reduction - The stormwater quality filter treatment device shall have 

demonstrated the ability to reduce turbidity such that effluent turbidity is 15 NTU or 
lower. 

 
3.2.5 Nutrients & Metals – The stormwater quality filter treatment device shall have ISO 

14034 ETV Verified minimum load based removal efficiencies for the following: 
 
3.2.5.1 Total Phosphorus (TP) Removal - Median TP removal efficiency of at least 49%. 

 
3.2.5.2 Total Nitrogen (TN) Removal - Median TN removal efficiency of at least 39%. 

 
3.2.5.3 Total Zinc (Zn) Removal - Median Zn removal efficiency of at least 69%. 

 
3.2.5.4 Total Copper (Cu) Removal - Median Cu removal efficiency of at least 91%. 
 

 
 
 
END OF SECTION 

http://www.imbriumsystems.com/
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STANDARD PERFORMANCE SPECIFICATION
 STORMWATER QUALITY – MEMBRANE FILTRATION TREATMENT DEVICE

PART 1 – GENERAL

1.1  WORK INCLUDED

This section specifies requirements for selecting, sizing, and designing an underground stormwater
quality membrane filtration treatment device that removes pollutants from stormwater runoff
through the unit operations of sedimentation, floatation, and membrane filtration.

1.2  REFERENCE STANDARDS & PROCEDURES

ISO 14034:2016 Environmental Management – Environmental Technology Verification (ETV)

1.3  SUBMITTALS

1.3.1 All submittals, including sizing reports & shop drawings, shall be submitted upon
request with each order to the contractor then forwarded to the Engineer of Record
for review and acceptance.  Shop drawings shall detail all OGS components,
elevations, and sequence of construction.

1.3.2 Alternative devices shall have features identical to or greater than the specified
device, including:  filtration surface area, treatment chamber diameter, treatment
chamber wet volume,  sediment storage volume, and oil storage volume.

1.3.3    Unless directed otherwise by the Engineer of Record, filtration treatment device
product substitutions or alternatives submitted within ten days prior to project bid
shall not be accepted. All alternatives or substitutions submitted shall be signed
and sealed by a local registered Professional Engineer, based on the exact same
criteria detailed in Section 3, in entirety, subject to review and approval by the
Engineer of Record.

PART 2 – PRODUCTS

2.1 GENERAL

2.1.1     Maintenance Access to Captured Pollutants  The filter device shall contain an
opening(s) that provides maintenance access for removal of accumulated floatable
pollutants and sediment, removal of and replacement of filter cartridges, cleaning
of the sump, and rinsing of the internal components.  Access shall have a minimum
clear vertical clear space over all of the filter cartridges.  Filter cartridges shall be
able to be lifted straight vertically out of their installed placement for the entire
length of the cartridge.

2.1.2 Pollutant Storage:  The Filter device shall include a sump for sediment storage,
and a protected volume for the capture and storage of petroleum hydrocarbons
and buoyant gross pollutants.

PART 3 – PERFORMANCE
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3.1 GENERAL

3.1.1 Verification – The stormwater quality filter treatment device shall have been field
tested in accordance with either TARP Tier II Protocol (TARP, 2003) and New Jersey
Tier II Stormwater Test Requirements – Amendments to TARP Tier II Protocol
(NJDEP, 2009) or Washington State Technology Assessment Protocol – Ecology
(TAPE), 2011 or later version. The field test shall have been verified in accordance
with ISO 14034:2016 Environmental Management – Environmental Technology
Verification (ETV).  See Section 3.2 of this specification for field test performance
requirements.

3.2 FIELD TEST PERFORMANCE

The field test (as specified in section 3.1.1)shall have monitored a minimum of twenty (20) TARP
or TAPE qualifying storm events, and report at minimum the following results:

3.2.1 Suspended Solids Removal - The stormwater quality filter treatment device shall have
ISO 14034 ETV verified load based median TSS removal efficiency of at least 85%
and load based median SSC removal efficiency of at least 98%.

3.2.2 Runoff Volume – The stormwater quality filter treatment device shall be engineered,
designed, and sized to treat a minimum of 90 percent of the annual runoff volume
determined from use of a minimum 15-year rainfall data set.

3.2.3 Fine Particle Removal - The stormwater quality filter treatment device shall have
demonstrated the ability to capture fine particles as indicated by a minimum median
removal efficiency of 75% for the particle fraction less than 25 microns, and an
effluent d50 of 15 microns or lower for all monitored storm events.

3.2.4 Turbidity Reduction - The stormwater quality filter treatment device shall have
demonstrated the ability to reduce turbidity such that effluent turbidity is 15 NTU or
lower.

3.2.5 Nutrients & Metals – The stormwater quality filter treatment device shall have ISO
14034 ETV Verified minimum load based removal efficiencies for the following:

3.2.5.1 Total Phosphorus (TP) Removal - Median TP removal efficiency of at least 49%.

3.2.5.2 Total Nitrogen (TN) Removal - Median TN removal efficiency of at least 39%.

3.2.5.3 Total Zinc (Zn) Removal - Median Zn removal efficiency of at least 69%.

3.2.5.4 Total Copper (Cu) Removal - Median Cu removal efficiency of at least 91%.

END OF SECTION



PHOSPHORUS LOADING 
&

 WATER BALANCE 
CALCULATIONS 



Reference Pages from Inglewood Studies for Water Quality

Complete Report is 
attached in Appendix"F"



PROJECT NO. : W22002
PROJECT NAME : 15544 McLaughlin, Caledon

PREPARED BY : S.S
CHECKED BY : DKH

DATE : 5/22/2024

Phosphorus Budget Tool in Support of Sustainable Development 

Existing Site Condition: 
- At present the site is vacant and covered with grass.

- Refer to Pre-Development Plan attached for Existing Site Condition

Pre-Development Condition (Overall Site) 

Residential Commercial /Industrial 
/Institutional 

Hay & 
Pasture 
Fields

Forest 

1.32 1.82 0.12 0.10
0.00 0.000 1.76 0

Total P (kg/Year) 0.00 0.000 0.21 0

Total Pre-Development P (kg/yr) = 0.21

Proposed Site Condition: 
- Under the proposed condition, the subject site will be built with Single Family Residential Lots

- The land use of the proposed development will fall under residential for P Coefficient

- Refer to Storm Drainage Area Plan for the proposed development plan

Post-Development Condition (Catchment Area) with NO BMP

Residential Commercial /Industrial 
/Institutional 

Hay & 
Pasture 
Fields

Forest 

Phosphorus Export (kg/ha/year) 1.32 1.82 0.12 0.10
Untreated Area (Ha) 1.73 0.00 0.00 0.00

Total (P) Kg/yr. 2.28 0.00 0.00 0.00

Total Post-Development (without BMPs) P = 2.28 Kg/Yr

Post-Development Condition (Uncontrolled Runoff)

Residential Commercial/Industrial 
/Institutional 

Hay & 
Pasture 
Fields

Forest 

Phosphorus Export (kg/ha/year) 1.32 1.82 0.12 0.10
Untreated Area (Ha) 0.03 0.00 0.00 0.00

Total (P) Kg/yr. 0.04 0.00 0.00 0.00

Total Post-Development (without BMPs) P = 0.04 Kg/Yr

Post-Development Condition (With BMPS) 

1. Areas draining through Filtration Treatment (Jellyfish Unit)  :

Residential Institutional Pasture Forest 
 Export (kg/ha/year) 1.32 1.82 0.12 0.10

Area (ha) 1.73 0.00 0.0 0.0
Total (P) Kg/yr. 2.28 0.00 0.0 0.0

Jellyfish Proficiency (%): 77.5 (As per ETV Statement)
P Removed (kg): 1.77

P Remaining (kg): 0.51 (2.28 - 1.77)

2. Areas draining through Dry Pond  :

Residential Institutional Pasture Forest 
 Export (kg/ha/year) 1.32 1.82 0.12 0.10

Area (ha) 1.73 0.00 0.0 0.0
Total (P) Kg/yr. 2.28 0.00 0.0 0.0

Dry Pond Proficiency (%): 10 ( As per LSRCA Reference  Doc)
P Removed (kg): 0.23

P Remaining (kg): 0.29 (0.51 - 0.23)

Total Pre-Development P Load = 0.21 Kg/Yr

Total Post-Development Load (without BMPs) = 2.28 Kg/Yr

Total Post-Development Load (with BMPs) = 0.29 Kg/Yr

Uncontrolled Runoff Load = 0.04 Kg/Yr

Total P Load from Site = 0.33 Kg/Yr (0.29 + 0.06)

Untreated Areas (Draining directly to Valley)

Phosphorus Export (kg/ha/year) 
 Area (Ha)

(Pre-Development Scenario) 

(Post-Development Scenario) 

 (Jellyfish)Treatment 

 (Dry Pond)Treatment 

Phosphorus Rate reduces up to 86% with 
the use of BMPs. 

Areas to (Jellyfish Unit)

Areas to (Dry Pond)

NOTE : In the absence of a references 
available from CVC for phosphorus removal 
calculations, analysis is conducted using 
Phosphorus Budget Tool in Support of 
Sustainable Development for the Lake 
Simcoe Watershed (Prepared for Ontario 
Ministry of the Environment) . Attached 
reference documents are provided for 
review purposes.

Phosphorous Export values are taken 
from Table 2 of the reference report. 
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Location : TORONTO LESTER B. Elevation : 173.40 m
PEARSON INT'L A * ONTARIO

Latitude : 43°40'38.000" N Climate Id: 6158733

Longitude : 79°37'50.000" W WMO Id: 71624

CLIMATE NORMAL 1981 - 2010 CANADIAN CLIMATE NORMALS STATION DATA ( TORONTO) 

Month Mean Heat Daylight Adjusted Total Water
Temperature Index* Correction Evapotranspiration Precipitation Surplus

(°C) ( i ) Value for Toronto (mm) (mm) (mm)
January -5.5 0 0.81 0.0 51.8 51.8
February -4.5 0 0.81 0.0 47.7 47.7

March 0.1 0 1.02 0.0 49.8 49.8
April 7.1 1.7 1.12 34.6 68.5 33.9
May 13.1 4.2 1.27 78.0 74.3 0.0
June 18.6 7.2 1.29 117.3 71.5 0.0
July 21.5 8.9 1.3 139.1 75.7 0.0

August 20.6 8.4 1.2 122.4 78.1 0.0
September 16.2 5.8 1.04 81.0 74.5 0.0

October 9.5 2.6 0.95 40.7 61.1 20.4
November 3.7 0.6 0.8 11.9 75.1 63.2
December -2.2 0 0.74 0 57.9 57.9

Overall (I) = 39.47 625.1 786 324.7
a = 1.12 Total Water Surplus = 160.9 mm/year 

NOTE  : PET estimation is obtained for each month, considering a month is 30 days long and there are 12 theoretical sunshine hours per day. 

Where, 

1. Climate Information :

Precipitation = 786 mm/yr
Evapotranspiration = 625.1 mm/yr
Water Surplus = 160.9 mm/yr

2. Infiltration Rates :

" Infiltration Rates were determined based on infiltration guidelines sub-factors provided within the "MOEE Hydrogeological Technical Information
required for Land Development Application"  - Refer to MOEE, 1995 - Chapter-4,Table 2 & 3 (Page - 4-63) 

Table 2 : Infiltration Factors (from MOEE) 

Factor Total =

Infiltration per year = 96.6 mm/yr
Runoff per year = 64.4 mm/yr

Flat land, average slope not exceeding 0.6m per km 0.30
TOPOGRAPHY 

102.0

42.8
14.9

0

Site Climatic conditions were calculated using the "Thornthwaite Method" utilizing meterological data available from
Environmental Canada historical weather data for Toronto Lester B. Pearson Int'l A. Pearson Station is within the closest proximity of Site 

Description of Area/Development of Site Value of Infiltration Factor 

77.9

Potential 
Evapotranspiration 

(PET) (mm)
0
0
0

30.9
61.4
91.0
107.0

Rolling land, average slope of 2.8m to 3.8m to 3.8m 0.20
per km 
Hilly land, average slope of 28m to 47m per km 0.10

SOIL
Tight impervious clay 0.10
Medium Combination of Clay and Loam 0.20
Open and Sandy Loam 0.40

0.60

( 0.60 x 160.9) =
(160.9 - 96.6) =

COVER
Cultivated Lands 0.10
Woodland 0.20

WATER BALANCE CALCULATION 
THORNTHWAITE WATER BALANCE MODEL 

(HEAT INDEX)

The Values for Infiltration 
Factor are selected based 
on the results from 
Geotechnical Report 
prepared by Soil Eng. The 
report describes existing 
Site and Soil Characterstics.
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https://climate.weather.gc.ca/climate_normals/results_1981_2010_e.html?searchType=stnProx&txtRadius=25&optProxType=station&coordsStn=43.640005%7C-79.879172%7CGEORGETOWN+WWTP&txtCentralLatMin=0&txtCentralLatSec=0&txtCentralLongMin=0&txtCentralLongSec=0&stnID=5097&dispBack=0#station-metadata


WATER BUDGET - PRE-DEVELOPMENT CONDITION

Total Area of Development = 1.63 Hectares (Excludes External Drainage)

NOTE : Subject Site consisted of Weed-covered lot and treelines along east and north boundaries

Grassed Areas Paved Surfaces Total 
16,300 0 16,300 (Site is 100% pervious)

0 0 0

0.30 0.30 (From MOE Table 3.1 for Flat lands)
0.20 0.20 (From MOE Table 3.1 for Medium combinations of clay and loam)
0.10 0.00
0.60 0
0.60 0.0
0.40 1.0

0 0.80 * Evaporation from impervious areas
was assumed to be 20% of precipitation

786.0 786.0 786.0
0 0 0
0 0 0

786.0 786.0 786.0

160.9 628.8 160.9
160.9 628.8 160.9
625.1 157.2 625.1
96.6 0 96.6

0 0 0
96.6 0 96.6
64.4 0 64.4

0 628.8 0.0
64.4 628.8 64.4
786.0 786.0 786.0

0.0 0.0 0.0

12811.8 0.0 12811.8
0 0 0

12811.8 0.0 12811.8

2623.2 0.0 2623.2
2623.2 0.0 2623.2
10188.6 0.0 10188.6
1573.9 0 1573.9

0 0 0
1573.9 0.0 1573.9
1049.3 0 1049.3

0 0.0 0.0
1049.3 0.0 1049.3
12811.8 0.0 12811.8

0.0 0.0 0.0Difference (Input - Output) =

Total Infiltration (m3/yr)
Runoff Pervious Areas (m3/yr)
Runoff Impervious Areas (m3/yr)
Total Runoff (m3/yr)
Total Output (m3/yr)

Roof Infiltration (m3/yr)

Difference (Input - Output) =
Input (Volumes)

 Precipitation (m3/yr)
Run-on (m3/yr)
Other Inputs (m3/yr)

Output (Volumes)
Precipitation Surplus (m3/yr)
Net Surplus (m3/yr)
Evapotranspiration (m3/yr)
Infiltration (m3/yr)

Runoff Impervious Areas 
Total Runoff (mm/yr)
Total Output (mm/yr) 

Roof Infiltration (mm/yr)
Total Infiltration (mm/yr)
Runoff Pervious Areas 

Net Surplus (mm/yr)
Evapotranspiration (mm/yr)
Infiltration (mm/yr)

Total Inputs (mm/yr) 
Outputs (per Unit Area)

Precipitation Surplus (mm/yr) 

Other Inputs (mm/yr)

Topography Infiltration Factor 
Soil Infiltration Factor 
Land Cover Infiltration Factor 
MOE Infiltration Factor 
Actual Infiltration Factor
Run-off Coefficient 

Infiltration Factors 

Run-off from Impervious Surfaces* 
Inputs (per Unit Area)

Precipitation (mm/yr) 
Run-On (mm/yr)

Catchment Designation Site 
(Land Use)

Pervious Areas (m2)
Impervious Areas (m2)
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WATER BUDGET - POST-DEVELOPMENT CONDITION
(WITH NO  INFILTRATION)

Total Area of Subdivision Development = 1.63 Hectares 
(Refer to Storm Drainage Area Plans prepared by Candevcon)

Parks/Green Spaces Paved Surface Total 
7,030 0 7,030           

0 9,279 9,279           

0.30 0.30
0.20 0.20
0.10 0.00
0.60 0
0.60 0.0
0.40 1.0

0 0.80 * Evaporation from impervious areas
was assumed to be 20% of precipitation

786.0 786.0 786.0
0 0 0
0 0 0

786.0 786.0 786.0

160.9 628.8 394.9
160.9 628.8 394.9
625.1 157.2 391.1
96.6 0 48.3

0 0 0
96.6 0 48.3
64.4 0 32.2

0 628.8 314.4
64.4 628.8 346.6

786.0 786.0 786.0
0.0 0.0 0.0

5525.5 5525.5 11050.9
0 0 0

5525.5 5525.5 11050.9

1131.3 5834.7 6966.0
1131.3 5834.7 6966.0
4394.1 1458.7 5852.8
678.8 0 678.8

0 0 0
678.8 0.0 678.8
452.5 0 452.5

0 5834.7 5834.7
452.5 5834.7 6287.2

5525.5 7293.3 12818.8
0.0 1767.9 1767.9

Comparison Between Pre- Development to Post-Development 

Precipitation (m3/yr) Run-off (m3/yr)
2623.19 1049.28
1131.33 6287.2

Estimated Post-Development Infiltration Deficit = 895 m3/yr
56.87 %

Infiltration (m3/yr)
Pre-Development 

Post-Development 
10188.61 1573.9
4394.13 678.8

Evapotranspiration (m3/yr)

Total Infiltration (m3/yr)
Runoff Pervious Areas (m3/yr)
Runoff Impervious Areas (m3/yr)
Total Runoff (m3/yr)
Total Output (m3/yr)
Difference (Input - Output) =

Roof Infiltration (m3/yr)

Difference (Input - Output) =
Input (Volumes)

 Precipitation (m3/yr)
Run-on (m3/yr)
Other Inputs (m3/yr)

Output (Volumes)
Precipitation Surplus (m3/yr)
Net Surplus (m3/yr)
Evapotranspiration (m3/yr)
Infiltration (m3/yr)

Runoff Impervious Areas 
Total Runoff (mm/yr)
Total Output (mm/yr) 

Roof Infiltration (mm/yr)
Total Infiltration (mm/yr)
Runoff Pervious Areas 

Net Surplus (mm/yr)
Evapotranspiration (mm/yr)
Infiltration (mm/yr)

Total Inputs (mm/yr) 
Outputs (per Unit Area)

Precipitation Surplus (mm/yr) 

Run-off from Impervious Surfaces* 
Inputs (per Unit Area)

Precipitation (mm/yr) 
Run-On (mm/yr)
Other Inputs (mm/yr)

Run-off Coefficient 

Catchment Designation Site 
(Land Use)

Pervious Areas (m2)
Impervious Areas (m2)

Infiltration Factors 
Topography Infiltration Factor 
Soil Infiltration Factor 
Land Cover Infiltration Factor 
MOE Infiltration Factor 
Actual Infiltration Factor
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Roof Top Infiltration to Infiltration Trenches : 

- Assume infiltration chambers to collect runoff from roofs 
- Assume infiltration media = clear stone with 40% void ratio 
- To follow CLI ECA Criteria the chamber will be provided in ROW

Total Roof Area draining to Chambers = 0.5993 Ha

Rainfall data for below calculations is extracted from Environmental Canada historical weather data for Toronto Lester B. Pearson Int'L
Station Id :  6158733

Storm Events To Storm Events Average No. of Events
Depth of (1971-2000) Infiltration Infiltration Infiltration Infiltration Infiltration Swale
Events Depth Volume Volume Volume Volume overflow

per event per event per event per Year per Year
mm mm (mm) mm (m3) (m3) (m3) (m3) mm
0.2 - 5 2.6 145.5 2.60 15.58 15.58 2267 2,267 0
5.0 - 10 7.5 49.2 7.50 44.94 60.52 2211 4,478 0

10.0 - 25 17.5 24.8 17.50 104.87 165.39 1835 6,313 0
25.0 - 50 37.5 4.6 37.50 224.72 390.11 1034 7,347 0

Average Depth of 10mm of rainfall is required to achieve the Infiltration targets of 895m3/year. In case of rainfall events higher than 10mm 
the Chamber will overflow to the proposed Dry Pond. Dry Pond is designed for volume including Roof Areas

Annual Rainfall Depth Required

Required Rainfall Depth = 10 mm (From Post Development Water Balance)

Storage volume required for rainfall events of 10mm to Rooftop Infiltration Gallery 

Roof Top Area = 5992.5 m2

Rainfall Depth = 10 mm
Storage Volume Required in Chambers = A x D

= 5992.5 x 10
= 59.925 m3

The governing 10mm Storm Event over the Site Area as per Water Balance Calculations :

Site Area (A) = 1.73 Ha
Rainfall Depth (R) = 10 mm

Volume Required = A x R
= 173 m3

Design Infiltration Rate :

Infiltration Rate at the bottom of the BMP = 52 mm/hr (In-situ infiltration rates to be confimed prior to construction)

Infiltration Rate at the bottom of the BMP = 52 mm/hr

Ratio of Mean Measured Infiltration Rates = 1.0

Based on CVC SWM Guide, 2022

Safety Factor = 2.5

Design Infiltration Rate (i) = 52
2.5

20.8 mm/Hr

Calculate Maximum Allowable Infiltration Chamber Depth :

Design Infiltration Rate (i) = 20.8 mm/Hr
Drawdown Time (T) = 48 Hr

Stone Porosity/Void Ratio (Vr) = 0.40 (Clear Stone)

Maximum Depth Required (Dr max) =

= 2496 mm

Depth Provided = 1250 mm

Therefore, StormTech Infiltration chambers for the site will achieve infiltration targets and meet the requirements for a 
drawdown time of 48 hours. 

Trench Cumulative

Satisfies Infiltration 
Deficit Targets of 
895 m3/year
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1.0 INTRODUCTION 
 
In accordance with written authorization dated January 3, 2023, from Mr. Manoj Sharma of 
2868577 Ontario Inc., a geotechnical investigation was carried out on a vacant area within 
15544 McLaughlin Road in the Town of Caledon. 
 
The purpose of this investigation was to reveal the subsurface conditions and determine the 
engineering properties of the disclosed soils for the design and construction of a proposed 
residential development. The geotechnical findings and resulting recommendations are 
presented in this Report. 
 

2.0 SITE AND PROJECT DESCRIPTION 
 
The Town of Caledon is situated on Halton-Peel till plain where the drift dominates the soil 
stratigraphy. In places, lacustrine sand, silt and clay, which has been reworked by the water 
action of Peel Ponding (glacial lake), have modified the drift stratigraphy. 
 
The investigated area, being part of 15544 McLaughlin Road, is located approximately  
200 m west of McLaughlin Road and approximately 470 m north of Old Base Line Road, at 
the terminus of Kaufman Road. The area is currently a vacant lot. The site gradient generally 
slopes towards east with a grade difference of almost 9 m. 
 
Based on the preliminary development plan prepared by Candevcon Limited, the area will be 
developed into 13 single detached dwelling lots and a parkette. Access to the lots will be 
provided by extension of Kaufman Road, and will be connected to Victoria Street and 
McKenzie Street. 
 

3.0 FIELD WORK 
 
The field work, consisting of five (5) sampled boreholes extending to depths of 6.2 to 6.6 m, 
was performed on January 24, 2023. Upon the completion of borehole drilling and sampling, 
monitoring wells were installed in all boreholes to facilitate groundwater monitoring. Details 
of the monitoring wells are included in the corresponding borehole logs. The locations of the 
boreholes and monitoring wells are shown on the Borehole and Monitoring Well Location 
Plan, Drawing No. 1. 
 
The boreholes were advanced at intervals to the sampling depths by a track-mounted 
machine using solid stem auger, and equipped with split spoon sampler for soil sampling. 
Split-spoon samples were recovered for soil classification and laboratory testing. Standard 
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Penetration Tests, using the procedures described on the enclosed “List of Abbreviations and 
Terms,” were performed at the sampling depths. The test results are recorded as the Standard 
Penetration Resistance (or ‘N’ values) of the subsoil. The relative density of the non-
cohesive strata and the consistency of the cohesive strata are inferred from the ‘N’ values. 
The field work was supervised and the findings were recorded by a Geotechnical 
Technician. 
 
The ground elevation at each borehole location was determined using a hand-held Global 
Navigation Satellite System (GNSS) equipment. 
 

4.0 SUBSURFACE CONDITIONS 
 
The investigation revealed that beneath a layer of topsoil veneer, and a layer of earth fill or 
weathered soil, the site is underlain by strata of silt, silty sand, sandy silt, silty sand till, 
sandy silt till and silty clay till. Weathered shale was observed in one of the boreholes at 
deeper elevation. 
 
Detailed descriptions of the encountered subsurface conditions from the boreholes are 
presented on the Borehole Logs, comprising Figures 1 to 5, inclusive. The revealed 
stratigraphy is plotted on the Subsurface Profile, Drawing No. 2. The engineering properties 
of the disclosed soils are discussed herein. 
 

4.1 Topsoil (All boreholes) 
 
All boreholes were carried out on the vacant field where the ground surface is covered with a 
layer of topsoil, approximately 15 to 30 cm in thickness. Thicker topsoil may be encountered 
beyond the borehole locations. 
 

4.2 Earth Fill (Boreholes 3, 4 and 5) 
 
Beneath the topsoil layer, a layer of earth fill, consisting of a mixture of sand, silt and clay, 
was encountered in three of the boreholes, extending to depths of 1.5 to 2.2 m below the 
prevailing ground surface. 
 
The obtained ‘N’ values of the earth fill range from 3 to 6 blows per 30 cm of penetration, 
indicating that the fill is loosely placed with nominal compaction. 
 
The natural water content of the earth fill was determined at a range from 3% to 24%, with a 
median of 16%, indicating generally moist conditions. 
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4.3 Silt, Sandy Silt and Silty Sand (Boreholes 1, 2, 3 and 5) 
 
The silt, sandy silt and silty sand deposits were contacted in Borehole 1, 2, 3 and 5. It is very 
fine grained in texture, and interbedded with occasional gravel and silty clay layers. Grain 
size analyses were performed on representative samples of the silt, sandy silt and silty sand, 
and the results are plotted on Figures 6, 7 and 8. 
 
The natural water content of the samples ranged from 7% to 33%, with a median of 18%, 
showing that the soil samples are moist to wet, generally in wet conditions. 
 
The obtained ‘N’ values range from 4 to over 100, with a median of 15 blows per 30 cm of 
penetration, indicating that the silt, sandy silt and silty sand are loose to very dense, 
generally compact in relative density. 
 
The engineering properties of the deposits are given below: 
 
• High frost susceptibility, with high soil-adfreezing potential. 
• High water erodibility, the fine particles are susceptible to migration through small 

opening under seepage pressure. 
• The soils have high capillarity and water retention capacity. 
• The shear strength is density dependent. The wet soils are susceptible to impact 

disturbance, while will result in soil dilation and reduction in shear strength. 
• In excavation, the sand and silt will slough and run slowly with seepage from the cut 

face. It will boil with a piezometric head of 0.4 m. 
 

4.4 Sand and Gravel (Boreholes 4 and 5) 
 
The sand and gravel deposit was contacted in Boreholes 4 and 5 in the eastern portion of the 
investigated area. Grain size analysis was performed on one representative sample of the 
sand and gravel, and the result is plotted on Figure 9. 
 
The natural water contents of the samples ranged from 3% to 18%, with a median of 6%, 
indicating the sand and gravel deposit is generally in moist condition with a wet silt layer 
embedded in the deposit found on Borehole 4. 
 
The obtained ‘N’ values range from 34 to 46 blows per 30 cm of penetration, indicating that 
the deposit is dense in relative density. 
 
The engineering properties of the sand and gravel deposit are given below: 
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• Low frost to relatively high in susceptibility, depending on its silt content. 
• High water erodibility. 
• In steep cuts, the sand and gravel will slough to its angle of repose, run with water 

seepage, and boil with a piezometric head of 0.4 m. 
 

4.5 Sandy Silt Till/Silty Sand Till (Boreholes 1, 2 and 4) 
 
The sandy silt till and/or silty sand till were contacted at various depths in Boreholes 1, 2 and 
4. It consists of a random mixture of particle sizes ranging from clay to gravel, with sand and 
silt being the dominant fraction. 
 
The natural water contents of the samples ranged from 10% to 36%, with a median of 11%, 
indicating the till deposit is generally in moist conditions. The high moisture is contacted 
near ground surface, likely due to the presence of topsoil and other organic materials. 
 
The obtained ‘N’ values range from 3 to over 100, with a median of 22 blows per 30 cm of 
penetration, indicating that the till deposit is very loose to very dense, generally compact in 
relative density. The low ‘N’ values are generally contacted near the ground surface, likely 
being disturbed/weakened from weathering. 
 
The engineering properties of the till deposit are given below: 
 
• High frost susceptibility and low water erodibility. 
• The till will be relatively stable in steep excavation; however, the sand and silt seams 

or layers in the till deposit may slough after prolonged exposure. 
 

4.6 Silty Clay Till (Boreholes 3, 4 and 5) 
 
The silty clay till deposit was encountered at the lower stratigraphy in Boreholes 3, 4 and 5. 
It consists of a random mixture of particle sizes ranging from clay to gravel, with clay being 
the dominant fraction. 
 
The natural water content of the clay samples ranged from 9% to 16%, with a median of 
10%, indicating generally moist conditions. 
 
The obtained ‘N’ values range from 45 to over 100 blows per 30 cm of penetration, 
indicating hard in consistency. 
 
The engineering properties of the silty clay till are listed below: 



 
 
Reference No. 2301-S042  5 

• High frost susceptibility and high soil-adfreezing potential. 
• Low water erodibility. 
• In excavation, the clay till will generally be stable in relatively steep slope, but will 

slough under prolonged exposure. 
 

4.7 Shale 
 
Weathered shale was contacted near the termination depth of Borehole 5. Occasional shale 
fragments were also observed in the silty clay till deposit in Boreholes 3 and 4, showing the 
presence of shale bedrock at deeper depth in the borehole locations. 
 
The contacted shale deposit was fragmented and clay-shale reversion was identified, 
showing that the shale is weathered near the interface. 
 

4.8 Compaction Characteristics of the Revealed Soils 
 
The obtainable degree of compaction is primarily dependent on the soil moisture and, to a 
lesser extent, on the type of compactor used and the effort applied. As a general guide, the 
typical water content values of the revealed soils for Standard Proctor compaction are 
presented in Table 1. 
 
Table 1 - Estimated Water Content for Compaction 

Soil Type 
Determined Natural 
Water Content (%) 

Water Content (%) for  
Standard Proctor Compaction 

100% (optimum) Range for 95% or + 

Existing Earth Fill   3 to 24 (median 16) 10   8 to 12 

Silt, Silty Sand and 
Sandy Silt 11 to 33 (median 18) 12   9 to 14 

Sand and Gravel 3 to 18 (median 7) 6 4 to 9 

Sandy Silt Till and 
Silty Sand Till 10 to 36 (median 11) 12   9 to 16 

Silty Clay Till   9 to 16 (median 10) 17 15 to 20 
 
The above values showed that the till deposits are suitable for structural compaction; the 
other subsoils were found on the wet side of the optimum and will require aeration prior to 
structural compaction. Aeration can be achieved by spreading them thinly on the ground in 
the dry and warm weather. 
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The existing earth fill should be subexcavated and inspected, sorted free of organics and 
other deleterious material, before reusing for structural backfill. 
 

5.0 GROUNDWATER CONDITION 
 
The boreholes were checked for the presence of groundwater and cave-in upon the 
completion of drilling. The records are plotted on the Borehole Logs and summarized in 
Table 2. 
 
Table 2 - Groundwater Levels (Upon Completion of Drilling) 

Borehole 
No. 

Ground 
Elevation 

(m) 
Well Depth 

(m) 

Measured Groundwater Level Upon Completion 

Depth (m) El. (m) 

1 285.8 6.3 Dry 

2 281.7 6.4 5.8 275.9 

3 282.8 6.2 5.5 277.3 

4 277.2 6.6 Dry 

5 287.6 6.2 Dry 
 
Upon completion of drilling, groundwater was recorded at 5.5 to 5.8 m, or at El. 275.9 m and 
El. 277.3 m, in Boreholes 2 and 3 respectively. The remaining boreholes were dry upon 
completion. Detailed groundwater condition within the investigated area will be discussed in 
the hydrogeological report, under separate cover. 
 

6.0 DISCUSSION AND RECOMMENDATIONS 
 
The investigation revealed that beneath the topsoil, and a layer of earth fill or weathered soil, 
the site is underlain by strata of silt, silty sand, sandy silt, silty sand till, sandy silt till and 
silty clay till. Weathered shale was observed in one of the boreholes at deeper elevation. 
 
Groundwater was recorded upon completion of drilling at 5.5 to 5.8 m, or at El. 275.9 m and 
El. 277.3 m, in Boreholes 2 and 3 respectively. The remaining boreholes were dry upon 
completion. 
 
Based on the preliminary development plan prepared by Candevcon Limited, the area will be 
developed into 13 single detached dwelling lots and a parkette. The geotechnical findings 
which warrant special consideration are presented below: 
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1. Prior to construction, all vegetation and topsoil must be removed for site development. 
They can only be reused for landscape purpose. Any surplus must be removed off site. 

2. The existing earth fill is not suitable for supporting the proposed structure at its current 
state. The earth fill should be subexcavated, sorted free of organics and/or deleterious 
materials, prior to be reused for structural backfill or engineered fill constructions. 

3. Where additional fill is required for site grading, the earth fill can be constructed in 
accordance with the engineering fill specifications for supporting the foundation, 
underground services, and pavement construction. 

4. The proposed structures can be constructed on conventional spread and strip footings 
founded on the undisturbed native soils or on engineered fill below the frost 
penetration depth. The foundation subgrade must be inspected by the geotechnical 
engineer or a senior geotechnical technician to ensure that the revealed conditions are 
compatible with the foundation design requirements. 

 
The recommendations appropriate for the project described in Section 2.0 are presented 
herein. One must be aware that the subsurface conditions may vary between boreholes. 
Should this become apparent during construction, a geotechnical engineer must be consulted 
to determine whether the following recommendations require revision. 
 

6.1 Site Preparation 
 
Where additional fill is required for site grading, the earth fill can be constructed in 
accordance with the engineering fill specifications for supporting the foundation, 
underground services, and pavement construction. The engineering requirements for a 
certifiable fill are presented below: 
 
1. The topsoil and vegetation must be stripped. The existing earth fill and weathered soil 

should also be removed and examined. Any topsoil and deleterious material must be 
segregated and removed before reuse for structural backfill. The exposed soil subgrade 
must be inspected and proof-rolled prior to any fill placement. Any loose material 
identified during proof-rolling must be further subexcavated and backfilled with 
organic free material, compacted to engineered fill specifications. 

2. Inorganic soils must be used for the engineered fill construction, and they must be 
uniformly compacted in lifts of 20 cm thick to at least 98% of their maximum Standard 
Proctor dry density (SPDD) with its moisture content controlled near its optimum. If 
the foundations are to be built soon after the fill placement, the densification process 
for the engineered fill must be increased to 100% SPDD. 

3. If the engineered fill is compacted with the moisture content on the wet side of the 
optimum, the underground services and pavement construction should not begin until 
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the pore pressure within the fill mantle has completely dissipated. This must be further 
assessed at the time of the engineered fill construction. 

4. If imported fill is to be used, it should be inorganic soils, free of any deleterious 
material with environmental issue (contamination). Any potential imported earth fill 
from off-site must be reviewed for geotechnical and environmental quality by the 
appropriate personnel as authorized by the developer or agency, before it is hauled to 
the site. 

5. The engineered fill must not be placed during the period where freezing ambient 
temperatures occur either persistently or intermittently. This is to ensure that the fill is 
free of frozen soils, ice and snow. If the fill is to be left over the winter months, 
adequate earth cover, or equivalent, must be provided for protection against frost 
action. 

6. The fill operation must be supervised and inspected on a full-time basis by a 
geotechnical technician under the direction of a geotechnical engineer. 

7. The engineered fill envelope and finished elevations must be clearly and accurately 
defined in the field, and they must be precisely documented. 

8. Foundations founded on engineered fill must be properly reinforced. It should be 
designed by a structural engineer to allow distribution of stress induced by the abrupt 
differential settlement (about 20 mm) in engineered fill. 

9. The footing, slab-on-grade and underground services subgrade must be inspected by 
the geotechnical consulting firm which supervised the engineered fill placement. This 
is to ensure that the foundations and service pipes are placed within the engineered fill 
envelope, and the integrity of the fill has not been compromised by interim 
construction, environmental degradation and/or disturbance by any excavation. 

10. Any excavation carried out in certified engineered fill must be reported to the 
geotechnical consultant who supervised the fill placement in order to document the 
locations of excavation and/or to supervise reinstatement of the excavated areas to 
engineered fill status. If construction on the engineered fill does not commence within 
a period of 2 years from the date of certification, the condition of the engineered fill 
must be assessed for re-certification. 

 
6.2 Foundations 

 
The proposed structures can be supported on conventional spread and strip footings, founded 
on engineered fill or competent native soil, at a depth at least 1.2 m below the proposed 
finished grade. The recommended soil bearing pressures for the design of conventional 
footings are presented below: 
 

• Maximum Soil Bearing Pressure, at Serviceability Limit State (SLS) = 150 kPa 
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• Factored Ultimate Bearing Pressure, at Ultimate Limit State (ULS) = 200 kPa 
 
The total and differential settlements of the conventional spread and strip footings, designed 
for the bearing pressure at SLS, are estimated to be 25 mm and 20 mm, respectively. 
 
The foundation subgrade must be inspected by either a geotechnical engineer, or a 
geotechnical technician under the supervision of a geotechnical engineer, to ensure that the 
revealed conditions are compatible with the design of the foundation. 
 
It should be noted that if water seepage is encountered during footing excavations, or where 
the foundation subgrade is found to be wet, the subgrade should be protected by a concrete 
mud-slab immediately after exposure. This will prevent construction disturbance and costly 
rectification. 
 
Footings exposed to weathering or in unheated areas should have at least 1.2 m of earth 
cover for protection against frost action. 
 
The building foundation must meet the requirements specified in the latest Ontario Building 
Code. As a guide, the structure should be designed to resist an earthquake force using Site 
Classification ‘D’ (stiff soil). 
 

6.3 Basement Structure and Slab-On-Grade Construction 
 
For structures with a basement, the perimeter walls should be designed to sustain a lateral 
earth pressure calculated using the soil parameters stated in Section 6.7. Any applicable 
surcharge loads adjacent to the basement must also be considered in the wall design. 
 
The basement structure should be damp-proofed and provided with a drainage system 
(Drawing No. 3) at the wall base. The subdrains should be encased in a fabric filter to protect 
them against blockage by silting. 
 
The floor subgrade should consist of sound native soil or well compacted inorganic earth fill. 
It must be inspected and proof-rolled prior to the placement of granular bedding. Any weak 
spots must be subexcavated and replaced with inorganic earth fill compacted to at least 98% 
SPDD in lifts no more than 20 cm in thickness. The floor slab should be constructed on 
granular bedding, at least 15 cm thick, consisting of 19-mm Crusher-Run Limestone (CRL), 
or equivalent, compacted to 100% SPDD. 
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The existing grade around the building structure must be such that it directs runoff away 
from the structure. 
 

6.4 Underground Services 
 
The subgrade for the underground services should be found on sound native soils or properly 
compacted, inorganic earth fill. A Class ‘B’ bedding, consisting of compacted 19-mm CRL, 
or equivalent, is recommended for the underground service construction. 
 
The pipe joints connecting into the manholes and catch basins must be leak-proof to prevent 
the migration of fines through the joints. Openings to subdrains and catch basins should be 
shielded with a fabric filter to prevent blockage by silting. 
 
A soil cover having a thickness equal to the diameter of the pipe, should be in place at all 
times after pipe installation to prevent pipe floatation when the trench is deluged with water 
derived from precipitation. 
 
The on-site soil is corrosive to ductile iron pipes and metal fittings; therefore, they should be 
protected against soil corrosion. For estimation for the anode weight requirements, the 
electrical resistivities of the disclosed soils can be used. The proposed anode weight must 
meet the minimum requirements as specified by the municipality standard. 
 

6.5 Backfilling in Trenches and Excavated Areas 
 
Some of the on-site inorganic soils are suitable for trench backfill; however, any wet soil 
will require aeration prior to its use as structural backfill. The backfill material should be 
inorganic soils, free of boulders or oversized rock pieces (over 15 cm in size), compacted to 
at least 95% SPDD in lifts no more than 20 cm in thickness, or the thickness should be 
determined by test strips. 
 
In the zone within 1.0 m below the pavement subgrade or slab-on-grade, the backfill should 
be compacted to at least 98% SPDD, with the water content at 2% to 3% drier than the 
optimum. 
 
The narrow trenches should be cut at 1 vertical:2 or + horizontal so that the backfill can be 
effectively compacted. Otherwise, soil arching will prevent the achievement of proper 
compaction. 
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In normal sewer construction practice, the problem areas of ground settlement largely occur 
adjacent to manholes, catch basins and services crossings, foundation walls and columns. In 
areas which are inaccessible to a heavy compactor, sand backfill should be used and 
compacted with lighter equipment. 
 

6.6 Pavement Design 
 
The recommended pavement design for local residential road is presented in Table 3. 
 
Table 3 - Pavement Design for Local Road 

Course Thickness (mm) OPS Specifications 

Asphalt Surface   40 HL3 
Asphalt Binder   65 HL8 
Granular Base 150 Granular ‘A’ or equivalent 
Granular Sub-base 300 Granular ‘B’ or equivalent 

 
In preparation of pavement subgrade, any topsoil and compressible material should be 
removed. The final subgrade must be proof-rolled and inspected. Any soft spot identified 
must be rectified by subexcavation and replacing with selected inorganic material. In zone 
within 1.0 m below the pavement subgrade must be compacted to at least 98% SPDD, with 
the water content at 2% to 3% drier than its optimum. All the granular bases should be 
compacted to 100% SPDD. 
 
The pavement subgrade will suffer a strength regression if water is allowed to saturate the 
mantle. The following measures should, therefore, be incorporated in the construction 
procedures and pavement design: 
 
• The subgrade should be properly crowned and smooth-rolled to allow interim 

precipitation to be properly drained prior to pavement construction. 
• Areas adjacent to the pavement should be properly graded to prevent water ponding. 

Otherwise, the water will seep into the subgrade mantle and induce a regression of the 
subgrade strength, with costly consequences for the pavement construction. 

• Fabric filter-encased curb subdrains connecting to a positive outlet of catch basin, will 
be required at the edge of the pavement. 

• If the pavement is to be constructed during wet seasons, wet or soft subgrade may 
occur and should be properly rectified. Alternatively, the granular sub-base can be 
thickened to compensate for the inadequate strength of the subgrade. This can be 
assessed during construction. 
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6.7 Soil Parameters 
 
The recommended soil parameters for the project design are given in Table 4. 
 
Table 4 - Soil Parameters 

Unit Weight and Bulk Factor Unit Weight 
γ (kN/m3) 

Estimated  
Bulk Factor 

Bulk Submerged Loose Compacted 

Existing Earth Fill 20.5 10.5 12.5 1.00 

Silt, Silty Sand, Sandy Silt 20.5 10.5 1.20 1.00 

Sand and Gravel 20.0 10.0 1.20 0.98 

Sandy Silt Till, Silty Sand Till 22.5 12.5 1.33 1.00 

Silty Clay Till 22.0 12.0 1.30 1.03 

Lateral Earth Pressure Coefficients Active  
Ka 

At Rest  
K0 

Passive  
Kp 

Compacted Earth Fill 0.36 0.53 2.77 

Silt, Silty Sand, Sandy Silt 0.32 0.48 3.12 

Sand and Gravel 0.29 0.46 3.39 

Sandy Silt Till, Silty Sand Till, Silty 
Clay Till 

0.33 0.50 3.00 

Estimated Coefficient of Permeability (K) and Percolation Time (T) 

 K 
(cm/sec) 

T 
(min/cm) 

Silt, Silty Sand, Sandy Silt 10-4 to 10-5 12 to 20 

Sand and Gravel 10-3 8 

Sandy Silt Till, Silty Sand Till 10-5 to 10-6 20 to 50 

Silty Clay Till 10-7 Over 80 

Coefficients of Friction 

Between Concrete and Granular Base 0.50 

Between Concrete and Sound Native Soils 0.35 

 
 





LIST OF ABBREVIATIONS AND DESCRIPTION OF TERMS 

The abbreviations and terms commonly employed on the borehole logs and figures, and in the text of the 
report, are as follows: 
 
SAMPLE TYPES 

AS Auger sample 
CS Chunk sample 
DO Drive open (split spoon) 
DS Denison type sample 
FS Foil sample 
RC Rock core (with size and percentage 

recovery) 
ST Slotted tube 
TO Thin-walled, open 
TP Thin-walled, piston 
WS Wash sample 
 
 
PENETRATION RESISTANCE 

Dynamic Cone Penetration Resistance: 
A continuous profile showing the number of 
blows for each foot of penetration of a 
2-inch diameter, 90° point cone driven by a 
140-pound hammer falling 30 inches. 
Plotted as ‘   •   ’ 

 
Standard Penetration Resistance or ‘N’ Value: 

The number of blows of a 140-pound 
hammer falling 30 inches required to 
advance a 2-inch O.D. drive open sampler 
one foot into undisturbed soil. 
Plotted as ‘’ 

 
WH Sampler advanced by static weight 
PH Sampler advanced by hydraulic pressure 
PM Sampler advanced by manual pressure 
NP No penetration 
 

SOIL DESCRIPTION 

Cohesionless Soils: 

‘N’ (blows/ft)  Relative Density 
0 to 4 very loose 
4 to 10 loose 

10 to 30 compact 
30 to 50 dense 

over 50 very dense 
 

Cohesive Soils: 

Undrained Shear 
Strength (ksf) ‘N’ (blows/ft) Consistency 

less than 0.25 0 to 2 very soft 
0.25 to 0.50 2 to 4 soft 
0.50 to 1.0 4 to 8 firm 
1.0 to 2.0 8 to 16 stiff 
2.0 to 4.0 16 to 32 very stiff 

over 4.0 over 32 hard 
 

Method of Determination of Undrained 
Shear Strength of Cohesive Soils: 

x 0.0 Field vane test in borehole; the number 
denotes the sensitivity to remoulding 

 Laboratory vane test 
 Compression test in laboratory 

For a saturated cohesive soil, the undrained 
shear strength is taken as one half of the 
undrained compressive strength 

 

METRIC CONVERSION FACTORS 
 1 ft = 0.3048 metres   1 inch = 25.4 mm 
 1lb = 0.454 kg   1ksf = 47.88 kPa 
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Soil Engineers Ltd. Reference No: 2301-S042
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U.S. BUREAU OF SOILS CLASSIFICATION

COARSE

UNIFIED SOIL CLASSIFICATION

COARSE

Project: Proposed Residential Development
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U.S. BUREAU OF SOILS CLASSIFICATION
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UNIFIED SOIL CLASSIFICATION

COARSE

Project: Proposed Residential Development
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 Plastic Limit (%) = -
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UNIFIED SOIL CLASSIFICATION
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JOB NO.: 2301-S042
REPORT DATE: March 2023
PROJECT DESCRIPTION: Proposed Residential Development

PROJECT LOCATION: 15544 McLaughlin Road, Town of Caledon

Soil Engineers Ltd.
CONSULTING ENGINEERS
GEOTECHNICAL | ENVIRONMENTAL | HYDROGEOLOGICAL | BUILDING SCIENCE

SUBSURFACE PROFILE
DRAWING NO. 2
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Basement Wall

Slab-On-Grade

Underfloor Drains

Moisture Barrier

Ground FloorExterior Grading Sloping

Impermeable Seal

On-Site Material

wall drains are used)

(if approved)

Free Draining Backfill
(Can be omitted if prefabricated

Dampproofing of

Sand Filter

Basement Wall

20-mm clear stone

Drainage Tile

Pea Gravel/

100 mm Solid collector Pipe,
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1.  Drainage tile: consists of 100 mm (4") diameter weeping tile or equivalent perforated pipe leading to a positive sump or outlet.
                             Invert to be at minimum of 150 mm (6") below underside of basement floor slab.

2.  Pea gravel: at 150 mm (6") on the top and sides of drain. If drain is not placed on concrete footing, provide 100 mm (4") of pea gravel below drain.
                         The pea gravel may be replaced by 20 mm clear stone provided that the drain is covered by a porous geotextile membrane of
                         Terrafix 270R or equivalent.

3.  Filter material: consists of C.S.A. fine concrete aggregate. A minimum of 300 mm (12") on the top and sides of gravel.
                                This may be replaced by an approved porous geotextile membrane of Terrafix 270R or equivalent.

4.  Free-draining backfill: OPSS Granular 'B' or equivalent, compacted to 95% to 98% (maximum) Standard Proctor dry density.
                                             Do not compact closer than 1.8 m (6') from wall with heavy equipment.
                                             This may be replaced by on-site material if prefabricated wall drains (Miradrain) extending from the finished grade to
                                             the bottom of the basement wall are used.

5.  Do not backfill until the wall is supported by the basement floor slab and ground floor framing, or adequate bracing.

6.  Dampproofing of the basement wall is required before backfilling

7.  Impermeable backfill seal of compacted clay, clayey silt or equivalent. If the original soil in the vicinity is a free-draining sand, the seal may be omitted.

8.  Moisture barrier: 19-mm CRL or compacted OPSS Granular 'A', or equivalent. The thickness of this layer should be 150 mm (6") minimum.

9.  Exterior Grade: slope away from basement wall on all the sides of the building.

10.  Slab-On-Grade should not be structurally connected to walls or foundations.

11.  Underfloor drains  should be placed in parallel rows at 6 to 8 m (20'-25') centre, on 100 mm (4") of pea gravel with 150 mm (6") of pea gravel
                                        on top and sides. The spacing should be at least 300 mm (12") between the underside of the floor slab and the top of the pipe.
                                        The drains should be connected to positive sumps or outlets. Do not connect the underfloor drains to the perimeter drains.

  Underfloor drains can be deleted where not required.

*

*
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LIMITATIONS OF LIABILITY 
 
This report was prepared by Soil Engineers Ltd. (SEL) for the account of 2868577 Ontario 
Inc. and for review by their designated agents, financial institutions and government agencies, 
and can be used for development approval purposes by the Town of Caledon and the Ontario 
Ministry of the Environment, Conservation and Parks who may rely on the results of the 
report. The material in it reflects the judgement of Gurkaranbir Singh, M.Eng., Bhawandeep 
Singh Brar, B.Sc., and Gavin O’Brien, M.Sc., P.Geo. Any use which a Third Party makes of 
this report and/or any reliance on decisions to be made based on it is the responsibility of such 
Third Parties. Soil Engineers 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. 
 
One must understand that the mandate of Soil Engineers Ltd. is to obtain readily available 
current and past information pertinent to the subject site for a Hydrogeological Assessment 
only. No other warranty or representation expressed or implied, as to the accuracy of the 
information is included or intended by this assessment. Site conditions are not static and this 
report documents site conditions observed at the time of the site reconnaissance. 
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1.0 EXECUTIVE SUMMARY 
 
Soil Engineers Ltd. has conducted a hydrogeological assessment for a proposed residential 
development site, located at 15544 McLaughlin Road in the Town of Caledon. The subject 
site is currently a farmland, where the surrounding land use includes; a water course flowing 
south of the site, wooded areas, situated immediate to the south-west, and existing 
residential properties to the north, north-east and north-west of the subject site. 
 
The subject site lies within the Physiographic Region of Southern Ontario, known as the 
Niagara Escarpment, on the Spillways Physiographic feature. The site is underlain, partially 
by the Halton Till Unit deposits, and is situated partially on the bedrock deposits. 
 
The subject site is located within the Credit Valley Watershed, and Credit River-Forks of the 
Credit to Churchville Sub-watershed. Records review shows that a tributary of the Credit 
River is located to the south, along with wooded areas that are located southwest of the 
subject site. 
 
A review of the local topography map for the area, and from the review of the ground surface 
elevations recorded at the borehole and monitoring well locations indicates that the total 
elevation relief across the site is about 9 m. 
 
This study has revealed that beneath a layer of topsoil veneer, and a layer of earth fill or 
weathered soil, the site is underlain by strata of native soils comprising silt, silty sand, sandy 
silt, silty sand till, sandy silt till and silty clay till. Weathered shale was also observed in 
some of the BH/MWs at deeper elevation. 
 
The findings of this study confirm that the measured groundwater level elevations ranged 
from 272.32 to 284.68 masl on average. 
 
The shallow groundwater is interpreted to flow in a eastern direction, beneath the site towards 
the low relief portion of the property.  
 
The single well response tests yielded estimated hydraulic conductivity (K) values that range 
from 6.0 x 10-7 to 4.0 x 10-6 m/sec for the sandy silt till/silty sand till, silt, sandy silt, sand and 
gravel, and silty clay till subsoils at the depths of the monitoring well screen intervals. These 
results suggest that moderate groundwater seepage rates can be anticipated into open 
excavations below the shallow groundwater table. 
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Based on the follow up test pit investigation, performed at the anticipated depths for the 
housing basement foundations structures and proposed underground services indicates that 
the minor groundwater seepage rates within the open test pits excavations occurred at depths 
of 1.6 mbgs and <5.0 mbgs, or at elevations, ranging between 273.6 to 282.5 masl. Limited 
groundwater seepage was observed within test pit excavations, after the test pits remained 
opened for up to 6.0 hours. Review of the groundwater level elevations recorded at the test 
pits when compared to the concurrent groundwater level elevations within the monitoring 
wells indicates that the groundwater levels were about 0.44 to 3.39 m higher that the 
corresponding levels observed within the open test pits. 
 
Given that limited un-sustained groundwater seepage is anticipated during excavations for 
the proposed underground housing basement structures, and for the installation of the 
underground service. It is not anticipated that the groundwater seepage will be sustained 
within the open excavations for the development areas, and occasional sump pit pumping 
should be adequate to remove any occasional limited water that may accumulate within the 
open excavations. Pumping rates for any anticipated occasional sump pit pumping are 
expected to be below the 50,000 L/day threshold limit for requiring an approval for any 
proposed construction related groundwater takings, which will not require any registration or 
filing with the MECP. 
 
The long-term foundation drainage rate needs from a perimeter footing, drainage network 
for a conventionally side sloped foundation for each of the proposed housing basement 
structures for the proposed residential development areas, range from between 134.36 L/day 
to 488.58 L/day. By applying a safety factor of three (3), the drainage rates could reach 
maximums, ranging between 403.07 L/day to 1,465.74 L/day. The drainage estimates, above 
are considered very conservative and are unlikely to come to fruition give the low 
permeability and slow seepage rates for groundwater within the test pits as revealed from the 
recent test pit investigation. Any occasional seepage drainage to housing basements is likely 
to be un-sustained and may occur during spring thaw and following heavy rainfall events. 
 
The shallow groundwater levels were measured at depths, ranging from 0.66 to 3.42 m 
below the prevailing ground surface. As such, low impact development (LID) infrastructure 
may be considered for implementation beneath certain portions of the site. If the shallow 
soils remain unsaturated, proposed Low Impact Development (LID) infrastructure should be 
considered for implementation in areas where the shallow groundwater is deeper than 1.0 m 
below the ground surface, and where it is possible to maintain a minimum 1.0 m separation 
between the bases for any proposed LID stormwater management infiltration infrastructure 
and the high groundwater table to address future stormwater management planning. 



Reference No. 2301-W042  3 
 

2.0 INTRODUCTION 
 
2.1    Project Description 
 
In accordance with authorization from Mr. Manoj Sharma of 2868577 Ontario Inc., Soil 
Engineers Ltd. (SEL) has conducted a hydrogeological assessment for a proposed residential 
development, for a site, located at 15544 McLaughlin Road in the Town of Caledon. The 
location of the subject site is shown on Drawing No. 1. 
 
The subject site is currently a vacant land, located approximately 200 m west of McLaughlin 
Road and approximately 470 m north of Old Base Line Road, at the terminus of Kaufman 
Road. The subject site is surrounded by existing residential developments. The site slopes 
with its southwest portion being at higher elevations compared to its northeast portion. As 
per Drawing No. 1, a water course flows 70 m to the south, 50 m east and 325 m north of the 
site where it further contributes to the Credit River. 
 
Based on the preliminary development plan, prepared by Candevcon Limited, the area will 
be developed into 13 single detached dwelling lots and a parkette. 
 
This report summarizes the findings of the field study and the associated groundwater 
monitoring and testing programs and provides a description and characterization of the 
interpreted hydro-geo-stratigraphy for the subject site and the local surrounding area. The 
current study provides preliminary recommendations for any dewatering needs for 
construction, including an estimation for the construction dewatering flow rates and the 
associated zones of influence, prior to the detailed design. Furthermore, the report provides a 
recommendation for any need to acquire an Environmental Activity and Sector Registry 
(EASR), or to acquire aa Permit-To-Take Water (PTTW) as approvals to facilitate 
temporary groundwater taking for construction dewatering program, if required. 
 
2.2    Project Objectives 
 
The major objectives of this Hydrogeological Study Report are as follows: 
 
1. Establish the local hydrogeological setting for the subject site, and the local 

surrounding area; 
2. Interpretation of the shallow groundwater flow and runoff patterns; 
3. Characterizing the hydraulic conductivity (K) for the groundwater-bearing shallow 

subsoil strata; 
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4. Estimate the anticipated, dewatering flows that may be required to lower the 

groundwater table to facilitate earthworks for the construction and for installation of 
underground services for proposed residential development, and assessment for any 
long-term foundation drainage needs following the site development, if required; 

5. Identify zones of higher groundwater yield as potential sources for any ongoing 
shallow groundwater seepage; 

6. Prepare an interpreted hydro-geo-stratigraphic cross-section across the subject site; 
7. Evaluate potential impacts to nearby groundwater receptors within the anticipated 

zone of influence for construction dewatering; 
8. Determine the groundwater function of the subject site, and assessment of potential 

impacts to nearby groundwater receptors relative to the proposed development; 
9. Assess the shallow groundwater quality in advance of any construction dewatering, or 

for any anticipated long-term foundation drainage needs, after development, to assess 
disposal management options for use of the Region of Peel sewer system for any 
generated dewatering or drainage effluent; 

10. Providing comments regarding any need to file for an Environmental Activity and 
Sector Registry (EASR) approval, or to acquire a Permit-To-Take Water (PTTW) 
approval to facilitate a temporary construction dewatering program. 

11. Determine the feasibility of the subject site for the implementation of any Low Impact 
Development (LID) infrastructure to address future stormwater management planning 
and design for the proposed development. 

 
2.3    Scope of Work 
 
The scope of work for the Hydrogeological Study is summarized below: 
 
1. Clearance of underground services, borehole drilling and installation of five (5) 

monitoring wells within the site’s development footprint. 
2. Monitoring well development and groundwater level measurements at the five (5) 

installed monitoring wells. 
3. Performance of Single Well Response Tests (SWRTs) at the installed monitoring wells 

to estimate the hydraulic conductivity (K) for the groundwater-bearing subsoil strata at 
the depths of the monitoring well screens. 

4. Describing the geological and hydrogeological setting for the subject site, and the local 
surround area. 

5. Review of the Ministry of the Environment, Conservation, and Parks (MECP) water 
well records within 500 m of the proposed development site. 
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6. Assessing the shallow groundwater quality to evaluate, disposal management options 

in advance of any dewatering effluent disposal management to the Region of Peel 
Storm and Sanitary system. 

7. Review of available engineering development plans and profiles for the proposed 
development; assessing preliminary dewatering needs, and estimation of any 
anticipated dewatering flows to lower the groundwater levels to facilitate construction 
and earth works, or for any anticipated long-term foundation drainage needs following 
site development. 

8. Providing comments, regarding any need to register any proposed groundwater-taking 
through an Environmental Activity and Sector Registry (EASR), or to apply for a 
Permit-To-Take Water (PTTW) as groundwater taking approvals. 

9. Commenting on the suitability of the subsurface condition for implementing a LID 
infrastructure at the proposed developed site to address future stormwater management 
planning and design for the developed site. 
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3.0 METHODOLOGY 
 
3.1 Borehole Advancement and Monitoring Well Installation 
 
Borehole drilling and monitoring well construction were conducted on January 24, 2023. 
The program consisted of the drilling of five (5) boreholes (BHs) and the installation of  
five (5) monitoring wells (MW), one within each of five (5) boreholes drilled for the soil 
investigation report. The locations of the boreholes/monitoring wells are shown on Drawing 
No. 2. 
 
The borehole drilling and monitoring well construction were completed by licensed water 
well contractor, DBW Drilling, under the full-time supervision of a field technician from 
SEL, who also logged the subsoil strata, encountered during borehole advancement, 
collected representative subsoil samples for textural classification, and supervised the 
monitoring well installations. The boreholes were drilled, using a continuous-flight, power 
auger machine, equipped with solid-stem augers. Selected subsoil samples, retrieved during 
the drilling program underwent laboratory grain size analysis to confirm the subsoil textures. 
Detailed descriptions of the encountered subsurface soil and groundwater conditions are 
presented on the borehole and monitoring well logs, Figures 1 to 5, inclusive. 
 
The monitoring wells were constructed, using 50-mm diameter PVC riser pipes and screens, 
which were installed in each of the boreholes in accordance with Ontario Regulation  
(O. Reg.) 903. All of the monitoring wells were provided with steel, monument protective 
casings at the ground surface. Details for the monitoring well construction are provided on 
the enclosed Borehole Logs (Figures 1 to 5). 
 
The ground surface elevations and horizontal coordinates at the monitoring well locations 
were determined at the time of the investigation, using a handheld Global Navigation 
Satellite System survey equipment (Trimble Geoexplorer unit TSC3) which has an accuracy 
of ±0.05 m. The UTM coordinates and ground surface elevations at the borehole/monitoring 
well locations, together with the summary of the monitoring well installation details, are 
provided in Table 3-1. 
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Table 3-1 - Monitoring Well Installation Details 

Well ID 
Installation 

Date 

UTM Coordinates 
Ground 

El. (masl) 

Borehole 
Depth 
(mbgs) 

Well Screen 
Interval 
(mbgs) 

Well  
Casing Dia. 

(mm) East (m) North (m) 

BH/MW 1 January 24, 2023 585730.94 4849365.40 285.81 6.3 3.1-6.1 50 

BH/MW 2 January 24, 2023 585793.89 4849351.95 281.75 6.4 3.1-6.1 50 

BH/MW 3 January 24, 2023 585781.60 4849417.52 282.83 6.2 3.2-6.2 50 

BH/MW 4 January 24, 2023 585862.87 4849395.19 277.25 6.6 3.1-6.1 50 

BH/MW 5 January 24, 2023 585827.02 4849464.92 278.64 6.2 3.2-6.2 50 

Notes:      mbgs -- metres below ground surface      masl -- metres above sea level 
 
3.2 Groundwater Monitoring 
 
The groundwater levels within the monitoring wells were manually measured, on January 
31, March 2 and on April 3, 2023 to record the fluctuation of the shallow groundwater table 
beneath the subject site, with the details discussed in the section 6.3 of this report. 
 
3.3 Mapping of Ontario Water Well Records 
 
SEL reviewed the Ministry of the Environment, Conservation and Parks (MECP) Water 
Well Records (WWRs) for the registered wells, located on the subject site and within  
500 m of the subject site boundaries (study area). The water well records indicate that 
seventy-four (74) wells are located within the 500 m zone of influence study area relative to 
the subject site. The well record locations are marked, and presented in Drawing No. 3, and 
related WWRs review information is summarized in Section 6.2, with details of the 
reviewed records being provided in Appendix ‘A’. 
 
3.4 Monitoring Well Development and Single Well Response Tests 
 
The monitoring wells underwent development in preparation for single well response tests 
(SWRT) to estimate the hydraulic conductivity (K) for saturated subsoil strata at the depths 
of the monitoring well screens. Well development involved the purging and removal of 
several well casing volumes of groundwater from each monitoring well to remove remnants 
of clay, silt and other debris introduced into the monitoring wells during construction, and to 
induce the flow of formation groundwater through the monitoring well screens, thereby 
improving the transmissivity of the subsoil strata formation at the monitoring well screen 
depths. 
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The test results from SWRT’s are used to estimate the hydraulic conductivity (K) for 
groundwater-bearing subsoil strata at the depths of the monitoring well screens. The K 
values, estimated from the SWRTs provide an indication of the yield capacity for the 
groundwater-bearing subsoil strata, and can be used to estimate the flow of groundwater 
through the groundwater-bearing subsoil strata. 
 
The SWRT involves the placement of a slug of known volume into the well, below the 
groundwater table, to displace the groundwater level upward. The rate at which the 
groundwater level recovers to static conditions (falling head) was tracked using a data 
logger/pressure transducer that was set to record water level data at 5 second recording 
intervals. An electronic water level tape was also used to manually record the groundwater 
levels to verify the data logger measurements. 
 
The rate at which the groundwater table recovers to static conditions is used to estimate the 
K values for the groundwater-bearing subsoil strata formation at the monitoring well screen 
depths. The Bower Rice formula was used to interpret the SWRTs. The BH/MWs 1, 2 and 3 
underwent SWRTs on March 2, 2023, whereas SWRTs on BH/MWs 4 and 5 were 
performed on April 3, 2023. The detailed test results are provided in Appendix ‘B’, with a 
summary of the findings, being provided in Table 6-2. 
 
3.5 Review Summary of Concurrent Report 
 
The following, concurrent geotechnical report, prepared by SEL was reviewed in 
preparation of this hydrogeological study: 
 
“A Report to 2868577 Ontario Inc., a Geotechnical Investigation for Proposed Residential 
Development, 15544 McLaughlin Road, Town of Caledon”, Reference No. 2301-S042 
dated March 2023. 
 
3.6 Groundwater Quality Assessment  

The monitoring well location at the BH/MW 1 underwent sampling for analysis to 
characterize the shallow groundwater quality for comparison evaluation of the testing results 
against the Region of Peel Storm and Sanitary Sewer Use By-Law standards. This was 
performed to assess whether any anticipated dewatering effluent, generated from any 
construction dewatering, or from any long-term foundation drainage needs can be disposed 
of into the Region of Peel sewer system. Based on the results, recommendations for any pre-
treatment of the dewatering effluent can be developed, if required. 



Reference No. 2301-W042  9 
 
BH/MW 1 was developed and purged in accordance with best management practices with a 
minimum of 3 well casing volumes of groundwater purged, prior to sample collection. In 
accordance with Region of Peel Storm and Sanitary Sewer Use By-Law sampling protocol, 
one set of groundwater samples was not filtered prior to placement in the laboratory sample 
bottles. Upon sampling, all of the bottles were placed in ice and packed in a cooler for 
shipment to the analytical laboratory. Sample analysis was performed by SGS Laboratories, 
which is accredited by the Canadian Association for Laboratory Accreditation Inc. (CALA). 
Results of the analysis are provided in Appendix ‘C’, with a discussion of the findings, 
provided in Section 7.6. 
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4.0 REGIONAL AND LOCAL SETTING 
 
4.1 Regional Geology 
 
The subject site lies within the Physiographic Region of Southern Ontario, known as the 
Niagara Escarpment. The Niagara Escarpment extends from the Niagara River to the 
northern tip of the Bruce Peninsula and continues through the Manitoulin Islands. It consists 
of an association of landforms, not found anywhere else in Ontario. Vertical cliffs along the 
brow of the escarpment often outlines the edge of the dolostone of the Lockport and Amabel 
Formations while the slopes below are carved in red shale. For some distance back from the 
brow, the dip-slope of the cuesta in many places has been stripped of soil and over-burden. 
Flanked by landscapes of glacial origin, this rock-hewn topography stands in striking 
contrast, and its steep-sided valleys are strongly suggestive of non-glaciated regions. While 
the escarpment stands out boldly in the Niagara Peninsula, and along the shore of Georgian 
Bay, there is an intervening area in which the slopes are mantled by morainic posits, 
particularly in Mono and Mulmur Townships, and the Town of Caledon, with long stretches 
of area being almost completely hidden. 
 
The Dundas Valley is the most notable break in the southern part of the escarpment, 
extending inland eight miles from the west end of Lake Ontario. The rim is sharply outlined 
by rock bluffs but within the valley there is deep drift, the surface of which is deeply cut by 
many gullies. Worthy of note is the occurrence of beds of sand and silty clay in alternate 
layers (Chapman and Putnam, 1984). 
 
Under the Niagara Escarpment, the physiographic description for the project site is 
Spillways. These are usually occupied by streams, and are basically a broad trough, floored 
wholly or in part by gravel beds at one or more levels. It sometimes shows a peculiar 
disregard for existing grades, since it flowed along an ice front. It is common to find a 
spillway that now is unoccupied by any stream. On the upland west of the Niagara 
Escarpment the spillways mostly, but not always, run along the front of the moraines 
(Chapman and Putnam, 1984). 
 
Review of the surface geological map of Ontario shows that the subject site is located, 
partially on the Halton Till Unit deposits, consisting predominantly of silt to silty clay 
matrix which is high in calcium carbonate content, and is clast poor, which was deposited, 
partially on the bedrock deposits, consisting of undifferentiated igneous and metamorphic 
rocks, or carbonate and classic sedimentary rocks, being exposed at the surface or covered 
by a discontinuous, thin layer of drift. Drawing No. 4, as reproduced from Ontario 
Geological Survey (OGS) mapping, illustrates the Quaternary surface soil geology for the 
site and surrounding area. 
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The underlying bedrock is comprised, mainly of shale, limestone, dolostone and siltstone of 
the Georgian Bay formation, Blue Mountain Formation, Billings Formation, and both the 
Collingwood and Eastview Member, which were deposited during the Upper Ordovician 
Epoch (Bedrock Geology of Ontario, 1993). The approximate elevations for the top of the 
bedrock beneath the site approximately ranges between 267 to 278 masl (metres above sea 
level). 
 
4.2 Physical Topography 
 
A review of the topography shows that the subject site and surrounding area is sloping in 
nature, exhibiting a decline in elevation relief towards the east from west, towards the Credit 
River. Based on review of the topographic map, and from the review of the ground surface 
elevations at borehole and monitoring well locations, the total elevation relief across the 
subject site is about 9.0 m. Drawing No. 5 shows the mapped topographical contours for the 
subject site, and the surrounding area. 
 
4.3 Watershed Setting 
 
The subject site is located within the Credit Valley Watershed, and Credit River-Forks of the 
Credit to Churchville Sub-watershed as shown, mapped on Drawing No. 6. The Credit River 
watershed is comprised of twenty-three (23) sub-watersheds and covers an area of about 
1,000 km2. The Credit River is approximately 90 km long and meanders through nine (9) 
municipalities. Its headwaters, or upper reaches, are located in Orangeville, Erin and in the 
Town of Mono. It flows south where it empties into Lake Ontario at Port Credit, 
Mississauga (Credit Valley Conservation Authority, 2009). 
 
4.4 Local Surface Water and Natural Features 
 
Records review show that a tributary of Credit River, and its associated wooded areas and a 
watercourse are located, immediately south and south-west of the site. This tributary is 
shown to flow south-easterly, before bending east where it then joins the Credit River, 
located approximately 50 m south of the subject site. Another small tributary, flowing north 
joins the Credit River, approximately 300 m north of the site. 
 
Immediately south-west of the site lies a wooded area, and a further 30 m southwest of the 
site lies an area of natural and scientific interest (ANSI). Apart from these, there are a lot of 
wooded areas present around the site. The locations of the site and the noted natural features 
are shown on Drawing No. 7. 
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5.0 SOIL LITHOLOGY 
 
The investigation revealed that beneath a layer of topsoil veneer, and a layer of earth fill or 
weathered soil, the site is underlain by native strata of silt, silty sand, sandy silt, silty sand 
till, sandy silt till and silty clay till. Weathered shale was also observed in some of the 
BH/MWs at deeper elevations. 
 
Detailed descriptions of the encountered subsurface conditions from the BH/MWs are 
presented on the BH/MW Logs, comprising Figures 1 to 5, inclusive. A Key Plan and the 
interpreted geological cross-sections, along the delineated southwest to northeast and 
southwest to southeast transects across the site are presented on Drawing Nos. 8-1 and 8-2. 
 
5.1 Topsoil (All BH/MWs) 
 
All BH/MWs were completed on the vacant field where the ground surface is covered with a 
layer of topsoil, approximately 15 to 30 cm in thickness. Thicker topsoil deposits may be 
encountered beyond the BH/MW locations. 
 
5.2 Earth Fill (BH/MWs 3, 4 and 5) 
 
Earth fill, approximately 0.2 to 2.2 m thickness, was observed beneath the topsoil layer at 
BH/MWs 3, 4 and 5 locations. The fill unit consists of mixture of sand, silt, clay and 
contains organic inclusions. 
 
5.3 Silt, Sandy Silt and Silty Sand (BH/MWs 1, 2, 3 and 5) 
 
The silt, sandy silt and silty sand deposits were encountered in BH/MWs 1, 2, 3 and 5. It has 
trace of clay and occasional gravel. It is brown in colour, is very loose to compact in 
consistency. The moisture contents for the retrieved subsoil samples ranges from 7% to 
33%, indicating moist to wet conditions. The estimated permeability of this layers at the 
depth of 3.3 mbgs, 4.8 mbgs and 1.8 mbgs ranges from 10-4 to 10-3 cm/sec. Grain size 
analyses were performed on three (3) subsoil samples, and the gradation are plotted on 
Figures 6, 7 and 8. 
 
5.4 Sandy Silt Till/Silty Sand Till (BH/MWs 1, 2 and 4) 
 
The sandy silt till and/or silty sand till were contacted in the upper stratigraphy in  
BH/MWs 1 and 2 at depths of 0.3 to 2.2 m below the prevailing ground surface. With an 
approximate thickness ranging from 1.4 to 1.9 m. While at BH/MW 4, sandy silt till layer 
was encountered at a depth of 4.8 m below the prevailing ground surface. It is brown in 
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colour, is very loose to very dense in consistency, having trace of clay and gravel. The 
moisture contents for the retrieved subsoil samples ranges from 10 to 36%, indicating moist 
to saturated conditions. 
 
5.5 Sand and Gravel (BH/MWs 4 and 5) 
 
The sand and gravel deposits were encountered in BH/MWs 4 and 5 beneath the eastern 
portion of the investigated area, at the approximate depth of 2.2 m below the prevailing 
ground surface. Having an approximate thickness of 1.7 to 2.6 m. This subsoil unit is brown 
in colour, is dense in consistency, having a trace to some silt. The moisture contents for the 
retrieved subsoil samples ranges from 3% to 18%, indicating moist condition. The estimated 
permeability of this layer at the depth of 3.3 mbgs is 10-3 cm/sec. Grain size analysis was 
performed on one representative subsoil sample of the sand and gravel, and the soil 
gradation is plotted on Figure 9. 
 
5.6 Silty Clay Till (BH/MWs 3, 4 and 5) 
 
The silty clay till deposit was encountered at the lower stratigraphy in BH/MWs 3, 4 and 5, 
at depths, ranging from 4.0 to 6.3 m below prevailing ground surface. It has a trace of gravel 
and occasional shale fragments. It is brown in colour, hard in consistency, where it extends 
to the maximum investigation depth at BH/MWs 3 and 4. The moisture contents for the 
retrieved subsoil samples ranges from 9 to 16% indicating moist conditions. 
 
5.7 Shale (BH/MW 5) 
 
Shale bedrock was encountered at the depth of 5.7 m below the prevailing ground surface, at 
the BH/MW 55 location. It is grey in colour, it is weathered. It extends to the termination 
depth of investigation of 6.2 mbgs. The permeability of the underlying upper shale unit is 
anticipated to vary depending on the extent of fracturing, and presence of bedding planes. 
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6.0 GROUNDWATER STUDY 
 
6.1    Review Summary of Concurrent Report  
 
A review of the findings from the concurrent geotechnical soil investigation report (SEL 
Reference No. 2301-S042) has disclosed that beneath the topsoil horizon, and a layer of 
earth fill or weathered subsoil, the subject site is underlain by native strata of silt, silty sand, 
sandy silt, silty sand till, sandy silt till and silty clay till. Weathered shale was observed in 
one of the boreholes at deeper elevation. 
 
6.2    Review of Ontario Water Well Records  
 
The Ministry of the Environment, Conservation and Parks (MECP) water well records for 
the subject site and for the properties within a 500 m radius of the boundaries of the subject 
site (study area) were reviewed. 
 
The records indicate that seventy-four (74) well records are located within the study area 
relative to the subject site. The locations of these well records, based on the UTM coordinates 
provided by the records, are shown on Drawing No. 3. Details for the MECP water well 
records that were reviewed are provided in Appendix ‘A’. 
 
A review of the final status of the well records within the study area reveals that thirty-four 
(34) are registered as water supply wells, twenty-four (24) are abandoned – other wells, seven 
(7) are observation wells, five (5) wells have an unidentified status, two (2) are test hole wells, 
one (1) is an abandoned-supply well, and one (1) dewatering well. 
 
A review of the first usage of the well records reveals that thirty-one (31) are domestic wells, 
twenty-three (23) wells have an unidentified status, five (5) are monitoring wells, five (5) are 
dewatering wells, three (3) wells are not being used, two (2) wells are used for livestock, one 
(1) of each is registered as a test hole well, public, municipal, industrial, and other use well, 
respectively. 
 
Should there be any water supply wells discovered during the future site grading operations, 
we recommend that they be properly decommissioned in accordance with the Ontario Water 
resources Act, Regulation 903. 
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6.3    Groundwater Monitoring 
 
The groundwater levels within the monitoring wells were measured, manually on three 
occasions over the study period, on the following dates; January 31, March 2, and on  
April 3, 2023, to record the fluctuation of the shallow groundwater table beneath the subject 
site. The groundwater levels and their corresponding elevations are given below in  
Table 6-1. 
 
Table 6-1 - Groundwater Level Measurements 

Well ID January 31, 
2023 

March 02, 
2023 

April 03, 
2023 Average (m) Fluctuation 

(m) 

BH/MW 1 
mbgs 3.04 2.14 1.13 2.10 

1.91 
masl 282.77 283.67 284.68 283.71 

BH/MW 2 
mbgs 3.52 2.20 0.66 2.13 

2.86 
masl 278.23 279.55 281.09 279.62 

BH/MW 3 
mbgs 3.56 2.78 2.11 2.82 

1.45 
masl 279.27 280.05 280.72 280.01 

BH/MW 4 
mbgs 4.93 4.17 3.42 4.17 

1.51 
masl 272.32 273.08 273.83 273.08 

BH/MW 5 
mbgs 2.07 1.39 0.93 1.46 

1.14 
masl 276.57 277.25 277.71 277.18 

Notes:       mbgs -- metres below ground surface              masl -- metres above sea level 
 
As shown above, the groundwater levels within all of the BH/MW locations generally 
increased over the monitoring period. As shown above the groundwater levels at the 
BH/MWs range from the depths of between 0.66 to 3.56 m below ground surface. The 
greatest fluctuation was recorded at BH/MW 2, where a 2.86 m difference in groundwater 
elevation level was documented during the monitoring period. 
 
6.4    Shallow Groundwater Flow Pattern 
 
The shallow groundwater flow pattern beneath the subject site was interpreted, based on the 
highest shallow groundwater levels measured at all the BH/MWs, suggesting that it flows in 
an eastern direction, beneath the site, towards the low relief portions of the property. The 
flow pattern interpretation was completed within the proposed development footprint area. 
The interpreted shallow groundwater flow pattern beneath the subject site is illustrated on 
Drawing No. 9. 
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6.5    Single Well Response Test Analysis 

All of the BH/MWs underwent a single well response test (SWRT) to assess the hydraulic 
conductivity (K) for saturated aquifer subsoils at the depths of the monitoring well screens. 
The results for the SWRTs are presented in Appendix ‘B’, with a summary of the findings 
shown in Table 6-2. 

Table 6-2 - Summary of SWRT Results 

Well ID Ground 
El. 

(masl) 

Monitoring 
Well Depth 

(mbgs) 

Borehole 
Depth 
(mbgs) 

Well Screen 
Interval 
(mbgs) 

Screened Sub Soil 
Strata 

Hydraulic 
Conductivity (K) 

(m/sec) 

BH/MW 1 285.81 6.1 6.3 3.1-6.1 Sandy Silt Till/ 
Silty Sand Till 4.0 × 10-6 

BH/MW 2 281.75 6.1 6.4 3.1-6.1 Silt 1.7 × 10-6 

BH/MW 3 282.83 6.2 6.2 3.2-6.2 Sandy Silt/ 
Silty Clay Till 1.1 × 10-6 

BH/MW 4 277.25 6.0 6.0 3.1-6.1 Sandy Silt/ 
Silty Clay Till 6.0 × 10-7 

BH/MW 5 278.64 6.2 6.2 3.2-6.2 Sand and Gravel/ 
Silty Clay Till 3.5 × 10-6 

Notes:     mbgs -- metres below ground surface        masl -- metres above sea level 

As shown above, the K estimates for the silt, silty sand till, silty clay unit ranges from  
6.0 x 10-7 to 4.0 x 10-6 m/sec. The results of the SWRT’s provide an indication of the yield 
capacity for the groundwater-bearing subsoil strata at the depths of the monitoring well 
screens. The above results suggest that the hydraulic conductivity (K) for the groundwater-
bearing subsoils at the depths for the monitoring well screens ranges from low to moderate, 
with correspondingly low to moderate anticipated groundwater seepage rates being 
anticipated into open excavations, below the groundwater table. 

6.6    Follow Up Test Pit Investigation 

On May 30, 2023, a Soil Engineers Ltd. representative performed a site visit to witness a test 
pit investigation program. Test pit excavations were completed for the subject, at the 
locations, shown on Drawing No. 2. For the test pit investigation, a backhoe sub-contractor 
excavated to the target depths, at the indicated test pit locations that were provided in 
advance by Candevcon Limited.  Detailed findings of the test pit investigation are provided 
in Appendix ‘D’. 
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Based on the test pit observations, no groundwater seepage was observed in one (1) of the 
test pits, while minimal seepage was observed within three (3) open test pits excavations, 
with only low to moderate groundwater seepage being observed within one (1) of the open 
test pit excavations, along with only minimal accumulation of groundwater within the open 
test pits after about the test pits remained open for about ±4 to 6 hours. This indicates that 
there is likely to be only limited, low to minor, un-stained groundwater seepage within open 
excavations at the anticipated depths for the proposed underground services and proposed 
housing basement structures, with only minimal, occasional groundwater control being 
anticipated, if that. Any groundwater control can likely be accomplished with occasional 
pumping from sump pits if required with no approval for any temporary groundwater taking 
being anticipated in advance of construction. 
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7.0 GROUNDWATER CONTROL DURING CONSTRUCTION 

The estimated hydraulic conductivity (K) for the sandy silt till, silty clay and silty clay till 
units suggest that groundwater seepage rates into open excavations below the groundwater 
table will range from moderate to low. To provide safe, dry and stable conditions for 
earthworks excavations for construction of the proposed underground housing foundation 
structures and associated underground services, the groundwater table should be lowered in 
advance of, or, during construction. Preliminary estimates for construction dewatering flows 
required to locally lower the shallow groundwater table, based on the SWRT, K test 
estimates, are discussed in the following sections. 

7.1 Groundwater Construction Dewatering Flow Rates 

A proposed preliminary development plan, prepared by Candevcon Limited, Project 
No. W22002, dated May 16, 2022 was reviewed for this preliminary dewatering needs 
assessment. Since the finished floor elevations (FFE) were not available for review at the 
time of preparation of this report. The BH/MW location elevations, and existing ground 
elevation contours were considered as the grade elevations and were used to prepare the 
dewatering needs assessment. Based on review of the plan, the proposed development will 
comprise 13 single detached dwelling lots and a parkette, along with associated roads and 
municipal services and infrastructure, meeting urban standards. It is assumed that all of the 
proposed residential units are anticipated to have basement structures. 

7.1.1    Groundwater Construction Dewatering Rates for the Construction of 
Proposed Detached Dwellings with Basement Structures 

Based on the provided conceptual development plan, the dimensions for each detached 
dwelling were provided as 18.3 m wide and 42.8 m in length. As such, for the current 
dewatering needs assessment, the anticipated excavation areas for the construction of 
underground housing basement structures were considered at 20 x 10 m in dimensions, with 
total anticipated excavated area for each lot being about 200.0 m2. 

Dewatering Assessment for the Construction of Underground Basement for the Detached 
House Development in the Vicinity if Lot 1 (Test Pit 1), at a Grade Elevation of 
approximately 285.8 masl: 

For the proposed detached house basement structure, having a dimension of 20.0 m x 10.0 m 
within the southwestern part of the site, at an estimated grading plan elevation of 285.8 masl 
which was considered with an assumed excavation depth of up to ±3.0 m for the 
underground basement structures. The estimated depth elevation for the construction of the 
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detached housing basement structure base was estimated at 282.8 masl. The subsoil 
comprises topsoil, sandy silt, and sandy silt till/silty sand till extending to the maximum 
proposed depths for excavation. To facilitate excavation and construction in dry and stable 
subsoil conditions, it is proposed that the groundwater table be lowered to an elevation of 
281.8 masl, which is about 1 m below the lowest proposed excavation depth. Minimal 
groundwater seepage was observed at the TP 1 at an elevation of about 282.50 masl. There 
was only a slight accumulation of groundwater seepage observed within the test pit after it 
had been left open for a duration of ±5.0 hours. Given the low permeability of the 
underlying, compact to very dense, sandy silt till/silty sand till, having a trace of clay unit, 
and the limited un-sustained groundwater seepage as observed within the test pit, it is 
anticipated that occasional sump pit pumping may be required to remove any limited 
groundwater seepage within open excavation within this portion of the subdivision, where 
any occasional encountered groundwater seepage is likely to be un-sustained. 

Dewatering Assessment for the Construction of Underground Basement for the Detached 
House Development in the Vicinity if Lot 13 (Test Pit 2), at a Grade Elevation of 
approximately 281.7 masl: 

For the proposed detached house basement structure having a dimension of 20.0 m x 10.0 m 
within the southwestern part of the site, at an estimated grading plan elevation of 281.7 masl 
was considered with an assumed excavation depth of up to ±3.0 m for the underground 
basement structure. The estimated depth elevation for the construction of the detached 
housing basement structure base was estimated at 278.7 masl. The subsoil comprises topsoil, 
sandy silt till, and silt extending to the maximum proposed depths for excavation. To 
facilitate excavation and construction in dry and stable subsoil conditions, it is proposed that 
the groundwater table be lowered to an elevation of 277.7 masl, which is about 1 m below 
the lowest proposed excavation depth. 

No accumulation of groundwater seepage was observed within the test pit 2 after it had been 
left open for a duration of ±4.0 hours.  Given that the underlying, compact to very dense, silt 
unit, exhibiting limited, un-sustained groundwater seepage, it is anticipated that occasional 
sump pit pumping may be required to remove any limited groundwater seepage within open 
excavations, if required, where only occasional groundwater seepage is likely to be un-
sustained. 

Dewatering Assessment for the Construction of Underground Basement for the Detached 
House Development in the Vicinity if Lot 10 (Test Pit 3), at a Grade Elevation of 
approximately 282.8 masl: 

For the proposed detached house basement structure having a dimension of 20.0 m x 10.0 m 
within the southwestern part of the site, at an estimated grading plan elevation of 282.8 masl 
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was considered with an assumed excavation depth of up to ±3.0 m for the underground 
basement structure. The estimated depth elevation for the construction of the detached 
housing basement structure base was estimated at 279.8 masl. The subsoil comprises topsoil, 
earth fill, silty sand, silt, sandy silt and silty clay till extending to the maximum proposed 
depths for excavation. To facilitate excavation and construction in dry and stable subsoil 
conditions, it is proposed that the groundwater table be lowered to an elevation of  
278.8 masl, which is about 1 m below the lowest proposed excavation depth. Minimal 
groundwater seepage was observed at the TP 3, at an elevation of about 281.4 masl. There 
was only a slight accumulation of groundwater seepage observed within the test pit after it 
had been left open for a duration of ±6.0 hours. Given the low permeability of the 
underlying, compact, silt, sandy silt, having a trace of clay, which exhibited limited un-
sustained groundwater seepage within the open test pit, it is anticipated that occasional sump 
pit pumping may be required to remove any limited groundwater seepage within open 
excavations, where any occasional encountered groundwater seepage is likely to be un-
sustained. 

Dewatering Assessment for the Construction of Underground Basement for the Detached 
House Development in the Vicinity if Lot 4 (Test Pit 4), at a Grade Elevation of 
approximately 277.2 masl: 

For the proposed detached house basement structure having a dimension of 20.0 m x 10.0 m 
within the southwestern part of the site, at an estimated grading plan elevation of 277.2 masl 
was considered with an assumed excavation depth of up to ±3.0 m for the underground 
housing basement structure. The estimated depth elevation for the construction of the 
detached housing basement structure base was estimated at 274.2 masl. The subsoil 
comprises topsoil, earth fill, sand and gravel, sandy silt till and silty clay till extending to the 
maximum proposed depths for excavation. To facilitate excavation and construction in dry 
and stable subsoil conditions, it is proposed that the groundwater table be lowered to an 
elevation of 273.2 masl, which is about 1 m below the lowest proposed excavation depth. 

Medium to minor groundwater seepage was observed at the TP 4, at an elevation of about 
273.8 masl.  There was a limited medium to minor accumulation of groundwater observed 
within the test pit after it had been left open for a duration of ±4.0 hours. Given the 
underlying, dense, sand with gravel and trace do some silt unit, which exhibited limited un-
sustained groundwater seepage as observed within the test pit, it is anticipated that 
occasional sump pit pumping may be required to remove any limited groundwater seepage 
within open excavations, where any occasional encountered groundwater seepage is likely to 
be un-sustained. 



Reference No. 2301-W042 21 

Dewatering Assessment for the Construction of Underground Basement for the Detached 
House Development in the Vicinity if Lot 7 (Test Pit 5), at a Grade Elevation of 
approximately 278.6 masl: 

For the proposed detached house basement structure having a dimension of 20.0 m x 10.0 m 
within the southwestern part of the site, at an estimated grading plan elevation of 278.6 masl 
was considered with an assumed excavation depth of up to ±3.0 m for the underground 
basement structure. The estimated depth elevation for the construction of the detached 
housing basement structure base was estimated at 275.6 masl. The subsoil comprises topsoil, 
sandy silt till, and silt extending to the maximum proposed depths for the excavation. To 
facilitate excavation and construction in dry and stable subsoil conditions, it is proposed that 
the groundwater table be lowered to an elevation of 274.6 masl, which is about 1 m below 
the lowest proposed excavation depth. 

Limited groundwater seepage was observed at TP 5 at an elevation of about 273.65 masl. 
There was a minor accumulation of groundwater seepage observed within the test pit after it 
had been left open for a duration of ±4.0 hours. Given the underlying, dense to hard, sand 
and silty clay till unit, exhibiting limited un-sustained groundwater seepage as observed 
within the open test pit, it is anticipated that occasional sump pit pumping may be required 
to remove any limited groundwater seepage within the open excavations, where any 
occasional encountered groundwater seepage is likely to be un-sustained. 

7.1.2    Groundwater Construction Dewatering Rates for the Installation of 
            Proposed Underground Services 

The proposed excavation depths were not available for review at the time of preparation of 
this current report. As such, the bases for proposed installation of services have been 
considered at depths of 5.0± m beneath the existing grade surface elevations. 

Installation of Underground Services beneath the Southwestern Portion of the Site, at 
an Estimated Grade Elevation of 285.8 masl at Test Pit 1 location: 

The dewatering needs assessment was based on the lowest proposed servicing invert depths, 
considered at a maximum depth of about 5.0 m below the estimated grade elevation of  
285.8 masl. An estimated services installation excavation depth elevation of 280.8 masl was 
utilized for this portion of the site. Minimal groundwater seepage was observed at the TP 1 
at an elevation of about 282.50 masl. There was only a slight accumulation of groundwater 
seepage observed within the test pit after it had been left open for a duration of ±5.0 hours. 
Given the low permeability of the underlying, compact to very dense, sandy silt till/silty 
sand till having a trace of clay unit, which exhibited, limited un-sustained groundwater 
seepage as observed within the open test pit, it is anticipated that occasional sump pit 
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pumping may be required to remove any limited groundwater seepage within open services 
excavations, where any occasional encountered seepage is likely to be un-sustained. 

Installation of Underground Services beneath the Center Portion of the Site, at an 
Estimated Grade Elevation of 282.8 masl at Test Pit 3 location: 

The dewatering needs assessment was based on the lowest proposed servicing invert depths, 
considered at a maximum depth of about 5.0 m below the estimated grade elevation of  
282.8 masl. The estimated installation excavation depth elevation of 277.8 masl was utilized 
for this portion of the site. Minimal ground seepage was observed at the TP 3, at an 
elevation of about 281.4 masl. There was only a slight accumulation of groundwater 
observed within the open test pit after it had been left open for a duration of ±6.0 hours. 
Given the low permeability of the underlying, compact, silt, sandy silt having trace of clay, 
and the limited un-sustained groundwater seepage as observed within the test pit, it is 
anticipated that occasional sump pit pumping may be required to remove any limited 
groundwater seepage within open service excavations, where any occasional encountered 
seepage is likely to be un-sustained. 

Installation of Underground Services beneath the Northern Portion of the Site, at an 
Estimated Grade Elevation of 278.6 masl at Test Pit 5 location: 

The dewatering needs assessment was based on the lowest proposed servicing invert depths, 
considered at a maximum depth of about 5.0 m below the estimated grade elevation of  
278.6 masl. The estimated installation excavation depth elevation of 273.6 masl was utilized 
for this portion of the site. Limited groundwater seepage was observed at TP 5 at an 
elevation of about 273.65 masl. There was only a minor accumulation of groundwater 
observed within the test pit after it had been left open for a duration of ±4.0 hours. Given the 
underlying, dense to hard, sand and silty clay till unit, exhibiting limited un-sustained 
groundwater seepage as observed within the open test pit, it is anticipated that occasional 
sump pit pumping may be required to remove any limited groundwater seepage within open 
services excavations, where only occasional encountered groundwater seepage is likely to be 
un-sustained. 

The groundwater seepage rates are anticipated to be below the 50,000 L/day threshold limit 
for requiring an approval for any proposed construction related groundwater takings and 
which will not require any registration or filing with the MECP. 
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7.2    Groundwater Control Methodology 

The groundwater seepage rates into open excavations within sandy silt, sandy silt till/silty 
sand till, silt, silty sand, and sand and gravel subsoils below the groundwater levels are 
expected to range from low to moderate. Pumping from the sump pits may be adequate to 
control local groundwater seepage into excavations. Well points could be considered if e 
encountered groundwater seepage and stable subsoil conditions cannot be controlled by 
localized sump pit dewatering within the excavation footprints or underground servicing 
trenches. The final design for any temporary construction dewatering system will be the 
responsibility of the construction contractors. 

7.3    Permanent Foundation Drainage for Underground Structures 

The proposed development plan indicates that it is anticipated to construct a residential 
subdivision, consisting of thirteen (13) single detached housing units, for the proposed 
development. Each house unit is anticipated to be completed with underground basement 
structure. It is anticipated that limited, occasional long-term foundation drainage needs may 
be required for each of the proposed underground housing basement structures, following 
site development. 

Conventional perimeter footings drains can be included for the design for each of the house 
footings to address any long-term groundwater seepage to the excavation and completed 
underground housing basement structures, to address the limited, occasional groundwater 
seepage to the proposed housing basement structures. 

In order to estimate the long-term foundation dewatering needs associated with a perimeter 
foundation drainage network at the subject site, Darcy’s Equation was used, as described 
below: 

Perimeter Drainage for a Single-Detached House Lot Size (10 m x 20 m) in the Vicinity of 
BH/MW 1 at an estimated grade elevation of 285.80 mal  

Q = KiA 
     Where: 

  Q = Estimated seepage, drainage rate (m3/day) 
K = 4.0 × 10-6 m/sec (highest hydraulic conductivity (K) assessed for the 

Sandy Silt Till/Silty Sand Till unit encountered during the study) 
A = 18.85 m2 for the surface area of weepers around the perimeter of 

foundation footings  
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ih = 0.075 [unitless], Horizontal Hydraulic Gradient for groundwater 
considered for the perimeter footing drainage system. 

The drainage estimates, above are considered very conservative and are unlikely to come to 
fruition give the low permeability and slow seepage rates for groundwater within the test pits 
within the Sandy Silt Till/Silty Sand Till rich subsoil as revealed from the recent test pit 
investigation. Any occasional seepage drainage to housing basement structures is likely to 
be un-sustained and may occur during spring thaw, and following heavy rainfall events. 

Based on the proposed underground basement structure, the long-term seepage drainage rate 
for the perimeter drainage network for a conventionally side-sloped excavation is  
488.58 L/day. By applying a safety factor of three (3), the drainage rate could reach a 
maximum of about 1,465.74 L/day. 

Perimeter Drainage for a Single-Detached House Lot Size (10 m x 20 m) in the Vicinity of 
BH/MW 2 at an estimated grade elevation of 281.70 masl  

Q = KiA 
    Where: 

 Q = Estimated groundwater seepage, drainage rate (m3/day) 
K = 1.7 × 10-6 m/sec (highest hydraulic conductivity 

(K) assessed for the silt unit encountered during the study)
A = 18.85 m2 for the surface area of weepers around the perimeter of 

foundation footings  
ih = 0.075 [unitless], Horizontal Hydraulic Gradient for groundwater 

considered for the perimeter footing drainage system. 

Based on the proposed underground basement structure, the long-term groundwater seepage 
drainage rate for the perimeter drainage network for a conventionally side-sloped excavation 
is 207.65 L/day. By applying a safety factor of three (3), the drainage rates could reach 
maximum 622.94 L/day. 

The drainage estimates, above are considered very conservative and are unlikely to come to 
fruition give the low permeability and slow groundwater seepage rate within the test pits for 
the silt rich subsoil as revealed from the recent test pit investigation. Any occasional seepage 
drainage to housing basements is likely to be un-sustained and may occur only during spring 
thaw and following heavy rainfall events. 
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Perimeter Drainage for a Single Detached House Lot Size (10 m x 20m) at an 
estimated grade elevation and in the Vicinity of BH/MW 3 (282.80 masl). 

Q = KiA 
     Where: 

  Q = Estimated seepage, drainage rate (m3/day) 
K = 1.1× 10-6 m/sec (highest hydraulic conductivity (K) assessed for the 

Sandy Silt/Silty Clay Till unit encountered during the study) 
A = 18.85 m2 for the surface area of weepers around the perimeter of 

foundation footings  
ih = 0.075 [unitless], Horizontal Hydraulic Gradient for groundwater 

considered for the perimeter footing drainage system. 

Based on the proposed underground basement structure, the long-term seepage drainage rate 
for the perimeter drainage network for a conventionally side-sloped excavation is  
134.36 L/day. By applying a safety factor of three (3), the drainage rates could reach 
maximum 403.07 L/day. 

The drainage estimates, above are considered very conservative and are unlikely to come to 
fruition give the low permeability and slow seepage rates for groundwater within the open 
test pits having sandy silt/silty clay rich till subsoil as revealed from the recent test pit 
investigation. Any occasional seepage drainage to housing basements is likely to be un-
sustained and may occur during spring thaw and following heavy rainfall events. 

The long-term foundation drainage estimates for complete housing are considered 
conservative based on findings of the recent test pit investigation which suggests minimal 
occasional foundation drainage for complete housing basements. 

Perimeter Drainage for a Single Detached House Lot Size (10 m x 20m) at an estimated 
grade elevation and in the Vicinity of BH/MW 4 (277.2 masl) 

Based on the proposed underground basement structure, no long-term groundwater seepage 
drainage is required in the vicinity of BH/MW 4. 
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Perimeter Drainage for a Single Detached House Lot Size (10 m x 20m) at an 
estimated grade elevation and in the Vicinity of BH/MW 5 (278.60 masl). 

Q = KiA 
     Where: 

  Q = Estimated seepage, drainage rate (m3/day) 
K = 3.5× 10-6 m/sec (highest hydraulic conductivity (K) assessed for the 

Sand and Gravel/Silty Clay Till unit encountered during the study) 
A = 18.85 m2 for the surface area of weepers around the perimeter of 

foundation footings  
ih = 0.075 [unitless], Horizontal Hydraulic Gradient for groundwater 

considered for the perimeter footing drainage system. 

Based on the proposed underground basement structure, the long-term groundwater seepage 
drainage rate for the perimeter drainage network for a conventionally side-sloped excavation 
is 427.51 L/day. By applying a safety factor of three (3), the drainage rates could reach 
maximum 1,282.5 L/day. 

The drainage estimates, above are considered very conservative and are unlikely to come to 
fruition give the low permeability and slow seepage rates of groundwater within the test pits 
within the Sand and Gravel/Silty Clay Till rich subsoil as revealed from the recent test pit 
investigation. Any occasional seepage drainage to housing basements is likely to be un-
sustained and may occur during spring thaw and following heavy rainfall events. 

The long-term foundation drainage estimates for complete housing are considered 
conservative based on findings of the recent test pit investigation which suggests minimal 
occasional foundation drainage for complete housing basements. 

7.4    Mitigation of Potential Impacts Associated with Dewatering 

There is a record of one domestic water supply well and one abandoned supply well, located 
on the property. These well are identified as Well ID. Nos. 10 and 34, on MECP Well 
Location Plan, Drawing No. 3 and are listed in Appendix ‘A’. It is recommended that the 
two wells that are located within the site be decommissioned in advance of construction 
should it still exist. Records review indicate that a tributary of Credit River and its 
associated wooded areas are located, about 50 m south of the subject site. 

There should be no anticipated concerns associated with potential ground settlement to any 
existing nearby structures, infrastructure or natural heritage features. It is recommended that 
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a geotechnical engineer should be consulted to review potential ground settlement concerns 
to nearby structures prior to construction. 

7.5    Groundwater Function for the Subject Site 

The proposed development will consist of a residential housing development along with 
associated underground services and utilities and a park. Any occasional sump pumping will 
be temporary with no potential impacts to groundwater receptors including any nearby 
supply wells being used in the area. 

The subject site is currently comprised of a vacant land. Surrounding land uses includes 
residential development, Kaufman Road, Victoria Street and McKenzie Street. Furthermore, 
there is a tributary of Credit River, located about 50 m south of the site, along with wooded 
area.  As such, the local shallow groundwater flow pattern for the area may be locally 
impacted on temporary basis from the proposed development. 

Any construction dewatering will be temporary with low anticipated dewatering flow rates, 
and any long-term foundation drainage rates for the completed housing basement structures 
is anticipated to be only occasional, low and un-sustained. 

7.6    Ground Settlement 

It is recommended that the potential ground settlement concerns associated with any 
temporary construction dewatering should be assessed by a geotechnical engineer, prior to 
earthworks and construction. 

7.7    Groundwater Quality 

One set of groundwater samples were collected for analysis from the monitoring well at 
BH/MW 1, on April 3, 2023 using a dedicated sampling bailer. The monitoring well was 
purged of three (3) well casing volumes of groundwater prior to sample collection. Upon 
sampling, all of the sample bottles were placed in ice and packed in a cooler at about 4o C 
for shipment to the analytical laboratory. The groundwater sample was submitted for 
analysis for comparison evaluation of the results against the Peel Region storm and sanitary 
sewer use by-law standards, and the Provincial Water Quality Objectives (PWQO) 
standards. Sample analysis was performed by SGS Environmental Services, which is 
accredited by the Canadian Association for Laboratory Accreditation Inc. (CALA). Results 
of the analysis are provided in Appendix ‘C’, with a discussion of the findings provided 
below. The submitted samples consisted of unfiltered groundwater, with results presented as 
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totals for various parameters analyzed. The chain of custody number for the submitted 
samples that underwent analysis is 029455 (SGS Group). 

The results of the analysis for the unfiltered groundwater indicate one (1) exceedance when 
evaluated against the Peel Region Storm and Sanitary Sewer Use By-Law standards. The 
exceedance, together with the storm and sanitary standards criteria, is presented in  
Table 7-3. 

Table 7-3 - Groundwater Quality Results 

Parameter 

BH/MW 3 – 
Groundwater Quality 

Results (Unfiltered 
Groundwater) (mg/L) 

Peel Region Sanitary 
Sewer Use Limits 

(mg/L) 

Peel Region Storm 
Sewer Use Limits 

(mg/L) 

Phosphorus (total) 0.879 10 0.4 

As shown above, the concentration for Phosphorous exceeded the Peel Region Storm Sewer 
Use By-Law standards for the sample obtained from BH/MW 1. However, it meets the 
limits for the Peel Region Sanitary Sewer Use By-Law standards. 

The results suggest that any short-term, construction dewatering effluent, and or any long-
term foundation drainage effluent should be acceptable for disposal to the Region of Peel 
Sanitary Sewer system, and that it should be acceptable for disposal to the Region of Peel 
Storm Sewer system after minimal pre-treatment has been implemented to lower Phosphorus 
to meet applicable storm sewer standards prior to its disposal. 

The final design for any construction dewatering effluent pre-treatment system is the 
responsibility of contractors responsible for construction. The final design for any long-term 
foundation drainage systems effluent pre-treatment system will be the responsibility of the 
mechanical engineer responsible for the design of the long-term foundation drainage system 
network. 

7.8    Low Impact Development (LIDs)  

The shallow groundwater levels were measured at depths, ranging from 0.66 to 3.42 m 
below the prevailing ground surface. The existing shallow subsoil unit beneath the subject 
site consists of sandy silt, sandy silt till/silty sand till, silt, silty sand, and sand and gravel 
layers could facilitate some infiltration of precipitation revived at the developed site to the 
subsurface to recharge the shallow groundwater table. If the shallow soils remain 
unsaturated, proposed Low Impact Development (LID) infrastructure should be considered 
for implementation in areas where the shallow groundwater is deeper than 1.0 m below the 
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ground surface, and where it is possible to maintain a minimum 1.0 m separation between 
the bases for any proposed LID stormwater management infiltration infrastructure and the 
high groundwater table to address future stormwater management planning and design. Any 
proposed LID infrastructure should be designed by the stormwater engineer for the project. 
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8.0 CONCLUSION 

1. The subject site lies within the Physiographic Region of Southern Ontario, known as
the Niagara Escarpment on the spillways Plain Physiographic Feature.

2. Based on review of the surface geological map of Ontario, the subject site is located
on the Halton Till Unit, native mineral soil deposits, consisting predominantly of silt
to silty clay being high in matrix calcium carbonate content which is considered as
being clast poor, comprised mainly of silt and clay.

3. Based on the review of the local topography map for the area, and from the review of
the ground surface elevation based on the borehole and monitoring well locations the
total elevation relief across the site is about 9 m.

4. The subject site is located within the Credit Valley Watershed. Records review
shows that a tributary of the Credit River its associated wooded area is located about
50 m south of the subject site.

5. This study has disclosed that beneath layer of topsoil veneer, and a layer of earth fill
or weathered soil, the site is underlain by native subsoil strata, comprised of silt, silty
sand, sandy silt, silty sand till, sandy silt till and silty clay till, extending to the
maximum depth of investigation.

6. The findings of this study confirm that the measured groundwater level elevations
ranged from 272.32 to 284.68 masl, and that shallow groundwater is interpreted to
flow in north -westerly directions, beneath the site towards the low relief portion of
the property.

7. The single well response tests yielded estimated hydraulic conductivity (K) values
that range from 6.0 x 10-7 to 4.0 x 10-6 m/sec for the sandy silt till/silty sand till, silt,
sandy silt, sand and gravel, and silty clay till subsoils at the depths of the monitoring
well screen intervals. These results suggest that low to moderate groundwater
seepage rates can be anticipated into open excavations below the shallow
groundwater table.

8. Based on the test pit investigations at the anticipated depths for the housing basement
foundations structures and proposed underground services indicate that the minor
groundwater seepages within test pits excavations occurred at depths of 1.6 mbgs and
<5.0 mbgs or at elevations, ranging between 273.6 to 282.5 masl. Limited seepage
was observed within test pit excavations, after the test pits remained opened for up to
6.0 hours. Review of the groundwater level elevations recorded at the test pits when
compared to the concurrent groundwater level elevations in the monitoring wells
indicate that the groundwater levels were 0.44 to 3.39 m higher that the levels
observed within the test pits.

9. Given that only limited un-sustained groundwater seepage rates are anticipated
during excavations for the proposed underground housing basement structures, and
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fo_r the installation of the underground service. It is not anticipated that the 
groundwater seepage will be sustained within the open excavations, where 
occasional sump pit pumping should be adequate to remove any occasional limited 
groundwater seepage that may accumulate within the open excavations. Pumping 
rates for the anticipated occasional sump pit pumping are expected to be below the 
50,000 L/day threshold limit for requiring an approval for any proposed construction 
related groundwater takings, which will not require any registration or filing with the 
MECP. 

I 0. The long-term foundation drainage needs from a perimeter footing, drainage network 
for a conventionally side sloped foundation for each of the proposed housing 
basement structures within the proposed residential development areas, range from 
between 134.36 to 488.58 L/day. By applying a safety factor of three (3), the 
drainage rates could reach maximums, ranging between 403.07 to 1,465.74 L/day. 
The drainage estimates, above are considered very conservative and are unlikely to 
come to fruition give the low permeability and slow seepage rates for groundwater 
within the test pits as revealed from the recent test pit investigation. Any occasional, 
groundwater seepage drainage to housing basements is likely to be un-sustained and 
may occur during spring thaw, and following heavy rainfall events. 

11. The shallow groundwater levels were measured at depths ranging from 0.66 to 3.42 m 
below the prevailing ground surface. As such, low impact development (LID) 
infrastructure may be considered for implementation beneath certain portions of the 
site. If the shallow soils remain unsaturated, proposed Low Impact Development (LID) 
infrastructure should be considered for implementation in areas where the shallow 
groundwater is deeper than 1.0 m below the ground surface, and where it is possible to 
maintain a minimum 1.0 m separation between the bases for any proposed LID 
stormwater management infiltration infrastructure and the high groundwater table to 
address future stonnwater management planning. 

SOIL ENGINEERS LTD. 
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FIGURES 1 to 14 

BOREHOLE LOGS/MONITORING WELL LOGS 
GRAIN SIZE DISTRIBUTION GRAPHS,  

AND  
TEST PIT LOGS  

REFERENCE NO. 2110-W007 



LIST OF ABBREVIATIONS AND DESCRIPTION OF TERMS 

The abbreviations and terms commonly employed on the borehole logs and figures, and in the text of the 
report, are as follows: 

SAMPLE TYPES 

AS Auger sample 
CS Chunk sample 
DO Drive open (split spoon) 
DS Denison type sample 
FS Foil sample 
RC Rock core (with size and percentage 

recovery) 
ST Slotted tube 
TO Thin-walled, open 
TP Thin-walled, piston 
WS Wash sample 

PENETRATION RESISTANCE 

Dynamic Cone Penetration Resistance: 
A continuous profile showing the number of 
blows for each foot of penetration of a 
2-inch diameter, 90° point cone driven by a
140-pound hammer falling 30 inches.
Plotted as ‘   •   ’

Standard Penetration Resistance or ‘N’ Value: 
The number of blows of a 140-pound 
hammer falling 30 inches required to 
advance a 2-inch O.D. drive open sampler 
one foot into undisturbed soil. 
Plotted as ‘’ 

WH Sampler advanced by static weight 
PH Sampler advanced by hydraulic pressure 
PM Sampler advanced by manual pressure 
NP No penetration 

SOIL DESCRIPTION 

Cohesionless Soils: 

‘N’ (blows/ft) Relative Density 
0 to 4 very loose 
4 to 10 loose 

10 to 30 compact 
30 to 50 dense 

over 50 very dense 

Cohesive Soils: 

Undrained Shear 
Strength (ksf) ‘N’ (blows/ft) Consistency 

less than 0.25 0 to 2 very soft 
0.25 to 0.50 2 to 4 soft 
0.50 to 1.0 4 to 8 firm 
1.0 to 2.0 8 to 16 stiff 
2.0 to 4.0 16 to 32 very stiff 

over 4.0 over 32 hard 

Method of Determination of Undrained 
Shear Strength of Cohesive Soils: 

x 0.0 Field vane test in borehole; the number 
denotes the sensitivity to remoulding 

 Laboratory vane test
 Compression test in laboratory 

For a saturated cohesive soil, the undrained 
shear strength is taken as one half of the 
undrained compressive strength 

METRIC CONVERSION FACTORS 
1 ft = 0.3048 metres 1 inch = 25.4 mm 
1lb = 0.454 kg 1ksf = 47.88 kPa 
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Installed 50 mm Ø monitoring well to 6.1 m 
completed with 3 m PVC slotted screen 
Sand backfill from 2.4 to 6.1 m 
Bentonite seal from 0.0 m to 2.4 m 
Provided with a monument casing

END OF BOREHOLE

30 cm Topsoil

Brown, loose to compact 

SANDY SILT 

a trace of clay 
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Proposed Residential DevelopmentPROJECT DESCRIPTION:

15544 McLaughlin Road, Town of CaledonPROJECT LOCATION:

1FIGURE NO.:

Flight Auger 
(Solid Stem)

METHOD OF BORING:

Janaury 24, 2023DRILLING DATE:

285.8 Ground Surface

Penetration Resistance 
(blows/30 cm)

9070503010

Shear Strength (kN/m2)

20015010050

         Dynamic Cone (blows/30 cm)

9070503010 Atterberg Limits

LLPL

   Moisture Content (%)
40302010

Soil Engineers Ltd.
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Installed 50 mm Ø monitoring well to 6.1 m 
completed with 3 m PVC slotted screen 
Sand backfill from 2.4 to 6.1 m 
Bentonite seal from 0.0 m to 2.4 m 
Provided with a monument casing

END OF BOREHOLE

25 cm Topsoil

Brown, very loose to compact 

SANDY SILT TILL 
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Brown, compact to very dense 
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very moist to wet 
a trace to some sand
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Proposed Residential DevelopmentPROJECT DESCRIPTION:

15544 McLaughlin Road, Town of CaledonPROJECT LOCATION:

2FIGURE NO.:

Flight Auger 
(Solid Stem)

METHOD OF BORING:

Janaury 24, 2023DRILLING DATE:

281.7 Ground Surface

Penetration Resistance 
(blows/30 cm)

9070503010

Shear Strength (kN/m2)

20015010050

         Dynamic Cone (blows/30 cm)

9070503010 Atterberg Limits

LLPL

   Moisture Content (%)
40302010

Soil Engineers Ltd.
1 of 1Page:
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Installed 50 mm Ø monitoring well to 6.2 m 
completed with 3 m PVC slotted screen 
Sand backfill from 2.6 to 6.2 m 
Bentonite seal from 0.0 m to 2.6 m 
Provided with a monument casing

END OF BOREHOLE

20 cm Topsoil

Dark brown 
EARTH FILL 
sand, some silt 
occ. topsoil inclusion 
occ. organics and rootlets

Brown, compact 
SILTY SAND 
occ. silty clay layers

Brown, compact, wet 

SILT 

traces of clay and gravel

Brown, compact 

SANDY SILT 

a trace of clay 
occ. gravel

Brown, hard 
SILTY CLAY TILL 
occ. shale fragments
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BH/MW 3LOG OF BOREHOLE:2301-W042JOB NO.:

Proposed Residential DevelopmentPROJECT DESCRIPTION:

15544 McLaughlin Road, Town of CaledonPROJECT LOCATION:

3FIGURE NO.:

Flight Auger 
(Solid Stem)

METHOD OF BORING:

Janaury 24, 2023DRILLING DATE:

282.8 Ground Surface

Penetration Resistance 
(blows/30 cm)

9070503010

Shear Strength (kN/m2)

20015010050

         Dynamic Cone (blows/30 cm)

9070503010 Atterberg Limits

LLPL

   Moisture Content (%)
40302010

Soil Engineers Ltd.
1 of 1Page:
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Installed 50 mm Ø monitoring well to 6.1 m 
completed with 3 m PVC slotted screen 
Sand backfill from 2.4 to 6.1 m 
Bentonite seal from 0.0 m to 2.4 m 
Provided with a monument casing

END OF BOREHOLE

20 cm Topsoil

Dark brown 

EARTH FILL 

mixture of sand, silt and clay 
a trace of gravel 
occ. topsoil inclusion 
occ. organics and rootlets

Brown, dense 

SAND AND GRAVEL 

a trace to some silt

Brown, dense 

SANDY SILT TILL 

traces of clay and gravel

Brown, hard 
SILTY CLAY TILL
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Proposed Residential DevelopmentPROJECT DESCRIPTION:

15544 McLaughlin Road, Town of CaledonPROJECT LOCATION:

4FIGURE NO.:

Flight Auger 
(Solid Stem)

METHOD OF BORING:

Janaury 24, 2023DRILLING DATE:

277.2 Ground Surface

Penetration Resistance 
(blows/30 cm)
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Shear Strength (kN/m2)
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         Dynamic Cone (blows/30 cm)
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   Moisture Content (%)
40302010

Soil Engineers Ltd.
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Installed 50 mm Ø monitoring well to 6.1 m 
completed with 3 m PVC slotted screen 
Sand backfill from 2.4 to 6.1 m 
Bentonite seal from 0.0 m to 2.4 m 
Provided with a monument casing

END OF BOREHOLE
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Proposed Residential DevelopmentPROJECT DESCRIPTION:

15544 McLaughlin Road, Town of CaledonPROJECT LOCATION:

5FIGURE NO.:

Flight Auger 
(Solid Stem)

METHOD OF BORING:

Janaury 24, 2023DRILLING DATE:

278.6 Ground Surface

Penetration Resistance 
(blows/30 cm)

9070503010

Shear Strength (kN/m2)

20015010050

         Dynamic Cone (blows/30 cm)

9070503010 Atterberg Limits

LLPL

   Moisture Content (%)
40302010
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Soil Engineers Ltd. Reference No: 2301-W042

U.S. BUREAU OF SOILS CLASSIFICATION

COARSE

UNIFIED SOIL CLASSIFICATION

COARSE

Project: Proposed Residential Development

Location: 15544 McLaughlin Road, Town of Caledon Liquid Limit (%) = -

Plastic Limit (%) = -

Borehole No: 2 Plasticity Index (%) = -

Sample No: 5 Moisture Content (%) = 20

Depth (m): 3.3 Estimated Permeability 

Elevation (m): 278.5 (cm./sec.) = 10-4

Classification of Sample [& Group Symbol]: SILT

traces of clay and sand

SILT & CLAY

F
igure: 6
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MEDIUM
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GRAVEL
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Soil Engineers Ltd. Reference No: 2301-W042

U.S. BUREAU OF SOILS CLASSIFICATION

COARSE

UNIFIED SOIL CLASSIFICATION

COARSE

Project: Proposed Residential Development

Location: 15544 McLaughlin Road, Town of Caledon Liquid Limit (%) = -

Plastic Limit (%) = -

Borehole No: 3 Plasticity Index (%) = -

Sample No: 6 Moisture Content (%) = 18

Depth (m): 4.8 Estimated Permeability 

Elevation (m): 278.0 (cm./sec.) = 10-4

Classification of Sample [& Group Symbol]: SANDY SILT

a trace of clay and occ. gravel
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F
igure: 7

COARSE

MEDIUM

FINE

CLAY

SAND

MEDIUMFINE

GRAVEL

GRAIN SIZE DISTRIBUTION

SAND

V. FINE

GRAVEL
SILT

COARSE FINEFINE

3" 2-1/2" 2" 1-1/2" 1" 3/4" 1/2" 3/8" 4 8 10 16 20 30 40 50 60 100 140 200 270 325

0

10

20

30

40

50

60

70

80

90

100

0.0010.010.1110100 Grain Size in millimeters

Pe
rc

en
t P

as
si

ng



Soil Engineers Ltd. Reference No: 2301-W042

U.S. BUREAU OF SOILS CLASSIFICATION

COARSE

UNIFIED SOIL CLASSIFICATION

COARSE

Project: Proposed Residential Development

Location: 15544 McLaughlin Road, Town of Caledon Liquid Limit (%) = -

Plastic Limit (%) = -

Borehole No: 5 Plasticity Index (%) = -

Sample No: 3 Moisture Content (%) = 7

Depth (m): 1.8 Estimated Permeability 

Elevation (m): 276.9 (cm./sec.) = 10-3

Classification of Sample [& Group Symbol]: SILTY SAND

a trace of clay
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Soil Engineers Ltd. Reference No: 2301-W042

U.S. BUREAU OF SOILS CLASSIFICATION

COARSE

UNIFIED SOIL CLASSIFICATION

COARSE

Project: Proposed Residential Development

Location: 15544 McLaughlin Road, Town of Caledon Liquid Limit (%) = -

Plastic Limit (%) = -

Borehole No: 4 Plasticity Index (%) = -

Sample No: 5 Moisture Content (%) = 3

Depth (m): 3.3 Estimated Permeability   

Elevation (m): 274.0 (cm./sec.) = 10-3

Classification of Sample [& Group Symbol]: SAND AND GRAVEL

some silt
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0.0

0.3

1.6

5.0

284.9

283.6

280.2

30 cm Topsoil

END OF TEST PIT

Brown, loose to compact 

SANDY SILT 

a trace of clay 
occ. gravel

Brown, compact to very dense 

SANDY SILT TILL / SILTY SAND TILL 

a trace of clay 
some gravel to gravelly

DETAILED INFORMATION 

All the measurements are from 
existing grade 

WATER SEEPAGE 
Water seepage occured @ 2.7 mbgs 

Minor seepage rate 

Cave-In 
Cave-In occured @ 0.8 mbgs 

Test Pit Monitoring 
Water levels were measured at various time 
intervals after leaving the test pit open for 6.0 
hours 

Time    Water Level (from bottom of test pit) 
10:00 am          1 cm 
10:10 am          2 cm 
10:30 am          8 cm 
11:45 am          15 cm 
12:15 pm          18 cm 
01:15 pm          19 cm    
02:30 pm          21 cm
03:30 pm          23 cm
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Test Pit 1LOG OF BOREHOLE:2301-W042JOB NO.:

Proposed Residential DevelopmentPROJECT DESCRIPTION:

15544 McLaughlin Road, Town of CaledonPROJECT LOCATION:

FIGURE NO.: 10

May 30, 2023TEST PIT DATE:

285.2 Ground Surface

Penetration Resistance 
(blows/30 cm)

9070503010

Shear Strength (kN/m2)

20015010050

         Dynamic Cone (blows/30 cm)

9070503010 Atterberg Limits

LLPL

   Moisture Content (%)
40302010

METHOD Backhoe

Soil Engineers Ltd.
1 of 1Page:



0.0

0.3

1.6

5.0

281.4

280.1

276.7

30 cm Topsoil

END OF TEST PIT

Brown, very loose to compact 

SANDY SILT TILL 
traces of clay and gravel

Brown, compact to very dense 

SILT 
a trace to some sand

DETAILED INFORMATION 

All the measurements are from 
existing grade 

WATER SEEPAGE 
No water seepage occured during the time 
interval 

Cave-In 
Cave-In occured @ 0.3 mbgs 

Test Pit Monitoring 
Water levels were measured at various time 
intervals after leaving the test pit open for 4.0 
hours 

Time    Water Level (from bottom of test pit) 
10:45 am dry 
11:15 am dry 
12:00 pm dry 
12:45 pm dry 
01:15 pm dry 
02:15 pm dry    
02:45 pm dry
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Test Pit 2LOG OF BOREHOLE:2301-W042JOB NO.:

Proposed Residential DevelopmentPROJECT DESCRIPTION:

15544 McLaughlin Road, Town of CaledonPROJECT LOCATION:

FIGURE NO.: 11

May 30, 2023TEST PIT DATE:

281.7 Ground Surface

Penetration Resistance 
(blows/30 cm)

9070503010

Shear Strength (kN/m2)

20015010050

         Dynamic Cone (blows/30 cm)

9070503010 Atterberg Limits

LLPL

   Moisture Content (%)
40302010

METHOD Backhoe
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0.0

0.2

1.7

2.5

4.2

5.0

282.7

281.3

280.5

278.8

278.0

30 cm Topsoil

END OF TEST PIT

Dark brown 

EARTH FILL 
sand, some silt 
occ. topsoil inclusion 
occ. organics and rootlets

Brown, compact 

SILTY SAND 
occ. silty clay layers

Brown, compact 

SILT 

traces of clay and gravel

Brown, compact 
SANDY SILT 
a trace of clay 
occ. gravel

DETAILED INFORMATION 

All the measurements are from 
existing grade 

WATER SEEPAGE 
Water seepage occured @ 1.6 mbgs 

Minimal Seepage rate 

Cave-In 
No cave-in occured during the time interval 

Test Pit Monitoring 
Water levels were measured at various time 
intervals after leaving the test pit open for 6.0 
hours 

Time    Water Level (from bottom of test pit) 
11:20 am 1 cm 
11:45 am 3 cm 
12:05 pm 7 cm 
01:15 pm 9 cm 
02:00 pm 11 cm 
03:00 pm 13 cm    
04:15 pm 15 cm 
05:20 pm 18 cm 10

9

8

7

6

5

4

3

2

1

0

w
at

er
 s

ee
pa

ge
 e

le
va

tio
n 

@
 2

81
.4

0 
m

as
l

El.
(m)

Depth
(m)

SOIL
DESCRIPTION

SAMPLES

N
um

be
r

Ty
pe

N
-V

al
ue

D
ep

th
 S

ca
le

 (m
)

W
AT

ER
 L

EV
EL

Test Pit 3LOG OF BOREHOLE:2301-W042JOB NO.:

Proposed Residential DevelopmentPROJECT DESCRIPTION:

15544 McLaughlin Road, Town of CaledonPROJECT LOCATION:

FIGURE NO.: 12

May 30, 2023TEST PIT DATE:

283.0 Ground Surface

Penetration Resistance 
(blows/30 cm)

9070503010

Shear Strength (kN/m2)

20015010050

         Dynamic Cone (blows/30 cm)

9070503010 Atterberg Limits

LLPL

   Moisture Content (%)
40302010

METHOD Backhoe

Soil Engineers Ltd.
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0.0
0.2

2.2

5.0

275.1

272.3

20 cm Topsoil

END OF TEST PIT

Dark brown 

EARTH FILL 

mixture of sand, silt and clay 
a trace of gravel 
occ. topsoil inclusion 
occ. organics and rootlets

Brown, dense 

SAND AND GRAVEL 
a trace to some silt

DETAILED INFORMATION 

All the measurements are from 
existing grade 

WATER SEEPAGE 
Water seepage occured @ 3.5 mbgs 

Medium to Fast seepage rate 

Cave-In 
No cave-In occured during the time interval 

Test Pit Monitoring 
Water levels were measured at various time 
intervals after leaving the test pit open for 4.0 
hours 

Time    Water Level (from bottom of test pit) 
12:00 pm 50 cm 
12:20 pm 70 cm 
01:15 pm 85 cm 
02:00 pm 95 cm 
03:10 pm 110 cm 
04:00 pm 120 cm
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Test Pit 4LOG OF BOREHOLE:2301-W042JOB NO.:

Proposed Residential DevelopmentPROJECT DESCRIPTION:

15544 McLaughlin Road, Town of CaledonPROJECT LOCATION:

FIGURE NO.: 13

May 30, 2023TEST PIT DATE:

277.3 Ground Surface

Penetration Resistance 
(blows/30 cm)

9070503010

Shear Strength (kN/m2)

20015010050

         Dynamic Cone (blows/30 cm)

9070503010 Atterberg Limits

LLPL

   Moisture Content (%)
40302010

METHOD Backhoe
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0.0
0.2

1.3

2.1

3.8

5.0

277.1

276.3

274.6

273.4

20 cm Topsoil

END OF TEST PIT

Dark brown 

EARTH FILL 
sand, some silt to silty 
occ. topsoil inclusion 
occ. organics and rootlets
Brown, compact 

SILTY SAND 
a trace of clay

Brown, dense 

SAND AND GRAVEL 
a trace to some silt

Brown, hard 

SILTY CLAY TILL 
a trace of gravel

DETAILED INFORMATION 

All the measurements are from 
existing grade 

WATER SEEPAGE 
Water seepage occured @ 4.75 mbgs 

Minor seepage rate 

Cave-In 
No cave-In occured during the time interval 

Test Pit Monitoring 
Water levels were measured at various time 
intervals after leaving the test pit open for 4.0 
hours 

Time    Water Level (from bottom of test pit) 
12:30 pm 3 cm 
01:30 pm 9 cm 
02:15 pm 12 cm 
03:30 pm 14 cm 
04:30 pm 16 cm
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Test Pit 5LOG OF BOREHOLE:2301-W042JOB NO.:

Proposed Residential DevelopmentPROJECT DESCRIPTION:

15544 McLaughlin Road, Town of CaledonPROJECT LOCATION:

FIGURE NO.: 14

May 30, 2023TEST PIT DATE:

278.4 Ground Surface

Penetration Resistance 
(blows/30 cm)

9070503010

Shear Strength (kN/m2)

20015010050

         Dynamic Cone (blows/30 cm)

9070503010 Atterberg Limits

LLPL

   Moisture Content (%)
40302010

METHOD Backhoe

Soil Engineers Ltd.
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    Ontario Water Well Records

Final Status First Use

1 4900713 Boring 3.70 Water Supply Domestic 3.66 1.80 - -
2 4900718 Boring 3.00 Water Supply Industrial 1.22 0.90 - -
3 4900719 Cable Tool 13.70 Water Supply Domestic 11.89 3.00 - -
4 4900720 Cable Tool 16.80 Water Supply Public 13.72 3.40 - -
5 4900721 Cable Tool 18.30 Water Supply Domestic 12.19 4.30 - -
6 4900722 Boring 6.10 Water Supply Domestic 2.13 2.10 - -
7 4900723 Cable Tool 18.30 Water Supply Livestock 14.33 4.90 - -
8 4900724 Cable Tool 59.70 Water Supply Livestock 18.29 5.50 - -
9 4900813 Cable Tool 18.30 Water Supply Domestic 18.29 6.10 - -
10 4900816 Cable Tool 20.40 Water Supply Domestic 18.29 3.00 - -
11 4900819 Cable Tool 17.40 Water Supply Domestic 15.24 4.60 - -
12 4900820 Cable Tool 18.00 Water Supply Domestic 15.24 6.10 - -
13 4900821 Boring 4.30 Water Supply Domestic 3.35 2.40 - -
14 4900822 Cable Tool 22.90 Water Supply Domestic 12.19 9.10 - -
15 4900823 Cable Tool 18.30 Water Supply Domestic 18.29 6.10 - -
16 4900824 Cable Tool 20.70 Water Supply Domestic 16.76 4.90 - -
17 4900825 Cable Tool 23.20 Water Supply Domestic 23.17 8.50 - -
18 4900826 Cable Tool 24.40 Water Supply Domestic 24.38 9.80 - -
19 4900827 Cable Tool 16.50 Water Supply Domestic 13.72 7.60 - -
20 4900828 Boring 8.80 Water Supply Domestic 6.10 6.10 - -
21 4900829 Cable Tool 15.20 Water Supply Domestic 12.19 4.60 - -
22 4900830 Cable Tool 25.90 Water Supply Domestic 18.29 6.70 - -
23 4900831 Cable Tool 17.70 Water Supply Domestic 15.24 4.60 - -
24 4900832 Cable Tool 20.40 Water Supply Domestic 19.51 5.50 - -
25 4900833 Boring 5.50 Water Supply Domestic 4.27 2.10 - -
26 4903526 Cable Tool 13.70 Water Supply Domestic 12.19 0.60 12.50 13.72
27 4903646 Cable Tool 18.30 Water Supply Domestic 15.24 6.70 - -

Static 
Water Level 

(m)

Top of 
Screen  
Depth       

(m) 

Bottom of 
Screen 
Depth      

(m) 

Water 
Found     

(m)

WELL 
ID

MECP 
WWR ID Construction Method Well Depth 

(m)

Well Usage
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     Ontario Water Well Records

Final Status First Use

28 4903787 Cable Tool 30.80 Water Supply Domestic 29.26 -0.30 - -
29 4903965 Cable Tool 17.10 Water Supply Domestic 16.76 6.40 - -
30 4903968 Cable Tool 15.80 Water Supply Domestic 15.85 6.70 - -
31 4903969 Cable Tool 15.20 Water Supply Domestic - 6.40 - -
32 4904565 Cable Tool 22.90 Water Supply Domestic 12.19 5.20 - -
33 4906030 Cable Tool 29.60 Water Supply Domestic 21.03 6.70 - -
34 4906031 Rotary (Convent.) 61.60 Abandoned-Supply Not Used 24.38 9.10 - -
35 4906257 Rotary (Convent.) 19.80 Water Supply Domestic 14.33 6.70 - -
36 4908788 Not Known - Abandoned-Other - - - - -
37 4908789 Not Known - Abandoned-Other - - - - -
38 4908790 Not Known - Abandoned-Other - - - - -
39 4908791 Not Known - Abandoned-Other - - - - -
40 4908792 Not Known - Abandoned-Other - - - - -
41 4908793 Not Known - Abandoned-Other - - - - -
42 4908794 Not Known - Abandoned-Other - 0.00 - - -
43 4907595 Rotary (Convent.) 35.70 Test Hole Municipal 34.75 - 34.75 39.32
44 4907719 Rotary (Air) 14.00 Observation Wells Not Used - 2.40 - -
45 4907720 Rotary (Air) 25.30 Observation Wells Not Used - 2.10 - -
46 4910264 - - Abandoned-Other - - 2.20 - -
47 4910275 - - - - - 7.10 - -
48 4910276 - - Abandoned-Other - - 1.40 - -
49 7112183 Rotary (Convent.) 11.60 Observation Wells Monitoring - - 5.49 8.53
50 7112184 Rotary (Convent.) 11.60 Observation Wells Monitoring - - 5.18 8.23
51 7112185 Rotary (Convent.) 11.60 Test Hole Test Hole 1.22 1.30 5.49 8.53
52 7118560 - - Abandoned-Other - - 3.50 - -
53 7145157 H.S.A. - Abandoned-Other Dewatering 1.30 - 5.00 8.00
54 7145218 H.S.A. - Abandoned-Other Dewatering 1.30 - 6.80 9.80

Well Usage
Water 
Found     

(m)
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Water Level 

(m)

Top of 
Screen  
Depth       

(m) 
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     Ontario Water Well Records

Final Status First Use

55 7145219 H.S.A. - Abandoned-Other Dewatering 1.30 - 6.80 9.80
56 7145220 H.S.A. - Abandoned-Other Dewatering 1.30 - 5.00 8.00
57 7150899 - - Abandoned-Other - 1.00 - - -
58 7156441 - - Abandoned-Other - 3.00 - - -
59 7160561 Jetting 7.00 Dewatering Dewatering 1.00 - 6.00 7.00
60 7161740 - - Abandoned-Other - 3.50 - - -
61 7168991 - - Abandoned-Other Other - 5.10 - -
62 7180804 - - Abandoned-Other - - - - -
63 7241495 Boring 6.10 Observation Wells Monitoring - - 4.57 6.10
64 7241496 Boring 4.60 Observation Wells Monitoring 3.05 - 3.05 4.57
65 7241497 Boring 6.10 Observation Wells Monitoring 3.05 - 4.57 6.10
66 7255785 Other Method 48.20 - Domestic - -0.30 5.49 8.53
67 7273717 - - Abandoned-Other - 2.40 - - -
68 7315045 - - Abandoned-Other - 4.60 - - -
69 7340775 - - Abandoned-Other - 1.30 - 0.50 2.00
70 7340776 - - Abandoned-Other - 1.30 - 0.50 2.00
71 7340777 - - Abandoned-Other - 1.30 - 0.50 2.00
72 7381290 - - - - - - - -
73 7381354 - - - - - - - -
74 7382661 - - - - - - - -

Notes:

*MECP WWID: Ministry of the Environment, Conservation and Parks Water  Well Records Identification
**metres below ground surface

WELL 
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Test Date: 02-Mar-23
Piezometer/Well No.: BH/MW 1
Ground level: 285.81 m
Screen top level: 282.71 m
Screen bottom level: 279.71 m
Test El. (at midpoint of screen): 281.21 m
Test depth (at midpoint of screen): 4.6 m
Screen length L= 3.0 m

Diameter of undisturbed portion o2R= 0.22 m
Standpipe diameter 2r= 0.05 m
Initial unbalanced head Ho= -0.175 m
Initial water depth 2.14 m
Aquifer material: Sandy Silt Till/Silty Sand Till

2 x 3.14 x L
Shape factor F= --------------- = 5.701815 m

  ln(L/R)

3.14 x r2
Permeability K= ------------- x ln (H1/H2) (Bouwer and Rice Method)

F x ( t2 - t1 )

ln (H1/H2)
------------ = 0.01176031
( t2 - t1 )

K= 4.0E-04 cm/s
4.0E-06 m/s
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Test Date: 02-Mar-23
Piezometer/Well No.: BH/MW 2
Ground level: 281.75 m
Screen top level: 278.65 m
Screen bottom level: 275.65 m
Test El. (at midpoint of screen): 277.15 m
Test depth (at midpoint of screen): 4.6 m
Screen length L= 3.0 m

Diameter of undisturbed portion o2R= 0.22 m
Standpipe diameter 2r= 0.05 m
Initial unbalanced head Ho= -0.2177 m
Initial water depth 2.2 m
Aquifer material: Silt 

2 x 3.14 x L
Shape factor F= --------------- = 5.701815 m

  ln(L/R)

3.14 x r2
Permeability K= ------------- x ln (H1/H2) (Bouwer and Rice Method)

F x ( t2 - t1 )

ln (H1/H2)
------------ = 0.00484079
( t2 - t1 )

K= 1.7E-04 cm/s
1.7E-06 m/s

Falling Head Test (Slug Test)
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Test Date: 02-Mar-23
Piezometer/Well No.: BH/MW 3
Ground level: 282.83 m
Screen top level: 279.63 m
Screen bottom level: 276.63 m
Test El. (at midpoint of screen): 278.13 m
Test depth (at midpoint of screen): 4.7 m
Screen length L= 3.0 m

Diameter of undisturbed portion o2R= 0.22 m
Standpipe diameter 2r= 0.05 m
Initial unbalanced head Ho= -0.2378 m
Initial water depth 2.78 m
Aquifer material: Sandy Silt/Silty Clay Till

2 x 3.14 x L
Shape factor F= --------------- = 5.701815 m

  ln(L/R)

3.14 x r2
Permeability K= ------------- x ln (H1/H2) (Bouwer and Rice Method)

F x ( t2 - t1 )

ln (H1/H2)
------------ = 0.00314848
( t2 - t1 )

K= 1.1E-04 cm/s
1.1E-06 m/s

Falling Head Test (Slug Test)
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Test Date: 03-Apr-23
Piezometer/Well No.: BH/MW 4
Ground level: 277.25 m
Screen top level: 274.15 m
Screen bottom level: 271.15 m
Test El. (at midpoint of screen): 272.65 m
Test depth (at midpoint of screen): 4.6 m
Screen length L= 3.0 m

Diameter of undisturbed portion o2R= 0.22 m
Standpipe diameter 2r= 0.05 m
Initial unbalanced head Ho= -0.0147 m
Initial water depth 3.42 m
Aquifer material: Sandy Silt Till / Silty Clay Till

2 x 3.14 x L
Shape factor F= --------------- = 5.701815 m

  ln(L/R)

3.14 x r2
Permeability K= ------------- x ln (H1/H2) (Bouwer and Rice Method)

F x ( t2 - t1 )

ln (H1/H2)
------------ = 0.00173028
( t2 - t1 )

K= 6.0E-05 cm/s
6.0E-07 m/s

Falling Head Test (Slug Test)
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Test Date: 03-Apr-23
Piezometer/Well No.: BH/MW 5
Ground level: 278.64 m
Screen top level: 275.54 m
Screen bottom level: 272.54 m
Test El. (at midpoint of screen): 274.04 m
Test depth (at midpoint of screen): 4.6 m
Screen length L= 3.0 m

Diameter of undisturbed portion o2R= 0.22 m
Standpipe diameter 2r= 0.05 m
Initial unbalanced head Ho= -0.1909 m
Initial water depth 0.93 m
Aquifer material: Silty Clay Till

2 x 3.14 x L
Shape factor F= --------------- = 5.701815 m

  ln(L/R)

3.14 x r2
Permeability K= ------------- x ln (H1/H2) (Bouwer and Rice Method)

F x ( t2 - t1 )

ln (H1/H2)
------------ = 0.01007354
( t2 - t1 )

K= 3.5E-04 cm/s
3.5E-06 m/s

Falling Head Test (Slug Test)
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SGS Canada Inc.

705-652-2000

705-652-6365

Maarit.Wolfe@sgs.com

CA40001-APR23 R1

FINAL REPORT

185 Concession St., Lakefield ON, K0L 2H090 West Beaver Creek Rd

Richmond, ON

M1S 3A7, Canada

519-731-6442

gurkaranbir.singh@soilengineersltd.com

CA40001-APR23 R1

CA40001-APR23

Received 04/03/2023

Approved

First Page

04/11/2023

04/11/2023

COMMENTS

RL - SGS Reporting Limit

Temperature of Sample upon Receipt: 6 degrees C

Cooling Agent Present: Yes

Custody Seal  Present: Yes

Chain of Custody Number: 029455

F-ewl Spike Rep high, all other QC acceptable

185 Concession St., Lakefield ON, K0L 2H0       705-652-6365705-652-2000 f t 

Member of the SGS Group (SGS SA) 

www.sgs.com

SIGNATORIES

Maarit Wolfe,  Hon.B.Sc

SGS Canada Inc.

http://www.sgs.com
http://www.sgs.com


 2 / 18

TABLE OF CONTENTS

FINAL REPORT CA40001-APR23 R1

20230411

First Page............................................................................................................................................................................................................ 1

Index.................................................................................................................................................................................................................... 2

Results............................................................................................................................................................................................................. 3-6

Exceedance Summary........................................................................................................................................................................................ 7

QC Summary................................................................................................................................................................................................. 8-16

Legend.............................................................................................................................................................................................................. 17

Annexes............................................................................................................................................................................................................ 18



 3 / 18

FINAL REPORT CA40001-APR23 R1

Soil Engineers Ltd.

2301-WO42, 15544 McLaughlin Rd, C.aledon

Client:  

Project:  

Project Manager: Gurkaranbir Singh

Gurkaranbir SinghSamplers:

Sample Number 8 9MATRIX: WATER

Sample Name BH/MW1 BH/MW1 

Dissolved

Sample Matrix Ground Water Ground WaterL1 = SANSEW / WATER / - - Peel Sewer Use ByLaw - Sanitary Sewer Discharge - BL_53_2010   

Sample Date 03/04/2023 03/04/2023L2 = SANSEW / WATER / - - Peel Sewer Use ByLaw - Storm Sewer Discharge - BL_53_2010 

Result  RL Result  UnitsParameter L2L1

General Chemistry

---< 4↑mg/L 2Biochemical Oxygen Demand (BOD5) 15300

---12mg/L 2Total Suspended Solids 15350

---< 0.5as N mg/L 0.5Total Kjeldahl Nitrogen 1100

Metals and Inorganics

---0.06mg/L 0.06Fluoride 10

---< 0.01mg/L 0.01Cyanide (total) 0.022

---14mg/L 2Sulphate 1500

0.0040.152mg/L 0.001Aluminum (total) 50

< 0.0009< 0.0009mg/L 0.0009Antimony (total) 5

< 0.0002< 0.0002mg/L 0.0002Arsenic (total) 0.021

0.0000820.000144mg/L 0.000003Cadmium (total) 0.0080.7

0.001960.00133mg/L 0.00008Chromium (total) 0.085

0.00190.0035mg/L 0.0002Copper (total) 0.053

0.0001430.000245mg/L 0.000004Cobalt (total) 5

< 0.000090.00035mg/L 0.00009Lead (total) 0.123

0.01390.0167mg/L 0.00001Manganese (total) 0.055

0.000260.00033mg/L 0.00004Molybdenum (total) 5

0.00680.0038mg/L 0.0001Nickel (total) 0.083

0.879< 0.003mg/L 0.003Phosphorus (total) 0.410

0.004930.0128mg/L 0.00004Selenium (total) 0.021

< 0.00005< 0.00005mg/L 0.00005Silver (total) 0.125
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FINAL REPORT CA40001-APR23 R1

Soil Engineers Ltd.

2301-WO42, 15544 McLaughlin Rd, C.aledon

Client:  

Project:  

Project Manager: Gurkaranbir Singh

Gurkaranbir SinghSamplers:

Sample Number 8 9MATRIX: WATER

Sample Name BH/MW1 BH/MW1 

Dissolved

Sample Matrix Ground Water Ground WaterL1 = SANSEW / WATER / - - Peel Sewer Use ByLaw - Sanitary Sewer Discharge - BL_53_2010   

Sample Date 03/04/2023 03/04/2023L2 = SANSEW / WATER / - - Peel Sewer Use ByLaw - Storm Sewer Discharge - BL_53_2010 

Result  RL Result  UnitsParameter L2L1

Metals and Inorganics (continued)

0.000470.00191mg/L 0.00006Tin (total) 5

0.001100.00058mg/L 0.00005Titanium (total) 5

< 0.0020.012mg/L 0.002Zinc (total) 0.043

Microbiology

---< 2↑cfu/100mL 0E. Coli 200

Nonylphenol and Ethoxylates

---< 0.001mg/L 0.001Nonylphenol 0.02

---< 0.01mg/L 0.01Nonylphenol Ethoxylates 0.2

---< 0.01mg/L 0.01Nonylphenol diethoxylate

---< 0.01mg/L 0.01Nonylphenol monoethoxylate

Oil and Grease

---< 2mg/L 2Oil & Grease (total)

---< 4mg/L 4Oil & Grease (animal/vegetable) 150

---< 4mg/L 4Oil & Grease (mineral/synthetic) 15
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FINAL REPORT CA40001-APR23 R1

Soil Engineers Ltd.

2301-WO42, 15544 McLaughlin Rd, C.aledon

Client:  

Project:  

Project Manager: Gurkaranbir Singh

Gurkaranbir SinghSamplers:

Sample Number 8 9MATRIX: WATER

Sample Name BH/MW1 BH/MW1 

Dissolved

Sample Matrix Ground Water Ground WaterL1 = SANSEW / WATER / - - Peel Sewer Use ByLaw - Sanitary Sewer Discharge - BL_53_2010   

Sample Date 03/04/2023 03/04/2023L2 = SANSEW / WATER / - - Peel Sewer Use ByLaw - Storm Sewer Discharge - BL_53_2010 

Result  RL Result  UnitsParameter L2L1

Other (ORP)

---7.53No unit 0.05pH 910

---< 0.00001mg/L 0.00001Mercury (total) 0.00040.01

PCBs

---< 0.0001mg/L 0.0001Polychlorinated Biphenyls (PCBs) - Total 0.00040.001

Phenols

---< 0.002mg/L 0.0024AAP-Phenolics 0.0081

SVOCs

---< 0.002mg/L 0.002di-n-Butyl Phthalate 0.0150.08

---< 0.002mg/L 0.002Bis(2-ethylhexyl)phthalate 0.00880.012

VOCs

---< 0.0005mg/L 0.0005Chloroform 0.0020.04

---< 0.0005mg/L 0.00051,2-Dichlorobenzene 0.00560.05

---< 0.0005mg/L 0.00051,4-Dichlorobenzene 0.00680.08

---< 0.0005mg/L 0.0005cis-1,2-Dichloroethene 0.00564

---< 0.0005mg/L 0.0005trans-1,3-Dichloropropene 0.00560.14

---< 0.0005mg/L 0.0005Methylene Chloride 0.00522

---< 0.0005mg/L 0.00051,1,2,2-Tetrachloroethane 0.0171.4

---< 0.02mg/L 0.02Methyl ethyl ketone 8

---< 0.0005mg/L 0.0005Styrene 0.2

---< 0.0005mg/L 0.0005Tetrachloroethylene (perchloroethylene) 0.00441

---< 0.0005mg/L 0.0005Trichloroethylene 0.0080.4
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FINAL REPORT CA40001-APR23 R1

Soil Engineers Ltd.

2301-WO42, 15544 McLaughlin Rd, C.aledon

Client:  

Project:  

Project Manager: Gurkaranbir Singh

Gurkaranbir SinghSamplers:

Sample Number 8 9MATRIX: WATER

Sample Name BH/MW1 BH/MW1 

Dissolved

Sample Matrix Ground Water Ground WaterL1 = SANSEW / WATER / - - Peel Sewer Use ByLaw - Sanitary Sewer Discharge - BL_53_2010   

Sample Date 03/04/2023 03/04/2023L2 = SANSEW / WATER / - - Peel Sewer Use ByLaw - Storm Sewer Discharge - BL_53_2010 

Result  RL Result  UnitsParameter L2L1

VOCs (continued)

VOCs - BTEX

---< 0.0005mg/L 0.0005Benzene 0.0020.01

---< 0.0005mg/L 0.0005Ethylbenzene 0.0020.16

---< 0.0005mg/L 0.0005Toluene 0.0020.27

---< 0.0005mg/L 0.0005Xylene (total) 0.00441.4

---< 0.0005mg/L 0.0005m-p-xylene

---< 0.0005mg/L 0.0005o-xylene
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CA40001-APR23 R1FINAL REPORT

EXCEEDANCE SUMMARY

SANSEW / WATER 

/ - - Peel Sewer 

Use ByLaw - Storm 

Sewer Discharge - 

BL_53_2010

SANSEW / WATER 

/ - - Peel Sewer 

Use ByLaw - 

Sanitary Sewer 

Discharge - 

BL_53_2010

Result  UnitsMethodParameter L2  L1  

BH/MW1 Dissolved

0.4Phosphorus mg/L 0.879SM 3030/EPA 200.8

20230411
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CA40001-APR23 R1FINAL REPORT

QC SUMMARY

Anions by discrete analyzer

Method: US EPA 375.4  | Internal ref.: ME-CA-[ENV]EWL-LAK-AN-026

   Parameter RLUnits Method 

Blank

Duplicate

RPD AC

(%)

LCS/Spike Blank

Spike

Recovery

(%)

Recovery Limits 

(%) 

Low High

QC batch 

Reference

Matrix Spike / Ref. 

Material
Spike

Recovery

(%)

Recovery Limits 

(%) 

HighLow

Sulphate DIO5011-APR23 mg/L 2 20 75 12580 120<2 1 110 112

Biochemical Oxygen Demand

Method: SM 5210  | Internal ref.: ME-CA-[ENV]EWL-LAK-AN-007

   Parameter RLUnits Method 

Blank

Duplicate

RPD AC

(%)

LCS/Spike Blank

Spike

Recovery

(%)

Recovery Limits 

(%) 

Low High

QC batch 

Reference

Matrix Spike / Ref. 

Material
Spike

Recovery

(%)

Recovery Limits 

(%) 

HighLow

Biochemical Oxygen Demand (BOD5) BOD0001-APR23 mg/L 2 30 70 13070 130< 2 4 106 95

Cyanide by SFA

Method: SM 4500  | Internal ref.: ME-CA-[ENV]SFA-LAK-AN-005

   Parameter RLUnits Method 

Blank

Duplicate

RPD AC

(%)

LCS/Spike Blank

Spike

Recovery

(%)

Recovery Limits 

(%) 

Low High

QC batch 

Reference

Matrix Spike / Ref. 

Material
Spike

Recovery

(%)

Recovery Limits 

(%) 

HighLow

Cyanide (total) SKA0039-APR23 mg/L 0.01 10 75 12590 110<0.01 ND 100 96

20230411
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CA40001-APR23 R1FINAL REPORT

QC SUMMARY

Fluoride by Specific Ion Electrode

Method: SM 4500  | Internal ref.: ME-CA-[ENV]EWL-LAK-AN-014

   Parameter RLUnits Method 

Blank

Duplicate

RPD AC

(%)

LCS/Spike Blank

Spike

Recovery

(%)

Recovery Limits 

(%) 

Low High

QC batch 

Reference

Matrix Spike / Ref. 

Material
Spike

Recovery

(%)

Recovery Limits 

(%) 

HighLow

Fluoride EWL0029-APR23 mg/L 0.06 10 75 12590 110<0.06 ND 103 58

Mercury by CVAAS

Method: EPA 7471A/SM 3112B  | Internal ref.: ME-CA-[ENV]SPE-LAK-AN-004

   Parameter RLUnits Method 

Blank

Duplicate

RPD AC

(%)

LCS/Spike Blank

Spike

Recovery

(%)

Recovery Limits 

(%) 

Low High

QC batch 

Reference

Matrix Spike / Ref. 

Material
Spike

Recovery

(%)

Recovery Limits 

(%) 

HighLow

Mercury (total) EHG0004-APR23 mg/L 0.00001 20 70 13080 120< 0.00001 ND 105 117

20230411
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CA40001-APR23 R1FINAL REPORT

QC SUMMARY

Metals in aqueous samples - ICP-MS

Method: SM 3030/EPA 200.8  | Internal ref.: ME-CA-[ENV]SPE-LAK-AN-006

   Parameter RLUnits Method 

Blank

Duplicate

RPD AC

(%)

LCS/Spike Blank

Spike

Recovery

(%)

Recovery Limits 

(%) 

Low High

QC batch 

Reference

Matrix Spike / Ref. 

Material
Spike

Recovery

(%)

Recovery Limits 

(%) 

HighLow

Silver (total) EMS0010-APR23 mg/L 0.00005 20 70 13090 110<0.00005 ND 102 85

Aluminum (total) EMS0010-APR23 mg/L 0.001 20 70 13090 110<0.001 2 95 108

Arsenic (total) EMS0010-APR23 mg/L 0.0002 20 70 13090 110<0.0002 ND 99 102

Cadmium (total) EMS0010-APR23 mg/L 0.000003 20 70 13090 110<0.000003 6 105 95

Cobalt (total) EMS0010-APR23 mg/L 0.000004 20 70 13090 110<0.000004 2 100 94

Chromium (total) EMS0010-APR23 mg/L 0.00008 20 70 13090 110<0.00008 ND 101 100

Copper (total) EMS0010-APR23 mg/L 0.0002 20 70 13090 110<0.0002 1 102 85

Manganese (total) EMS0010-APR23 mg/L 0.00001 20 70 13090 110<0.00001 4 100 113

Molybdenum (total) EMS0010-APR23 mg/L 0.00004 20 70 13090 110<0.00004 7 103 102

Nickel (total) EMS0010-APR23 mg/L 0.0001 20 70 13090 110<0.0001 20 103 84

Lead (total) EMS0010-APR23 mg/L 0.00009 20 70 13090 110<0.00009 6 106 91

Antimony (total) EMS0010-APR23 mg/L 0.0009 20 70 13090 110<0.0009 ND 107 111

Selenium (total) EMS0010-APR23 mg/L 0.00004 20 70 13090 110<0.00004 ND 94 NV

Tin (total) EMS0010-APR23 mg/L 0.00006 20 70 13090 110<0.00006 ND 102 NV

Zinc (total) EMS0010-APR23 mg/L 0.002 20 70 13090 110<0.002 3 99 129

Phosphorus (total) EMS0034-APR23 mg/L 0.003 20 70 13090 1100.008 1 100 NV

Titanium (total) EMS0034-APR23 mg/L 0.00005 20 70 13090 110<0.00005 7 110 NV

20230411
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CA40001-APR23 R1FINAL REPORT

QC SUMMARY

Microbiology

Method: SM 9222D  | Internal ref.: ME-CA-[ENV]MIC-LAK-AN-006

   Parameter RLUnits Method 

Blank

Duplicate

RPD AC

(%)

LCS/Spike Blank

Spike

Recovery

(%)

Recovery Limits 

(%) 

Low High

QC batch 

Reference

Matrix Spike / Ref. 

Material
Spike

Recovery

(%)

Recovery Limits 

(%) 

HighLow

E. Coli BAC9005-APR23 cfu/100mL - ACCEPTED ACCEPTE

D

Nonylphenol and Ethoxylates

Method: ASTM D7065-06  | Internal ref.: ME-CA-[ENV]GC-LAK-AN-015

   Parameter RLUnits Method 

Blank

Duplicate

RPD AC

(%)

LCS/Spike Blank

Spike

Recovery

(%)

Recovery Limits 

(%) 

Low High

QC batch 

Reference

Matrix Spike / Ref. 

Material
Spike

Recovery

(%)

Recovery Limits 

(%) 

HighLow

Nonylphenol diethoxylate GCM0034-APR23 mg/L 0.01 55 120<0.01 86

Nonylphenol Ethoxylates GCM0034-APR23 mg/L 0.01 0

Nonylphenol monoethoxylate GCM0034-APR23 mg/L 0.01 55 120<0.01 87

Nonylphenol GCM0034-APR23 mg/L 0.001 55 120<0.001 87

20230411
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CA40001-APR23 R1FINAL REPORT

QC SUMMARY

Oil & Grease

Method: MOE E3401  | Internal ref.: ME-CA-[ENV]GC-LAK-AN-019

   Parameter RLUnits Method 

Blank

Duplicate

RPD AC

(%)

LCS/Spike Blank

Spike

Recovery

(%)

Recovery Limits 

(%) 

Low High

QC batch 

Reference

Matrix Spike / Ref. 

Material
Spike

Recovery

(%)

Recovery Limits 

(%) 

HighLow

Oil & Grease (total) GCM0064-APR23 mg/L 2 20 75 125<2 NSS 107

Oil & Grease-AV/MS

Method: MOE E3401/SM 5520F  | Internal ref.: ME-CA-[ENV]GC-LAK-AN-019

   Parameter RLUnits Method 

Blank

Duplicate

RPD AC

(%)

LCS/Spike Blank

Spike

Recovery

(%)

Recovery Limits 

(%) 

Low High

QC batch 

Reference

Matrix Spike / Ref. 

Material
Spike

Recovery

(%)

Recovery Limits 

(%) 

HighLow

Oil & Grease (animal/vegetable) GCM0064-APR23 mg/L 4 20 70 130< 4 NSS NA

Oil & Grease (mineral/synthetic) GCM0064-APR23 mg/L 4 20 70 130< 4 NSS NA

pH

Method: SM 4500  | Internal ref.: ME-CA-[ENV]EWL-LAK-AN-006

   Parameter RLUnits Method 

Blank

Duplicate

RPD AC

(%)

LCS/Spike Blank

Spike

Recovery

(%)

Recovery Limits 

(%) 

Low High

QC batch 

Reference

Matrix Spike / Ref. 

Material
Spike

Recovery

(%)

Recovery Limits 

(%) 

HighLow

pH EWL0022-APR23 No unit 0.05 NA 0 100 NA

20230411
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CA40001-APR23 R1FINAL REPORT

QC SUMMARY

Phenols by SFA

Method: SM 5530B-D  | Internal ref.: ME-CA-[ENV]SFA-LAK-AN-006

   Parameter RLUnits Method 

Blank

Duplicate

RPD AC

(%)

LCS/Spike Blank

Spike

Recovery

(%)

Recovery Limits 

(%) 

Low High

QC batch 

Reference

Matrix Spike / Ref. 

Material
Spike

Recovery

(%)

Recovery Limits 

(%) 

HighLow

4AAP-Phenolics SKA0015-APR23 mg/L 0.002 10 75 12580 120<0.002 ND 96 102

Polychlorinated Biphenyls

Method: MOE E3400/EPA 8082A  | Internal ref.: ME-CA-[ENV]GC-LAK-AN-001

   Parameter RLUnits Method 

Blank

Duplicate

RPD AC

(%)

LCS/Spike Blank

Spike

Recovery

(%)

Recovery Limits 

(%) 

Low High

QC batch 

Reference

Matrix Spike / Ref. 

Material
Spike

Recovery

(%)

Recovery Limits 

(%) 

HighLow

Polychlorinated Biphenyls (PCBs) - 

Total

GCM0050-APR23 mg/L 0.0001 30 60 14060 140<0.0001 NSS 89 NSS

20230411
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CA40001-APR23 R1FINAL REPORT

QC SUMMARY

Semi-Volatile Organics

Method: EPA 3510C/8270D  | Internal ref.: ME-CA-[ENV]GC-LAK-AN-005

   Parameter RLUnits Method 

Blank

Duplicate

RPD AC

(%)

LCS/Spike Blank

Spike

Recovery

(%)

Recovery Limits 

(%) 

Low High

QC batch 

Reference

Matrix Spike / Ref. 

Material
Spike

Recovery

(%)

Recovery Limits 

(%) 

HighLow

Bis(2-ethylhexyl)phthalate GCM0078-APR23 mg/L 0.002 30 50 14050 140< 0.002 NSS 105 NSS

di-n-Butyl Phthalate GCM0078-APR23 mg/L 0.002 30 50 14050 140< 0.002 NSS 110 NSS

Suspended Solids

Method: SM 2540D  | Internal ref.: ME-CA-[ENV]EWL-LAK-AN-004

   Parameter RLUnits Method 

Blank

Duplicate

RPD AC

(%)

LCS/Spike Blank

Spike

Recovery

(%)

Recovery Limits 

(%) 

Low High

QC batch 

Reference

Matrix Spike / Ref. 

Material
Spike

Recovery

(%)

Recovery Limits 

(%) 

HighLow

Total Suspended Solids EWL0028-APR23 mg/L 2 10 90 110< 2 0 100 NA

Total Nitrogen

Method: SM 4500-N C/4500-NO3- F  | Internal ref.: ME-CA-[ENV]SFA-LAK-AN-002

   Parameter RLUnits Method 

Blank

Duplicate

RPD AC

(%)

LCS/Spike Blank

Spike

Recovery

(%)

Recovery Limits 

(%) 

Low High

QC batch 

Reference

Matrix Spike / Ref. 

Material
Spike

Recovery

(%)

Recovery Limits 

(%) 

HighLow

Total Kjeldahl Nitrogen SKA0028-APR23 as N mg/L 0.5 10 75 12590 110<0.5 1 99 98

20230411
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CA40001-APR23 R1FINAL REPORT

QC SUMMARY

Volatile Organics

Method: EPA 5030B/8260C  | Internal ref.: ME-CA-[ENV]GC-LAK-AN-004

   Parameter RLUnits Method 

Blank

Duplicate

RPD AC

(%)

LCS/Spike Blank

Spike

Recovery

(%)

Recovery Limits 

(%) 

Low High

QC batch 

Reference

Matrix Spike / Ref. 

Material
Spike

Recovery

(%)

Recovery Limits 

(%) 

HighLow

1,1,2,2-Tetrachloroethane GCM0046-APR23 mg/L 0.0005 30 50 14060 130<0.0005 ND 101 106

1,2-Dichlorobenzene GCM0046-APR23 mg/L 0.0005 30 50 14060 130<0.0005 ND 103 105

1,4-Dichlorobenzene GCM0046-APR23 mg/L 0.0005 30 50 14060 130<0.0005 ND 101 103

Benzene GCM0046-APR23 mg/L 0.0005 30 50 14060 130<0.0005 ND 105 107

Chloroform GCM0046-APR23 mg/L 0.0005 30 50 14060 130<0.0005 ND 102 106

cis-1,2-Dichloroethene GCM0046-APR23 mg/L 0.0005 30 50 14060 130<0.0005 ND 103 106

Ethylbenzene GCM0046-APR23 mg/L 0.0005 30 50 14060 130<0.0005 ND 105 108

m-p-xylene GCM0046-APR23 mg/L 0.0005 30 50 14060 130<0.0005 9 104 108

Methyl ethyl ketone GCM0046-APR23 mg/L 0.02 30 50 14050 140<0.02 ND 103 111

Methylene Chloride GCM0046-APR23 mg/L 0.0005 30 50 14060 130<0.0005 ND 102 102

o-xylene GCM0046-APR23 mg/L 0.0005 30 50 14060 130<0.0005 13 105 108

Styrene GCM0046-APR23 mg/L 0.0005 30 50 14060 130<0.0005 ND 105 108

Tetrachloroethylene 

(perchloroethylene)

GCM0046-APR23 mg/L 0.0005 30 50 14060 130<0.0005 ND 103 106

Toluene GCM0046-APR23 mg/L 0.0005 30 50 14060 130<0.0005 ND 104 107

trans-1,3-Dichloropropene GCM0046-APR23 mg/L 0.0005 30 50 14060 130<0.0005 ND 103 105

Trichloroethylene GCM0046-APR23 mg/L 0.0005 30 50 14060 130<0.0005 ND 103 104

20230411
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CA40001-APR23 R1FINAL REPORT

QC SUMMARY

Method Blank: a blank matrix that is carried through the entire analytical procedure.  Used to assess laboratory contamination.

Duplicate:  Paired analysis of a separate portion of the same sample that is carried through the entire analytical procedure.  Used to evaluate measurement precision.

LCS/Spike Blank: Laboratory control sample or spike blank refer to a blank matrix to which a known amount of analyte has been added.  Used to evaluate analyte recovery and laboratory accuracy without sample matrix effects.

Matrix Spike:  A sample to which a known amount of the analyte of interest has been added.  Used to evaluate laboratory accuracy with sample matrix effects.

Reference Material:  a material or substance matrix matched to the samples that contains a known amount of the analyte of interest.  A reference material may be used in place of a matrix spike.

RL: Reporting limit

RPD: Relative percent difference

AC:  Acceptance criteria

Multielement Scan Qualifier: as the number of analytes in a scan increases, so does the chance of a limit exceedance by random chance as opposed to a real method problem. Thus, in multielement scans, for the LCS and matrix spike, up to 10% of the 

analytes may exceed the quoted limits by up to 10% absolute and the spike is considered acceptable.

Duplicate Qualifier: for duplicates as the measured result approaches the RL, the uncertainty associated with the value increases dramatically, thus duplicate acceptance limits apply only where the average of the two duplicates is greater than five times the RL. 

Matrix Spike Qualifier: for matrix spikes, as the concentration of the native analyte increases, the uncertainty of the matrix spike recovery increases. Thus, the matrix spike acceptance limits apply only when the concentration of the matrix spike is greater than or 

equal to the concentration of the native analyte.

20230411
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CA40001-APR23 R1FINAL REPORT

FOOTNOTES

Insufficient sample for analysis.

Reporting Limit.

Reporting limit raised.

Reporting limit lowered.

The sample was not analysed for this analyte

Non Detect

NSS

RL

↑

↓

NA

ND

LEGEND

Results relate only to the sample tested.

Data reported represent the sample as submitted to SGS. Solid samples expressed on a dry weight basis.

"Temperature Upon Receipt" is representative of the whole shipment and may not reflect the temperature of individual samples.

Analysis conducted on samples submitted pursuant to or as part of Reg. 153/04, are in accordance to the "Protocol for Analytical Methods Used in the Assessment of Properties 

under Part XV.1 of the Environmental Protection Act and Excess Soil Quality" published by the Ministry and dated March 9, 2004 as amended.

SGS provides criteria information (such as regulatory or guideline limits and summary of limit exceedances) as a service. Every attempt is made to ensure the criteria information 

in this report is accurate and current, however, it is not guaranteed. Comparison to the most current criteria is the responsibility of the client and SGS assumes no responsibility for 

the accuracy of the criteria levels indicated.

SGS Canada Inc. statement of conformity decision rule does not consider uncertainty when analytical results are compared to a specified standard or regulation. 

This document is issued, on the Client's behalf, by the Company under its General Conditions of Service available on request and accessible at 

http://www.sgs.com/terms_and_conditions.htm. 

The Client's attention is drawn to the limitation of liability, indemnification and jurisdiction issues defined therein. Any other holder of this document is advised that information 

contained hereon reflects the Company's findings at the time of its intervention only and within the limits of Client's instructions, if any. The Company's sole responsibility is to its 

Client and this document does not exonerate parties to a transaction from exercising all their rights and obligations under the transaction documents. Reproduction of this analytical 

report in full or in part is prohibited.

This report supersedes all previous versions.

-- End of Analytical Report --

20230411
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APPENDIX ‘D’ 
 
 
 
 

TEST PIT INVESTIGATION 
 
 
 
 
 
 

REFERENCE NO. 2301-W042 
 
 
 



 

July 11, 2023              Reference No. 2301-W042 
                  Page 1 of 6 
 
2868577 Ontario Inc. 
4510 Eastgate Parkway 
Mississauga, Ontario 
L4W 3W6 
 
Attention: Mr. Graziano Stefani 
 
 Re: Follow-Up Test Pit Investigation - Groundwater Conditions Verification 
  Proposed Residential Development 
  15544 Mclaughlin Road 
  Town of Caledon 
 _______________________________________________________________ 
 
Dear Sir: 
 
On May 30, 2023, a Soil Engineers Ltd. representative performed a site visit to witness a 
test pit investigation program. Test pit excavations were completed at the subject 
subdivision, located about 200 m west of Mclaughlin Road, and approximately 470 m 
north of Old Base Line Road, at the Terminus of Kaufman Road, with a municipality 
address of 15544 McLaughlin Road, in the Town of Caledon, at the location shown on 
Drawing No. 1. An excavator was used to complete the test pit excavations to the target 
depth at the indicated test pit locations that were provided in advance by Candevcon 
Limited. 
 
In total five (5) test pits were excavated on May 30, 2023, to depths, of about ±5.0 m 
respectively below the existing grade, or to the depth elevations, ranging from 272.3 to 
280.2 masl, respectively. The test pit locations are shown on Drawing No. 2. The depths 
for the test pits were selected based on the anticipated depths for the proposed housing 
basement structures, and for the proposed underground services. Groundwater conditions 
were recorded at each of the open test pits, during the field investigation, along with the 
visual examination of the contacted subsoil strata, to confirm for the presence of ant 
groundwater seepage, or any caving and unstable subsoil conditions within the open test 
pits. The test pits were left open and were examined for a period of ±4.0 to 6.0 hours to 
allow for any groundwater seepage, if present, to accumulate and stabilize within the open 
excavations.



Country Wide (Jefferson) Homes. Reference No. 1909-W048 
July 11, 2023  Page 2 of 6 
 
The ground surface elevations and horizontal coordinates at the test pit locations were 
determined at the time of the investigation, using a handheld Global Navigation Satellite 
System survey equipment (Trimble Geoexplorer unit TSC3) which has an accuracy of 
±0.05 m. The UTM coordinates and ground surface elevations at the test pit locations, 
along with the field observations recorded from the test pit investigation are summarized in 
Table 1, below. 
 
Table 1 - Summary of Test Pit Investigation Findings 

Test 
Pit  
No. 

Existing 
Ground El. 

(masl) 

Depth of  
Test Pit 

Excavation 
(mbgs/masl) 

UTM Coordinates 
Sub-Soil Type 

Groundwater 
Seepage  
Depth 

(mbgs/masl) 

Test Pit  
Observations East (m) North (m) 

1 ±285.2 5.0/280.2 585737 4849365 

Topsoil  
0 to 0.30 mbgs 
Brown, loose to 
compact Sandy 

Silt, a trace of Clay 
and occ. Gravel  
0.3 to 1.6 mbgs 

Brown, compact to 
very dense, Sandy 
Silt Till/Silty Sand 
Till, having a trace 
of clay and some 
gravel to gravelly 
1.6 to 5.0 mbgs 

2.7/282.50 

Minimal 
groundwater 

seepage at depth of 
2.7 mbgs  

(282.50 masl) 
Minimal 

accumulation of 
groundwater within 

the test pit after 
leaving the test pit 
remained open for 

±5.0 hours 
 Cave-In occurred 

at a depth of  
0.8 mbgs  

(El. 284.4 masl) 

2 ±281.7 5.0/276.7 585794 4849357 

Topsoil 
0 to 0.30 mbgs 

Brown, very loose 
to compact, Sandy 
Silt Till and traces 
of clay and gravel 

0.3 to 1.6 mbgs 
Brown, compact to 

very dense, Silt, 
and a trace to some 

Sand  
1.6 to 5.0 mbgs 

No 
Groundwater 

Seepage 

No groundwater 
seepage Test pit 

left open for  
±4.0 hours 

Cave-In occurred at 
0.3 mbgs  

(El 281.4 masl) 
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Table 1 - Summary of Test Pit Investigation Findings (Cont’d-1) 

Test 
Pit  
No. 

Existing 
Ground El. 

(masl) 

Depth of  
Test Pit 

Excavation 
(mbgs/masl) 

UTM Coordinates 
Sub-Soil Type 

Groundwater 
Seepage  
Depth 

(mbgs/masl) 

Test Pit  
Observations East (m) North (m) 

3 ±283.0 5.0/278.0 585780 4849412 

Topsoil 
0 to 0.30 mbgs 

Dark Brown, Earth 
Fill, Sand, some 

Silt, occ. Organics 
and Rootlets 

0.3 to 1.7 mbgs 
Brown, compact 
Silty Sand, occ. 

Silty Clay Layers 
1.7 to 2.5 mbgs 
Brown, compact 
Silt and traces of 
Clay and Gravel 
2.5 to 4.2 mbgs 
Brown, compact 
Sandy Silt and 

traces of Clay and 
occ. Gravel 

4.2 to 5.0 mbgs 

1.6 / 281.4 

Minimal water 
seepage at depth of  

1.6 mbgs  
(281.4 masl) 

Minimal 
accumulation of 

groundwater within 
the test pit after 

leaving the test pit 
remained open for 

±6.0 hours 

4 ±277.3 5.0/272.3 585857 4849398 

Topsoil  
0 to 0.20 mbgs 

Dark Brown, Earth 
Fill, Sand, Silt, 
Clay, a trace of 

Gravel, occ. 
Organics and 

Rootlets  
0.2 to 2.2 mbgs 

Brown, dense Sand 
and, Gravel and a 
trace to some Silt 
2.2 to 5.0 mbgs 

3.5 / 273.8 

Medium to minor 
ground water 

seepage at depth of 
3.5 mbgs  

(El. 273.80 masl) 
Minimal to 

medium 
accumulation of 

groundwater 
seepage within the 

test pit after 
leaving the test pit 
remained open for 

±4.0 hours 
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Table 1 - Summary of Test Pit Investigation Findings (Cont’d-2) 

Test 
Pit  
No. 

Existing 
Ground El. 

(masl) 

Depth of  
Test Pit 

Excavation 
(mbgs/masl) 

UTM Coordinates 
Sub-Soil Type 

Groundwater 
Seepage  
Depth 

(mbgs/masl) 

Test Pit  
Observations East (m) North (m) 

5 ±278.4 5.0/273.4 585829 4849469 

Topsoil 
0 to 0.20 mbgs 

Dark Brown, Earth 
Fill, Sand, some 
Silt to Silty, occ. 

Organics and 
Rootlets 

0.2 to 1.2 mbgs 
Brown, compact 
Silty Sand and a 

trace of Clay 
1.3 to 2.1 mbgs 
Brown, dense 

Sand, and Gravel 
and trace to some 

Silt 
2.1 to 3.8 mbgs 

Brown, hard Silty 
Clay Till and traces 

of Gravel  
3.8 to 5.0 mbgs 

4.75/273.65 

 Minor 
groundwater 

seepage at depth of 
4.7 mbgs  

(El. 273.65 masl)  
Minimal 

accumulation of 
groundwater 

seepage within the 
test pit after leaving 
the test pit left open 

for ±4.0 hrs 

 
The subsoil at all of the test pits is comprised, primarily of silty sand, sand and gravel and 
silty clay till, silt and sandy silt, having trace to some gravel. Detailed descriptions are 
shown on Figures 1 and 5, inclusive. 
 
Comparison of Groundwater Elevations and Observed Groundwater Levels within 
the Test Pits 
 
Test Pits 1, 2, 3, 4 and 5 are located, adjacent to the BH/MWs 1, 2, 3, 4 and 5 locations. 
The records for the groundwater level measurements and the comparison between the 
levels within the monitoring wells and the TPs are summarized in the following Table 6-4 
below. 
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Table 6-4 - Comparison of Previous Groundwater Level Measurements and Groundwater  
        at Test Pit locations 

Well ID Depth 
Units 

Groundwater Level  
(May 30, 2023) 

Test Pit 
(TP) 

Depth 
Units 

Groundwater Seepage 
Elevations in Test Pits  

   
BH/MW 1 

mbgs 1.94 
TP 1 

mbgs 2.7 

masl 283.87 masl 282.5 

BH/MW 2 
mbgs 1.61 

TP 2 
mbgs <5.0 

masl 280.1 masl <276.7 

BH/MW 3 
mbgs 2.82 

TP 3 
mbgs 1.6 

masl 280.0 masl 281.4 

BH/MW 4 
mbgs 3.94 

TP 4 
mbgs 3.5 

masl 273.3 masl 273.8 

BH/MW 5 
mbgs 2.2 

TP 5 
mbgs 4.75 

masl 276.4 masl 273.65 

 
Review of the groundwater level elevations recorded from within the test pits when 
compared to the concurrent groundwater level elevations within the monitoring wells, 
indicates that that the water levels are higher within the BH/MWs than those observed 
within the adjacent test pit locations. The groundwater level at the BH/MW1 location is  
0.8 m higher than the water level elevation for the groundwater seepage observed at the  
TP 1. The groundwater level at the BH/MW 2 location is 3.4 m higher than the elevation 
for the groundwater seepage observed at the TP 2. The groundwater level at the BH/MW 3 
location, is about 1.2 m lower than the elevation for the groundwater seepage observed at 
the TP 3 location. The groundwater level at the BH/MW 4 location, is about 0.4 m lower 
than the elevation for the groundwater seepage observed at the TP 4 location.  The 
groundwater level at the BH/MW 5 location, is about 2.5 m higher than the elevation for 
the groundwater seepage observed at the TP 5 location. Based on the overall current 
observations, only minor groundwater seepage was observed within the test pit 
excavations, and minor accumulation of groundwater seepage within all the open test pits, 
with the exception of TP 4 where a more moderate to medium accumulation of water 
seepage was observed after the pits were left open for four hours following excavation. 
Based on these findings, it is concluded that there will be only limited, un-sustained 
groundwater seepage at the anticipated depths for the proposed housing basement 
structures and associated underground services installation depths. As such only minor, un-
sustained occasional groundwater seepage might occur at the depths for conventional 
foundations drainage networks for the completed housing basements. 
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This letter/report/certification was prepared by Soil Engineers Ltd. for the account of the captioned clients and may be relied upon 
by regulatory agencies. The material in it reflects the writer’s best judgment in light of the information available to it at the time 
of preparation.  Any use which a third party makes of this letter/report/certification, or any reliance on or decisions to be made 
based upon it, are the responsibility of such third parties. Soil Engineers Ltd. accepts no responsibility for damages, if any, 
suffered by any third party as a result of decisions made or actions based on this letter/report/certification. 

We trust that this correspondence addresses your current requirements and ask that you 
contact us should you have any questions or require additional information. 
 
Yours truly, 
SOIL ENGINEERS LTD. 
 
 
 
 
Bhawandeep Singh. Brar, B.Sc. 
 
 
 
 
Gavin O’Brien, M.Sc. P.Geo. 
BB/GO 
 
ENCLOSURES 
 
Test Pit Logs……………………………………...………………....    Figures 1 to 5 
Site Location Plan …………………………………………………..    Drawing No.1 
Test Pit Location Plan ………………………………………………    Drawing No. 2 
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5.0

284.9

283.6

280.2

30 cm Topsoil

END OF TEST PIT

Brown, loose to compact 

SANDY SILT 

a trace of clay 
occ. gravel

Brown, compact to very dense 

SANDY SILT TILL / SILTY SAND TILL 

a trace of clay 
some gravel to gravelly

DETAILED INFORMATION 

All the measurements are from 
existing grade 

WATER SEEPAGE 
Water seepage occured @ 2.7 mbgs 

Minor seepage rate 

Cave-In 
Cave-In occured @ 0.8 mbgs 

Test Pit Monitoring 
Water levels were measured at various time 
intervals after leaving the test pit open for 6.0 
hours 

Time    Water Level (from bottom of test pit) 
10:00 am          1 cm 
10:10 am          2 cm 
10:30 am          8 cm 
11:45 am          15 cm 
12:15 pm          18 cm 
01:15 pm          19 cm    
02:30 pm          21 cm
03:30 pm          23 cm
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Test Pit 1LOG OF BOREHOLE:2301-W042JOB NO.:

Proposed Residential DevelopmentPROJECT DESCRIPTION:

15544 McLaughlin Road, Town of CaledonPROJECT LOCATION:

FIGURE NO.: 10

May 30, 2023TEST PIT DATE:

285.2 Ground Surface

Penetration Resistance 
(blows/30 cm)

9070503010

Shear Strength (kN/m2)

20015010050

         Dynamic Cone (blows/30 cm)

9070503010 Atterberg Limits

LLPL

   Moisture Content (%)
40302010

METHOD Backhoe
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0.0

0.3

1.6

5.0

281.4

280.1

276.7

30 cm Topsoil

END OF TEST PIT

Brown, very loose to compact 

SANDY SILT TILL 
traces of clay and gravel

Brown, compact to very dense 

SILT 
a trace to some sand

DETAILED INFORMATION 

All the measurements are from 
existing grade 

WATER SEEPAGE 
No water seepage occured during the time 
interval 

Cave-In 
Cave-In occured @ 0.3 mbgs 

Test Pit Monitoring 
Water levels were measured at various time 
intervals after leaving the test pit open for 4.0 
hours 

Time    Water Level (from bottom of test pit) 
10:45 am dry 
11:15 am dry 
12:00 pm dry 
12:45 pm dry 
01:15 pm dry 
02:15 pm dry    
02:45 pm dry
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Proposed Residential DevelopmentPROJECT DESCRIPTION:

15544 McLaughlin Road, Town of CaledonPROJECT LOCATION:

FIGURE NO.: 11

May 30, 2023TEST PIT DATE:

281.7 Ground Surface

Penetration Resistance 
(blows/30 cm)

9070503010

Shear Strength (kN/m2)

20015010050

         Dynamic Cone (blows/30 cm)

9070503010 Atterberg Limits

LLPL

   Moisture Content (%)
40302010

METHOD Backhoe
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0.0

0.2

1.7

2.5

4.2

5.0

282.7

281.3

280.5

278.8

278.0

30 cm Topsoil

END OF TEST PIT

Dark brown 

EARTH FILL 
sand, some silt 
occ. topsoil inclusion 
occ. organics and rootlets

Brown, compact 

SILTY SAND 
occ. silty clay layers

Brown, compact 

SILT 

traces of clay and gravel

Brown, compact 
SANDY SILT 
a trace of clay 
occ. gravel

DETAILED INFORMATION 

All the measurements are from 
existing grade 

WATER SEEPAGE 
Water seepage occured @ 1.6 mbgs 

Minimal Seepage rate 

Cave-In 
No cave-in occured during the time interval 

Test Pit Monitoring 
Water levels were measured at various time 
intervals after leaving the test pit open for 6.0 
hours 

Time    Water Level (from bottom of test pit) 
11:20 am 1 cm 
11:45 am 3 cm 
12:05 pm 7 cm 
01:15 pm 9 cm 
02:00 pm 11 cm 
03:00 pm 13 cm    
04:15 pm 15 cm 
05:20 pm 18 cm 10
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FIGURE NO.: 12

May 30, 2023TEST PIT DATE:

283.0 Ground Surface

Penetration Resistance 
(blows/30 cm)

9070503010

Shear Strength (kN/m2)

20015010050

         Dynamic Cone (blows/30 cm)

9070503010 Atterberg Limits

LLPL

   Moisture Content (%)
40302010

METHOD Backhoe
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0.0
0.2

2.2

5.0

275.1

272.3

20 cm Topsoil

END OF TEST PIT

Dark brown 

EARTH FILL 

mixture of sand, silt and clay 
a trace of gravel 
occ. topsoil inclusion 
occ. organics and rootlets

Brown, dense 

SAND AND GRAVEL 
a trace to some silt

DETAILED INFORMATION 

All the measurements are from 
existing grade 

WATER SEEPAGE 
Water seepage occured @ 3.5 mbgs 

Medium to Fast seepage rate 

Cave-In 
No cave-In occured during the time interval 

Test Pit Monitoring 
Water levels were measured at various time 
intervals after leaving the test pit open for 4.0 
hours 

Time    Water Level (from bottom of test pit) 
12:00 pm 50 cm 
12:20 pm 70 cm 
01:15 pm 85 cm 
02:00 pm 95 cm 
03:10 pm 110 cm 
04:00 pm 120 cm
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FIGURE NO.: 13
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277.3 Ground Surface

Penetration Resistance 
(blows/30 cm)

9070503010

Shear Strength (kN/m2)

20015010050

         Dynamic Cone (blows/30 cm)

9070503010 Atterberg Limits

LLPL

   Moisture Content (%)
40302010

METHOD Backhoe
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0.0
0.2

1.3

2.1

3.8

5.0

277.1

276.3

274.6

273.4

20 cm Topsoil

END OF TEST PIT

Dark brown 

EARTH FILL 
sand, some silt to silty 
occ. topsoil inclusion 
occ. organics and rootlets
Brown, compact 

SILTY SAND 
a trace of clay

Brown, dense 

SAND AND GRAVEL 
a trace to some silt

Brown, hard 

SILTY CLAY TILL 
a trace of gravel

DETAILED INFORMATION 

All the measurements are from 
existing grade 

WATER SEEPAGE 
Water seepage occured @ 4.75 mbgs 

Minor seepage rate 

Cave-In 
No cave-In occured during the time interval 

Test Pit Monitoring 
Water levels were measured at various time 
intervals after leaving the test pit open for 4.0 
hours 

Time    Water Level (from bottom of test pit) 
12:30 pm 3 cm 
01:30 pm 9 cm 
02:15 pm 12 cm 
03:30 pm 14 cm 
04:30 pm 16 cm
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278.4 Ground Surface

Penetration Resistance 
(blows/30 cm)

9070503010

Shear Strength (kN/m2)

20015010050

         Dynamic Cone (blows/30 cm)

9070503010 Atterberg Limits

LLPL

   Moisture Content (%)
40302010

METHOD Backhoe
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Executive Summary 
 
Lake Simcoe is enriched by nutrients from land use activities in its watershed and has, for many 
years, been the focus of efforts to protect and restore its water quality.  The Lake Simcoe 
Protection Act (LSPA) was passed by the Ontario legislature in 2008 and required 
establishment of the Lake Simcoe Protection Plan (LSPP).  The LSPP was approved in 2009 
and included a series of policies that were to be implemented to restore water quality and other 
ecological attributes of the lake.  This document is prepared in response to Policy 4.8e of the 
LSPP, which states that: 
 

“An application for major development shall be accompanied by a stormwater 
management plan that demonstrates... 

e. through an evaluation of anticipated changes in phosphorus loadings 
between pre-development and post-development, how the loadings shall be 
minimized.”   

 
The intent of Policy 4.8e is that plans for new development in the Lake Simcoe watershed adopt 
Best Management Practices (BMPs), Low Impact Development (LID) techniques and innovative 
stormwater management techniques to achieve sustainable development practices that will 
reduce the phosphorus loading from new urban development.  In practice, Policy 4.8e is 
interpreted as a requirement that post development loadings be reduced from pre-development 
loadings on any major development site, in order to achieve overall reductions in loadings to the 
lake. This interpretation is in line with Strategic Direction #3 in the Phosphorus Reduction 
Strategy, which requires a move to “no net increase” of phosphorus for new development in the 
Lake Simcoe watershed.  
 
Policy 4.8e requires standardized methods to estimate and compare pre- and post-development 
phosphorus loadings with implementation of BMPs and LID techniques.  In addition, the Ontario 
Ministry of the Environment (MOE) is recommending that municipalities require phosphorus 
loading from the construction phase of new development be minimized in support of other 
related designated policies in the LSPP, (i.e., 4.20 and ‘have regard’ for policy 4.21), with the 
objective that “post-development load + construction load” be less than “pre-development load”.  
 
The MOE retained Hutchinson Environmental Sciences Ltd. (HESL), Greenland International 
Consulting Ltd. and Stoneleigh Associates to develop the Phosphorus Budget Guidance Tool to 
Guide New Development in the Lake Simcoe Watershed.  This “Tool” provides a transparent, 
technically sound approach to estimate phosphorus loading from stormwater runoff in the pre-, 
post- and construction phases of new development in the Lake Simcoe watershed.  The Tool 
does not address atmospheric sources of phosphorus in dust generated from land use 
practices, as the science is not yet advanced to the point where estimates can be made.  It does 
account for atmospheric deposition of phosphorus to open water and atmospheric deposition to 
land surfaces is included in the export coefficients for various land use practices.  
 
The Tool couples an “Export Coefficient Modelling” approach with BMPs for stormwater 
management in the post-development and construction phases. It uses estimates of 
phosphorus export that were developed for specific land uses using the most recent and site 
specific estimates available. These are coupled to standard estimates of phosphorus reduction 
efficiencies for BMPs and LID techniques for stormwater management that were summarized 



Ontario Ministry of the Environment  
Phosphorus Budget Tool in Support of Sustainable Development for the Lake Simcoe Watershed  

 
Hutchinson Environmental Sciences Ltd. 

 
Version 2 – March 30, 2012  

ii 

from an extensive review of case studies and technical literature to estimate post-development 
phosphorus load after mitigation. Construction phase loadings are derived as a function of the 
area of land that is exposed during construction and soil loss, with adjustments for use of BMPs.  
These calculations and export coefficients are coded into four separate modules that consider 
sediment and nutrient loss, as summarized in Figure 1 of the report and reproduced below. 
 
Figure 1.  Schematic of modular approach to phosphorus guidance. 

 
 

 
Module 1 Estimates pre-development phosphorus loads for standardized, subwatershed-
specific land uses contained within the study site immediately prior to development.  The 
guidance is, for the most part, specific to each subwatershed, in recognition that the Lake 
Simcoe watershed is made up of different subwatersheds and that export from each will vary in 
response to precipitation patterns, soils and slope.  Land use categories are derived from those 
used in Berger (2010), as shown in Table 2 of the report and reproduced below.  Subwatershed-
specific export coefficients were developed for individual land uses using Berger (2010) as the 
basis, but were modified to address unexplained variance in export between land uses and 
subwatersheds in the Lake Simcoe basin.     
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Table 2.  Land-Use Specific Phosphorus Export Coefficients (kg/ha/yr) for Lake Simcoe 
Subwatersheds 

 
 
Module 2 – Estimates post-development phosphorus loads that are representative of the 
proposed changes in land use for the study site using the same data sources used in Module 1, 
but accounting for the change in land use that will occur with development.  
 
Module 3 – Estimates efficiencies attributed to classes of BMPs that can be used to reduce 
stormwater phosphorus loads in the post-development scenario.  These efficiencies are based 
on data that is sourced from relevant, regional studies. The Tool provides standardized 
phosphorus reduction efficiencies (with rationale) for specific BMPs, but also allows the user to 
enter their own efficiencies provided that the rationale is also documented and is acceptable to 
the MOE.  The Tool also allows the user to use custom BMPs or to enter the net efficiency 
achieved using a Treatment Train approach, which would also require documentation in a 
rationale that is acceptable to the MOE.  The BMP selection criteria and efficiencies are shown 
below as reproduced from Figure 5 and Table 3 of the report, as follows: 
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Beaver River 0.22 0.04 0.01 1.82 1.32 0.19 0.06 0.83 0.02 0.04 0.02 0.26

Black River 0.23 0.08 0.02 1.82 1.32 0.17 0.15 0.83 0.05 0.06 0.04 0.26

East Holland River 0.36 0.12 0.24 1.82 1.32 0.13 0.08 0.83 0.10 0.16 0.10 0.26

Hawkestone Creek 0.19 0.10 0.06 1.82 1.32 0.09 0.10 0.83 0.03 0.04 0.03 0.26

Lovers Creek 0.16 0.07 0.17 1.82 1.32 0.07 0.06 0.83 0.06 0.06 0.05 0.26

Pefferlaw/Uxbridge Brook 0.11 0.06 0.02 1.82 1.32 0.13 0.04 0.83 0.03 0.04 0.04 0.26

Whites Creek 0.23 0.10 0.42 1.82 1.32 0.15 0.08 0.83 0.10 0.11 0.09 0.26

Barrie Creeks 0.19 0.07 0.12 1.82 1.32 0.13 0.08 0.83 0.05 0.06 0.05 0.26

GeorginaCreeks 0.36 0.12 0.24 1.82 1.32 0.13 0.08 0.83 0.10 0.16 0.10 0.26

Hewitts Creek 0.19 0.07 0.12 1.82 1.32 0.13 0.08 0.83 0.05 0.06 0.05 0.26

Innisfil Creeks 0.19 0.07 0.12 1.82 1.32 0.13 0.08 0.83 0.05 0.06 0.05 0.26

Maskinonge River 0.19 0.07 0.12 1.82 1.32 0.13 0.08 0.83 0.05 0.06 0.05 0.26

Oro Creeks North 0.36 0.12 0.24 1.82 1.32 0.13 0.08 0.83 0.10 0.16 0.10 0.26

Oro Creeks South 0.19 0.07 0.12 1.82 1.32 0.13 0.08 0.83 0.05 0.06 0.05 0.26

Ramara Creeks 0.19 0.07 0.12 1.82 1.32 0.13 0.08 0.83 0.05 0.06 0.05 0.26

Talbot/Upper Talbot River 0.19 0.07 0.12 1.82 1.32 0.13 0.08 0.83 0.05 0.06 0.05 0.26

West Holland River 0.36 0.12 0.24 1.82 1.32 0.13 0.08 0.83 0.10 0.16 0.10 0.26
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Figure 5. Decision tree for selecting appropriate phosphorus removal efficiencies for 
stormwater and construction BMPs.   
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Table 3.  Phosphorus Removal Efficiencies for Major Classes of BMPs Using the 
Decision Tree (Figure 5). 

 BMP Class 
Reference 

IDs
1
 

Reported 
Phosphorus 

Removal 
Efficiency (%) 

R
e

le
v

a
n

t 
to

 

O
n

ta
ri

o
?

 

R
a

n
g

e
 

<
4

0
%

?
 Are Non-

Ontario 
values 

acceptable? 

Possible 
design 

criteria? 

Median % 
Removal 
Efficiency 

Min Max 

Post-development BMPs 

Bioretention Systems 
8-10, 

12,13, 34-
38, 40 

-1552 80 no no no No none 

Constructed Wetlands 
104, 106, 

109 
72 87 yes yes   77 

Dry Detention Ponds 104, 109 0 20 no yes yes  10 

Dry Swales 24, 26-32 -216 94 no no no possible none 

Enhanced 
Grass/Water Quality 
Swales 

21, 104 34 55 no yes no No none 

Flow Balancing 
Systems 

106 77 no ? yes Min data 77 

Green Roofs 2 -248 no no no No none 

Hydrodynamic 
Devices 

109 -8 no ? yes  none 

Perforated Pipe 
Infiltration/Exfiltration 
Systems 

7, 4 81 93 yes yes   87 

Sand or Media Filters 104, 109 30 59 no yes yes  45 

Soakaways - 
Infiltration Trenches 

6, 104 50 70 no yes yes  60 

Sorbtive Media 
Interceptors 

111 78 80  no yes yes  79 

Underground Storage 106 25 no ? yes Min data 25 

Vegetated Filter 
Strips/Stream Buffers 

6, 42, 104 60  70 no yes yes Yes 65 

Wet Detention Ponds 
104-106, 

109 
42 85 yes yes   63 

Notes: 
1
References associated with IDs are provided in Appendix 7. 

 
 
Module 4 – Examines the potential for erosion and sediment loss during the construction phase 
on the basis of the Universal Soil Loss Equation and provides guidance to the user on 
appropriate BMPs that can be implemented during this phase to minimize sediment loss and 
resultant phosphorus export. The module calculates loads for the entire construction phase, but 
pro-rates this one-time load to annual loads to account for the eight-year hydraulic residence 
time in Lake Simcoe.  The quantification of expected soil and phosphorus loss from a 
construction site is an uncertain process, even under ideal conditions.  Determining expected 
loss reductions from the use of various on-site BMPs adds to the uncertainty.  Even with 
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inherent uncertainty, however, the Guidance proceeds from the principle that the process of 
quantifying soil and nutrient losses as part of the planning and approval process will have a 
beneficial impact on water quality regardless of whether the estimated loads are actually 
realized, as long as the appropriate BMPs are selected and properly implemented in a manner 
that minimizes soil and phosphorus losses from the site. The process of estimating construction 
phase loadings and the means to minimize them is one of awareness that can be translated into 
the site development process.  
 
The guidance is based on information that is normally required of the proponent as part of the 
standard process of planning approvals.  Pre- and post-development land uses are derived from 
the Environmental Impact Statement (EIS) prepared by the proponent and BMPs for stormwater 
management would be developed and described in the Stormwater Management Plan for the 
new development that is prepared in support of the application.  The proponent uses these 
materials as input to the Database Tool to calculate loadings in a standard format by the 
approved process.     
 
The Database Tool calculates resulting loads from each of the four modules and determines the 
net impact in terms of the phosphorus budget associated with the proposed development site. 
The analysis distinguishes permanent changes in phosphorus load resulting from changes in 
land use (i.e., pre- vs. post-development) from temporary loadings from construction.     
 
To meet the intent of Policy 4.8e to minimize phosphorus loadings to Lake Simcoe from 
development, the MOE will recommend that municipalities approve development as site specific 
appropriate if: 

a) Post-development load < or = pre-development load, and 

b)  (Post-development + amortized construction phase) load < or = pre-development 
loading, 
 OR 
If (Post-development + amortized construction phase) load > pre-development loading, 

THAT 
All reasonable and feasible construction phase BMPs have been identified for 
implementation, documented and accounted for in the application. 

 
 The Tool consists of three elements: 
 

1. A Technical Guidance Manual that provides the reference material used in 
developing the Tool, the rationale for the development of the Tool, and 
implementation guidance  in line with Policy 4.8e of the LSPP, 
 

2. A Microsoft ACCESS© Database Tool that facilitates the calculation of a phosphorus 
budget for new development in accordance with the technical guidance, and 
 

3. A Database User’s Manual explaining the operation of the database. 
 

The “Phosphorus Budget Guidance Tool to Guide New Development in the Lake Simcoe 
Watershed” is intended for use by the development community, municipalities, the MOE and the 
Lake Simcoe Region Conservation Authority to facilitate review of new development 
applications for their compliance with Policy 4.8e of the Lake Simcoe Protection Plan.  It 
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includes a simplified checklist of required elements of any submissions made for the use of 
reviewers.  
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1.  Introduction 

Lake Simcoe is enriched by nutrients from land use activities in its watershed and has, for many 
years, been the focus of efforts to protect and restore its water quality.  These efforts began with 
the Lake Simcoe Environmental Strategy in the mid 1980s and led to passage of the Lake 
Simcoe Protection Act (LSPA) by the Ontario legislature in 2008. The Act required the 
establishment of the Lake Simcoe Protection Plan (LSPP) to regulate inputs of nutrients 
(specifically phosphorus) to Lake Simcoe.  The LSPP was approved in 2009 and included a 
series of policies that were to be implemented to restore water quality and other ecological 
attributes of the lake.  
 
This document addresses implementation of Policy 4.8e of the LSPP, which states that: 
 

“An application for major development shall be accompanied by a stormwater 
management plan that demonstrates... 

e. through an evaluation of anticipated changes in phosphorus 
loadings between pre-development and post-development, how 
the loadings shall be minimized.”   

 
This direction by the MOE recognizes that, although the LSPP requires reductions in 
phosphorus loading, the Lake Simcoe watershed is the focus of substantial planned population 
growth in the next 20 years.  Population growth brings the potential for additional phosphorus 
loading that can only be managed or reduced through: a) innovative wastewater treatment at 
advanced wastewater treatment plants (which is addressed through other elements of the 
LSPP), and b) innovations in stormwater management that would allow development to proceed 
without increasing phosphorus loads to the lake.   
 
The intent of Policy 4.8e is that new development in the Lake Simcoe watershed adopts Best 
Management Practices (BMPs), Low Impact Development (LID) techniques and innovative 
stormwater management techniques to achieve sustainable development practices that will 
reduce the phosphorus loading from new urban development.  In practice, Policy 4.8e is 
interpreted as a requirement that post-development loadings be reduced from pre-development 
loadings on any major development site, in order to achieve overall reductions in loadings to 
Lake Simcoe. This interpretation is in line with Strategic Direction #3 in the Phosphorus 
Reduction Strategy, which requires a move to “no net increase” of phosphorus for new 
development in the Lake Simcoe watershed.  
 
Implementation of Policy 4.8e requires a method to quantify and compare pre- and post-
development phosphorus loadings and an elaboration of BMP/LID methods that can minimize 
loading from new development. The guidance must be site-specific, in recognition that 
phosphorus export will vary in response to differing precipitation patterns, soils and slopes that 
occur across the Lake Simcoe watershed. In addition, the MOE recognizes that phosphorus 
loading during the construction phase of development needs to be considered, as construction 
is an ongoing process in the watershed that contributes non-point source phosphorus loads to 
the lake. The phasing of construction projects means that this loading can occur over an 
extended period of time. The loading itself, however, is temporary, and the construction load 
from each development will be assimilated within Lake Simcoe over time, with no long-term 
change to the phosphorus status of the lake.   
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The MOE retained Hutchinson Environmental Sciences Ltd. (HESL), Greenland International 
Consulting Ltd. and Stoneleigh Associates to develop the “Phosphorus Budget Guidance Tool 
to Guide New Development in the Lake Simcoe Watershed” (the “Tool”).  The Tool provides a 
transparent, science-based and consistent approach to estimate phosphorus loadings from 
stormwater runoff1 in the pre-, post- and construction phases of new development in the Lake 
Simcoe watershed, which can be utilized by the development community, municipalities, the 
MOE and the Lake Simcoe Region Conservation Authority (LSRCA).  The Tool consists of three 
elements: 
 

1. A Technical Guidance Manual that provides the reference material used in 
developing the Tool, the rationale for the development of the Tool, and 
implementation guidance  in line with Policy 4.8e of the LSPP, 
 

2. A Microsoft ACCESS© Database Tool that facilitates the calculation of a phosphorus 
budget for new development in accordance with the technical guidance, and 
 

3. A Database User’s Manual explaining the operation of the database.  
 
 

2.  Tool Development Considerations  

Development of the Tool was guided by the MOE objective to: 
 

“Provide the development community and municipalities with a consistent 
approach to estimating phosphorus loadings for pre- and post-development and 
the construction phase of development in the Lake Simcoe watershed that 
considers subwatershed characteristics.” 

 
The intent of this objective is to support sustainable development while continuing to reduce the 
impact of phosphorus on Lake Simcoe by demonstrating through “...an evaluation of anticipated 
changes in phosphorus loadings between pre-development and post-development, how the 
loadings shall be minimized” in keeping with Policy 4.8e of the LSPP.  Several key factors were 
considered in the development of the Tool to meet the objective.   
 
The first is that the development of Low Impact Development (LID) techniques is a relatively 
new field and, as such, many techniques are innovative and new techniques will be developed 
over time.  Although a BMP/LID technique may be worthwhile and effective, documented case 
studies that verify its performance with measured data may not be readily available.  The Tool is 
based on proven techniques, as demonstrated through documented effectiveness, but must 
also accommodate innovation as it occurs.  It cannot anticipate these innovations, but must be 
able to accommodate them by setting criteria and standards for their use.  
 
The second is the complexity of monitoring storm water runoff to obtain the necessary data to 
estimate phosphorus load. The hydrologic response is highly variable and depends on 

                                                
1 The Tool does not address atmospheric sources of phosphorus in dust generated from land use practices, as the science is not 

yet advanced to the point where estimates can be made. It does account for atmospheric deposition of phosphorus to open water 
and atmospheric deposition to land surfaces is included in the export coefficients for various land use practices.  
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antecedent soil moisture, storm intensity and duration, site topography and soils and a host of 
factors that are site specific and therefore difficult to extrapolate to a variety of development 
sites.  There is also variance in pollutant delivery to receiving water, which varies with the 
elapsed time since the previous storm and the stage of the hydrograph sampled (first flush vs. 
later storm stages).  This complexity needs to be managed so that reasonable and reliable 
estimates can be used by all practitioners of the policy without the need for lengthy site-specific 
monitoring or detailed modelling. The intent is to develop a screening level tool.  
 
Third, any Tool needs to find a balance of methods between site specific monitoring, modelling, 
or the use of reliable estimates from a database of previous studies.  The ideal situation would 
be one in which phosphorus load was measured for a specific site in the pre-development stage 
and again in the post-development stage.  This approach is impractical, however, because a) 
monitoring after development is too late to inform the decision of whether or not to develop the 
site, b) monitoring-based approaches do not allow assessment of a variety of BMPs, and c) 
many development sites are small and have no surface water drainage systems that would 
allow monitoring of runoff.  A monitoring-based approach would require a long-term monitoring 
period that incorporated climatic variance and this is clearly not feasible for most applications.  
Model-based approaches, by contrast, have the advantage of allowing estimates of the current 
condition, future conditions, and the effectiveness of BMPs.  Accurate estimates of these can be 
incorporated into models and usefully applied if the models incorporate the range of necessary 
factors and have been validated against good measured data.   
 
Finally, the Tool must provide an approach that is: 
 

 workable – allows practitioners and reviewers to complete or review the necessary 
phosphorus budgets without the need for undue additional expense or access to 
sophisticated software or modelling capabilities,  

 timely - produces the required analysis within a reasonable time frame to allow for timely 
review and approvals.  

 defensible – robust and providing reliable estimates that can stand up to review, and 

 adaptable – such that new BMP/LID techniques or better estimates of phosphorus 
export can be used as they become available. 

 
 

3.  Technical Guidance Manual 

3.1 Overview 

The guidance is intended to complement and take advantage of the routine municipal planning 
process for new development, as it uses much of the same information on site conditions and 
proposed storm water management considerations. The guidance assists the user by providing 
adequate technical detail for inclusion in a submission to a municipality for development 
approval.  It is, however, assumed that the user has some level of technical or engineering 
knowledge of soil erosion, nutrient loss processes and storm water management techniques.  
Some detailed ecological knowledge is valuable to assist with land use classifications.  
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The Technical Guidance Manual and Database Tool are divided into four modules that consider 
sediment and nutrient loss as follows:  
 

 Module 1 – Estimates pre-development phosphorus loads for representative, sub 
catchment level land uses contained within the study site, 
  

 Module 2 – Estimates post-development phosphorus loads that are representative of 
the proposed land uses for the study site without BMPs to reduce phosphorus loads,  
 

 Module 3 – Estimates effectiveness of proposed BMPs in reducing phosphorus loads in 
the post-development scenario, and 
 

 Module 4 – Examines the potential for erosion and sediment loss during the 
construction phase, provides guidance to the user on appropriate BMPs that can be 
implemented during this phase to minimize sediment loss and resultant phosphorus 
export and estimates sediment and phosphorus loss from the site for each phase of the 
construction process.  

 
Once each of the four modules is completed by entering information into the Database Tool, the 
results are subjected to a comparative analysis between pre- and post-development 
phosphorus loads and with loads generated by construction activities.  Decision rules are then 
applied to the comparative analysis to determine if phosphorus loads are reduced relative to 
existing conditions to meet the intentions of the LSPP Policy 4.8e and to support approval of the 
development application.  The MOE will recommend that municipalities approve development 
as site specific appropriate if: 

a) Post-development load < or = pre-development load, and 

b) (Post-development + amortized construction phase) load < or = pre-development 
loading, 
 OR 
If (Post-development + amortized construction phase) load > pre-development loading, 

THAT 
All reasonable and feasible construction phase BMPs have been identified for 
implementation, documented and accounted for in the application. 

 
The modular approach to completing a phosphorus budget using the Tool is illustrated in Figure 
1.  Technical guidance for each module including the approach, rationale for that approach and 
step-by-step instructions to complete the modules is provided in the following sections.  
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Figure 1.  Schematic of modular approach to phosphorus guidance.  
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3.2 Modules 1 and 2: Pre- and Post-Development Phosphorus 
Load Estimation   

3.2.1 Approach 

An export coefficient approach is used to estimate non-point source phosphorus loadings for 
pre-development (Module 1) and post-development (Module 2) phases.   
 
The export coefficient approach was developed in North America to predict nutrient inputs to 
lakes and streams (Dillon and Kirchner, 1975; Beaulac and Reckhow, 1982; Rast and Lee, 
1983) and is now a well-established method of estimating phosphorus export when measured 
tributary flows and total phosphorus concentration data are lacking (e.g., Dillon et al. 1986, 
Johnes 1996, Winter and Duthie 2000, Paterson et al., 2006).  The export coefficient approach 
is also used where it is desirable to forecast nutrient export from a land area prior to a change in 
land use or prior to implementing Best Management Practices, in which case it is used as a 
predictive tool.  
 
The use of phosphorus export coefficients for estimating phosphorus loading is based on the 
knowledge that specific land forms and land uses yield or export known quantities of 
phosphorus over an annual cycle.  Knowing the area of land in a watershed devoted to specific 
uses and the quantities of nutrients exported per unit area of these uses (nutrient export 
coefficients), annual phosphorus loading can be calculated as:  
 

L = Σ EiAi, 
 
where L is the total phosphorus load from a given area of land (e.g., development site), Ei is the 
export coefficient selected for a specific land use and Ai is the area of that land use.  
 
A working group that included scientists from HESL, Greenland and the MOE was formed to 
select appropriate phosphorus export coefficients for different land uses that are applicable to 
the Lake Simcoe subwatersheds and that were developed and/or validated using recent 
measured data.  The selected export coefficients were derived from 1) the results of 
CANWET™ modeling by The Louis Berger Group Inc. (Berger, 2010), 2) results of monitoring 
under the Stormwater Assessment Monitoring and Performance Program of MOE (SWAMP, 
2005) and 3) analysis, review and refinement by the study team.   
 
The Berger (2010) report used the CANWET™ model to estimate phosphorus load (in kg/yr) for 
land uses that are specific to each of the subwatersheds in the Lake Simcoe basin.  The 
SWAMP studies provide recent measured total phosphorus export for urban land uses: 
commercial, industrial and residential development areas in southern Ontario, which were used 
by the MOE in the development of a phosphorus budget for Lake Simcoe under the Lake 
Simcoe Environmental Management Strategy (LSEMS; Scott et al., 2006, Winter et al., 2002 
and 2007).  A description of each of the land use classes is provided in Table 1.  The final land-
use specific export coefficients for the 19 Lake Simcoe subwatersheds (see Figure 2) are 
provided in Table 2. Details of the derivation of the export coefficients are provided in Section 
3.2.1.1. 
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Figure 2.  Lake Simcoe subwatersheds (from Berger (2010). 
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Table 1.  Description of Berger (2010) Land Uses in the Lake Simcoe Watershed 

Berger (2010) 
Land Use 

Included 
LSRCA Land 

Use(s) 
Land Use Description 

Hay /  
Pasture 

Non-intensive 
Agriculture  

Hay and pasture fields, including the related agricultural buildings such as barns, 
silos and the farm residence.  Fields are dominated with herbaceous vegetation 
and grasses with an understory of similar material in a state of decay.  Weedy hay 
and/or pasture covers more than 50% of the area.   

Crop Land  
Intensive 

Agriculture 

Cultivated row crops, including the related agricultural buildings (e.g., barns, silos 
and the farm residence), producing crops in varying degrees (e.g., corn and wheat) 
and includes specialty agriculture (i.e., orchards, market gardens, Christmas tree 
plantations and nurseries). 

Sod Farm /  
Golf Course 

Sod Farm Sod farms. 

Golf Course 
Golf courses, including lane ways, but not the isolated woodlots within, unless the 
area of the woodlots is < 0.5 ha. 

Low Intensity  
Development 

Estate 
Residential 

A home including the manicured area around the home and driveway, within a 
natural heritage feature.  The natural heritage feature is not included in the Estate 
Residential land use classification.  

Manicured Open 
Space 

Cleared areas with a low density of trees, including lawns and landscaping.  Land 
use is dominated by gardens, parkland and lawns, e.g., cemeteries, urban parks, 
ski hills and residential/industrial open space with a minimum size of 2 ha. 

Rail Rail lines and the associated cleared adjacent areas. 

Rural 
Development 

Properties not directly associated with an agricultural operation and that contain 
residential, commercial or other buildings, as well as a manicured open space, 
within a natural heritage or agricultural feature (e.g., estate residential or service 
station).  On developed portions, these properties are under intensive use.  Based 
on canopy cover, these areas will often appear as Cultural Savannah or Cultural 
Woodland in aerial photographs or satellite imagery.  However, the presence of 
buildings and manicured lands identify the properties as Rural Development. 

High Intensity  
Development

1 

 
(Commercial 
/Industrial) 

Commercial 
Impervious properties that contain a building and an adjacent parking lot (e.g., 
shopping and strip malls, power centres, scrap yards). Excludes green land areas 
such as parks or river valleys. 

Industrial 
Impervious properties that are not commercial and include industrial operations 
e.g., factories, manufacturing facilities, processing facilities, bulk fuel storage. 
Excludes green land areas such as parks or river valleys. 

Institutional 
Schools, hospitals and other institutional structures.  May include large storm water 
management ponds. Excludes green land areas such as parks or river valleys.  

High Intensity 
Development

1 

 
(Residential) 

Urban 

Urban related land uses including continuous ribbon development. Interpreted from 
aerial photographs or satellite imagery by many roof tops and/or groupings of 5 or 
more residential properties with a combined area of ≥ 2 ha.  Residential properties 
include single and semi-detached dwellings, apartment buildings and associated 
out-buildings, driveways and parking lots.  Excludes green land areas such as 
parks or river valleys. 

Quarry 

Active 
Aggregate 

Areas that are currently being excavated or have recently been excavated.  
Identified by pits, extraction machinery, unvegetated landscape and/or piles of 
extracted materials.  Active aggregate areas may contain open water. 

Inactive 
Aggregate 

Former aggregate sites that have been recently revegetated; vegetation is 
established and growing.  Depending on their characteristics, in aerial photographs 
or satellite imagery, these properties may appear to be comparable to an 
abandoned field or forming wetland. 

Road Road Unpaved roads, including the shoulder.  Does not include driveways. 
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Berger (2010) 
Land Use  

Included 
Ecological 

Land 
Classifications 

(ELC(s)) 

Land Use Description 

Transitional 

Open Alvar 
Cover varies from patchy shrub and tree cover to continuous meadow.  Tree cover 
is ≤ 25%; shrub cover is ≤ 25%.  Typically restricted to bare rock and patchy, 
shallow substrates. 

Cultural Meadow 
Tree cover is ≤ 25% and shrub cover is ≤ 25%.  The plant community is a result of, 
or maintained by, anthropogenic disturbances or culture. 

Cultural Thicket 
Tree cover is ≤ 25% and shrub cover is > 25%.  The plant community is a result of, 
or maintained by, anthropogenic disturbances or culture. 

Open Tallgrass 
Prairie 

The ground layer of plants is dominated by prairie graminoids (grasses and grass-
like plants, including sedges) such as Big and Little Bluestem, as well as Indian 
Grass.  Tree cover is ≤ 25% and shrub cover is ≤ 25%.  Soils are well drained with 

prolonged summer drought and frequent disturbance by fire. 

Forest
2
 

Cultural 
Plantation, 
Coniferous 

Tree cover is > 60% of the area, with coniferous trees > 75% of the canopy area.  
The plant community is a result of, or maintained by, anthropogenic disturbances 
or culture. 

Cultural 
Woodland 

Tree cover is between 35% and 60% of the area.  There is often a large proportion 
of non-native plant species, and the plant community is a result of, or maintained 
by, anthropogenic disturbances or culture. 

Coniferous 
Forest 

Tree cover is > 60% of the area, with coniferous trees > 75% of the canopy area. 

Cultural 
Plantation, 
Deciduous 

Tree cover is greater than 60% of the area, with deciduous trees greater than 75% 
of the canopy area.  The plant community is a result of, or maintained by, 
anthropogenic disturbances or culture. 

Deciduous 
Forest 

Tree cover is > 60% of the area, with deciduous trees > 75% of the canopy area. 

Cultural 
Plantation 

Tree cover > 60% of the area, with coniferous trees > 25% of the canopy area and 
deciduous trees > 25% of the canopy area.  The plant community is a result of, or 
maintained by, anthropogenic disturbances or culture. 

Mixed Forest 
Tree cover is > 60% of the area, with coniferous trees > 25% of the canopy area 
and deciduous trees > 25% of the canopy area. 

Wetland
2
 

Shrub Bog 
Continuous Sphagnum spp. moss cover.  Trees > 2 m tall cover ≤ 10% of the area 
and shrubs cover > 25% of the area.  Land is rarely flooded but always saturated 
with water. Organic substrate > 40 cm deep consisting of Sphagnum peat. 

Treed Bog 

Continuous Sphagnum spp. moss cover.  Trees > 2 m tall cover 10% to 25% of the 

area.  Land is rarely flooded but always saturated with water. Organic substrate > 
40 cm deep consisting of Sphagnum peat. 

Open Fen 

Sedges, grasses and low shrubs (< 2 m high) dominate; trees > 2 m high cover ≤ 
10% of the area and shrubs cover ≤ 25% of the area.  Land is rarely flooded but 
always saturated with water.  Organic substrate > 40 cm deep consisting of moss 
or sedged peat. 

Shrub Fen 

Sedges, grasses and low shrubs (< 2 m high) dominate; trees > 2 m high cover ≤ 
10% of the area and shrubs cover > 25% of the area.  Land is rarely flooded but 
always saturated with water. Organic substrate > 40 cm deep consisting of moss or 
sedged peat. 

Treed Fen 
Sedges, grasses and low shrubs (< 2 m high) dominate; trees > 2 m high cover 
10% to 25% of the area.  Land is rarely flooded but always saturated with water 
with organic substrate and > 40 cm deep moss or sedged peat. 
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Berger (2010) 
Land Use  

Included 
Ecological 

Land 
Classifications 

(ELC(s)) 

Land Use Description 

Meadow Marsh 
Dominated by emergent hydrophytic aquatic plants (grow wholly or partially in 

water); tree and shrub cover ≤25%. Variable flooding regimes and water depth 2m. 

Shallow Marsh 
Emergent hydrophytic aquatic plant cover ≥ 25%, tree and shrub cover ≤ 25% of 
the area.  Water up to 2 m deep; standing or flowing water for much or all of the 
growing season. 

Wetland
3
 

Floating-Leaved 
Shallow Aquatic 

Floating leaved aquatic vegetation covers > 25% of the area; no tree or shrub 
cover.  Water up to 2 m deep; standing water is always present. 

Mixed Shallow 
Aquatic 

A mixture of submerged and floating leaved aquatic vegetation covers > 25% of the 
area; no tree or shrub cover.  Water up to 2 m deep; standing water is always 
present. 

Submerged 
Shallow Aquatic 

Submerged aquatic vegetation covers > 25% of the area; no tree or shrub cover.  
Water up to 2 m deep; standing water is always present. 

Coniferous 
Swamp 

Tree cover is > 25% of the area with trees > 5 m tall, and coniferous trees > 75% of 
the canopy area.  Water depth is < 2 m with variable flooding regimes; standing 
water or spring (vernal) pooling covers > 20% of the ground. 

Deciduous 
Swamp 

Tree cover is > 25% of the area with trees > 5 m tall, and deciduous trees > 75% of 
the canopy area.  Water depth is < 2 m with variable flooding regimes; standing 
water or spring (vernal) pooling covers > 20% of the ground. 

Mixed Swamp 

Tree cover is > 25% of the area with trees > 5 m tall; coniferous trees > 25% of the 
canopy area and deciduous trees > 25% of the canopy area.  Water depth is < 2 m 
with variable flooding regimes; standing water or spring (vernal) pooling covers > 
20% of the ground. 

Thicket Swamp 

Tree or shrub cover > 25%, dominated by hydrophytic shrub and tree species 

(grow wholly or partially in water); tree cover ≤ 25%, hydrophytic shrub cover > 

25%.  Water depth is < 2 m with variable flooding regimes; standing water or spring 
(vernal) pooling covers > 20% of the ground. 

Open Water
4
  Lakes, rivers and ponds including stormwater management ponds. 

 
Notes: 

1
High Intensity Development areas were further separated for the Tool into commercial/industrial and 
residential classes because the percentage of impervious area is typically much higher in 
commercial/industrial areas than in residential areas resulting in a greater amount of storm water runoff, 
2
includes CANWET classes of Coniferous Woodland, Deciduous Woodland and Mixed Woodland, 

3
includes 

CANWET classes of Emergent Wetland and Woody Wetland. 
4
Not included in the Berger (2010) land 

classes but added for the purposes of the Tool recognizing that some development areas may have open 
water areas that should be included in calculations of phosphorus export. 

 

3.2.1.1 Derivation of Export Coefficients 

Export coefficients for all land classes were derived based on total phosphorus loading 
estimates reported by Berger (2010) for individual subwatersheds with the exception of High 
Intensity Development, which was derived from measured loads in MOE’s Stormwater 
Management Monitoring and Performance Program (SWAMP, 2005; MOE, unpublished data) 
and Open Water which was derived from estimates of atmospheric loads to the surface of Lake 
Simcoe (Scott et al., 2006; LSRCA, 2009).  The following describes the derivation and rationale 
for the selection of export coefficients from these sources for each land use in each 
subwatershed as provided in Table 1.  
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Berger (2010) provides total phosphorus loads (kg/yr) from the total areas devoted to specific 
lands uses in each of the 19 Lake Simcoe subwatersheds (Pefferlaw River and Uxbridge Brook 
subwatersheds were combined in the analysis as were the Talbot River and Upper Talbot River 
subwatersheds). Division of the total annual export (in kg) for each land use by the area (ha) 
devoted to that land use provides a standardized export coefficient in kg/ha/yr.    
 
Phosphorus loads from groundwater, tile drainage and stream bank erosion were provided by 
Berger (2010) for the total subwatershed area only (and not for specific land uses) and so loads 
from these sources were allocated to the land use areas as follows: 
  

1. Groundwater loads were added proportionally by area to all land use categories except 
High Intensity Development, 

2. Tile Drainage loads were added to Cropland areas only, and 

3. Stream Bank Erosion loads were added proportionally by area to Forest, Wetland and 
Transition areas 

Groundwater loads were not allocated to High Intensity Development areas as these areas have 
a large amount of impermeable surfaces, thereby reducing groundwater infiltration and 
seepage.  Tile drainage is used mostly for cropland agriculture.  Stream Bank Erosion was only 
allocated to ‘natural’ land cover areas assuming that streams primarily occur in these land areas 
and are protected from development.  Refined land use data would be required to determine the 
proportion of phosphorus loads from stream bank erosion in other land class areas (e.g., 
proportion of streams running through agricultural area or urban area).  The resultant total 
phosphorus loads were used to calculate total phosphorus export (kg/ha/yr) for each land use in 
each subwatershed.  
 
Considerable variance in phosphorus export coefficients derived from the Berger (2010) results 
occurred among subwatersheds, particularly among unmonitored subwatersheds (Table 2, 
Figure 3).  Of the 19 subwatersheds, only 7 (with Pefferlaw River and Uxbridge Brooks 
subwatersheds combined) had measured data on flows and phosphorus loads for calibration of 
the CANWET model. Comparatively little variance occurred in export coefficients among these 
monitored subwatersheds, with the exception of higher export coefficients for most land classes 
in the East Holland River. Higher export coefficients in the East Holland River reflect the highly 
urbanized portions of that subwatershed as well as the amount of high intensity agriculture, 
which have both contributed to degraded water quality (LSRCA, 2010). The unmonitored 
subwatersheds were calibrated to estimated flows and total loads were estimated from the 
results of those monitored subwatersheds that were most similar in land cover (see Scott et al., 
2006).   
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Figure 3.  Boxplots showing variance in export coefficients derived from Berger (2010) 
for the Lake Simcoe Subwatersheds.  Boxes represent 25th percentile, median 
and 75th percentile, whiskers are the minimum and maximum values, and the 
mean is denoted as the black dot.   

 

Note:  Excludes the export coefficient for Low Intensity Development (0.013 kg/ha/yr) for the East Holland River, which is suspected 
as being an error.   

 
Some variation in phosphorus export between subwatersheds is expected for a given land cover 
type due to differences in environmental factors such as soil characteristics, physiography and 
runoff conditions.  Principal Components Analysis (PCA, an analysis that displays patterns in 
multivariate data) was carried out to identify differences between subwatersheds based on the 
combination of key environmental factors affecting phosphorus export (see Appendix 4).    
Environmental factors included Soil K Factor (erosion coefficient), Slope Length, Base Runoff 
and Soil P (soil phosphorus concentration) as reported in Berger (2010) for each land use type 
in each subwatershed.  Overall, results of the PCA did not reveal patterns in environmental 
characteristics that would explain the variance in export coefficients derived for the unmonitored 
subwatersheds (i.e., subwatersheds with similar environmental characteristics did not have 
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similar phosphorus export coefficients).  By contrast, for the monitored subwatersheds, the East 
Holland River was characterized by higher Soil K Factor, Base Runoff and Soil P values in 
comparison to the other monitored subwatersheds, explaining the higher phosphorus export 
coefficients for this subwatershed.   
 
Given the high variance in export coefficients for the unmonitored subwatersheds that cannot be 
explained by major environmental characteristics, phosphorus export coefficients for the Tool 
were derived for the monitored subwatersheds only and these were also applied to the 
unmonitored subwatersheds.  For the monitored subwatersheds, export coefficients for all land 
use types were those developed from Berger (2010) results with the following exceptions:   
 

 Low Intensity Residential Development for the East Holland River subwatershed – The 
calculated export for this land use (0.013 kg/ha/yr) was an order of magnitude lower than 
for other land cover classes in the subwatershed, including forest (Table 1).  This 
suggests that the calculated value may underestimate the export from Low Intensity 
Residential Development in this subwatershed.  The mean phosphorus export coefficient 
of 0.13 kg/ha/yr  for the other monitored subwatersheds was therefore selected for Low 
Intensity Residential Development in the East Holland subwatershed. 

 Unpaved Road - The export coefficients among monitored subwatersheds for Unpaved 
Road ranged from 0.049 to 3.72 kg/ha/yr.  Given the large range in export values, the 
working group selected the mean export from the monitored subwatersheds (excluding 
the East Holland River) of 0.83 kg/ha/yr for Unpaved Road to be applied for all Lake 
Simcoe subwatersheds.    

 Quarry for Whites Creek subwatershed – No quarries were reported in the Whites Creek 
subwatershed, therefore the mean export of the monitored subwatersheds (0.08 
kg/ha/yr) was selected for this land cover class. 

At the request of the MOE, phosphorus export coefficients of 1.32 kg/ha/yr were selected for 
high intensity urban residential areas and 1.82 kg/ha/yr for commercial/industrial high intensity 
development. These were developed from measured data from the 2006 SWAMP studies 
(MOE, unpublished data).  These values are higher than those derived using the Berger (2010) 
modeled phosphorus loads for High Intensity Development, which ranged from 0.21 to 0.67 
kg/ha/yr for the monitored subwatersheds (mean = 0.35 kg/ha/yr).  These higher export 
coefficient values were selected because they were derived from measured data, have been 
used in several Lake Simcoe studies by MOE and LSRCA (Winter et al., 2002, 2007; Scott et 
al., 2006; LSRCA, 2007, LSRCA and MOE, 2009) and are comparable to other published export 
coefficients for urban development.  For example, Reckhow et al. (1980) reports urban export 
coefficients ranging from 0.19 to 6.23 kg/ha/yr (mean 1.91 kg/ha/yr, standard deviation 1.70 
kg/ha/yr) and the US Environmental Protection Agency’s (1983) nationwide urban runoff report 
distinguishes between residential and commercial land use with export coefficients of 1.3 
kg/ha/yr and 3.4 kg/ha/yr, respectively.  More details for this rationale are provided by the MOE 
and included in Appendix 8         

In the PCA of the environmental factors that was described previously, the characteristics of the 
Georgina Creeks, Oro Creeks North and West Holland River subwatersheds (all unmonitored) 
were most similar to the East Holland River subwatershed with generally higher soil K factors, 
Soil P and base runoff that would be consistent with higher phosphorus export.  The export 
coefficients for the East Holland River were therefore applied to these unmonitored 
subwatersheds.  
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The mean phosphorus export coefficients for all monitored subwatersheds (excluding the East 
Holland River) were applied to the remaining unmonitored subwatersheds (i.e., Hewitts Creek, 
Innisfill Creeks, Maskinonge River, Oro Creeks South, Ramara Creeks and Talbot/Upper Talbot 
River) as these were characterized by lower soil K factors, soil P and base runoff relative to the 
East Holland River. 
 
A phosphorus export coefficient of 0.26 kg/ha/yr was selected for Open Water, which represents 
the atmospheric deposition of phosphorus in the Lake Simcoe watershed.  This export 
coefficient was calculated from the mean measured atmospheric load of 19 tonnes/yr averaged 
over 5 years from 2002 to 2007 to the surface of Lake Simcoe (surface area = 722 km2) (Scott 
et al., 2006; LSRCA, 2009).  Note that phosphorus loads from atmospheric deposition to land 
are incorporated into the export coefficients for the various land cover classes.  The 
atmospheric/open water coefficient should not be interpreted as loading from dust generated by 
land use activities such as agriculture or construction. It represents a regional atmospheric 
contribution. The means to estimate dust generation and loading are the subject of current 
research initiatives being undertaken by the MOE, the LSRCA and various research partners.  
 
The final export coefficients for all subwatersheds are provided in Table 2. These are coded into 
the database tool to derive subwatershed-specific estimates of phosphorus export from specific 
land uses for the pre- and post-development (with no BMPs) calculations.  
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Table 2. Land-Use Specific Phosphorus Export Coefficients (kg/ha/yr) for Lake Simcoe       
Subwatersheds 

 
 

3.2.2 Methods - Calculating Pre-development Conditions 

The pre-development or “existing conditions” phosphorus load is calculated through the 
following steps, by the user: 
 

1. The user will rely on the information documented and detailed in the EIS for the 
development that will be used to support the planning application to the Municipality.  

2. The user will choose the subwatershed or geographic area of the Lake Simcoe 
watershed in which the development is proposed from a drop down list provided by the 
database. If the development area spans two or more subwatersheds, the areas within 
each subwatershed should be modelled separately. 

3. Specific land use classifications will be delineated and their boundaries overlain on an 
orthographic aerial photograph that shall be included in their submission.  
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a. The user will select the Table 1 land uses that most closely match those 
delineated in their mapping and will document the rationale for the choice in a 
comment field for the database report. (e.g.,”ELC classifications a, b and c are 
present – these correspond to “forest””, or “actively tilled corn fields are classified 
as “cropland””).  

b. Land use classifications will be chosen by the user from a “drop down” list in the 
database, which will contain the land use classifications in Table 1.  

c. The user will provide areas (in ha) of each identified land use on the 
development site.  

d. The database will produce a table showing each land use, the area and export 
coefficient associated with each land use, the user comment or rationale for 
choice (as entered by the user in a text box) and the total area of the 
development. 

4. The database links each land use classification to the respective phosphorus export 
coefficient for that land use for that subwatershed as shown in Table 2, calculates the 
total annual phosphorus load from each land use (as ha x kg/ha/yr) and sums the loads 
from each land use to produce the total annual pre-development load from the site. 

5. The user may not adjust a particular export coefficient for site-specific characteristics in 
this version of the Tool, but user-defined export coefficients may be considered for future 
revisions of the Tool.   

6. The database adds a final column of pre-development phosphorus loads for each land 
use to the table produced in Step 3d. 

 

3.2.3 Methods - Calculating Post-Development Conditions 

The post-development phosphorus load (without BMP implementation) will be calculated by the 
user, using the following steps: 
 

1. The user will rely on the information on the proposed development that is documented 
and detailed in the planning application (EIS and SWM plans) to the Municipality. 

2. The user will delineate the post-development land uses and overlay their boundaries on 
an orthographic aerial photograph that shall be included in their submission. 

a. Land uses will be defined using the same methods described for the pre-
development conditions.   

b. The site will be divided into post-development blocks; each block with a unique 
combination of a land use and Best Management Practice or Treatment Train 
that will be applied to that land use in Module 3 (Figure 4). 

c. Land use for each block will be chosen by the user from a “drop down” list in the 
database, which contains the land use classifications in Table 1. 

d. The user will provide areas (in ha) of each post-development block.  
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e. The database will produce a table showing land uses, areas and export 
coefficients associated with each land use for each post-development block, and 
will display the total area of the post-development site.  

f. The database will provide a check to make sure that the sum of post-
development blocks is the same as the sum of the pre-development land use 
areas.  

Figure 4.  Schematic of post-development blocks that comprise a unique land use and 
BMP (or Treatment Train approach). 

 
3. The database links each land use to the respective phosphorus export coefficient for that 

land use in that subwatershed (from Table 2), calculates the total annual phosphorus 
load from each block (as ha x kg/ha/yr) and sums the loads from each block to produce 
the total post-development load from the development site without BMPs.  

4. The user may not adjust a particular export coefficient for site-specific characteristics in 
this version of the Tool, but user-defined export coefficients may be considered for future 
revisions of the Tool. 

5. The database adds a final column of phosphorus loads (in kg/yr) for each post-
development block to the table produced in Step 2e.  

6. The database produces a summary showing: 

a. Pre-development phosphorus load (in kg/yr) for the entire development site,  

b. Post-development phosphorus load (in kg/yr) for each block and for the entire 
development site, and the 

c. Difference between pre- and post-development phosphorus loads (in kg/yr and 
as a %). 

 

Block 3
(Cropland + BMP1)

Block 1
(Wetland + no BMP)

Block 2
(Forest + no BMP)

Block 4
(Cropland + BMP2)

Block 5
(Low Intensity Development + BMP2)
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3.3 Module 3: Post-Development Load Reduction with BMPs 

3.3.1 Approach 

Phosphorus removal efficiencies for a variety of Best Management Practices (BMPs) were 
compiled from a literature review (Appendix 1).  These were evaluated for their applicability to 
the Lake Simcoe watershed and a representative % removal efficiency for each applicable BMP 
was derived where possible, according to the methods outlined in the following sections.  The 
user is not limited to using the BMPs and % removal efficiencies recommended in the Tool, 
although these do represent “pre-approved” BMPs and efficiencies that are acceptable to MOE.  
If custom BMPs or % removal efficiencies are used, supporting scientific rationale for their use 
must be provided in the Stormwater Management (SWM) plan for the development.  This 
rationale will be reviewed as part of the approval process.    
 

3.3.1.1 Selection of Appropriate BMP Phosphorus Removal Efficiencies 

For any given stormwater management BMP there are a range of reported values that describe 
the phosphorus reduction that can be expected.  This is also true for stormwater mitigation 
strategies relating to the construction phase of development projects (see Module 4).  In both 
cases, there may be a wide range in reported percent reductions of phosphorus and these 
numbers may be highly qualified by various elements of BMP design or setting.  For this reason, 
it is difficult to derive a single removal efficiency value for even narrow categories of BMPs and 
almost all stormwater practice documents that were reviewed reported a range of removal 
efficiency values for a given BMP category.   
 
There are, however, reasonable decisions that can be made to derive appropriate and 
applicable single numbers that represent average expected phosphorus removal efficiency of 
various BMPs.  This involves an examination of the regional variation that is inherent in the 
range of observed values together with any specific design aspects that may be contributing to 
the reported range.  If, for example, the focus is confined  to only those reported values that are 
regionally significant and the range in those values that apply to well designed or appropriately 
installed measures, then the result should be a narrower range in reported values.   
 
Much of the confidence in selecting a phosphorus removal efficiency for any given stormwater 
management technique will result from the collection of a large number of regionally significant 
values that fall within a narrow range.  In most cases, however, our review of available 
information showed that the availability of these types of data was the exception rather than the 
rule. 
 
The decision tree shown in Figure 5 allows the consistent, objective selection of phosphorus 
removal efficiencies for individual stormwater or construction runoff management techniques by 
considering the range of reported efficiencies, the applicability of the reported efficiencies to the 
Lake Simcoe watershed and design characteristics that may influence the reported efficiencies.   
 
In the example below, a phosphorus removal efficiency range of +/-20% (40% total) is used to 
describe an acceptable range in values (this corresponds generally to the median range of 
values observed for the techniques described in the documents that have been reviewed).  The 
median of these values is chosen as a conservative estimate of phosphorus reduction.  In the 
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most difficult cases where the ranges in reported values are >40%, the removal efficiency value 
may require a design qualification to be acceptable (see Figure 5).   
 

The BMPs reviewed for the Tool (Table 3) are classes of BMPs and there may be unique 
features for any given BMP that make it more or less effective at phosphorus removal.  Any 
BMP that is chosen should be assessed against the references given for the BMPs in Column 2 
of Table 3 to determine whether or not the % phosphorus removal efficiency shown in Table 3 is 
applicable to the BMP of choice and for the specific characteristics of the development site.  If 
not, the user should select the appropriate removal efficiency and provide details in support of 
that efficiency in the Stormwater Management (SWM) plan. 
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Figure 5.  Decision tree for selecting appropriate phosphorus removal efficiencies for 
stormwater and construction BMPs.   

 
 

3.3.1.2 Derivation of Single BMP Phosphorus Removal Efficiencies 

Table 3 shows how the decision tree in Figure 5 is applied to the removal efficiencies that were 
assembled from the documents that were reviewed.  The first step is to assess the efficiencies 
to identify those that are regionally significant.  In this case, there is one BMP where the 
reported removal efficiencies are relevant to the Lake Simcoe watershed, namely perforated 
pipe infiltration/exfiltration system.  The range of efficiencies for this BMP is less than 40% and 
so the median of the observed values is chosen as a single phosphorus removal efficiency for 

NO 
 

YES 
 

YES 
 

NO 
 

Assemble 
Phosphorus 

Removal 

Efficiencies 

Are there sufficient 
regional efficiencies 

available? 
 

NO 
 

NO 
 

Are existing non-regional 
efficiencies relevant? 

 

No 
Recommended 

Phosphorus 

Reduction 

Use Median 
Value with 

Design 

Qualification  

Use Median 
Value 

 

Use Median 
Value 

 

Specify design that 
will eliminate bias 

 

Is there an 
installation bias that 

contributes to the 

range? 

Is the range in 
reported efficiencies 

< +/- 20%? 

YES 
 

YES 
 



Ontario Ministry of the Environment  
Phosphorus Budget Tool in Support of Sustainable Development for the Lake Simcoe Watershed  

 
Hutchinson Environmental Sciences Ltd. 

21 
Version 2 – March 30, 2012  

that class of BMP.  In two cases, (sorbtive media interceptors and soakways/infiltration 
trenches), although there are no Ontario phosphorus removal efficiencies reported in the review 
materials, the techniques are not limited by geography.  The reported ranges in efficiency for 
these BMP classes are narrow so the median efficiency is chosen as a representative 
phosphorus removal efficiency.  In all other cases, there are unacceptable regional differences 
and wide ranges in efficiencies that would not support the derivation of single representative 
phosphorus removal efficiencies.  In the case of dry swales, the non-Ontario removal 
efficiencies may be usable, but the range of reported values is large such that it will be 
necessary to identify design criteria that will limit the range in efficiencies for this class of BMPs 
before a value can be chosen.     
 
Table 3.  Phosphorus Removal Efficiencies for Major Classes of BMPs Using the 

Decision Tree (Figure 5)  

BMP Class 
Reference 

IDs
1
 

Reported 
Phosphorus 
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0
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?
 Are Non-

Ontario 
values 

acceptable? 

Possible 
design 

criteria? 

Median % 
Removal 
Efficiency 

Min Max 

Post-development BMPs 

Bioretention Systems 
8-10, 

12,13, 34-
38, 40 

-1552 80 no no no No none 

Constructed Wetlands 
104, 106, 

109 
72 87 yes yes   77 

Dry Detention Ponds 104, 109 0 20 no yes yes  10 

Dry Swales 24, 26-32 -216 94 no no no possible none 

Enhanced 
Grass/Water Quality 
Swales 

21, 104 34 55 no yes no No none 

Flow Balancing 
Systems 

106 77 no ? yes Min data 77 

Green Roofs 2 -248 no no no No none 

Hydrodynamic 
Devices 

109 -8 no ? yes  none 

Perforated Pipe 
Infiltration/Exfiltration 
Systems 

7, 4 81 93 yes yes   87 

Sand or Media Filters 104, 109 30 59 no yes yes  45 

Soakaways - 
Infiltration Trenches 

6, 104 50 70 no yes yes  60 

Sorbtive Media 
Interceptors 

111 78 80  no yes yes  79 

Underground Storage 106 25 no ? yes Min data 25 

Vegetated Filter 
Strips/Stream Buffers 

6, 42, 104 60  70 no yes yes Yes 65 

Wet Detention Ponds 
104-106, 

109 
42 85 yes yes   63 

Notes: 
1
References associated with IDs are provided in Appendix 7. 
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The Table 3 values are recommended as general, representative phosphorus reduction 
efficiencies for major classes of BMPs and have sufficient documentation to demonstrate their 
effectiveness in Ontario’s climate according to the decision rules provided above. They are only 
representative, however, under the assumption that they are built to design specification 
and maintained to design standards, to assure their effectiveness.    
 
Where the user wishes to use innovative BMPs, or if they can provide documented information 
or engineering design characteristics that alter the values provided in Table 3, then they would 
document their rationale according to the guidance provided (Sections 3.3.1.1 and 3.3.1.2) and 
demonstrate the effectiveness of the BMP in a manner acceptable to MOE in the SWM plan 
submitted for the development.  Choosing to provide a different BMP or efficiency value may 
better reflect site-specific knowledge or emerging technologies but will result in a thorough 
review of the development application by the approving agency (ies), which may require more 
time to assess. 
 
A treatment train approach, where more than one BMP is used in a series to treat stormwater 
runoff from the same land use area, can be used in the Tool.  In a treatment train approach, the 
total phosphorus removal efficiency of the train is not necessarily the sum of the efficiencies for 
the individual BMPs in the train.  This occurs because the efficiencies of several BMPs are 
influenced by phosphorus input concentrations.  Treatment of runoff by one BMP may reduce 
the phosphorus concentration in the runoff to a level that reduces the effectiveness of the next 
BMP in the train. In addition, the Tool cannot anticipate or accommodate the many 
combinations of techniques that can make up a treatment train. The Tool, therefore, does not 
provide suggested phosphorus removal efficiencies for a treatment train.  The user must provide 
the total phosphorus removal efficiency of the proposed treatment train and document the 
scientific rationale for that efficiency in the SWM plan for the development.   
 

3.3.2 Methods - BMP Implementation  

BMP selection and calculation of phosphorus load reductions for the post-development scenario 
will be completed by the user as follows:  
 

1. The user will rely on the information documented and detailed in the SWM plan for the 
site that will be used to support the planning application to the Municipality.  

2. The user will select the type of BMP (or a Treatment Train approach) that will be used to 
capture or treat runoff from each post-development block using the drop-down menu in 
the database. The user can select “Other” from the drop-down list if they plan to use an 
innovative BMP that is not coded in the database.   

3. The user can choose to use the phosphorus removal efficiencies for the BMPs that are 
coded in the database, or can enter a custom efficiency.  The User must enter a custom 
efficiency if a Treatment Train is selected. 

4. If “Other” or “Treatment Train” are selected as a BMP, or if a custom efficiency is used 
for any BMP, the user will enter a brief rationale in the ‘rationale field’ that refers the 
reviewer to the SWM Plan for the full technical justification. 

5. The database links each combination of post-development phosphorus load and chosen 
BMP for each block to the phosphorus removal efficiency of the chosen BMP to provide 
the load reduction that will be applied to runoff from that area.  
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6. The database calculates the total annual phosphorus load from each block (i.e., each 
land use/BMP combination) with BMP implementation and sums the loads to produce 
the total post-development load with BMPs for the site.  

7. The database produces a summary showing: 

a. Pre-development phosphorus load (in kg/yr) for the entire site,  

b. Post-development  phosphorus load (in kg/yr) for the entire site, with and without 
BMPs, and 

c. Change in phosphorus load from pre-development conditions, with and without 
implementation of BMPs (in kg/yr and as a %). 

 

3.4 Module 4: Construction Phase Phosphorus Loads 

3.4.1 Approach 

Quantification of phosphorus loads during construction is challenging given the variance in 
timing of construction processes, storm timing and frequency and site characteristics. In 
addition, phosphorus concentration in soil will vary across a site, and with depth. The Tool is 
therefore based on estimating soil loss during construction, and the effectiveness of various 
BMPs in preventing soil loss. A BMP that reduces soil loss from construction activity by 65% is 
assumed to reduce phosphorus loss by 65%, regardless of the actual concentration of 
phosphorus in the soil.   
 
The approach used in this guidance is based on the Universal Soil Loss Equation (USLE) as 
described by Stone and Hilborn (2000).  Users of the Guidance are required to divide potential 
development sites into blocks of continuous slope and relatively uniform soil characteristics and 
provide information needed to populate the USLE.  From this it is possible to approximate soil 
loss during the construction phase. The construction phase assessment does not include losses 
of soil-bound phosphorus to the atmosphere by wind erosion, as the science is not well-enough 
advanced to guide estimates from this pathway. The Tool addresses losses through surface 
runoff only.   
 
TRCA (2006) and MOE (2003, 2006) have developed Erosion and Sediment Control Guidelines 
for Urban Construction which are excellent resources for designing site controls to reduce 
sediment and nutrient loss during construction, but which provide no indication of the potential 
soil loss either with or without controls in place. Where available, the effectiveness of erosion 
and sediment control BMPs that apply during the construction phase to minimize soil, and 
hence phosphorus, runoff have been documented in this Guidance.  These reductions are 
included as part of the calculation approach used in the database tool provided.   
 
Using the USLE and documented construction phase BMPs, a reasonable estimate of 
construction phase sediment loading is produced. 
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3.4.2 Calculating Construction Phase Loading  

The quantification of expected soil loss from a construction site is an uncertain process, even 
under the most well-defined  conditions.  Determining expected loss reductions from the use of 
various on-site BMPs adds to the uncertainty.  Even with inherent uncertainty, however, this 
Guidance proceeds from the principle that the process of quantifying soil and nutrient losses as 
part of the planning and approval process will have a beneficial impact on water quality 
regardless of whether the estimated loads are actually realized, as long as the appropriate 
BMPs are selected and properly implemented in a manner that minimizes soil losses from the 
site. The process of estimating construction phase loadings and the means to minimize them is 
one of awareness that can be translated into the site development process.  
 
This Guidance provides a means for users to estimate sediment and particulate phosphorus 
loading from the construction phase using the Universal Soil Loss Equation as described in 
Stone and Hilborn (2000) where average annual estimated soil loss (SL) in kg/year from the 
construction site is calculated as: 
 

SL = ∑2241.7 x R x K x LS x C x P x Ai 

 
Where: 
 

2241.7 is a unit conversion from tons / acre to kilograms per hectare; 
 
R is the rainfall and runoff factor by geographic location with a value of 90 for the Lake 
Simcoe basin; 

 
K is the soil erodibility factor based on soil textural class and organic matter content of 
exposed soil according Table 4; 
 
LS is the slope length gradient factor which can be calculated as: 

 
LS = [0.65 + 0.0456 (% slope)] + 0.006541 (% slope)2 x (slope length in meters / 
constant)NN 

 
Where:  

The user would provide values for % slope and slope length.  
 

Constant = 22.1, and 
 

NN is determined according to slope via Table 5.  
 
C is the C factor.  The C factor in agricultural applications of the USLE is the product of a 
crop type factor and a tillage method factor which produces an estimate of the portion of 
the year during which there is exposed soil that is unprotected by vegetative cover. For a 
construction site application this could be calculated using input from the user as: 

 
C = (months during construction phase that soil is exposed/12) / (duration of construction 
in months/12) 
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Table 4.  K Factor Data (Organic Matter Content) 

Textural Class Average Less than 2 % More than 2 % 

 Clay 0.22 0.24 0.21 

 Clay Loam 0.30 0.33 0.28 

 Coarse Sandy Loam 0.07 -- 0.07 

 Fine Sand 0.08 0.09 0.06 

 Fine Sandy Loam 0.18 0.22 0.17 

 Heavy Clay 0.17 0.19 0.15 

 Loam 0.30 0.34 0.26 

 Loamy Fine Sand 0.11 0.15 0.09 

 Loamy Sand 0.04 0.05 0.04 

 Loamy Very Fine Sand 0.39 0.44 0.25 

 Sand 0.02 0.03 0.01 

 Sandy Clay Loam 0.20 - 0.20 

 Sandy Loam 0.13 0.14 0.12 

 Silt Loam 0.38 0.41 0.37 

 Silty Clay 0.26 0.27 0.26 

 Silty Clay Loam 0.32 0.35 0.30 

 Very Fine Sand 0.43 0.46 0.37 

 Very Fine Sandy Loam 0.35 0.41 0.33 

 
Table 5.  NN Values 

S < 1 1 < Slope < 3 3 < Slope < 5 > 5 

NN 0.2 0.3 0.4 0.5 

 
P is the support practice factor and represents BMP practices that contribute to reducing 
soil erosion on the slope (“source reduction”) and practices that capture sediment at the 
bottom of the slope (“capture reduction”).  

 
P = {(1- BMPprev) * a1 + (1 - a1)} * {(1 - BMPcap) * a2 + (1 – a2)} 

 
Where: 

BMPprev is the efficiency of the erosion prevention BMP applied on the 
slope (i.e., source reduction) 
a1  is the portion of the slope the erosion prevention BMP is applied to 
BMPcap is the efficiency of the down gradient sediment capture BMP 
a2  is the portion of the slope runoff intercepted by the sediment capture 
BMP (i.e., capture reduction) 

 
Ai is the area of slope i. Soil loss for the site is the sum of soil loss from each slope that 
comprises the site. 

 
The phosphorus load (PL) from the construction site area is the product of the soil loss (SL), the 
subwatershed soil phosphorus concentration (SoilP) and the duration of construction phase in 
years (Dyrs): 
 

PL = SL * SoilP * Dyrs 
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Soil phosphorus concentration was originally intended to be a subwatershed value derived from 
the CANWET model. However, due to the variability between subwatersheds it was decided 
that a single soil phosphorus value of 0.0004 kg-TP/kg soil would be provided for all 
subwatersheds. This value was derived from the mean of subwatershed aggregate values used 
in Berger (2010). The CANWET model applies an empirical enrichment factor to the initial 
estimate of soil phosphorus to account for the greater phosphorus adsorption surface of smaller 
particles that make up a greater portion of eroded material. 
 
A summary of user supplied data requirements is presented in Table 6. This information is used 
as input to the included database tool to calculate an estimated base phosphorus loading from 
the construction phase. 
 
Table 6.  Input Requirements for Calculating Construction Phase Soil Loss 

Key Factors (to be input by guidance users for each continuous sloping portion of the construction site) 

Area of slope being considered 

Predominant soil texture class and organic matter content 

Surface Slope Gradient (%) 

Length of Slope 

Aggregate efficiency of BMP(s) to be used on this sloped portion of the site 

Duration of exposed soil on site 

Duration of construction phase 

 
In order for this approach to produce a defensible estimate of sediment and phosphorus loading 
from a construction site, the site must be divided into a series of sub-areas, or ‘blocks’, each 
with relatively uniform slope and soil characteristics to which a specific set of BMPs will be 
applied (Figure 6). The soil loss equation is applied to each block and the estimated site load is 
the summation of loads from each sub-area. Calculated loading from each block needs to 
consider the amount of time during the construction process that each area is undisturbed, 
exposed, stabilized and with or without sediment controls to capture runoff. 
 
If a construction phasing approach is to be used for construction, the undisturbed portions of the 
site are assumed to contribute their pre-development loading rates of sediment and phosphorus 
until clearing and grading takes place after which the USLE estimate is applicable for the period 
of time until the ground reaches its post-development state. 
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Figure 6.  Schematic of construction phase blocks that comprise relatively uniform slope 
and soil characteristics and a unique capture BMP and prevention BMP 
combination. 

 

3.4.3 Construction Phase BMPs 

In all cases there is a requirement that BMPs are maintained throughout the duration of the 
construction phase in order that they continually operate at their design efficiency.  The 
literature reports a wide range of soil loss from uncontrolled construction sites. For example 
between 5 and 50 tonnes per hectare per year of sediment is reported by Dreher and Mertz-
Erwin (1991).  Properly installed and maintained controls and BMPs can significantly reduce 
losses of soil and phosphorus and these construction phase BMPs can be divided into general 
categories: 
 

 Detention / retention systems – detain stormwater in some form of storage.  This practice 
can produce a number of benefits including reduced flow velocity and hence reduced 
sheer stress on soil particles, reduced peak flows and increased sedimentation. 

 Flow control structures – divert flow from off-site, less disturbed or stabilized areas and 
route it around areas with exposed soils thus preventing erosion in vulnerable areas. 
Structures may also be used to reduce sheer stress from runoff by reducing flow velocity 
through provision of storage. 

 Construction practices – include strategic sequencing and phasing of site activities, 
strategic grading and minimizing soil loss from vehicle traffic leaving site. 

 Filtration systems – include various methods of physical filtration of sediment from 
stormwater prior to release. 

 Infiltration systems – capture and infiltrate stormwater. 

 Soil erosion prevention – includes use of vegetative covers, mulches and fibre blankets 
to protect exposed soils from the erosive forces of incident rainfall and overland flow.   

Schueler and Holland (2000, article 52) provide ten (10) key elements that are needed for an 
effective erosion and sediment control plan for construction sites.  These are summarized 
below. 
 

Block 1
(slope 1 +
soil 1 + 

capture  BMP 1 +
Prevention BMP 1)

Block 2
(slope 2 + 

soil 1 +
capture BMP 1 +

prevention BMP 2)
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Minimize unnecessary clearing and grading 
 
Clearing and grading must be carried out within a stream protection and sediment control 
strategy.  These activities should be greatly restricted in sensitive areas including stream 
buffers, forest and wetland conservation areas, springs, seeps and infiltration areas, steep 
slopes, highly erodible soils and other environmentally sensitive features. These should be 
identified in both the site EIS and the SWM plan.  
 
Only areas that need to be cleared and graded as part of the development foot print or in order 
to access the site should be disturbed.  Features to be preserved need to be clearly marked on 
site plans and in the field.  Contractors need to be made aware of and have a clear 
understanding of how the sediment control strategy and minimization of clearing is to take 
place. 
 
Minimizing site disturbance is a critical factor in reducing the cost of other sediment and erosion 
control measures on a construction site. 
 
Protect water courses and stabilize stream banks 
 
Streams and watercourses are sensitive to construction activities. Where these features exist on 
a construction site, no clearing should be permitted within a prescribed setback in order to 
provide an adequate buffer. These should be identified in both the site EIS and the SWM plan.  
Additional protection should be installed along the perimeter of the watercourse buffer in the 
form of a silt fence, swale or other form of filtration to intercept stormwater runoff carrying 
sediment from upland portion of the site to a watercourse. 
 
Existing and future drainage ways traversing a construction site are a major conveyance of 
sediment from the site to watercourses as well as also being very prone to erosion from 
stormwater runoff. Ideally, drainage ways should be protected as a grass-lined channel or 
through the use of sod, erosion control blankets or jute netting. Check dams may be appropriate 
to slow stormwater passing through drainage ways and provide an opportunity for suspended 
sediment to settle. Check dams can also provide some storage to reduce peak flows that can 
impact receiving watercourses. 
 
Use construction phasing to limit soil exposure 
 
Large scale clearing and grading is a typical current practice for development sites, but such 
practices should be avoided because they produce the greatest loss by maximizing the duration 
that soils are exposed and the area of exposure.  Construction phasing is an alternate approach 
whereby the site is divided into smaller sub-areas where clearing and grading take place only 
immediately before construction on a portion of the site.  All other sub-areas of the site are 
either undisturbed or stabilized within 30 days of grading.  This means that site grading cannot 
take place all in one step as is the current typical practice.  Typical sediment load reductions 
compared with conventional non-phased approaches are estimated at around 40% for a 
subdivision development (Schueler and Holland (2000, article 54).  Combining this reduced 
sediment loss with other practices that capture already suspended sediments can lead to a 
much reduced loss rate from a well managed site.  Prevention of erosion is especially important 
on sites with fine soil particle sizes that can be very challenging to remove once they are 
suspended (Brown and Caraco, 1996) 
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The size of the project and the economics of grading in multiple phases are certain to be a 
consideration in the use of a phased approach.  Schueler and Holland (2000 article 54) 
suggests a minimum 10 ha threshold. Because grading is an expensive process and involves 
the mobilization of large equipment it may be cost prohibitive to grade one phase, remove or 
idle equipment and then return it for grading a subsequent phase some time later. 
 
If a phased approach is to be used, planning for it must begin in the early stages of the project 
as there is an added level of complexity inherent to the approach that will require additional 
coordination.  The planning should set out “triggers” for initiating a subsequent phase and also 
for stabilization of the current phase.  The sequence of construction for each phase and also for 
the overall project needs to be determined from the beginning. 
 
Cut and fill must be balanced within each phase without dependence on undisturbed areas for 
storage of material or provision of additional material for the current phase. Therefore the 
existing and planned topography must be considered when delineating each phase of 
construction to ensure that a balance can be met. 
 
Stormwater management, roads and other infrastructure need to be considered in each phase. 
Where stormwater management facilities are to exist within the final site plan, the phase(s) that 
contain these facilities should be initiated earlier in order that they can provide stormwater 
treatment for the disturbed site in advance of completion. Temporary facilities may need to be 
used to protect already completed phases or adjacent properties and watercourses that will 
receive runoff from the construction site. 
 
Phasing planning also needs to consider the impact of on-going construction on completed 
phases both from disturbance from construction activities and traffic. This may involve the use 
of alternate access roads for each phase. 
 
For each phase, erosion and sediment control practices need to be planned and installed prior 
to disturbance.  Planning needs to define when and where stabilization techniques are to be 
used following grading.  Maintenance and inspection schedules for sediment control elements 
must be specified and followed. 
 
Although a phased approach will likely incur an added cost to the developer, this should be 
considered along with the reduction in cost of treating larger amounts of sediment laden 
stormwater through various capture techniques that require space, construction time, materials 
and subsequent maintenance. 
 
Immediately stabilize exposed soils 
 
The objective on every construction site should be to establish grass or mulch cover within two 
weeks after soils are exposed.  Therefore fibre mulch is needed to stabilize soils during months 
when grass germination is slow or not possible. Compilation of data from four (4) studies of 17 
erosion prevention techniques involving various types of ground cover including mulches, straw, 
compost, fibre and synthetic blankets suggests that establishing a soil cover immediately after 
soil exposure can reduce soil and/or TSS loss by 29% to 99% with an approximate median 
value of 90%.  Slopes in these studies ranged from 9% to 34% with various soil textures and 
storm events (Schueler and Holland, 2000, article 55).   
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Lee and Skogergboe (1985) found a 99% reduction in suspended solids load after seeding 
exposed soil to increase biomass from zero to 2,762 kg/ha.   
 
An effective erosion and sediment reduction plan for the site will need to consider contingency 
strategy for stabilizing soils when project schedules shift and climate conditions impact the 
establishment of vegetative cover. 
 
Protect steep slopes and cuts 
 
Steep slopes are the most highly erodible surface on a construction site.  Land clearing, 
vegetation stripping, grading, cut-and-fill and other practices that disturb soil on a slope should 
not be conducted.   
 
If soil disturbance on a slope cannot be avoided, upland flow should be prevented from flowing 
down over a slope.  Severe gullies can form quickly from overland flow on a disturbed slope.  
Gully erosion results in large amounts of soil loss from a slope and can cause a slope to fail.   
 
Upland flow should be diverted around the slope by installing an earthen berm, ditch or 
perforated drain along the top of the slope.  Runoff will discharge from the end of the diversion 
and the designer should ensure a stabilized outlet with capacity for a 10 year storm event, and 
stabilized diversion channels. 
 
A silt fence anchored securely into the ground at the top of the slope may be used in 
conjunction with a permanent diversion feature to capture sediment on slopes less than 15 m 
long.  A silt fence is not effective at diverting overland flow as it is permeable.  If mid- or base-of-
slope sediment capture is required, and silt fence is installed to capture sediment, the silt fence 
must be installed to adequately handle high water velocities and sediment movement down the 
slope, otherwise water and sediment will overload or knock the silt fence down.  If a traditional 
silt fence is not adequate for mid- or base-of-slope application, a scoop trap or super silt fence 
may be a suitable alternative.  Schueler and Holland (2000, article 56) describes these 
structures. 
 
Temporary seeding, mulch or other surface treatments may not be effective in preventing 
erosion on steep slopes.  Additional stabilization measures such as erosion control blankets, 
geogrids/geotextiles and mulch binders are often required on steep slopes.  In winter, steep 
slopes may be protected by a plastic sheet cover (like covering a soil stockpile).  All stabilization 
measures must be appropriately tied-in to the ground at the top of the slope to prevent overland 
flow from flowing beneath them.  Stabilization methods are not designed to prevent slope 
failure, only reduce erosion. 
 
Install perimeter controls to filter sediments 
 
Perimeter controls are installed at the edge of a construction site to retain or filter runoff before it 
leaves the site.  Silt fences and earthen berms are two of the most common perimeter controls. 
 
Silt fences are moderately effective in filtering sediment when installed, located and maintained 
properly, with reported sediment removal efficiencies ranging between 36% and 86% with a 
median of 70% reported in four (4) studies summarized in Schueler and Holland (2000, article 
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56).  However, silt fences are commonly improperly installed and maintained, significantly 
reducing this efficiency. 
 
Some basic guidance for proper installation of silt fencing includes: 
 
Silt fencing must be aligned parallel with slope contours down gradient of the exposed area. 
Positioning should reflect the need for erosion and sediment control above property boundaries, 
but should consider construction traffic. The edges of the silt fence need to curve uphill to 
prevent flow from bypassing it. The length of the contributing slope should be no more than 30 
m. Fabric must be deeply entrenched to prevent undercutting. Spacing between posts should be 
less than 2.5 m and portions of the fence receiving concentrated flow need to be reinforced.  
 
If runoff does not infiltrate the ground faster than it accumulates behind berms or silt fences, it 
will flow to other areas of the construction site or will run off of the site.  Runoff will discharge 
from the ends of berms and the designer should ensure a stabilized outlet with capacity for a 10 
year storm event, stabilized diversion channels and berms (i.e., appropriate surface cover).  
There are typically fewer maintenance problems with earthen berms than silt fences, provided 
berms are designed to suit the site’s conditions and climate.  For small sites, a compacted 0.66 
m high berm made of compacted soil and covered with an appropriate surface treatment is 
usually sufficient.   
 
Straw bales should not be used as perimeter berms as they typically do not retain sediment 
well, can add to dissolved phosphorus loads in runoff and are commonly improperly installed 
and maintained. 
 
Gravel or clear stone can be installed in conjunction with silt fences or earthen berms as a 
filtering outlet on small sites, provided that sediment will not flow through or plug the filter during 
construction or between maintenance cycles. 
 
Even when erosion and sediment control BMPs are properly installed and maintained, 
construction sites will still discharge high concentrations of sediments during large storm events.  
Therefore, erosion and sediment control BMPs should include a trap or basin to settle 
sediments in runoff, before runoff leaves the site.  For most soils, settling devices must operate 
at 95 – 99% efficiency to produce a non-turbid discharge.  However, traditional settling basins 
have been shown to have variable efficiency because of the distribution of sediment grain size. 
Finer sediments take more time to settle out and can comprise the larger portion of the 
sediment load. The traditionally simple designs of settling basins may not be adequate to 
capture these fine materials. 
 
To improve sediment settling efficiency, settling basins should include features to increase 
water retention time or decrease water energy/flow to promote more efficient sediment settling.  
These features could include: greater storage volume, internal geometry which reduces water 
flow rates, gentle side slopes, multiple cells, perforated riser pipes, and the use of baffles, 
skimmers and other outlet devices to reduce sediment discharge. 
 
A detailed inspection and cleanout/maintenance plan should also be implemented with the use 
of settling basins/devices to increase efficiencies. 
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Use contractors trained in the use of sediment control techniques  
 
The most important aspect of erosion and sediment control is having contractors on the 
construction site that are experienced in the installation and maintenance of erosion and 
sediment control BMPs that are appropriate to the site’s conditions.  This includes contractors 
who conduct earth works with minimal footprints and structure work to reduce erosion prone 
surfaces.   
 
Erosion and sediment control courses are available from construction organizations and through 
some municipalities and conservation authorities (e.g., Toronto Regional Conservation 
Authority).  Contractors with training from these courses may provide better erosion and 
sediment control services than those without.  Hiring an environmental consultant or engineer 
with professional erosion and sediment control design is also advisable, especially on large or 
complex sites. 
 
Adjust planning on-site to ensure appropriateness 
 
Erosion and sediment control plans and best management practices are usually designed at the 
desk top.  Site conditions may not be the same as those on site plans, and site conditions may 
change unexpectedly during construction.  Therefore, erosion and sediment control plans and 
BMPs should be monitored and revised as necessary, to capture sediment before it migrates off 
of the construction site. 
 
If sediment migrates off of the site, especially if the sediment contains contaminants, third party 
properties or the environment may be damaged, fines may be laid and the property owner may 
be mandated by the MOE or local conservation authority/municipality to remediate the impacts.  
Therefore, it is crucial to capture sediment before it leaves a site. If planned erosion and 
sediment control BMPs are not effectively capturing sediment, or it appears that the BMPs may 
fail, the erosion and sediment control plans should be amended. 
 
Re-assess effectiveness of sediment management following large storms 
 
Following the first storm on a site, the effectiveness of the erosion and sediment control BMPs 
should be assessed. This “first event” assessment will indicate if erosion and sediment control 
BMPs are appropriate or need to be amended, or if additional BMPs are required. 
 
Include maintenance planning and implementation for sediment control practices  
 
Sediment control features capture sediment and they become ineffective if accumulated 
sediment fills their basins or pore spaces.  Therefore, maintenance (e.g., sediment removal) of 
sediment control features is required.  The maintenance interval should be determined based on 
the type of erosion control feature installed, and intensity of erosion on the site (e.g., silt fences 
may need more frequent maintenance than large settling ponds). 
 
Additionally, if construction activities continue longer than expected or unexpected site 
conditions arise (e.g., larger exposed areas or more precipitation than anticipated), maintenance 
may be required on ‘one time’ installation features that wouldn’t normally require maintenance. 
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For the purpose of simplicity this Guidance will assume that soil and nutrient loss rates are 
uniform throughout the year and that the efficiency of BMPs also remains unchanged. These 
factors can be revised as information becomes available in the future. 
 

3.4.4 Effectiveness of Construction Phase BMPs 

The Database Tool uses a 2-tier reduction approach to calculating sediment reduction from 
construction phase BMPs. The first BMP reduction is applied to the base load as determined 
from the USLE equation that assumes no protection.  This “source reduction” is applied to 
account for load reductions resulting from erosion prevention measures. These measures, and 
associated reductions and rationale are: 
 

 Vegetative cover – 99% reduction after construction site areas are returned to vegetative 
cover (grass or open field vegetation) during the construction phase  

 Mulch, fibre or geotextile blankets and mats – 90% reduction for a) areas where mulch 
coverage is maintained, mulch is applied thickly enough to prevent erosion from runoff 
and a second tier BMP is installed at the point of runoff, or b) areas that are completely 
covered with a fibre or geotextile blanket that is secured and maintained to prevent 
erosion from runoff and a second tier BMP is installed at the point of runoff.  

 Check dams – Check dams do retain coarse particulate matter and associated 
phosphorus but the efficiency of these devices is not yet well enough known to provide 
an associated reduction.  

 
The second tier BMP reduction is applied to the resulting load at the bottom of the slope or prior 
to the load leaving the site.  This “capture reduction” is applied to account for load reductions 
resulting from sediment capture measures.  These measures include practices such as:  
 

 Dry Detention Ponds – 10% reduction as described in Section 3.3, Table 3  

 Wet Detention Ponds - 63% reduction as described in Section 3.3, Table 3 

 Vegetated Filter Strips/Stream Buffers – 65% reduction as described in Section 3.3, 
Table 3 

 Silt fences – 70% reduction for areas where silt fences are properly installed, maintained 
and inspected to effectively to capture sediment.  

 Sand or media filters (filter tubes and bags) - 45% reduction as described in Section 3.3, 
Table 3 

 Soakaways - Infiltration Trenches – 60% reduction as described in Section 3.3, Table 3 

 Anionic Polymer Runoff Treatment – 91% reduction for treatment of runoff from an area 
where TSS concentration in the runoff ranges from 171 to 706 mg/L.    

 
The combined reduction in sediment load is represented as the “P” factor in the soil loss 
equation (Section 3.4.2) for each slope unit assessed.  We assume that the same efficiency of 
these BMPs is applicable to runoff that has already been subject to Tier 1 BMPs, however, the 
effectiveness of the Tier 2 BMPs is likely reduced since larger particle sizes are already retained 
by Tier 1 BMPs leaving the more difficult to retain finer particles.   
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Additional techniques and details for construction phase reduction of sediment loss are 
presented in Appendix 2.   
 

3.5 Analysis to Estimate Changes in Phosphorus Load  

The intent of Policy 4.8e is to minimize phosphorus loadings to the lake from development and 
the test of meeting that intent has been interpreted as: 
 

Post-Development Load < or = Pre-Development Load. 
 
The MOE recommends that municipalities require that phosphorus loading from the construction 
phase be minimized in support of other related designated policies in the LSPP (i.e., Policy 4.20 
and ‘have regard’ fro Policy 4.21), with the objective that: 
 

Post-Development Load + Construction Load < or = Pre-Development Load. 
 
In consideration of the above, the MOE recommends that municipalities approve development 
as site specific appropriate if: 

a) Post-development load < or = pre-development load, and 

b)  (Post-development + amortized construction phase) load < or = pre-development 
loading, 
 OR 
If (Post-development + amortized construction phase) load > pre-development loading, 

THAT 
All reasonable and feasible construction phase BMPs have been identified for 
implementation, documented and accounted for in the application. 

 
In consideration of the above, the database tool calculates resulting loads from each of the four 
modules and determines the net impact in terms of the phosphorus budget associated with the 
proposed development site. The analysis needs to distinguish permanent changes in 
phosphorus load resulting from changes in land use (i.e., pre- vs. Post-development) from 
temporary loadings during each year of construction. The Database Tool calculates loadings on 
an annual time step for pre-, post and as a total load for the entire duration of the construction 
phase.   
 
The impact of the construction phase load to the lake from any one year will be fully assimilated 
within eight years, as the average residence time of water in Lake Simcoe is 7.5 years (Scott et 
al., 2004). The annual contribution from the construction phase load is therefore calculated by 
dividing the total construction phase load by 8 (to “amortize” the loading from construction over 
the residence time of water in Lake Simcoe) and adding the result to the post-development 
condition.  If the resulting load exceeds the pre-development load, the applicant would 
determine additional construction phase BMPs that will reduce the load to below pre-
development levels or, alternatively, shorten the construction phase to meet the requirement 
that all reasonable and feasible construction phase BMPs have been considered for the 
development.  This approach is illustrated for four hypothetical scenarios in Table 7.  
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Pre Development Load 600

Post Development Load 480

Construction Phase Annual Load 120

Scenario 1 Two Year Build Out

Construction Phase - 2 Year Total Load 240

Construction Phase - Amortized annual load over 8 years 30

Post Development Load 480

Total Load : Post Development + Construction 510

Conclusion : Net Reduction in Load 

Scenario 2  Twelve Year Build Out

Construction Phase - 12 Year Total Load 1440

Construction Phase - Amortized annual load over 8 years 180

Post Development Load 480

Total Load : Post Development + Construction 660

Conclusion : No Net Reduction in Load 

Scenario 3  Reduce Build Out Time to Six Years 

Construction Phase - 6 Year Total Load 720

Construction Phase - Amortized annual load over 8 years 90

Post Development Load 480

Total Load : Post Development + Construction 570

Conclusion : Net Reduction in Load 

Scenario 4  Twelve Year Build Out + Improve BMPs by 50%

Construction Phase - 12 Year Total Load 720

Construction Phase - Amortized annual load over 8 years 90

Post Development Load 480

Total Load : Post Development + Construction 570

Conclusion : Net Reduction in Load 

Table 7.  Sample Analysis to Achieve Reductions in Phosphorus Load. All figures are in 
kg/yr.  

 
The final component of phosphorus management is verification that the development and its 
construction are carried out to achieve the development plan and BMPs that informed the 
phosphorus budget development.  The Tool is developed with the purpose of demonstrating, 
through scientifically valid methods, the conditions under which “no net phosphorus load” can be 
achieved and verified at the planning stages of development. The need for verification that the 
development was implemented as proposed needs to be considered, but is beyond the scope of 
this document and must be addressed as part of the planning approval and implementation 
process.  
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4.  Future Directions 

The methodology for calculating a site level phosphorus budget presented in this Guidance 
needs to be considered a “living document” that is updated over time as new information and 
technology become available, or as the LSPP Phosphorus Reduction Strategy or other policies 
change. The following should be considered as part of the future direction of the evolving 
Guidance: 
 

 Pphosphorus export coefficient values should be updated in response to new monitoring 
or modelling initiatives at the subwatershed, catchment, and potentially site level of 
resolution. 
 

 The methodology provided in this Guidance uses the standard Universal Soil Loss 
Equation (USLE) as described by Stone and Hilborn (2000) rather than the more recent 
RUSLE2 which is more complex and involves the use of a more definitive database of 
parameter values.  Future reviews might consider whether the RUSLE2 approach would 
produce a more reliable result and if data is available to support its use. 

 
 This Guidance and the associated Database Tool could be made a web-based utility in 

the future in order to allow for easier updating of tables and parameters used in the 
calculations. We note, however, that proponents require stability in the planning and 
approval process and that this need must inform the decisions on timing of updates to 
the process or coefficients.  
 

 Wind erosion from agricultural activities and construction sites has not been considered 
in the subwatershed modeling work completed to date and may contribute to the 
atmospheric deposition portion of loading to Lake Simcoe in both the pre-development 
(agricultural) and post-development (construction) phases. Many practices that reduce 
wind erosion potential may also reduce soil loss due to stormwater runoff. Therefore, 
future efforts should be made to quantify a) losses due to wind erosion from agricultural 
and construction activities, and b) the benefits of BMPs to reducing both types of soil 
loss. 
  

 There is a need to account for changes in understanding of watershed processes or 
better estimates of phosphorus loads from specific land uses and to incorporate 
advances in storm water management, LID and BMPs as they are made available in the 
future. These could be accommodated by issuing addenda to the guidance document 
with updated phosphorus removal efficiencies for BMPs as they became available and 
were accepted by the MOE. These addenda would provide information requirements, 
rationale and criteria for adoption of new technologies and techniques. The modular 
approach of the Tool allows addenda to be issued for specific modules without the need 
to re-write the entire guidance document. 
    

 There is a need to provide rationale and criteria to guide proponents who wish to 
consider alternative approaches and those who must review alternative approaches. 
This Guidance provides a generic methodology for quantifying phosphorus loading that 
is based on a set of assumptions used in an aggregated modeling approach. It makes 
generalizations about soil loss during construction phase and the efficiencies of a set 
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group of BMPs.  Proponents may wish to undertake more detailed site modeling and/or 
monitoring to justify a development application under special circumstances. Such 
alternative approaches need to be considered to determine the appropriateness of the 
assessment to the specific site conditions. 
 

 The Ministry may consider reviewing existing guidance for LID, Construction Phase 
activities (i.e., erosion and sedimentation considerations) and updating the SWMPD 
Manual from time to time to reflect current and emerging practices in these sectors. 
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Appendix 1 
Annotated Bibliography of Development BMPs 
Literature



Ontario Ministry of the Environment  
Phosphorus Budget Tool in Support of Sustainable Development for the Lake Simcoe Watershed 

 
Hutchinson Environmental Sciences Ltd. 

A1-i 
J110008_16102012_Budget_Guidance_Ver2.Docx  

Ref. 
# 

Citation Reference Comments 

1 Berger Group 2010 Estimation of Phosphorus Loadings to 
Lake Simcoe. 

reviewed to establish phosphorus loading coefficients for the land uses in 
each of the Lake Simcoe subwatersheds 

2 Toronto Region 
Conservation Authority 2006 

Erosion and Sediment Control Guidelines 
for Urban Construction 

this document focuses on sediment runoff mitigation for construction 
sites.  The document does not quantify either percents or concentrations 

3 Credit Valley Conservation 
2010 

Low Impact Development Stormwater 
Management Planning and Design Guide 
CVC Version 1, 2010 

uses the treatment train approach to Low Impact Development.  Ten 
techniques are described and runoff reduction estimates or TP reduction 
estimates are given for each LID technique 

4 Schueler, T.R., 2000a Comparative Pollutant Removal 
Capability of Stormwater Treatment 
Practices Technical Note #95 from 
Watershed Protection Techniques. 2(4): 
515-520. 

compares median % pollutant removal efficiencies for several stormwater 
treatment practices from the Centre for Watershed Protection database 
including: wet and dry ponds, wetlands, filters, infiltration, water quality 
swales and ditches - insufficient monitoring data to confidently assess 
performance of several commonly used practices, i.e. infiltration, 
bioretention, filter strips and swales 

5 Schueler, T.R., 2000b Pollutant Removal Dynamics of Three 
Wet ponds in Canada Technical Note 
#114 from Watershed Protection 
Techniques. 3(3): 721-728. 

removal efficiencies and design details reported in this document are also 
presented in Reference #6 along with those of other Ontario stormwater 
treatment practices monitored under the SWAMP program  

6 MOE et al 2005, SWAMP Synthesis of Monitoring Studies 
Conducted Under the Stormwater 
Assessment Monitoring and Performance 
Program 

provides evaluation of four wet ponds (including the 3 ponds in Reference 
#5), one wetland, one flow-balancing system, one underground tank and 
two oil grit separators in Ontario. Provides an overview of stormwater 
management practices and guidelines in Ontario, maintenance 
considerations, monitoring designs, and operational costs.  Performance 
evaluations in the report are more relevant to the Lake Simcoe watershed 
than those reported for similar systems in the US (References #4, 7 and 
9).  The report is therefore the recommended prime source of information 
for these stormwater treatment practices. 

7 Winer, R., 2000 National Pollutant Removal Performance 
Database for Stormwater Treatment 
Practices 2nd Edition March 2000. 
Report prepared for the EPA Office of 
Science and Technology 

performance results of stormwater treatment practices in the US from 135 
studies contained in the database - as % removal efficiencies and effluent 
concentrations (no influent concentrations are reported). Specific site or 
design characteristics are not considered.  Contains a bibliography for 
more detailed site and design information.  This is the detailed report 
summarized in Reference #4.  All primary findings from the report are 
noted in the review of Reference #4 above.   

8 Ontario Ministry of the 
Environment, 2003 

Stormwater Management Planning and 
Design Manual, 2003 and Ministry 
Guideline: Erosion and Sediment Control 
Best Management Practices (December 
2006) 

guidance for the selection and sizing of stormwater management 
infrastructure with information on cost and maintenance for each 
technology. Reference for describing those types of stormwater mitigation 
technologies that are known for use in Ontario climates.  no performance 
details given. Some references to the fact that certain techniques under 
certain conditions will export no water from the watershed to the receiving 
water 



Ontario Ministry of the Environment  
Phosphorus Budget Tool in Support of Sustainable Development for the Lake Simcoe Watershed 

 
Hutchinson Environmental Sciences Ltd. 

A1-ii 
J110008_16102012_Budget_Guidance_Ver2.Docx  

Ref. 
# 

Citation Reference Comments 

9 http://www.bmpdatabase.org The International Stormwater Best 
Management Practices (BMP) Database 
Project website 

provides access to the downloadable MS Access database as well as 
summary reports.  allows downloading information summaries for each 
practice study using specified criteria (facility type, state/province, water 
quality parameters) that include design details, site characteristics and 
monitoring results.  useful to refine performance evaluations for specific 
practices. 

10 Mary T. Nett1, Mark J. 
Carroll, Brian P. Horgan, A. 
Martin Petrovic, 2008 
American Chemical Society 
Volume 997, September 12, 
2008 

Fate of Pesticides and Nutrients in the 
Urban Environment. 

empirical dataset based on measurements taken in an urban watershed 
in Ithaca, NY.  The study was limited to 3 types of urban land use, 
Forested urban, general urban and fertilized lawns.  Outcomes were 
useful only in a descriptive manner because load differences were not 
significant between land use types unless precipitation and runoff 
characteristics met certain conditions.  General export coefficients that 
are divided between dissolved and particulate fraction may have some 
use for comparison.  these types of data are rare therefore tabulated 

11 Dr. John Sansalone of the 
Dept. of Environmental 
Engineering Sciences at the 
Univ. of Florida. February 
2009 

TARP Field Test Performance Evaluation 
of Sorbtive Filter using Sorbtive Media for 
Imbrium Systems Corporation 

very detailed and contains conclusive evidence with respect to both solids 
and P removal efficiencies for a single active sorbtive media stormwater 
treatment system  The system monitored removed 78% of TP with 12% 
confidence limits 

12 LSRCA Black River, East Holland River, West 
Holland River, Uxbridge Brook, 
Maskinonge River subwatershed Plans 

provide projected phosphorous loadings under subwatershed 
development scenarios.  Berger 2010 provide projections of development 
phosphorous loading based on the 2010 modelling data - also provides 
details that characterize the land uses in each subwatershed pertinent to 
phosphorus loading - details provided in these reports are useful for 
assessing the conditions of development sites that could contribute to 
phosphorus loading in the subwatershed 
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Appendix 2 
Table of Construction Phase BMPs, 
Descriptions and Efficiencies 
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Description 

Beneficial 
Management 

Practice 
(BMP) 

Category 

Addresses 
what 

Loading 
Source? 

Applicable 
to what site 

features? 
Known Limitations of BMP 

Reported 
Efficiency  

Efficiency 
References 

(see 
Appendix 7) 

Efficiency to Use 

Anionic Polymer Runoff Treatment - flocculation 
and or coagulation of fine particles using polymers 
for the clarification of construction runoff to 
enhance downstream detention practices.   

Runoff 
capture 

Surface 
Runoff 

Interior site Requires proper design and 
monitoring to ensure that 
floc or polymer-dosed water 
does not get released to the 
environment  

TSS = 88 
to 94% 
(mean = 
91%) with 
TSS 
influent 
concentra
tion of 
171 to 
706 mg/L 

41 91% 

Bioretention Systems - biologic activity to 
filter/clean stormwater (infiltration basins, 
rainwater gardens, surface sand filters) 

Filtration 
Systems 

Surface 
runoff 

Interior site Can’t treat large drainage 
areas, susceptible to 
clogging, consume a large 
area, high cost 

TSS = 95% 
(45cm) 
TP = -
1552-80 

8-10, 12, 13, 
34-38, 40 

Site and design 
specific 

Check Dams- permanent or temporary barrier that 
present erosion and promote sedimentation by 
slowing flows and filtering 

Soil erosion 
control 

Surface 
runoff 

 Requires periodic repair and 
sediment removal, removal 
can be expensive and difficult 

  Not available 

Construction Phasing - creating a specified work 
schedule that coordinate the time of land-
disturbing activities and the installation of erosion 
and sedimentation control measures to minimize 
the area and duration of exposed soil 

Construction 
practices 

 Interior site, 
Stream, 
Drainage 
Channels 

Requires more complex 
planning; potentially more 
costly as grading in done in 
multiple steps 

TSS= 40% 112, article 
54 

Site specific 

Dry Detention Ponds - collects stormwater runoff 
and store temporarily until infiltration and 
evaporation can occur 

Detention 
Systems 

Surface 
runoff 

Interior site For drainage areas greater 
than 10 acres, clogging, 
marginal removal of 
pollutants, unattractive, 
collect trash and debris 

TSS = 61% 
TP = 0-
20% 
Soluble P 
= -11%  

104, 109 10% 
 

Flow Splitters - restricts stormwater flows and 
creates bypass around the exposed areas 

Flow Control 
Structures 

Surface 
runoff 

Interior site Can create flow reversal, only 
for small systems 

  Site specific 
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Description 

Beneficial 
Management 

Practice 
(BMP) 

Category 

Addresses 
what 

Loading 
Source? 

Applicable 
to what site 

features? 
Known Limitations of BMP 

Reported 
Efficiency  

Efficiency 
References 

(see 
Appendix 7) 

Efficiency to Use 

Inlet Protection- prevention methods around 
storm drains limiting the amount of sediment 
entering the unit (sediment filter, sand bag 
barrier, geotextile barrier, compost biofilters, etc) 

Filtration 
Systems 

Impervious 
areas 

Interior site Needs to be properly 
maintained, not as effective 
for find-grained sediments or 
large loads; compost 
biofilters increase in 
efficiency with increased 
number of rolls used 

TSS = 69% 
(for 5 rolls 
each 
45cm 
diameter 
compost 
biofilters 

114 69% 

Maintenance - maintaining the BMPs that you 
currently have in place 

House-
keeping 
techniques 

House-
keeping 

Entire site Expensive, needs to be done 
somewhat frequently 

  Site specific 

Mulches and Fibre or Geotextile Blankets and 
Mats - the application of organic materials, 
blankets or mats to form a temporary protective 
soil cover 

Soil erosion 
control 

Exposed 
soil, surface 
runoff 

Interior site, 
Stream, 
Drainage 
Channels 

Must be installed properly to 
be effective, mulching may 
not be effective on slopes 
greater than 3:1 

29% - 99% 
TSS 
reduction 
(median = 
90%) for 
various 
natural 
mulches 
and fiber 
blankets 
on slopes 
between 
9% and 
34% with 
various 
soils 

112 90% 

Pavement Management - cleaning streets and 
construction areas (sweeping, minimizing sand 
and salt applications, etc) 

Housekeepin
g techniques 

Impervious 
areas 

Interior site    Site specific 

Silt Fences - temporary barrier to retain sediment 
along the perimeter and watercourses on a 
construction site 

Filtration 
Systems 

Stockpiling, 
watercourse 
and 
perimeter 
protection 

Stream, Site 
perimeter, 
Stockpiles 

Not always effective, proper 
installation is crucial, 
maintenance and inspection 
is required frequently, poor 
efficiency with fine particles 

TSS = 70% 
(median) 

112, article 
56 

70% 
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Description 

Beneficial 
Management 

Practice 
(BMP) 

Category 

Addresses 
what 

Loading 
Source? 

Applicable 
to what site 

features? 
Known Limitations of BMP 

Reported 
Efficiency  

Efficiency 
References 

(see 
Appendix 7) 

Efficiency to Use 

Soakaways-Infiltration Trenches - area to capture 
stormwater runoff, retain it, and then infiltrate it 
into the ground over a period of days 

Infiltration 
Systems 

Surface 
runoff 

Interior site Potential high failure if not 
designed properly, possible 
groundwater contamination, 
not for high 
sediment/polluted areas, 
cannot use in industrial 
areas, requires large flat 
area, maintenance, 
inspection 

TSS = 95% 
TP = 50-
70% 
Soluble P 
= 51% 

6, 104 60% 

Structural Methods - installation of inlet/outlet 
riprap, permanent diversion, temporary diversions 

Soil erosion 
control 

Stream and 
watercourse 
runoff 

Stream, 
Drainage 
Channels 

Removal of temporary 
diversion structures can be 
expensive and time 
consuming 

  Site and design 
specific 

Vegetative Filter Strips/Stream Buffers - maintain 
densely vegetated, uniformly graded areas that 
treat sheet flow from adjacent impervious 
surfaces 

Filtration 
Systems 

Surface 
runoff 

Interior site Can't use in hilly areas, 
difficult to monitor 
effectiveness, can use in 
contaminate areas, large area 
required, ineffective if 
improperly graded 

TSS=70% 
TP = 60-
70% 

6, 42, 104 65% 

Vegetative Methods - vegetative stabilization on 
site to prevent erosion, e.g., temporary seeding, 
sod 

Soil erosion 
control 

Exposed 
soil, surface 
runoff 

Interior site, 
Stream, 
Drainage 
Channels 

Cannot be implemented 
during off-seasons. In the fall 
heavy mulches will be used 
instead of vegetation.  

99% TSS 
reduction 
(biomass 
at 2464 
lb/acre 
compared 
to zero.) 

113  99% 

Vehicle Tracking Pad -  entrance pad at 
construction access locations reduces the amount 
of mud transported onto paved roads by vehicles 
or surface runoff 

Construction 
practices 

Surface 
runoff 

Interior site Some sites will require 
extensive maintenance, some 
pads can become quickly 
saturated and plugged 
reducing effectiveness 

Not 
available 

 Site specific 
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Description 

Beneficial 
Management 

Practice 
(BMP) 

Category 

Addresses 
what 

Loading 
Source? 

Applicable 
to what site 

features? 
Known Limitations of BMP 

Reported 
Efficiency  

Efficiency 
References 

(see 
Appendix 7) 

Efficiency to Use 

Wet Detention Ponds - stormwater pond with 
permanent pool.  Provides peak flow control and 
water quality treatment 

Retention 
Systems  

Surface 
runoff 

Interior site For drainage areas greater 
than 10 acres, high cost, large 
area required, engineered 
design required, warm water 
discharges. Less effective on 
fine soils 

TSS = 80% 
TP = 42-
85% 
Soluble P 
= 66% 

104-106, 
109 

63% 
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Using the Lake Simcoe Phosphorus Loading Database Tool 

 
Introduction  
 
The “Phosphorus Budget Guidance Tool to Guide New Development in the Lake Simcoe 

Watershed” (the “Tool”; HESL, 2012) is intended for use by the development community, 

municipalities, the Ministry of Environment (MOE) and the Lake Simcoe Region Conservation 

Authority to facilitate review of major new development applications for their compliance with 

Policy 4.8e of the Lake Simcoe Protection Plan.  The Tool provides a transparent and technically-

sound approach to estimate phosphorus (P) loading from stormwater runoff in the pre-, post- and 

construction phases of development in the Lake Simcoe watershed.  The Tool consists of three 

elements: 

 

1. A Technical Guidance Manual that provides the reference material used in developing 

the Tool, the rationale for the development of the Tool, and implementation guidance  in 

line with Policy 4.8e of the LSPP, 

2. A Microsoft ACCESS
©
 Database Tool that facilitates the calculation of a phosphorus 

budget for new development in accordance with the technical guidance, and 

3. A Database User’s Manual explaining the operation of the database. 

 

The following Database User’s Manual provides step-by-step instructions to navigate the 

Database Tool.  It is included as Appendix 3 of the Technical Guidance Manual of the Tool and is 

not intended as a “stand alone” description of the Tool or the estimation process, but rather as a 

set of instructions for operating the Microsoft ACCESS
©
 Database Tool.  The user must always 

rely on the Technical Guidance Manual as the primary technical source for instruction.     

 

Instructions 
 

 Save the database file to any folder.   All support reference data tables are warehoused 

within this single file. 

 The database opens to a main screen.  All features of the database are accessed from this 

opening view.  The version code and date are displayed in the lower portion of this screen 

and cannot be adjusted by users. 
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 To model a new development, the user will first need to enter information about the 

development.  A unique development name, sub-watershed and date combination are 

required as input.  Other optional information includes the developer or agent name and a 

description of the development. 

  

 The modules of the Tool are completed in sequence as information is entered for the pre-

development, post-development and construction phase scenarios.   

 

 MODULE 1:  Pre-development conditions are entered by the user as displayed with the 

screen below.  Users must have entered a new development or selected a previously entered 

development using the drop-down box on the main screen before they will be able to gain 

access to this screen.  The landuse drop-down list options are contained in a reference table 

along with subwatershed-specific P export coefficients. The user must select a land use 

classification from among the options presented.  The export coefficients are populated 

automatically by the tool and may NOT be adjusted by the user. A listing of all sub-watershed 

P export coefficients can be viewed from this screen by selecting the View Subwatershed 

Export Coefficients tab.  After users enter the area values for each land use (to the nearest 

hundredth of a hectare) and press the tab key to advance to the notes field, the P load in 

kg/year is derived automatically.  The total area of the development site is also derived 

automatically along with a total P load for the site and is displayed at the bottom of the 

screen. The user must verify that the total development area displayed is the same as in the 

development plan.  A summary of the pre-development conditions can be viewed using the 

button provided.  A sample summary report is shown in the Appendix of this document. 
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 MODULE 2: Post-development conditions can be added only after pre-development 

conditions have been entered in Module 1 (a blank screen will appear if this is not the case).  

The user must have also selected the development for which pre-development conditions 

were entered using the drop-down box on the main screen to display the information screen 

for Module 2.  The name and total area of the development is displayed at the top of the 

screen.  This information may not be adjusted, and displays and updates automatically.  In 

the lower part of the screen, the user selects a land use from the drop-down menu and enters 

the area of that land use (to the nearest hundredth of a hectare) for each post-development 

block.  The user must select a land use classification from among the options presented.  The 

export coefficients are populated automatically by the tool and may NOT be adjusted by the 

user. A block is a unique combination of a land use and a specific Best Management Practice 

(BMP) that will be applied to that land use in Module 3.  If the pre-development scenario in 

Module 1 contained wetland, it will automatically display on this screen and may not be 

altered by the user, under the assumption that development of wetlands is not approved in 

the Lake Simcoe watershed. The P export coefficient for each land use is a default value that 

is automatically entered from the lookup table and may not be adjusted.  

 

 

 MODULE 3: This step entails the selection of a BMP from the drop-down list for each post-

development block.  Some BMPs have defined P removal efficiencies whereas others do not.  

Percent efficiency values for the selected BMPs will be automatically displayed in the 

Efficiency field, but can be adjusted by the user.  A BMP cannot be applied to wetlands.  If a 

treatment train approach is selected from the drop-down menu, then the user must enter the 

total P removal efficiency for the approach.  If different efficiency values for a specific BMP, a 

different BMP or a treatment train approach are provided by the user, credible scientific 

research and rationale in support of those value(s) or approach must be documented in the 

Stormwater Management (SWM) Plan for the development. The use of “custom” BMPs and 

efficiencies means that the application will be subject to a greater degree of review by the 

approving agency or agencies and so may require more time to assess.  If users select 

“Other” or “Treatment Train” as a BMP, or adjust the pre-defined efficiency value, they will be 

prompted to enter a rationale.  A brief rationale can be entered to the rationale field (up to 

255 characters may be typed), but it should only provide a summary, and should refer the 

reviewer to the Stormwater Management (SWM) Plan for the full technical justification.  Any 

change in the efficiency value from the base reference value provided will be reflected in the 
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Post-Development Summary report.  Both the base reference efficiency and the user-

adjusted value will be displayed along with an information note.  A summary of the total 

development can be produced from this page using the button located at the middle of the 

bottom of the screen.  Construction phase data will be displayed on the summary if it has 

previously been entered in Module 4.  A sample summary report is shown in the Appendix of 

this document. 

 

 Multiple scenarios of the same development area can be created to compare P loads with 

different combinations of post-development land uses and BMPs.  A procedure to create a 

replicate scenario can be executed using the button marked ‘Create a replicate scenario’ at 

the top right of the screen (and shown below).  A new Development will be created (and the 

message below will be displayed) when this button is pressed.  The name of the replicated 

development will be the same as the one that the user has selected with a suffix added 

containing the words ‘-replicate scenario’ followed by a data and time stamp.  This enables 

users to create multiple replicates on the same day to assess different BMP scenarios.  

Users can adjust the name of a replicate scenario by returning to the main screen, selecting it 

from the drop-down list, then selecting ‘VIEW Selected Development’ tab.  Adjustments to the 

post-development information will also be required to distinguish the replicate scenario from 

the original. 

 

 
 

 MODULE 4: Construction phase information can be added only after pre-development 

conditions have been entered in Module 1(a blank screen will appear if this is not the case).  

The user must have also selected a development using the drop-down box on the main 

screen to display the information screen for Module 4. The following screen illustration shows 

both the total urban development and construction area at the top of the screen. These 

values may not be adjusted and are displayed automatically.  There may be some delay in 

the update of the construction area value as users enter information for each construction 

block.  A construction phase block is a subarea of the development site with relatively uniform 

slope and soil conditions where one prevention and one capture BMP, or one treatment train 

will be applied.  There is no limit to the number of blocks in each construction development.  

 

o Using the lower part of the screen, enter the values shaded in yellow. Values in green 

will be entered as either constants or filled in automatically from reference lookup 

tables in the database. Fields shaded in blue are derived by the database using the 

formulae described in the Guidance Manual.  

o Enter the required input values for each construction phase block.    Each block can 

be accessed using the record selectors at the bottom of the inner construction phase 

data field. The derived values will update automatically as new values or entered or 

changed.   

o The user can adjust the pre-defined BMP efficiency values, but must provide a 

credible scientific rationale for doing so in the SWM plan for the development.  A brief 

rationale can be entered in the field provided.   

o A summary of the Construction Phase site sediment loss and P export can be viewed 

using the button labelled “Preview Construction Summary Report” provided at the 

lower right of the screen.  A sample summary report is shown in the Appendix of this 

document.  
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 An overall summary of each Module can be displayed using the button on the main screen 

marked ‘Project Development Summary’.  This summary includes each of the four module 

summary reports and a final conclusion about P load reduction or increase as a result of 

development and construction activities.  A sample “Project Development Summary” report is 

provided in the Appendix of this document. 

 

 Base reference data used in the model calculations can be viewed by clicking the button 

marked ‘Database Reference and Release Information’.  All data from these views are read-

only and may not be adjusted by the user. 
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APPENDIX A: Sample Summary Reports 
 
A1 – Pre-Development Report  
A2 – Post-Development Report  
A3 – Construction Phase Report  
A4 – Summary Report  
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A1 – Pre-Development Report 
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A2 – Post-Development Report  
 



30-March-2012                        BETA Version 1.0 Release 

Stoneleigh DATA            Page 10 of 11 

A3 – Construction Phase Report 
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A4 – Summary Report  
 

 



Ontario Ministry of the Environment  
Phosphorus Budget Tool in Support of Sustainable Development for the Lake Simcoe Watershed  

 
Hutchinson Environmental Sciences Ltd. 

A4-i 
Version 2 – March 30, 2012  

Appendix 4 
Analysis of Berger (2010) Export Coefficients  
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Corrected Export Coefficients Derived from Berger P Loads and Land Use Areas 
 
Phosphorus loads (kg/yr) from land use areas were adjusted by adding loads from: 
 
1) Groundwater proportionally by area to all land use categories except High Intensity Development, 

2) Tile Drainage to Crop areas, and 

3) Stream Bank Erosion proportionally by area to Forest, Wetland and Transition areas 

Groundwater loads were not allocated to High Intensity Development areas considering that these areas 

have a large amount of impermeable surfaces, thereby reducing groundwater loads.  Stream Bank 

Erosion was only allocated to ‘natural’ land cover areas assuming that streams primarily occur in these 

land areas.  Refined land use data would be required to determine the proportion of P loads from stream 

bank erosion in other land class areas (e.g., proportion of streams running through agricultural area or 

urban area).  The corrected loads were then used to calculate P export (kg/ha/yr) for each land use 

(Table 1).   

 

As previously noted, there is considerable variance in P export coefficients among subwatersheds, but 

much of the variance occurs among unmonitored subwatersheds (Table 2, Figure 1).  Export coefficients 

derived for the East Holland River (EH) subwatershed are higher on average than those for the other 

monitored subwatersheds (with the exception of LID, which is suspected as being an error and removed 

from Table 2 and Figure 1 results).  Variance in export coefficients for the monitored subwatersheds is 

greatly reduced when EH coefficients are removed however, there is still considerable variance in export 

coefficients among monitored subwatersheds for Turf-Sod and Unpaved Road.   

Variance in export coefficients was further assessed using Principal Component Analysis (PCA) (Figure 

2).  The first two axes of the PCA explain 94% of the variation in export coefficients for land cover classes 

between the subwatersheds.  The first PCA axis is best described by variation in export coefficients for 

Unpaved Roads (UNPAV) and the second axis is best described by variation in export coefficients for 

High Intensity Development (HID) and Cropland (CROP).  Hay/pasture (HAY_PAST) and Quarry (QU) 

contribute nearly equally to the variation along the first and second PCA axes.  Contribution of the other 

land cover classes to the variation explained by the first and second PCA axes is negligeable.  Overall, 

the results of the PCA indicate that the East Holland River River (EH), Oro Creeks North (ON), 

Hawkestone (HA), Barrie Creeks (BA) and Georgina Creeks (GE) differ from the other subwatersheds by 

having higher export coefficients for UNPAV, HID, CROP, HAY_PAST and QU.   
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Table 1.  Phosphorus Export Coefficients (kg/ha/yr) for Land Cover Types in the Lake 
Simcoe Subwatersheds 

 

 

 

  

GW inputs only

Cropland Forest Hay-

Pasture 

High 

Intensity 

Develop-

ment

Low 

Intensity 

Develop-

ment

Quarry Transitio

n 

Turf-Sod Unpaved 

Road 

Wetland 

East Holland 0.357 0.100 0.116 0.659 0.013 0.530 0.161 0.243 3.715 0.099

Beaver River 0.218 0.022 0.040 0.381 0.193 0.063 0.040 0.014 0.049 0.020

Black River 0.229 0.045 0.075 0.393 0.167 0.152 0.057 0.023 0.598 0.044

Hawkestone Creek 0.185 0.031 0.097 0.254 0.089 0.098 0.036 0.061 2.394 0.026

Lovers Creek 0.164 0.060 0.071 0.237 0.067 0.063 0.064 0.168 0.015 0.053

Pefferlaw-Uxbridge Brook 0.109 0.034 0.055 0.206 0.131 0.041 0.044 0.022 0.413 0.035

Whites Creek 0.226 0.096 0.103 0.286 0.149 0.113 0.424 0.682 0.094

Barrie Creeks 0.887 0.182 0.231 1.802 0.102 0.066 0.213 0.050 0.179

Georgina Creeks 0.598 0.018 0.498 1.048 0.013 0.122 0.633 1.152 0.016

Hewitts Creek 0.272 0.182 0.090 0.253 0.057 0.161 1.046 0.062

Innisfil Creeks 0.379 0.086 0.086 0.431 0.103 0.587 0.096 0.124 0.638 0.082

Maskinonge River 0.188 0.121 0.091 0.339 0.118 0.210 0.132 0.241 0.121

Oro Creeks North 0.953 0.049 0.619 1.696 0.060 1.348 0.231 2.911 0.040

Oro Creeks South 0.137 0.041 0.036 0.207 0.020 0.049 0.020 0.217 0.041

Ramara Creeks 0.309 0.052 0.048 0.103 0.043 0.056 0.237 0.217 0.048

West Holland 0.255 0.105 0.065 0.245 0.042 0.206 0.108 0.393 0.573 0.103

Subwatershed

no value 

Phosphorus Export (kg/ha/yr)
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Cropland Forest 

Hay-

Pasture 

High 

Intensity 

Low 

Intensity Quarry Transition Turf-Sod 

Unpaved 

Road Wetland 

Mean 0.341 0.075 0.147 0.525 0.095 0.283 0.101 0.210 0.856 0.064

Maximum 0.953 0.182 0.619 1.802 0.193 1.348 0.231 0.633 2.911 0.179

75th Percentile 0.344 0.101 0.100 0.412 0.127 0.209 0.127 0.354 1.046 0.088

Median 0.229 0.052 0.086 0.286 0.095 0.125 0.096 0.146 0.598 0.048

25th Percentile 0.186 0.038 0.060 0.241 0.058 0.064 0.052 0.033 0.241 0.038

Minimum 0.109 0.018 0.036 0.103 0.013 0.041 0.036 0.014 0.049 0.016

Mean 0.213 0.055 0.080 0.345 0.133 0.158 0.074 0.136 1.309 0.053

Maximum 0.357 0.100 0.116 0.659 0.193 0.530 0.161 0.424 3.715 0.099

75th Percentile 0.227 0.078 0.100 0.387 0.163 0.139 0.089 0.205 1.966 0.073

Median 0.218 0.045 0.075 0.286 0.140 0.081 0.057 0.061 0.640 0.044

25th Percentile 0.175 0.033 0.063 0.245 0.099 0.063 0.042 0.022 0.460 0.031

Minimum 0.109 0.022 0.040 0.206 0.067 0.041 0.036 0.014 0.049 0.020

Mean 0.442 0.093 0.196 0.681 0.067 0.483 0.130 0.347 0.874 0.077

Maximum 0.953 0.182 0.619 1.802 0.118 1.348 0.231 0.633 2.911 0.179

75th Percentile 0.598 0.121 0.231 1.048 0.102 0.587 0.161 0.453 1.073 0.103

Median 0.309 0.086 0.090 0.339 0.058 0.210 0.122 0.315 0.606 0.062

25th Percentile 0.255 0.049 0.065 0.245 0.043 0.206 0.096 0.208 0.235 0.041

Minimum 0.137 0.018 0.036 0.103 0.013 0.066 0.049 0.124 0.217 0.016

Mean 0.188 0.048 0.074 0.293 0.133 0.084 0.059 0.119 0.827 0.045

Maximum 0.229 0.096 0.103 0.393 0.193 0.152 0.113 0.424 2.394 0.094

75th Percentile 0.224 0.056 0.091 0.358 0.163 0.098 0.063 0.141 0.682 0.051

Median 0.202 0.040 0.073 0.270 0.140 0.063 0.050 0.042 0.598 0.040

25th Percentile 0.169 0.032 0.059 0.241 0.099 0.063 0.041 0.022 0.413 0.029

Minimum 0.109 0.022 0.040 0.206 0.067 0.041 0.036 0.014 0.049 0.020

P Export (kg/ha/yr) 0.357 0.100 0.116 0.659 - 0.530 0.161 0.243 3.715 0.099

All Subwatersheds

Monitored Subwatersheds

Monitored Subwatersheds Excluding EH

East Holland

Phosphorus Export (kg/ha/yr)

Unmonitored Subwatersheds

Table 2.  Summary of Phosphorus Export Coefficients for the Lake Simcoe Watershed 
Derived from Berger (2010) 
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Figure 1.  Boxplots showing variance in export coefficients derived from Berger (2010) 
for the Lake Simcoe Subwatersheds.  Boxes represent 25th percentile, median 
and 75th percentile, whiskers are the minimum and maximum values, and the 
mean is denoted as the black dot.   
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Figure 2.  PCA of P export coefficients for land cover classes in Lake Simcoe 
subwatersheds.  Solid circles indicate monitored subwatersheds. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note:  Factor arrows are not shown for Forest, Wetland, Transition, Turf-Sod or Low Impact Development as the 

contribution of these factors to the first two PCA axes is negligible. 

 

 

Some variation in phosphorus export between subwatersheds is expected for a given land cover type due 

to differences in environmental factors such as soil characteristics and runoff conditions.  The variation in 

P export coefficients for the Lake Simcoe subwatersheds was further investigated based on 

environmental factors used in the CANWET model.  These included Soil K Factor (erosion coefficient), 

Slope Length, Base Runoff and Soil P as reported in Berger (2010) for each land cover type in each 

subwatershed.   

 

In a PCA of the environmental factors, the first PCA axis describes 36% of the variation in the data set 

and is related to soil conditions (Soil P and Soil K Factor) (Figure 3).  Slope length and base runoff best 

describe variation along the second axis, which describes 29% of the variation in the data set.  It should 

be noted that the environmental factors for Quarry were eliminated from the PCA as these were strongly 

influenced by slope length and had a large influence on the ordination.       

 

The centroids of the subwatersheds are separated primarily along the first PCA axis indicating that they 

differ along a gradient of Soil K and Soil P (increasing from left to right in the PCA biplot).  The East 

Holland and West Holland subwatersheds are also characterized by higher base runoff in comparison to 
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the other subwatersheds.  Land cover types, by contrast, are separated primarily along the second PCA 

axis with High Intensity Development, Low Intensity Development and Unpaved Roads characterized by 

higher base runoff and greater slope length in comparison to the other land cover types. 

 

As previously described, the East Holland River, Georgina Creeks and Oro North subwatersheds 

generally have higher export coefficients than the other subwatersheds.  Centroids for these 

subwatersheds plot in the top right quadrat of the PCA indicating that they have generally higher soil K 

factors, Soil P and base runoff than the other subwatersheds, which would be consistent with higher P 

export.  The West Holland River subwatershed plots in the same quadrat, however, export coefficients for 

this subwatershed are similar to the mean values.   

 

Barrie Creeks subwatershed also had higher export coefficients, particularly for Cropland and High 

Intensity Development, but this subwatershed has environmental factors similar to other subwatersheds 

with comparatively lower export coefficients (i.e., Lovers, Maskinonge, Hawkestone).   

 

Hawkestone subwatershed had high export coefficients for Unpaved Road and displayed relatively high 

slope lengths for this land cover class (not shown).  Other subwatersheds had similarly high slope lengths 

for unpaved road areas, but did not have similarly high export (e.g., Pefferlaw, Lovers) for this land cover. 

 

Figure 3.  PCA biplot of environmental factors (n=4) for land cover classes in Lake 
Simcoe Subwatersheds (n=148).  Yellow circles represent the centroids of the 
subwatershed sample scores while blue circles represent the centroids of the land cover 
type sample scores.   
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Summary and Recommendations 

While patterns in the environmental factors appear to explain some variation in export coefficients, there 

is no clear, consistent relationship (e.g., weak correlations between environmental factors (actual values 

and PCA axis sample scores) and export coefficients) when considering both monitored and unmonitored 

subwatersheds.  This may reflect complexities of data manipulation and calibration in CANWET or the 

use of other unknown coefficients or input parameters that influence phosphorus export in the model.  In 

addition, there may be error in the allocation of phosphorus loads from groundwater, tile drainage and 

streambank erosion to the different land classes.    

 

Despite the above uncertainties, the export coefficients derived for the monitored subwatersheds display 

little variability within land cover classes with few exceptions.  The East Holland River has higher export 

coefficients relative to all other monitored subwatersheds, which is likely due to higher soil K Factors, soil 

P and base runoff of land cover areas in this subwatershed.  For the remaining monitored subwatersheds, 

variation in export for unpaved roads is mainly due to high export from Hawkestone subwatershed which 

has very high slope length for this parameter in comparison to the other monitored subwatersheds.  

Similarly, the variability in turf/sod is mostly attributed to the high export coefficient for the Whites Creek 

subwatershed, which has higher soil phosphorus and a larger soil K factor than the other monitored 

subwatersheds (excluding the EH) for this land class.     

 

Given the remaining uncertainty regarding variation in export coefficients within land classes among 

unmonitored Lake Simcoe subwatersheds, it is recommended that export coefficients from the monitored 

subwatersheds be used until additional information or data becomes available to better evaluate variation 

or to refine export estimates.  One option is to apply the mean P export derived from the monitored 

subwatersheds excluding the East Holland River subwatershed to land cover areas of the unmonitored 

subwatersheds.  P export coefficients from the EH subwatershed can be applied to unmonitored 

subwatersheds suspected of having higher export due to environmental conditions (i.e., West Holland, 

Georgina Creeks and Oro North).   
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Responses to Comments from the Lake 
Simcoe Science Committee
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Comment/Question 
Report 

Reference 
Disposition Action 

Add Winter et al., 2007 reference for urban land 
coefficients 

pg. 6 Agreed Citation and Reference added  

Reword text describing Low Intensity Development and 
Unpaved Road coefficients 

pg. 13 Agreed Text reworded as recommended 

Remove redundant text re. export coefficient 
uncertainties/error 

Table 1, 
Appendix 4 

Agreed Redundant text removed from 
table 

Recommendations for future directions related to policy 
amendments and the need to update the SWMPD 
Manual 

general The recommendations are noted, but are outside the 
scope of the project and may be considered in future 
updates of the P Budget Tool 

Added  " The Ministry may 
consider reviewing existing 
guidance for LID, Construction 
Phase activities (i.e., erosion and 
sedimentation considerations) 
and updating the SWMPD 
Manual from time to time to 
reflect current and emerging 
practices in these sectors." to 
Section 4 - Future Directions 

Estimation of soil erosion through USLE is not intended 
for anything that may have significant channelized flow 
which is likely from a construction site; not certain how 
this is handled 

pg. vi We agree that USLE is appropriate for diffuse 
overland flow, not channelized flow.  We stated that 
"The Tool addresses losses through surface runoff 
only." in Section 3.4.1 of the report.       

None - concept is noted (Section 
3.4.1) in the report 

Do export coefficients vary between watersheds due to 
inherent differences in soils/landscapes/hydrology or 
because of location of the various land uses relative to 
flow paths to surface waters? 

general Export coefficients are expected to vary between 
watersheds for both reasons. Causes of expected 
variance between watersheds is discussed in Section 
3.2.1.1  

None - concept is noted (Section 
3.2.2.1) in the report 

K factor should be applied to exposed soil material and 
not necessarily what the top soil was/is. 

general Agreed Changed definition to clarify 
application to exposed soils in 
Section 3.2.2 - "K is the soil 
erodibility factor based on soil 
textural class and organic matter 
content of exposed soil..."  
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Comment/Question 
Report 

Reference 
Disposition Action 

Studies have shown an enrichment factor in terms of the 
concentration of P in eroded sediments versus the bulk 
soil P content, i.e., the sediment/soil lost through 
erosion is enriched in P relative to the bulk soil.  Is this 
considered in the tool? 

  This is considered in the CANWET model and 
therefore part of the pre- and post-development 
export coefficients. It was to be considered in the 
calculations for the construction phase through the 
use of subwatershed soil P values. However, due to 
the variability between subwatersheds it was decided 
that a single soil phosphorus value would be used 
globally in the watershed. 

 Added the following to Section 
3.4.2 
“Soil phosphorus concentration 
was originally intended to be a 
subwatershed value derived from 
the CANWET model. However, 
due to the variability between 
subwatersheds it was decided 
that a single soil phosphorus 
value would be used globally in 
the watershed. The CANWET 
model applies an empirical 
enrichment factor to the initial 
estimate of soil phosphorus to 
account for the greater 
phosphorus adsorption surface 
of smaller particles that make up 
a greater portion of eroded 
material.” 

Suggested taking a more conservative approach to 
derive export coefficients for undeveloped lands (i.e., 
lower export coefficient for undeveloped lands) using 
30%ile rather than the mean to stimulate research 

Section 3.2 We disagree with this approach as there is no 
scientific basis for using the 30th percentile or for 
prescribing a lower export from undeveloped lands 
only.  While there is some error expected in the 
selected coefficients, these were calculated using a 
scientific approach with best available knowledge 
and are defensible.  In recognition of possible site-
specific differences in P export, we included an 
allowance to adjust the export coefficients as long as 
a detailed rationale is provided for consideration by 
the MOE.   

 None  

What is the 20% adjustment allowance based on?    Section 3.2 The 20% adjustment allowance stems from previous 
drafts and discussions.  This limited allowance has 
been eliminated and the User is able to adjust the 
coefficients with justification for site-specific 
characteristics.  If so, a detailed rationale for the 
adjustment is required, including published 
references, for any adjustment (as entered by the 
user in a text box) for consideration by the MOE. 

All references to 20% adjustment 
allowances have been removed 
from the text. 
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Comment/Question 
Report 

Reference 
Disposition Action 

Should specify the criteria required to satisfy the MOE 
for adjustments to the export coefficients   

Section 3.2  Adjustments would be requested on a case by case 
basis and, in all cases, MOE would assess the 
request on its own merits.  

 None  

Noted that efficiency of BMPs decline over time unless 
maintained and questions how the Tool deals with this. 

Section 3.3 Agreed, BMPs are known to decline in P removal 
efficiency if not properly maintained.  The document 
assumes that any BMP to be implemented will be 
maintained to ongoing standards.  In Section 3.4.2, 
the manual states that:  "In all cases there is a 
requirement that BMPs are maintained throughout 
the duration of the construction phase in order that 
they continually operate at their design efficiency." 

Clarified assumption of BMP 
maintentance in Section 3.1.2.2 
"...can be used, if built to design  
specification and maintained to 
design standards, with 
assurance of their effectiveness." 

If a coefficient for a BMP reduction changes during 
design phase, what coefficient should apply to the 
Applicant 

general The applicant should ensure that the most recent 
version of the Tool is used for their application.  It 
would be expected that the conditions of the MOE-
approved application would apply for the duration of 
the development construction. 

None 
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BILD Comments and HESL Response to 
Technical Comments 
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HESL Responses to Technical Comments from BILD 
 
BILD Comment:  BILD noted the importance of atmospheric deposition to the total 
annual phosphorus load to Lake Simcoe and suggested that the manual “should 
acknowledge this issue and a commitment should be made by MOE to revise the model 
once the science of atmospheric deposition of phosphorous has been advanced”.  
 
HESL Response:  We agree that changes in land use and BMP implementation to reduce 
phosphorus loading may reduce atmospheric loads to Lake Simcoe.  As noted by BILD, 
however, the state of science is not presently sufficient to calculate the relative contribution of 
different land use practices to the atmospheric load.  We have clarified this point in the report 
with the following statements:  
 

  “The Tool does not address atmospheric sources of phosphorus in dust generated from 
land use practices, as the science is not yet advanced to the point where estimates can 
be made. It does account for atmospheric deposition of phosphorus to open water and 
atmospheric deposition to land surfaces is included in the export coefficients for various 
land use practices.” (Executive Summary, page ii) 

 

  “Note that phosphorus loads from atmospheric deposition to land are incorporated into 
the export coefficients for the various land cover classes.  The atmospheric/open water 
coefficient should not be interpreted as loading from dust generated by land use 
activities such as agriculture or construction. It represents a regional atmospheric 
contribution. The means to estimate dust generation and loading are the subject of 
current research initiatives being undertaken by the MOE, the LSRCA and various 
research partners.”  (page 14)   

 
Further, we have added a recommendation in Section 4 of the report that states: 
 

 Wind erosion from agricultural activities and construction sites has not been considered 
in the subwatershed modeling work completed to date and may contribute to the 
atmospheric deposition portion of loading to Lake Simcoe in both the pre-development 
(agricultural) and post-development (construction) phases. Many practices that reduce 
wind erosion potential may also reduce soil loss due to stormwater runoff. Therefore, 
future efforts should be made to a) quantify losses from wind erosion from agricultural 
and construction activities and b) the benefits of BMPs to reducing both types of soil 
loss. 

 
 
BILD Comment:  BILD suggested a trial period for the Tool. 
 
HESL Response:  We agree that a trial period would be useful to inform the process. 
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BILD Comment: Request for ‘clear transition rules surrounding existing applications and 
approvals be outlined in the Budget Tool when it is posted to the Environmental 
Registry’.   
 
HESL Response:  This relates to MOE policy and should be addressed outside of the budget 
tool document.   
 
 
BILD Comment:  ‘BILD members have identified concerns for the need to calculate 
phosphorus loading during the construction phase of a project.’   
 
HESL Response:  We included calculations to estimate construction phase phosphorus loads 
in the Manual using the best available information, as required by the project RfP.  The Manual 
recognizes the difficulties in calculating construction phase loads, but is focussed on the use of 
BMPs to reduce these loads despite uncertainties in calculations.   
 
BILD Comment:  ‘BILD members have expressed that the breakdown of the land use 
classifications is too detailed and requires the expertise of an ecologist to decipher. A 
number of sites do not require an environmental report which would make selecting the 
correct pre-development land use from the breakdown provided in the document 
difficult. BILD requests additional clarification and direction in this regard.   
 
HESL Response:  HESL notes that an Environmental Impact Study (EIS) should be done for all 
new major developments, which would include classification of land use areas.  While an 
ecologist may be required to classify and delineate land uses, we suggest that this is good 
practice.   
 
BILD Comment:  ‘BILD members are concerned that we may find ourselves in a situation 
where we have employed all of the practical Best Management Practices and Low Impact 
Development measures which support the reductions of phosphorous loading, but yet, 
we may still find ourselves in a shortfall when applying the Budget Tool. Since 
phosphorous trading is not yet available, our members request clarification as to 
whether or not the project would get rejected if this situation were to happen.’ 
 
HESL Response:  This comment reflects policy decision that MOE will have to make.  Our 
manual provides methods on how to make the calculations. 
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Appendix 7  
 

References for BMP Phosphorus % Reduction 
Coefficients Shown in Table 3 and Appendix 2 
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Ref 
ID 

Author Year Title Publication 

2 Van Seters et al. 2009 

Referenced in: Low 
Impact Development 
Stormwater Management 
Planning and Design 
Guide - CVC Version1, 
2010 

Credit Valley Conservation 

4 J.F. Sabourin & Ass. 2008 

6 ASCE 2000 

7 SWAMP 2002 

8 Dietz and Caausen 2005 

9 Hunt et al. 2006 

10 Davis 2007 

12 Hunt et  al. 2008 

13 Roseen et al. 2009 

21 Deletic and Fletcher 2006 

23 U of Florida 2009 FDEP contract # WM 910 
Dept.  Env. Eng. Sciences, 
Gainesville FL 

24 Wanielista et al. 1978 
Shallow water roadside 
ditches for stormwater 
purification 

www.stormwater.ucf.edu/FILES/w
an1978paper.pdf 

26 Harper, H.H. 1988 
Effects of Stormwater 
Management Systems on 
Groundwater Quality 

Florida Dept of Env Reg - project 
WM190 

27 Dorman et al. 1989 

Retention/Detention and 
overland flow for Pollutant 
removal from Highway 
stormwater runoff 

Vol I research report. Federal 
Hwy Admin FJWA/RD-89/202pp 

28 Yu, S.L. Et al. 1993 
Testing of BMPs for 
controlling highway runoff 

Virginia Transportation Research 
Council. FHWA/VA-93-R16.60pp 

29 Goldberg, J. 1993 
Dayton Ave Swale 
Biofiltration Study 

Seattle Eng Dept - Seattle WA 
67pp 

30 Barrett et al. 1998 
Performance of 
Vegetative Controls for 
Treating Highway Runoff 

J. Environ Eng., 124(11) 1121-
1128

31 Rushton et al. 2001 
Florida Aquarium Parking 
Lot: A treatment train 
approach to SWM 

SWFWMD, Brooksville, FL.  

32 Lloyd, S.D. Et al. 2001 

Assessment of Pollutant 
Removal in a Newly 
constructed Bio-retention 
system 

2nd South Pacific Stormwater 
Conference, Auckland, New 
Zealand  

34 Lombardo &Line 2004 

Evaluating the 
effectiveness of LID 
NCSU Water Quality 
Group 

NC State U - conf proc: 
http://lowimpactdevelopment.org 

35 Sharkey & Hunt 2005 
Case Studies on the 
performance of 
Bioretention Areas in NC 

8th biennial Stormwater research 
& wshed man conf 

36 Birch et al. 2005 
Efficiency of an Infiltration 
Basin in Removing 
Contaminants from Urban 

Env. Mon. and Ass. 101: 23-38 
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Ref 
ID 

Author Year Title Publication 

Stormwater 

37 Davis et al. 2006 
WQ improvement through 
Bioretention Media:N amd 
P removal 

Water Environment Research 
78(3):284-293 

38 Brown & Hunt 2008 
Bioretention performance 
in the upper coastal plain 
of NC 

ASCE/EWRI World 
Environmental and Water 
Resources Congress 

40 Osborn & Packman 2008 

A comparison of 
conventional and low 
impact dev stormwater 
BMPs 

ASCE/EWRI World 
Environmental and Water 
Resources Congress 

41 
Toronto and Region 
Conservation Authority 

2010 

Performance Evaluation 
of an Anionic Polymer for 
treatment of Construction 
Runoff 

TRCA 

42 Woodard and Rock 1995 
Control of Residential 
Stormwater by Natural 
Buffer Strips 

Lake &Reservoir Management 
11(1), 37-45 

104 Schueler, T.R. 2000 

Comparative Pollutant 
Removal Capability of 
Stormwater Treatment 
Practices  

Technical Note #95 from 
Watershed Protection 
Techniques. 2(4): 515-520. 

105 Schueler, T.R. 2000 
Pollutant Removal 
Dynamics of Three Wet 
ponds in Canada  

Technical Note #114 from 
Watershed Protection 
Techniques. 3(3): 721-728. 

106 
Ministry of the 
Environment 

2005 

Synthesis of Monitoring 
Studies Conducted Under 
the Stormwater 
Assessment Monitoring 
and Performance 
Program 

Prepared by the SWAMP 
program for GLSF, TRCA, MEAO 
and MOE, published by Toronto 
and Region Conservation 
Authority 

109 

The International 
Stormwater Best 
Management Practices 
(BMP) Database Project 
website 

111 Sansalone, J 2009 

TARP Field Test 
Performance Evaluation 
of Sorbtive Filter using 
Sorbtive Media for 
Imbrium Systems 
Corporation 

Dept. of Environmental 
Engineering Sciences at the Univ. 
of Florida. February 2009 

112 Schueler and Holland 2000 
The Practice of 
Watershed Protection 

Centre for Watershed Protection, 
Ellicott City, MD 

www.bmpdatabase.org

www.bmpdatabase.org
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Ref 
ID 

Author Year Title Publication 

113 
Lee, C.R. and 
Skogergboe, J.G. 

1985 
Quantification of Erosion 
Control by Vegetation on 
Problem Soils 

Soil Conservation Society of 
America, Arkeny, IA. pp.437-444 

114 

Taleban, V., Finney, K., 
Gharabaghi, B., 
McBean, E., Rudra, R. 
and Van Seters, T. 

2009 

Effectiveness of Compost 
Biofilters in Removal of 
Sediments from 
Construction Site Runoff 

Water Quality Research Journal 
of Canada Vol. 44, No.1, 71-80 



Ontario Ministry of the Environment  
Phosphorus Budget Tool in Support of Sustainable Development for the Lake Simcoe Watershed  

 
Hutchinson Environmental Sciences Ltd. 

A9-i 
Version 2 – March 30, 2012   

Appendix 8  
 

Phosphorus Budget Tool in Support of 
Sustainable Development for the Lake Simcoe 
Watershed: Background on the Recommended 
Export Coefficients (MOE, draft report) 
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Appendix 9  
 

Checklist of Required Elements for Review of 
Submissions 
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Checklist of Required Elements for Review of Submission 
 
The following provides a checklist of elements that are required for the review of a phosphorus 
budget submission for a new major development.  The checklist will be used by reviewers to 
ensure that the submission is complete and that the results of the phosphorus budget meet the 
requirements necessary for the Ministry to recommend approval of the development to the 
Municipality.   
 
The MOE will recommend that municipalities approve development as site specific appropriate 
if: 

a) Post-development load < or = pre-development load, and 

b) (Post-development + amortized construction phase) load < or = pre-development 
loading, 
 OR 
If (Post-development + amortized construction phase) load > pre-development loading, 

THAT 
All reasonable and feasible construction phase BMPs have been identified for 
implementation, documented and accounted for in the application. 

 
 
The phosphorus budget submission requires the inclusion of the four page Summary Report 
produced by the Database Tool.  In support of the information contained in the Summary 
Report, the submission should include: 
 
Module 1 
 

1. An orthographic aerial photograph that shows the delineation of pre-development land 
uses as per the EIS for the development that will be used to support the planning 
application to the Municipality.  

2. Rationale to support the selection of land uses as defined in the Guidance Manual 
(Table 1) to most closely match those defined in the EIS land use mapping. 

3. The correct database entry for the Lake Simcoe watershed in which the development is 
proposed. If the development area spans two or more subwatersheds, the submission 
should include a separate phosphorus budget for each area within each subwatershed. 

4. Correct areas for each land use on the development site; the sum of which are equal to 
the total development site area.  

5. The use of the pre-defined subwatershed and landuse specific export coefficients (in 
Table 2 of the Guidance Manual and coded in the Database Tool) for calculation of 
phosphorus loading from the pre-development site.  

 
Module 2 
 

1. An orthographic aerial photograph that shows the delineation of the post-development 
land uses as defined in Table 1 of the Guidance Manual. 
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2. Appropriate division of the site into post-development blocks that contain a unique 
combination of a land use and Best Management Practice or Treatment Train that will be 
applied to that land use in Module 3. 

3. Correct areas for each post-development block; the sum of which are equal to the total 
development site area. The “Post-Development Area Altered” should equal the “Total 
Pre-Development Area” on page 2 of the Summary Report.   

4. The use of the pre-defined subwatershed and landuse specific export coefficients (in 
Table 2 of the Guidance Manual and coded in the Database Tool) for calculation of 
phosphorus loading from the pre-development site.  

 
Module 3 
 

1. Specific references to the Stormwater Management Plan, where detailed descriptions 
and scientific rationales are provided for: 

a. The type of BMP or a Treatment Train approach that was chosen for each post-
development block; 

b. The use of any phosphorus removal efficiencies for BMPs that are not pre-
defined in the Tool; 

c. Each treatment in a Treatment Train, their respective phosphorus removal 
efficiencies and the total efficiency of the Treatment Train, if this option is to treat 
stormwater. 

If a custom BMP, phosphorus removal efficiency or a Treatment Train is used, this will 
be noted in red text on page 2 of the Summary Report. 

 
Module 4 
 

1. Appropriate division of the site into construction phase blocks, each of which comprise 
relatively uniform slope and soil characteristics and a unique capture BMP and 
prevention BMP combination. 

2. Demonstrated, accurate input data for the soil loss calculations including: 

a. Area of each block; 

b. Predominant soil texture class and organic matter content; 

c. Surface slope gradient and length of slope; 

d. Duration of exposed soil for each block; 

e. Total duration of the construction phase.    

3. Detailed descriptions and rationale for: 

a. Capture and prevention BMPs selected for each block; 

b. Use of any phosphorus removal efficiencies for BMPs that are not pre-defined in 
the Tool; 
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A9-iv 

Version 2 – March 30, 2012 

c. Each treatment in a Treatment Train, their respective phosphorus removal
efficiencies and the total efficiency of the Treatment Train, if this option is to treat
stormwater.

Final Summary and Analysis 

If all elements above are contained in the submission and data are correctly entered in the 
database, the final summary (page 4 of the Summary Report) can be used as the final 
assessment of whether or not the results of the phosphorus budget meet the requirements 
necessary for the Ministry to recommend approval of the development to the Municipality.   

If: 

a) Post-development load < or = pre-development load, and

b) (Post-development + amortized construction phase) load < or = pre-development
loading,

OR 
If (Post-development + amortized construction phase) load > pre-development loading, 

THAT 
All reasonable and feasible construction phase BMPs have been identified for 
implementation, documented and accounted for in the application. 

The final statement of page 4 of the Summary Report will display: 

Based on a comparison of Pre-Development and Post-Development loads, the Ministry would 
encourage the Municipality to: 

Approve development as site specific appropriate. 

The above conclusion, however, assumes that the Ministry is in agreement with all rationales 
provided in the submission and are satisfied that “All reasonable and feasible construction 
phase BMPs have been identified for implementation, documented and accounted for in the 
application.” 
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Technology description and application 

The Jellyfish® Filter is an engineered stormwater quality treatment technology designed to remove a 

variety of stormwater pollutants including floatable trash and debris, oil, coarse and fine suspended 

sediments, and particulate-bound pollutants such as nutrients, heavy metals, and hydrocarbons. The 

Jellyfish Filter combines gravitational pre-treatment (sedimentation and floatation) and membrane 

filtration in a single compact structure. The system utilizes membrane filtration cartridges comprised of 

multiple pleated filter elements (“filtration tentacles”) that provide high filtration surface area with the 

associated advantages of high flow rate, high sediment capacity, and low filtration flux rate.   

Figure 1. Cut-away graphic of a Jellyfish® Filter manhole with 6 hi-flo cartridges and 1 

draindown cartridge 

Figure 1 depicts a cut-away graphic of a typical 6-ft diameter Jellyfish® Filter manhole with 6 hi-flo 

cartridges and 1 draindown cartridge (JF6-6-1).  Stormwater influent enters the system through the inlet 

pipe and builds a pond behind the maintenance access wall, with the pond elevation providing driving 

head. Flow is channeled downward into the lower chamber beneath the cartridge deck. A flexible 

separator skirt (not shown in the graphic) surrounds the filtration zone where the filtration tentacles of 

each cartridge are suspended, and the volume between the vessel wall and the outside surface of the 

separator skirt comprises a pretreatment channel. As flow spreads throughout the pretreatment 

channel, floatable pollutants accumulate at the surface of the pond behind the maintenance access wall 

and also beneath the cartridge deck in the pretreatment channel, while coarse sediments settle to the 

sump. Flow proceeds under the separator skirt and upward into the filtration zone, entering each 

filtration tentacle and depositing fine suspended sediment and associated particulate-bound pollutants on  

the outside surface of the membranes. Filtered water proceeds up the center tube of each tentacle, with 

the flow from each tentacle combining under the cartridge lid, and discharging to the top of the 
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cartridge deck through the cartridge lid orifice. Filtered effluent from the hi-flo cartridges enters a pool 

enclosed by a 15-cm high weir, and if storm intensity and resultant driving head is sufficient, filtered 

water overflows the weir and proceeds across the cartridge deck to the outlet pipe. Filtered effluent 

discharging from the draindown cartridge(s) passes directly to the outlet pipe, and requires only a 

minimal amount of driving head (2.5 cm) to provide forward flow. As storm intensity subsides and 

driving head drops below 15 cm, filtered water within the backwash pool reverses direction and passes 

backward through the hi-flo cartridges, and thereby dislodges sediment from the membranes which 

subsequently settles to the sump below the filtration zone. During this passive backwashing process, 

water in the lower chamber is displaced only through the draindown cartridge(s).  Additional self-

cleaning processes include gravity, as well as vibrational pulses emitted when flow exits the orifice of 

each cartridge lid, and these combined processes significantly extend the cartridge service life and 

maintenance cleaning interval. Sediment removal from the sump by vacuum is required when sediment 

depths reach 30 cm, and cartridges are typically removed, externally rinsed, and recommissioned on an 

annual basis, or as site-specific maintenance conditions require. Filtration tentacle replacement is 

typically required every 3 – 5 years. 

Performance conditions 

The data and results published in this Technology Fact Sheet were obtained from a field monitoring 

program conducted on a Jellyfish® Filter JF4-2-1 (4-ft diameter manhole with 2 hi-flo cartridges and 1 

draindown cartridge), in accordance with the provisions of the TARP Tier II Protocol (TARP, 2003) and 

New Jersey Tier II Stormwater Test Requirements—Amendments to TARP Tier II Protocol (NJDEP, 

2009).  Testing was completed by researchers led by Dr. John Sansalone at the University of Florida’s 

Engineering School of Sustainable Infrastructure and Environment. The drainage area providing 

stormwater runoff to the test unit varied between 502 m2 and 799 m2 (5400 ft2 to 8600 ft2) depending 

on storm intensity and wind direction. The unit was monitored for a total of 25 TARP qualifying storm 

events (i.e. > 2.5 mm of rainfall) contributing cumulative rainfall of 381 mm (15 in) over the 13-month 

period between May 28, 2010 and June 27, 2011. Only TARP-qualified storms were routed through the 

unit, and maintenance was not required during the testing period based on sediment accumulation less 

than the depth indicated for maintenance, and also based on hydraulic testing performed on the system 

after the conclusion of monitoring.  

Table 1 shows the specified and achieved amended TARP criteria for storm selection and sampling.  

Table 2 shows the observed ranges of operational conditions that occurred over the testing period. 

Table 1. Specified and achieved amended TARP criteria for storm selection and sampling 

Description Criteria value Achieved value 

Total rainfall > 2.5 mm (0.1 in) > 2.5 mm (0.1 in)

Minimum inter-event period 6 hrs 10 hrs 

Minimum flow-weighted composite 

sample storm coverage 

70% including as much of the first 

20% of the storm 

100% 

Minimum influent/effluent samples 10, but a minimum of 5 
subsamples for composite 

samples 

Minimum of 8 subsamples for 
composite samples 

Total sampled rainfall Minimum 381 mm (15 in) 384 mm (15.01 in) 

Number of storms Minimum 20 25 
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Table 2. Observed operational conditions for events monitored over the study period 

 

 

 

 

 

 

 

 

 

 

The 4-ft diameter test unit has sedimentation surface area of 1.17 m2 (12.56 ft2). Each of the three filter 

cartridges employed in the test unit uses filtration tentacles of 137 cm (54 in) length, with filter surface 

area of 35.4 m2 (381 ft2) per cartridge, and total filter surface area of 106.2 m2 (1143 ft2) for the three 

cartridges combined. The design treatment flow rate is 5 L/s (80 gal/min) for each of the two hi-flo 

cartridges and 2.5 L/s (40 gal/min) for the single draindown cartridge, for a total design treatment flow 

rate of 12.6 L/s (200 gal/min) at design driving head of 457 mm (18 in). This translates to a filtration flux 

rate (flow rate per unit filter surface area) of 0.14 L/s/m2 (0.21 gal/min/ft2) for each hi-flo cartridge and 

0.07 L/s/m2 (0.11 gal/min/ft2) for the draindown cartridge. The design flow rate for each cartridge is 

controlled by the sizing of the orifice in the cartridge lid. The distance from the bottom of the filtration 

tentacles to the sump is 61 cm (24 in). 

 

Performance claims 
 

The Jellyfish® Filter demonstrated the removal efficiencies indicated in Table 3 for respective 

constituents during field monitoring of 25 TARP qualified storm events with cumulative rainfall of 381 

mm, conducted in accordance with the provisions of the TARP Tier II Protocol (TARP, 2003) and New 

Jersey Tier II Stormwater Test Requirements—Amendments to TARP Tier II Protocol (NJDEP, 2009), 

and using the following design parameters: 

 System hydraulic loading rate (system treatment flow rate per unit of sedimentation surface 

area) of 10.8 L/s/m2 (15.9 gal/min/ft2) or lower 

 Filtration flux rate (flow rate per unit filter surface area) of 0.14 L/s/m2 (0.21 gal/min/ft2) or 

lower for each hi-flo cartridge and 0.07 L/s/m2 (0.11 gal/min/ft2) or lower for each draindown 

cartridge 

 Distance from the bottom of the filtration tentacles to the sump of 61 cm (24 in) or greater 

 Driving head of 457 mm (18 in) or greater 

 

Table 3. Mean, median and 95% confidence interval (median) for removal efficiencies of 

selected stormwater constituents  
 

Parameter Mean Median 

Median - 95% 

Lower Limit 

Median - 95% 

Upper Limit 

TSS 84.7 85.6 82.8 89.8 

SSC 97.5 98.3 97.1 98.7 

Total phosphorus 48.8 49.1 43.3 60.1 

Total nitrogen 37.9 39.3 31.2 54.6 

Zinc 55.3 69 39 75 

Copper 83.0 91.7 75.1 98.9 

Oil and grease 60.1 60 42.7 100 
 

 

 

 

N.B.  As with any field test of stormwater treatment devices, removal efficiencies will vary based on pollutant influent 

concentrations and other site specific conditions. 

Operational condition Observed range 

Storm durations 26 – 691 min 

Previous dry hours 10 - 910 hrs 

Rainfall depth 3 – 50 mm 

Initial rainfall to runoff lag time 1 – 34 min 

Runoff volume 206 – 13,229 L 

Peak rainfall intensity 5 – 137 mm/hr 

Peak runoff flow rate 0.5 – 14.3 L/s 

Event median flow rate 0.01 – 5.5 L/s 
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Performance results 
 

The frequency of rainfall depths monitored during the study is presented in Figure 2.  The median and 

90th percentile rainfall depths were 11 mm and 31.7 mm, respectively.  These values represent the depth 

of rainfall that is not exceeded in 50 and 90 percent of the monitored rainfall events.   

 

 
 

Figure 2. Rainfall depth frequency curve 

 

Sediment removal performance was assessed by measuring the event mean concentration and mass of 

suspended sediment entering and leaving the unit during runoff events. This involved sampling the full 

cross-section of influent and effluent flows manually at 2 - 10 minute intervals for the full duration of 

each storm event and combining discrete samples into flow-weighted composites. Comparing the 

theoretical mass recovery from the sump calculated by the difference between the influent and effluent 

mass to the actual dry weight of the recovered sump mass showed an overall mass balance recovery of 

94.5% over the study period.   

 

The median d50 particle size (i.e. 50th percentile particle size) of the influent and effluent was 82 and 3 

µm, respectively (Figure 3).  The median influent particles sizes ranged between 22 and 263 µm, 

whereas median effluent particle sizes ranged between 1 and 11 µm. 
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Figure 3. The rainfall depth and d10, d50, and d90 particle sizes of the influent and effluent 

composite samples for each monitored storm event over the 13-month testing period 

 

Sampling of flows into and out of the Jellyfish Filter over the testing period showed statistically significant 

reductions (p < 0.05; Wilcoxon signed-rank test) in influent event mean concentrations for all selected 

stormwater constituents (Table 4 and Figure 4).  Effluent event mean Suspended Sediment 

Concentrations (SSC) were below 19 mg/L during all monitored events.   Load-based removal rates 

were also calculated based on the sum of loads over the study period.  These removal rages ranged 

from 46.3 for Total Nitrogen to 98.6 for SSC (Table 4).   

 

Table 4. Summary statistics for influent and effluent event mean concentrations for 

selected constituents 

Water 
Quality 
Variable 

Sampling 
Location Min Max Median Range Mean SD 

Load 
based 

removal 
efficiency 

(%) 

TSS 
Influent (mg/L) 16.30 261.00 79.30 244.70 86.26 51.37 

87.2 
Effluent (mg/L) 3.20 21.70 11.80 18.50 10.99 4.79 

SSC 
Influent (mg/L) 78.20 1401.70 444.50 1323.50 482.26 338.34 

98.6 
Effluent (mg/L) 2.80 18.10 7.30 15.30 7.88 3.77 

TP 
Influent (µg/L) 887.00 8793.00 3063.00 7906.00 3550.20 1914.50 

64.2 
Effluent (µg/L) 472.00 4769.00 1480.00 4297.00 1688.08 1059.98 

TN 
Influent (µg/L) 1170.00 10479.00 3110.00 9309.00 3519.32 2161.47 

46.3 
Effluent (µg/L) 553.00 6579.00 1610.00 6026.00 2091.76 1613.61 

Zn 
Influent (µg/L) 0.005 7600.00 1500.00 7600.00 1792.00 1852.91 

76.1 
Effluent (µg/L) 0.005 2760.00 450.00 2760.00 561.64 594.70 

Cu 
Influent (µg/L) 0.001 880.40 79.50 880.40 171.28 229.33 

92.1 
Effluent (µg/L) 0.001 51.30 6.90 51.30 14.36 17.22 

Oil and 
Grease 

Influent (mg/L) 0.20 4.06 0.93 3.86 1.07 0.82 
46.4 

Effluent (mg/L) 0.00 2.32 0.35 2.32 0.50 0.60 
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Figure 4. Boxplots showing the distribution of influent and effluent event mean 

concentrations (EMC) for selected stormwater constituents over the study period 

Verification 

The verification was completed by the Verification Expert, Toronto and Region Conservation Authority, 

contracted by GLOBE Performance Solutions, using the International Standard ISO 14034:2016 

Environmental management -- Environmental technology verification (ETV). Data and information 

provided by Imbrium Systems to support the performance claim included the performance monitoring 

report prepared by University of Florida, Engineering School of Sustainable Infrastructure and 

Environment, and dated November 2011. This report is based on testing completed in accordance with 

the Technology Acceptance Reciprocity Partnership (TARP) Tier II Protocol (2003) and New Jersey 

Tier II Stormwater Test Requirements--Amendments to TARP Tier II Protocol (NJDEP, 2009).

What is ISO14034:2016 Environmental management – 

Environmental technology verification (ETV)?

ISO 14034:2016 specifies principles, procedures and requirements for environmental technology 

verification (ETV), and was developed and published by the International Organization for Standardization 

(ISO). The objective of ETV is to provide credible, reliable and independent verification of the 

performance of environmental technologies. An environmental technology is a technology that either 

results in an environmental added value or measures parameters that indicate an environmental impact. 

Such technologies have an increasingly important role in addressing environmental challenges and 

achieving sustainable development. 

For more information on the 
Jellyfish® Filter please contact: 

Imbrium Systems, Inc. 
407 Fairview Drive 
Whitby, ON 

L1N 3A9, Canada 
Tel: 416-960-9900 
info@imbriumsystems.com 

For more information on ISO 14034:2016 / ETV 
please contact: 

GLOBE Performance Solutions 
World Trade Centre 
404 – 999 Canada Place 

Vancouver, BC 
V6C 3E2  Canada 
Tel: 604-695-5018 / Toll Free: 1-855-695-5018 

etv@globeperformance.com 

Limitation of verification 
GLOBE Performance Solutions and the Verification Expert 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. 

Printed: August 3, 2017 Expires: August 31, 2020  Page 7 of 7 
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