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1. INTRODUCTION

The subject lands are comprised of several land parcels located at the northwest, southwest and southeast

corners of Glasgow Road and Chickadee Lane, east of Emil Kolb Parkway in the Town of Caledon.  In

total, the lands comprises 10.04 ha and are municipally known as 13935, 13951, 13977 and 13999

Chickadee Lane, 0 King Street, and 550, 600 and 615 Glasgow Road, with a legal description of Part of

Lot 10, Concessions 5 and 6, Town of Caledon.  Figure 1 illustrates the Site Location.

This report has been prepared in support of a request for amendment to the Town of Caledon Official Plan

and Zoning By-Law as well as Draft Plan of Subdivision approval on behalf of Zancor Homes (Bolton)

Ltd. and addresses sanitary, water and storm drainage servicing and stormwater management.

Figure 1
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1. INTRODUCTION (CONT’D)

Zancor Homes (Bolton) Ltd. filed an appeal of Region of Peel Official Plan Amendment 30 (ROPA

30).  By decision dated October 29th 2020, the Local Planning Appeal Tribunal (LPAT) granted

approval of the appeal thereby including the subject lands within the Bolton Settlement Area.

This update to the report responds to the comments provided by the the Town of Caledon

(Memorandum dated March 25th 2022) and Toronto and Region Conservation Authority (Letter dated

March 22nd 2022).
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2. PROPOSED DEVELOPMENT PLAN

The proposed Development is shown on the Draft Plan of Subdivision1 prepared by Humphries

Planning Group Inc. and comprises:

C One (1) Lot with existing Single Detached house;

C Two (2) Lots with proposed Single Detached houses;

C Twenty five (25) Blocks with 151 Street Townhouses;

C One (1) Stormwater Management Block;

C Two (2) Environmental Compensation/Restoration Blocks;

C One (1) Vegetation Protection Zone Block;

C Three (3) Open Space Blocks;

C One (1) Road Widening Block;

C One (1) Noise Buffer Block.

Four new roads (Streets A, B, C and D) are proposed; Street C includes a former part of Glasgow

Road, between Chickadee Lane and Emil Kolb Parkway (closed when Emil Kolb Parkway was

constructed).

1 Drawing A1, dated March 2nd 2019 Revised April 6th 2022, prepared by Humphries Planning Group
Inc.
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3. BACKGROUND AND SITE SPECIFIC TECHNICAL STUDIES

3.1 Background Studies

The following Technical Studies which were prepared pursuant to the Bolton Residential

Expansion are relevant to the sanitary and water servicing of the subject lands:

C Bolton Residential Expansion Study Infrastructure Report, prepared by Blue Plan

Engineering Consultants Limited, dated June 16th 2014.

C Bolton Residential Expansion, Water and Wastewater Servicing Analysis - 2020 Update,

Region of Peel Public Works (Water and Wastewater Infrastructure Planning), September

24th  2020.

3.2 Site Specific Studies

The following Studies were completed in support of the subject application:

C Geotechnical Investigation for proposed Residential Development, Chickadee Lane and

Glasgow Road, Town of Caledon prepared by Soil Engineers Ltd., dated July 2018,

Reference No. 1801-S032

C Supplementary Slope Stability Assessment for proposed Residential Development,

Chickadee Lane and Glasgow Road, prepared by Soil Engineers Ltd., dated August 31st

2020, Reference No. 1801-S032

C Chickadee Lane Rounding Out Area “B”, Comprehensive Environmental Impact Study and

Management Plan prepared by Palmer Consulting Group Inc., dated March 21st 2019,

Project No. 170163

C Hydrogeological Investigation - Chickadee Lane Rounding Out Area “B”, Bolton, Ontario

prepared by Palmer Environment Consulting Group Inc., dated October 12th 2018, Project

No. 170163

C Memorandum dated March 23rd 2021 prepared by Palmer, Project #1701603, Chickadee

Lane Stormwater Management Options Assessment Alternatives, Alternative Outlet

Evaluation
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3. BACKGROUND AND SITE SPECIFIC TECHNICAL STUDIES (CONT’D)

3.1 Background Studies (Cont’d)

C Memorandum dated August 27th 2021 prepared by Palmer, Project #1701603 - Chickadee

Lane Erosion Threshold of Humber River Tributaries

C Water Hydraulic Analysis for Chickadee Lane Round Out Area “B” Subdivision, Town of

Caledon, prepared by AECOM dated October 28th 2020, Project No. 60643310
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4. EXISTING CONDITIONS

4.1 Land Use

The subject subdivision property, apart from the two residences being retained as part of the

Draft Plan, comprise vacant (former rural residential holdings) and Agricultural lands.

4.2 Topography and Natural Features

The majority of the subject property is relatively flat, with the high point generally located at

Chickadee Lane and gentle slopes to the southeast and northwest where there are significant

forested valley features associated with the Humber River2.

4.3 Physiography and Geotechnical Conditions

Geotechnical3 and Hydrogeological4 Studies were completed for the subject subdivision.  Copies

of the reports are included in Appendices “B” and “C” respectively.

The Geotechnical Investigation revealed that beneath a veneer of topsoil, the site is generally

underlain by silty clay till with sandy silt till deposit at the deeper level.

The level of the water table ranges from 5m to 8m below the ground surface and the ground

water flow follows the topography.

The Hydraulic Conductivity (K) values were calculated to range from 3.5 x 10-6 m/s to 4.4 x 10-8

m/s with a geometric mean of 6.1 x 10-7 m/s which is typical of the Halton Till Aquitard.

2 Refer to Figures 8 and 9 of Comprehensive Environmental Impact Study and Management Plan
included in Appendix “A”

3 Geotechnical Investigation for Proposed Residence Development, Chickadee Lane and Glasgow
Road, Town of Caledon by Soil Engineers Ltd., dated July 2018, Reference No. 1801-S032

4 Hydrogeological Investigation, Chickadee Lane Rounding Out Area B, Bolton Ontario, by Palmer
Environmental Consulting Group Inc., dated October 12th 2018, Project No. 170163
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4. EXISTING CONDITIONS (CONT’D)

4.3 Physiography and Geotechnical Conditions (Cont’d)

Slope Stability Studies5 were conducted for the valley slopes at the northwest and southeast

limits of the subject property and the long term stable slope lines were plotted and are

graphically illustrated on the preliminary Servicing Plan (Drawing PS-1).

4.4 Storm Drainage

The subject subdivision property is located in Secondary Subwatershed No. 2 (Palgrave to

Bolton) of the Main Humber River Watershed6.  On a localized basis the property drains

overland north westerly and south easterly to the valley systems of the Humber River.

5 Geotechnical Investigation Report dated July 2018 and Supplementary Slope Assessment Study dated
August 31st 2020, included in Appendix “B”.

6 Refer to Figure 4 Subwatershed Boundary included Appendix “D”.
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5. SANITARY AND WATER SERVICING

5.1 Sanitary

 5.1.1 Existing Sanitary Services

As illustrated on the Preliminary Servicing Plan (Drawing PS-1) there are existing sanitary

sewers on DeRose Avenue (250mm diameter) and Emil Kolb Parkway (375mm diameter). 

In consideration of the existing inverts and capacity, the existing 375mm diameter sewer

on Emil Kolb Parkway is the preferred outlet. [Refer to Figure 8 of the Town of Caledon,

Bolton Residential Expansion Study, Water and Wastewater Servicing]7.

5.1.2 Proposed Sanitary Servicing

The proposed sanitary sewer system is shown on Drawing PS-1; the sewer system also

involves the construction of approximately 520m of an external sewer to connect to the

existing 375mm diameter sewer on Emil Kolb Parkway.  The sewer system is designed in

accordance with the Region of Peel Criteria and Standards.

C The population density flow based on street townhouses is 75 persons/ha;

C A sanitary flow based on 302.8 Lpcd (Litres per capita per day);

C A Harmon Peaking Factor calculated based upon the Harmon Peaking Formula (M =

1+14/(4+p0.5), where M = ratio of peak flow to average flow and P = the tributary

population in thousands;

C An infiltration allowance of 0.2 L/s/ha.

The sanitary drainage areas for the subdivision are shown on Drawing SA-1 and a

preliminary Sanitary Sewer Design Sheet is included in Appendix “F”.  

A completed copy of the Region of Peel Connection Multi-Use Demand Table is included

in Appendix “F”.

7 Included in Appendix “F”.
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5. SANITARY AND WATER SERVICING (CONT’D)

5.2 Water

5.2.1 Existing Water Network

The proposed subdivision is located within the boundaries of Pressure Zone 6.  As

shown on the attached Figure 5 of the Town of Caledon (Bolton Residential Expansion

Study - Water and Wastewater Servicing)8 and on Drawing PS-1, there is an existing

300mm diameter watermain on Glasgow Road and Chickadee Lane.  There is also an

existing water system in the subdivision on the west side of Emil Kolb Parkway. An

hydrant flow test was conducted on February 2nd 2022 of the existing hydrant on

Chickadee Lane (copy included in Appendix “G”).   The flow test indicated a static

pressure of 45 psi and a flow of 1088 US GPM at a residual pressure of 40 psi (one

hydrant port) and a flow of 1899 US GPM at a residual pressure of 37 psi (two

hydrant ports).

5.2.2 Proposed Watermain System

As shown on Drawing PS-1, the proposed watermain system will connect to the

existing 300mm diameter watermain on Glasgow Road and Chickadee Lane. 

A Water Hydraulic Analysis9 was carried out to determine the water serviceability of

the proposed subdivision under existing and future (2041) conditions and to review the

sizing of the proposed watermain system.  The analysis concluded that the water supply

would be capable of providing adequate water service for the proposed subdivision

under Average Day Demand, Maximum Day Demand and Peak Hour Demand.

The fire flow analysis indicated that the water system would provide adequate fire flow.

8 Included in Appendix “E”.

9 Water Network Analysis for Chickadee Lane Round Out Area “B” Subdivision, Town of Caledon,
by AECOM dated October 28th 2020, Project No. 60643310
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5. SANITARY AND WATER SERVICING (CONT’D)

5.2 Water (Cont’d)

5.2.2 Proposed Watermain System (Cont’d)

A Resiliency Review was also conducted; since the existing water system relies on a

single source (300mm watermain on Chickadee Lane) it was noted that the water

service for the proposed subdivision would be significantly interrupted if the water

supply is out of service.  Accordingly, to improve the water supply security a

secondary feed from the water system west of Emil Kolb Parkway was recommended. 

The design details of the secondary feed will be determined as part of the detailed

engineering design for the subdivision.

The proposed Subdivision will generate the following estimated water demand as given

in Table I.

      TABLE I

ESTIMATED WATER DEMAND

Description Long Term Demand

Total Residential Units (Townhouses and Single Detached) 154

Population (based on 3.20 PPU) 500

Average Consumption Rate (L/cap/day) 280

Total Average Consumption (m3/day) 140

Peak Day Consumption (based on 2.0 peak day factor)
m3/day

280

Peak Hour Consumption (based on 3.0 peak day factor)
m3/day

420 (4.86 L/s)

A completed copy of the Region of Peel Connection Multi-Use Demand Table is

included in Appendix “G”.
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6. STORM DRAINAGE AND STORMWATER MANAGEMENT

6.1 General

In the absence of a Subwatershed Study, the MOE Stormwater Management Manual10 was

used to provide guidance on the design of stormwater management controls for the subject

subdivision.  The Humber River Hydrology Study Scenario Modelling and Analysis Report

conducted by TRCA in 200811 determined that future development without stormwater

management quantity controls would significantly increase the magnitude of return-period flood

flows in downstream areas.   It was recommended that a Tributary-Based run off control

strategy be implemented to provide detention basins in developments in certain Tributaries to

control peak flows to pre-development levels, using unit flow criteria to ensure consistent

application in all developing areas.  It stated that the results indicated that return period flood

flows in watercourses throughout the watershed are generally controlled to existing levels with

this approach for all of the future conditions scenarios.

In consideration of the above, it is recommended that the proposed stormwater management is

designed to be consistent with the requirements as recommended in the report Humber River

Hydrology Study Scenario Modelling Analysis Report.

6.2 Storm Sewer System

The proposed storm sewer system is shown on Drawing PS-1.  The sewer system will be

designed in accordance with the Town of Caledon Standards to accommodate a 10 year storm

event and will outlet to the proposed stormwater management pond.  The sewer system and pipe

sizing will be designed so that the hydraulic grade line in the sewers will be one (1) metre below

the basement floor elevations.  The storm drainage areas are shown on Drawing ST-1 and the

related Storm Sewer Design Sheets are included in Appendix “H”.  Overland flow will be

conveyed within the road rights (maximum ponding depth of 0.3m) to the proposed stormwater

management pond. 

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

11 Humber River Hydrology Study Scenario Modelling and Analysis Report conducted by TRCA in
2008 
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6. STORM DRAINAGE AND STORMWATER MANAGEMENT (CONT’D)

6.2 Storm Sewer System (Cont’d)

The rear yards will generally drain via swales to rear lot catch basins which will be designed

to function with the proposed infiltration trenches.  The rear yards and part roofs of Blocks 11,

12 and 13 will drain directly overland to the Environmental Compensation Block 34.

6.3 Stormwater Management

6.3.1 General - Stormwater Management Criteria

Water quality, erosion and quantity control for the subdivision will be provided within

the proposed stormwater management pond. As shown on Drawing PS-1 the proposed

stormwater management pond will be located in the northwest part of the subdivision.

The following summarizes general design criteria for the design of the SWM facility:

C The stormwater management facility is designed as an off-line wet pond with

permanent pool within the SWMF to provide "enhanced level protection" as

per MOECP (2003) guidelines. 

C The erosion control criteria is based on the 48-hour detention of the runoff

from a 25mm, 4-hour Chicago storm event.

C Humber River Unit Flow Equation for Sub-Basin 36 is used to determine the

Release Rates for 2, 5, 10, 25, 50 and 100-year return period rainfall events. 

C Regional storm event (285mm depth, 48-hour Hurricane Hazel). 
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6. STORM DRAINAGE AND STORMWATER MANAGEMENT (CONT’D)

6.3 Stormwater Management (Cont’d)

6.3.1 General - Stormwater Management Criteria (Cont’d)

TABLE II

PROPOSED STORMWATER MANAGEMENT POND OUTFLOW RATES

Drainage Area 6.98 ha

Enhanced Protection Level 80% TSS Removal

SWM Type Wet Pond (Off-Line)

Imperviousness 75%

Outflow Rates (L/s)

25mm Erosion Control 7.4

2-Year 57

5-Year 87

10-Year 107

25-Year 134

50-Year 157

100-Year 177

6.3.2 Stormwater Management Pond Design

The net drainage area to the SWM Pond (including the area of the SWM Pond and

external drainage from Glasglow Road and Street C) is 6.98ha.  The Visual Otthymo

(VO) model was used to determine storm flow calculations and required stormwater

quantity control volumes based on required release rates. 
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6. STORM DRAINAGE AND STORMWATER MANAGEMENT (CONT’D)

6.3 Stormwater Management (Cont’d)

6.3.2 Stormwater Management Pond Design (Cont’d)

Based on the drainage area and release rates identified in Table II, an iterative process

was used to calculate the pond's effective stage-storage-discharge relationship,

determining the control structure sizing. The ponds have been adequately sized for all

storms up to and including Regional event. Table III below provides an overview of the

modelling results for the pond operation for 2 to 100-year storm events (AES 6 and 12

hour) and Regional Storm. Design details of the pond are shown on Drawing ST

SWM-1. A copy of the related outputs is included in Appendix "H". 

TABLE III

STORMWATER MANAGEMENT POND - PRELIMINARY DESIGN STORAGE VOLUME

REQUIRED/PROVIDED

Permanent Pool Storage Required (193.33 m3 ha ) = 1,349 m3

Permanent Pool Storage Provided = 1,683 m3

25mm Erosion Control Storage Required = 1,271 m3

25mm Erosion Control Storage Provided = 1,412 m3

Description
Design Storm

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

Unit Flow Targets (m3/s) 0.057 0.087 0.107 0.134 0.157 0.177 ---

Peak Flow (m3/s) 0.300 0.420 0.861 1.041 1.177 1.309 0.994

Outflow (m3/s) 0.034 0.074 0.102 0.128 0.144 0.159 0.987

Pond W.L. (m) 255.78 255.85 255.94 256.10 256.27 256.42 256.55

Max. Storage Used (m3) 1,765 2,224 2,558 3,040 3,417 3,791 4,760

Storage at Pond W.L (m3) 2,086 2,312 2,611 3,161 3,775 4,341 4,851
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6. STORM DRAINAGE AND STORMWATER MANAGEMENT (CONT’D)

6.3 Stormwater Management (Cont’d)

6.3.2 Stormwater Management Pond Design (Cont’d)

An orifice will be used for erosion control outflow, and a broad-crested weir and orifice

are proposed to control the outflows for the 2-year and up to the Regional storm

events.  The Control Structure stage-storage-discharge curve is provided Table IV

below. 

TABLE IV

       PROVIDED STAGE STORAGE DISCHARGE RELATIONSHIP

Stage (m) Storage (m3) Outflow (m3/s)

255.78 2,086 0.056

255.85 2,312 0.086

255.94 2,611 0.106

256.10 3,161 0.134

256.27 3,775 0.158

256.42 4,341 0.177

256.55 4,851 1.169

The following summarizes the outlet controls: 

C 25mm Erosion Control: 75mm diameter orifice plate. 

C 2 to 100 Year and Regional Storm Release: combination of 75mm diameter

orifice plate and 0.36m wide x 0.19m high weir. 

C A 10m wide emergency spillway is sized to safely convey the uncontrolled

peak flow (1.309m3/s). The crest elevation of the emergency spillway is set

at an elevation of 256.42m. 

The event storage conditions of the wet pond, supporting stage storage and discharge

calculations are included in Appendix "H". 
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6. STORM DRAINAGE AND STORMWATER MANAGEMENT (CONT’D)

6.3 Stormwater Management (Cont’d)

6.3.2 Stormwater Management Pond Design (Cont’d)

Preliminary design details of the proposed Stormwater Management Pond are

illustrated on Drawing SWM-1 taking proposed sewer inverts and preliminary grading

into consideration. It is noted that the configurations of the pond and related structures

will be finalized as part of the final Engineering Design of the facility.   A “Bottom

Drain” outlet is proposed from the pond to minimize temperature impacts on the

Humber River.

6.3.3 Sediment Loading and Drying Area

The estimated annual sediment loading based on 75% catchment imperviousness is

3.13 m3/ha12.  Based on the SWM pond drainage area of 6.98 ha the annual sediment

generation is 21.85m3.  Assuming that the sediment is removed from the SWM pond

on a ten (10) year interval the total sediment generated is 218.5m3.  To avoid dispersion

of the sediment to the surrounding area it is recommended that the protocol for storing

the sediment to allow it to dry is to enclose the sediment storage area with interlocking

plastic barriers (New Jersey barrier style) lined with Terrafix 270R Geotextile.  This

will facilitate the water to drain from the sediment.  On the basis of a 1.2m storage

height a minimum footprint area of 182m2+ is required.  As shown on Drawing SWM-

1 a sediment drying area is proposed adjacent to the forebay and maintenance access. 

The area of the sediment storage area is 195m2.

12 Ministry of the Environment, Stormwater Management Planning and Design Manual, March 2003
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6. STORM DRAINAGE AND STORMWATER MANAGEMENT (CONT’D)

6.4 Water Balance

The Hydrogeological Study13 completed for the subject subdivision concluded that the

development of the subject subdivision will result in an infiltration loss of 5,171 m3/year (i.e.

pre to post development).  In addition, TRCA advised that to reduce the potential for erosion

in the receiving feature, 15mm of runoff from the site be accommodated in the infiltration

trenches or other LID measures in lieu of continuous modelling.

Accordingly, it is proposed that the runoff from the rear half of the roof surfaces and the rear

yards be infiltrated where feasible.

To assist in the infiltration of stormwater it is proposed that in the locations of the proposed

infiltration trenches the native subsoil is replaced with topsoil for a depth of 2m to 3m.  The

topsoil mass will facilitate the surface infiltration of stormwater (in the rear yard swales) and

will also provide storage and an increased surface area of infiltration of stormwater into the

surrounding subsoil.

The requirement to retain the first 15mm of runoff on-site was reviewed and the related

calculations are as follows:

Subdivision Area = 6.98 ha (excluding Open Space and Restoration/VPZ areas)

% Imperviousness taken as 75%

Impervious Area = 0.75 (6.97 ha) = 5.235 ha

15mm Rainfall = 785.25m3

Infiltration Trench = 2.0m wide x 1.5m deep

Storage Volume @ 40% void ratio = 1.2m3/m

Total Length of Trench required = 654m

Length of Trench provided = 765m

13 Included in Appendix “C”
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7. SEDIMENT AND EROSION 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 gravity14.

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

and aquatic habitat.  Some specific examples include:

C Degradation of water quality;

C Damage or destruction of fish habitat;

C 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.

14 Erosion and Sediment Control Guidelines for Urban Construction, December 2006, Greater
Horseshoe Conservation Authorities.
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7. SEDIMENT AND EROSION CONTROL (CONT’D)

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:

C Topsoil Stripping and Site Pre-Grading

C Infrastructure Servicing

C 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:

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

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

C Stabilization of temporary sediment traps and provision of vegetated filter strips adjacent to the

NHS;

C 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.

It is recommended that the Erosion and Sediment Control Plan be submitted at the Final Design Stage.
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8. CONCLUSIONS

This Functional Servicing Report was prepared as a technical document in support of the request for

an Amendment to the Town of Caledon Official Plan and Zoning By Law as well as the Draft Plan of

Subdivision.  The report addresses sanitary, water and storm drainage servicing and stormwater

management.

The Report outlines a proposed servicing strategy for the proposed subdivision development and

provides preliminary engineering design for sanitary, water, storm drainage and stormwater management

in accordance with the technical requirements of the Region of Peel, Town of Caledon, Toronto and

Region Conservation and MECP.

The report concludes that:

C a suitable outlet is available for the proposed sanitary sewer system;

C the existing water system (Pressure Zone 6) has adequate capacity to service the subdivision;

in order to provide increased resiliency a second supply is recommended;

C the proposed stormwater management pond provides adequate capacity to restrict outflows for

all storm events (up to and including the Regional storm) to pre-development conditions and to

provide an enhanced level of water quality protection;

C the subdivision can be serviced without impacting any of the adjacent properties.
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1. Introduction  

Palmer is pleased to provide Brookvalley Project Management Inc. (Brookvalley), on behalf of Zancor 

Homes Inc. (Zancor), the results of our assessment of three options for outlets from the proposed 

stormwater management (SWM) pond to the receiving watercourse and documentation of the feasibility of 

each option from fluvial geomorphological, ecological and engineering perspectives. There are a number 

of  defined gullies and channels that descend into the Humber River Valley and drain the northwest corner 

of the subject property at the intersection of Chickadee Lane and Glasgow Road, in Bolton. This technical 

memorandum provides an overview of existing conditions near each proposed outlet location, a brief 

description of the alternatives and their evaluation.  

 

1.1 Background 

Palmer (2019) previously submitted the Chickadee Lane Rounding Out Area B Comprehensive 

Environmental Impact Study and Management Plan (CEISMP). In comments received May 15, 2020, 

Toronto and Region Conservation Authority (TRCA) expressed concern that reaches downstream of the 

proposed SWM pond may be susceptible to excessive erosion due to the proposed development of the 

subject property as well as recent urban development south of Emil Kolb Parkway. Accordingly, Palmer’s 

Senior Fluvial Geomorphologist, Candevcon Ltd. and Brookvalley carried out a site assessment of the 

subject property on May 26, 2020, to review potential SWM pond outlet alternatives. Two additional outlet 

alternatives were identified during the site meeting, in addition to the originally proposed outlet location. 

Each of the outlet alternatives was surveyed on June 15, 2020, by KRCMAR Surveyors Ltd. In addition, the 

feasibility of tying into existing municipal infrastructure was explored by Candevcon Ltd. It was determined 

that drainage from the proposed development could not discharge into exiting infrastructure or drainage 

pathways along Emil Kolb Parkway without exacerbating existing erosion along Reach B observed during 



Memorandum 
Page 2 | March 23, 2021 

Chickadee Lane Stormwater Management Options Assessment 

 

 

Palmer Memo - Options Assessment_23march2021 

the existing conditions assessment. Palmer’s Fluvial Processes Specialists assessed existing conditions 

along the entire headwater tributary drainage network (Reaches A, B, C, and D) west of the subject property 

on June 30, 2020, to document erosional processes and inform appropriate pond outlet locations (Palmer, 

2020). The existing conditions assessment confirmed the following: 

 

• Nearly all the reaches along the gullies and channels comprising the headwater tributary network, 

which drains the western and northern portions of the subject property, exhibit at least local erosion. 

• Tributary A exhibits the least amount of erosion. As such, consideration could be given to outletting 

stormwater along one or more of Reaches A1, A2, A3 and/or A5. Reach A4 is unstable and 

unsuitable for a stormwater outlet. 

• Tributary D has rapidly down-cut and incised through its alluvial floodplain as the channel has 

adjusted to unnaturally deep and fast flows resulting from watershed urbanization. 

 

 

2. Outlet Alternatives 

Three outlet alternatives were identified during a field investigation on May 26, 2020 (Figure 1). Two of the 

outlet alternatives are proposed to discharge into Tributary A catchment, located at the northeast corner of 

the subject property. The third alternative is proposed to discharge into Tributary D, located west of the 

property boundary. An overview of the proposed outlet alternatives and the existing gully and channel 

conditions is provided below. 

 

2.1 Alternative 1 

Drainage alternative 1, originally proposed as part of Palmer’s CEISMP submission, outlets directly into a 

V-shaped gully (Reach A4; Palmer 2020), which drains into Reach A5 approximately 60 m downstream. 

The gully exhibits signs of active erosion along its steep sidewalls. The gully has a high gradient (14%) and 

an irregular, stepped bed profile. The steep energy gradient increases velocity and shear stress along the 

gully bottom and walls. The banks are scoured and slightly undercut, exposing roots. All flows are confined 

to the V-shaped gully bottom without any floodplain available to attenuate floods. The bed and bank material 

consist of sandy silty-clay till, locally overlain by organic matter, sand, small gravels with cobbles and 

anthropogenic debris (i.e. concrete rubble). Also, woody debris and exposed tree roots impart structure and 

roughness along the bed. Alternative 1 would require the least amount of piping and terrestrial disturbance 

compared to Alternatives 2 and 3. However, the existing conditions assessment (Palmer, 2020) determined 

that this reach would not be suitable for stormwater discharge due to increased erosion potential within the 

gully. It is estimated that additional flows at this location would also exacerbate the uprooting or trees along 

the gully.. 

 

2.2 Alternative 2 

Drainage alternative 2 would be piped from the proposed SWM pond1 and discharge into Reach A5. The 

proposed alignment of the pond outlet sewer is located along a naturally cleared corridor along the forested 

 
1 Following correspondence from TRCA on 15 May 2020, the proposed SWM pond will need to be relocated outside of the 

delineated Long-Term Stable Top of Slope (LTSTOS) and associated allowances, which represents the limit of the 
Significant Valleyland as a KNHF under the Greenbelt Plan 15 m development buffer established based on habitat 
delineation. 
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valley wall, requiring less vegetation removal and tree clearing than Alternative 1. The wall at this location 

has a gentler gradient relative to slopes 50 m to the east and west of the proposed alignment. The pond 

will discharge into a reach that is transitional in its genesis and characteristics, exhibiting more influence 

from fluvial characteristics than solely gully processes. The channel exhibits little sign of active erosion 

along the sidewalls and no mass movement failures. The channel has a sinuous planform that reflects 

valley morphology as opposed to lateral erosion or meandering processes. The gully has a moderate-high 

gradient (9.5%). The bed and bank material consist of sandy silty-clay till overlain by silts and sands with 

discontinuous cobbles and boulders. Woody debris and exposed tree roots impart structure and roughness 

along the bed. Coarsening of the bed material moderates erosion and limits scour along the toe of the valley 

wall, thereby contributing to the relative stability of this reach. 

 

2.3 Alternative 3 

Drainage alternative 3 would be piped from the western side of the proposed SWM pond and outlet at the 

upstream extent of Reach D1. The proposed alignment follows an anthropogenically cleared corridor for 

approx. 75 m before continuing through a treed section of valley for the final 15 m. The valley slopes gently 

to a small plateau before descending more steeply toward the channel. The toe of the valley wall has eroded 

leaving a nearly 4 m-high vertical face separating the channel and the crest of the treed slope. The proposed 

pond outlet would discharge into upstream extent of Reach D1, which is transitional in its characteristics, 

exhibiting more influence from fluvial characteristics than solely gully processes. The channel is confined 

on both sides by prominent valley walls. The channel has incised below its floodplain and is adjusting to 

unnaturally deep and fast flows resulting from watershed urbanization west of Emil Kolb Parkway. The 

channel entrenchment has concentrated tractive forces along the channel bed and banks, which, in turn, 

has led to further degradation and instability. Higher peak flows from increased stormwater entering the 

channel have eroded the channel banks and the toe of the valley wall, enlarging the channel cross-section. 

The average bed gradient along the reach is 5%. Bed morphology is poorly defined due to active 

degradation. Bed materials are dominated by gravels and cobbles overlain by deposited sand. Bed material 

is readily entrained due to the high energy gradient along the reach.  Till is exposed locally along the bed, 

mostly along the thalweg position, and extensively along the lower banks. The entire length of Tributary D 

is susceptible to scour and erosion resulting from historical changes to its hydrologic and hydraulic regimes.   
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3. Evaluation of Alternatives 

Outlet alternatives are evaluated from an erosion, ecology, slope stability, civil engineering, and cost 

perspective (Table 1) to determine the preferred alignment and outlet location.  
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Table 1. Evaluation of proposed drainage alternatives 

Discipline Proposed Alternative  

Alternative 1 Alternative 2 Alternative 3 
Fluvial Geomorphology Expansion of the gully’s catchment area and regulation of its hydrological 

regime have the potential to exacerbate erosion through a positive 

feedback mechanism. The steepness and confinement of the gully bottom 

yield a naturally erosive environment. Discharging into this steep gully is not 

suitable from a fluvial geomorphological perspective. 

Expansion of Reach A5’s catchment area and regulation of its hydrological regime have the 

potential to exacerbate erosion along this reach. This section of channel, however, is 

relatively stable with till underlain by cobbles, boulders and woody debris along the bed. It 

also exhibits no obvious valley wall instability. 

Additional discharge entering the channel from the proposed pond has the potential to 

exacerbate erosion along this unstable reach. The steepness and confinement of the channel 

bottom yield a naturally erosive environment. 

Score 1 5 3 
Aquatic Ecology  Approx. 2 m wide in this section. 0-5 cm deep, slow trickle of flowing water. 

Sand bottom with some gravels and cobbles present. Steep and unlikely 

suitable for fish species. Limited groundwater influence along this section 

Approx. 2 m wide in this section. 0-3 cm deep, slight trickle of water along the channel. 

Silty/clay bottom, some large rocks. Steep and unlikely suitable for fish species. 

Groundwater upwelling observed along this section. 

Approx. 0.5 wide in this section. 1-6 cm deep, slow flow (with sinks) flowing north. Silty/clay 
bottom with wood debris and localized boulders. Gully-spanning tree roots. Steep and unlikely 
suitable for fish species. No groundwater influence along this section. 

Score 3 3 3 

Terrestrial Ecology  This section would represent the least native tree removal, as it is primarily 
dominated by European Buckthorn (highly invasive, non-native), and Ash 
populations here have already declined due to EAB, with few live trees left. 
Clearing of this area would not fragment the forest due to its position at the 
woodland edge. However, it is estimated that additional flows at this 

location may exacerbate the observed uprooting of trees along this route. 

The area provides a potentially suitable habitat for bats and salamanders. Large, tall 
deciduous trees provide canopy cover of >60% with occasional gaps, including a naturally 
cleared corridor along the forested valley wall. The woodlands also provide confirmed habitat 
for Wood Thrush and Eastern Wood-pewee, both Species at Risk birds in Ontario. There are 
no specific issues related to outlet placement.   

The area provides a potentially suitable habitat for bats and salamanders. Large, tall deciduous 
trees provide canopy cover of >60% with occasional gaps. The woodlands also provide 
confirmed habitat for Wood Thrush and Eastern Wood-pewee, both Species at Risk birds in 
Ontario. There are no specific issues related to outlet placement.   

Regulatory Agency Acceptance 
(Satisfy TRCA, DFO and MNRF 
Mandates) 

Identified as significant valley land under the Greenbelt Plan with potential for species at risk present, so would require approvals from TRCA and MNRF. 

Score 3 3 3 

Slope Stability1 
The gully exhibits little sign of active erosion along gully walls and no mass 
movement failures. No headward cut or seepage areas were observed. The 
gully sidewalls appear to be relatively stable; however, continued incision 
along the gully bottom highlights the potential for future sidewall instability. 

The valley wall exhibits little sign of active erosion along valley wall and no mass movement 
failures. The toes of the valley walls are slightly undercut, exposing roots and silty till; 
however, no instability was noted.  

Signs of active erosion with mass movement failures and seepage areas (resulting from the 
presence of a perched water table (Palmer 2019)) were present along the valley wall. Severe 
erosion along the bed and banks of the channel has further contributed to valley wall instability  

Score 3 5 1 

Engineering 
This alternative requires the shortest outlet pipe and least construction cost. This Alternative requires the longest outlet pipe, with manhole drop structures, and the 

highest construction cost.  The advantage is that the energy is dissipated within the sewer 
system as opposed to along a channel as in Alternative 1. 

This alternative is slightly less costly to construct, but the risk to valley wall stability is high. 

Score 5 3 1 

Score 15 19 11 
Overview Although alternative 1 would result in the least amount of direct construction 

disturbance, the receiving reach (A4) would be unable to accommodate 

additional discharge without adverse effects due to its inherent instability 

and erosive characteristics. 

Alternative 2 is the preferred options as it best balances long-term stability of the reaches 

downstream of the proposed outlet. 

Alternative 3 would outlet into a geomorphologically sensitive reach due to watershed 

urbanization resulting in instability along the channel bed and valley walls. 

 

 
1 A long-term slope stability assessment has not been completed along the proposed drainage alternative alignments. Slope stability was evaluated based on the composition of table land and observed mass wasting or seepage areas in proximity to the proposed alignments.  
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4. Conclusion and Recommendations 

The options assessment identified that Alternative 2 would be the most appropriate outlet location from 

geomorphological, ecological, and engineering perspectives. Alternative 2 would result in the proposed 

SWM pond discharging into Reach A5. Reach A5 is transitional in its genesis and characteristics, exhibiting 

more influence from fluvial characteristics than solely gully processes. Reach D2, which is immediately 

downstream of Reach A5, would also receive SWM pond discharge. It is rapidly responding to an altered 

flow regime due to urban development south of Emil Kolb Parkway and, thus, is very sensitive to changes 

in flow regime. Positioning a SWM pond outlet along the bottom of steep channels and narrow-bottomed 

valleys without exacerbating erosion will be challenging without at least localized mitigative measures along 

the channel.  

 

To ensure that the preferred outlet locations do not negatively impact long-term stability and/or terrestrial 

ecology, the following studies are recommended: 

 

• Complete an erosion threshold assessment along the most sensitive reaches downstream of the 

preferred stormwater outlet alternative to inform release rates from the proposed SWM pond.  

• Update discharge rates from the SWM pond to ensure that the receiving watercourse can 

accommodate more frequent, smaller discharge events from the pond without exceeding the 

erosion threshold. 

• A tree survey is recommended along the proposed alignment to ensure future designs can avoid 

impact to any sensitive species. 
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5. Certification 

This memorandum was prepared and reviewed by the undersigned: 

 

 

 

Prepared By: 

 

Michael Brierley, M.Sc. 

Fluvial Processes Specialist 

 

 

 

Reviewed By: 
 

Robin McKillop, M.Sc., P.Geo., CAN-CISEC 

Principal, Fluvial Geomorphologist 
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1. Introduction 
Palmer is pleased to provide Brookvalley Project Management Inc. (Brookvalley), on behalf of Zancor 
Homes Inc. (Zancor), the results of our erosion threshold assessment of two reaches (A5 and D2) of 
Humber River downstream of a proposed stormwater management (SWM) pond outlet that descend into 
the Humber River Valley and drain the northwest corner of the subject property at the intersection of 
Chickadee Lane and Glasgow Road, in Bolton.  
 

1.1 Background 

Initial geomorphological field reconnaissance was completed on February 5, 2019, to examine the 
conditions and erosional processes along a headwater gully system downstream of the proposed 
stormwater management (SWM) pond (Figure 1; Palmer 2020a). TRCA, in comments received May 15, 
2020, expressed concern that reaches downstream of the proposed SWM pond may be susceptible to 
excessive erosion due to the proposed development of the subject property as well as recent urban 
development south of Emil Kolb Parkway. Accordingly, Palmer’s Fluvial Processes Specialists assessed 
existing conditions along the entire headwater tributary drainage network (Reaches A, B, C, and D) west of 
the subject property on June 30, 2020, to document erosional processes and inform appropriate pond outlet 
locations (Palmer, 2020a). 
 
Following the existing conditions assessment (Palmer, 2020a), an options assessment for the pond outlet 
was completed (Palmer, 2020b). The options assessment identified that Option 2 would be the most 
appropriate outlet location from a geomorphological perspective (Figure 1; Palmer 2020a). Option 2 would 
result in the proposed SWM pond1 discharging into Reach A5. Reach A5 is transitional in its genesis and 

 
1 Following correspondence from TRCA on 15 May 2020, the proposed SWM pond will need to be relocated outside of the 

delineated Long-Term Stable Top of Slope (LTSTOS) and associated allowances, which represents the limit of the 
Significant Valleyland as a KNHF under the Greenbelt Plan 15 m development buffer established based on habitat 
delineation. 
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characteristics, exhibiting more influence from fluvial characteristics. Between the proposed SWM pond 
and the Option 2 outlet, the valley wall has a gentler gradient relative to slopes 50 m to the east and west 
along and reduced mature vegetation cover along the proposed alignment.   
 
To inform release rates from the proposed SWM Pond, Palmer’s Fluvial Processes Specialists completed 
erosion threshold analyses in both Reach A5 and Reach D2 (Figure 1; Palmer 2020a). Reach D2, which 
is immediately downstream of Reach A5, was assessed because it is rapidly responding to an altered flow 
regime due to urban development south of Emil Kolb Parkway and, thus, very sensitive to changes in flow 
regime.  Reach A5 and Reach D2 are both downstream of Option 1 outlet. Reach D2 is downstream of the 
Option 3 outlet.  
 
 
2. Physical Setting 
In the vicinity of the subject property, Humber River has incised through thick deposits of clay- to silt-
textured till at least partly derived from erosion of glaciolacustrine deposits. Borehole logs from drilling 
completed within the subject property generally confirm that a veneer of topsoil and earth fill overlie silty 
clay till and compact to very dense sandy silt till at greater depths (Soil Engineers Ltd., 2018). Borehole 2 
(BH2), which is located closest to the proposed SWM pond and the edge of the valley, corroborates field 
observation that the walls of the gully features that descend into the Humber River valley comprise silty 
clay till, with traces of gravel, sand seams, cobbles and boulders (Soil Engineers Ltd., 2018). The till helps 
maintain morphological form in the steep headwater tributaries and supplies sediment to downstream 
reaches.  
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3. Methods 
The erosion threshold assessment was completed in accordance with TRCA’s detailed procedural 
documents (2008). Field data collection occurred on December 9, 2020, by Palmer’s Fluvial Process 
Specialists. Site-specific data collection included four bankfull cross-sections along each reach (locations 
shown in Figure 1); a local longitudinal bed survey (rod and level); substrate characteristics, including grain 
size distribution estimates based on modified Wolman (1954) pebble counts at each cross-section along 
Reach D2 and a single representative sample for Reach A5; and description of bank structure and 
composition. Fine-grained bed material was characterized by grain size range class (e.g. silt, fine sand) by 
visual examination and hand texturing, with confirmatory reference to nearby borehole logs and associated 
grain size analysis records. Bankfull dimensions were based on field indicators defining the principal limit 
of scour, including abrupt changes in bank vegetation, material, and steepness (Harrelson et al., 1994), 
which is assumed to correspond to the ‘channel-forming’ discharge. Irregular and unstable morphology 
complicates the identification of bankfull indicators along Reach D2 (Palmer, 2020a). 
 
Although cohesive till substrate was locally observed along both reaches, channel morphology of Reach 
A5 and Reach D2 is largely controlled by cohesionless alluvial material present along the bed and banks. 
Furthermore, in Reach A5 the range of bed grain sizes is broad and channel morphology is controlled by 
both silts and sands present along channel periphery and interstitial spaces of coarser-grained materials 
as well as coarse gravels and cobbles unevenly distributed along the bed. In Reach D2, the gravel bed 
material is more consistent along the reach. For observed coarse-grained material (gravels and cobbles) 
in Reach D2 and Reach A5, erosion threshold and critical discharge analyses were completed based on a 
Shields (1936) approach as outlined by Church (2006), as it is a semi-empirical approach (as opposed to 
completely empirical). The median grain size (D50) was used for the erosion threshold calculations. Erosion 
thresholds were compared to hydraulic conditions at bankfull flows (established from the field survey) to 
better understand the propensity for entrainment.  
 
To determine the erosion threshold for the fine-grained material (silt and sand) in Reach A5 a representative 
silt grain size (0.05 mm) was compared to entrainment thresholds established by Hjulstrӧm (1935). The 
Hjulstrӧm (1935) approach better represents the entrainment of fine-grained material relative to Shields 
(1936). Silts were more readily observed than sand during hand texturing at Reach A5 and more susceptible 
to erosion compared to cohesive tills documented in borehole logs (Soil Engineers Ltd., 2018). Cohesive 
material is bound together by electrochemical forces in such a way that resists entrainment.  As such, 
cohesive material entrainment is not a function of particle size (Knighton, 1998). Therefore, the 
establishment of an erosion threshold based on the silt fraction is considered a conservative approach. 
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Figure 2. Reach breaks, preferred stormwater management discharge location (Option 2), and 

surveyed cross-section locations. 

 
 
4. Description of Channel Morphology of Reach A5 and Reach D2 
The planned SWM pond is proposed to discharge into the Humber River Valley (Figure 1).  Three outlet 
alternatives were identified during a field investigation on May 26, 2020 (Figure 1). Two of the outlet 
alternatives are proposed to discharge into Tributary A catchment, located at the northeast corner of the 
subject property. The third alternative is proposed to discharge into Tributary D, located west of the property 
boundary.  
 

4.1 Reach A5 

Reach A5 exhibits little sign of active erosion along sidewalls and no mass movement failures. The channel 
has a sinuous planform; however, it is not a function of lateral erosion but forced by valley topography. The 
gully has a moderate-high gradient (9.54%). The bed and bank material consist of sand and silts as well as 
localized till exposure, overlain by cobbles and boulders (Photo 1). Sand and small gravels are temporarily 
deposited upstream of boulder clusters and woody debris. Woody debris and exposed tree roots impart 
structure and roughness along the bed (Photo 2). High organic matter (i.e. fallen leaves) increase erosion 
resistance of the bed and valley substrate. Coarsening of the bed material moderates bed erosion. 
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Photo 1. Upstream view of cobbly substrate along the bed near the downstream extent of Reach 

A5. 

 
Photo 2. Upstream view of wood debris and organic matter accumulation along the bed which 

adds additional roughness. 

4.2 Reach D2 

Immediately downstream of Reach A2, Reach D2 is morphologically sensitive and is adjusting to 
unnaturally deep and fast flows resulting from watershed urbanization west of Emil Kolb Parkway (Photo 
3). Reach D2 is a sinuous channel confined on both sides by terraces (1.5 – 2.0 m high) and prominent 
valley walls with no accessible floodplain. The channel has incised through alluvial floodplain into underlying 
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till. Increased peak flows have also begun to widen and deepen the channel, creating a new corridor with 
a low discontinuous floodplain. The new corridor has a width and depth of 5 m and 1.5 m. The averaged 
bankfull width and depth are 3 m and 0.4 m, respectively. The bankfull depth is well below the physical top 
of bank following rapid bed degradation. The average bed gradient along the reach is approximately 4.15%. 
Bed morphological units (e.g. pools, riffles) are poorly defined due to active degradation. Bed materials are 
dominated by gravels and cobbles and locally overlain by sand (Photo 4). Till is exposed locally along the 
bed, mostly along the thalweg, and extensively along the lower banks. 
 

 
Photo 3. Downstream view of channel incision that has lowered the bed 1.5 to 2.0 m below the 

floodplain.  
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Photo 4. Downstream view of gravel and cobble bed material locally overlain by sand. 

 
 
5. Erosion Thresholds 
5.1.1 Reach A5 – Coarse-grained Material 

Using the Shields (1936) approach2, a critical shear stress of 116 N/m2 was established for the D50 (120 
mm) of the gravel and cobbly to boulder alluvium lag along the bed of Reach A5. This critical shear stress 
is exceeded at a discharge of 0.21 m3/s, which corresponds to approximately 41% of the bankfull flow3 
(0.51 m3/s), demonstrating that the coarse grain bed material is mobilized during flows below the physical 
tops of bank. However, bed structure (steps, knickpoints, roots, etc.), cohesive till material and woody debris 
provide stability along the reach bottom, moderating erosive potential and therefore transport potential of 
cobble and boulder substrate.  
 

5.1.2 Reach A5 – Fine-grained Material 

Using the Hjulstrӧm (1935) approach, a critical velocity of 0.53 m/s was established for silt (0.05 mm). This 
critical velocity is exceeded at a discharge of 0.058 m3/s, which corresponds to approximately 11% of the 
bankfull flow (0.51 m3/s). Thus, the fine-grained material along the channel periphery and in the interstitial 
spaces of the coarser-grained sediments will be more readily eroded in Reach A5 than the coarse-grained 
material.  
 

 
2 Critical Shields (1936) parameter assumed to be 0.06 (Church, 2006). 
3 To estimate bankfull hydraulics, a Manning’s ‘n’ of 0.075 was chosen for Reach A5 due to the large relative roughness and 

accumulation of organic debris. This value was corroborated by measured Manning’s ‘n’ values presented in Hick and 
Mason (1991) for is a watercourse that had a similar gradient and discharge to Reach A5. 
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5.1.3 Reach D2 

Using the Shields (1936) approach4, a critical shear stress of 25 N/m2 was established for the D50 (34 mm) 
of the bed material in Reach D2. This critical shear stress is exceeded at a discharge of 0.18 m3/s, which 
corresponds to approximately 8% of the bankfull flow5 (2.29 m3/s), demonstrating that bed material is 
mobilized during flows well below bankfull conditions. Furthermore, average shear stresses at bankfull 
conditions can entrain the D95 (105 mm), indicating bankfull flow can lead to reach-scale morphological 
restructuring in Reach D2. The erosion threshold of Reach D2 (0.18 m3/s) is less than the erosion threshold 
of the coarse-grained fraction in Reach A5 (0.21 m3/s) but considerably higher than the erosion threshold 
of the fine-grained fraction of Reach A5 (0.058 m3/s). 
 
 
6. Summary and Recommendations  
Palmer completed an erosion threshold assessment along two headwater tributaries (A5 and D2) 
downstream of a proposed SWM pond outlet. An erosion threshold of 0.058 m3/s was established for the 
observed fine-grained sediments in A5. The established erosion threshold will not exacerbate ongoing 
instability in Reach D2. The established erosion threshold (0.058 m /s) exceeds the 25 mm 4-hour Chicago 
storm event discharge (0.011 m /s). Therefore, the 25 mm storm discharge from the SWM Pond is only 
17% of the established erosion threshold. 
 
 
7. Certification 
This memorandum was prepared and reviewed by the undersigned: 
 
 
Prepared By: 

 
Michael Brierley, M.Sc. 
Fluvial Processes Specialist 

 
Reviewed By: 

 
Dan McParland, M.Sc., P.Geo 
Fluvial Processes Specialist 

 
Approved By: 

 
Robin McKillop, M.Sc., P.Geo., CAN-CISEC 
Principal, Fluvial Geomorphologist 
 

 
4 Critical Shields (1936) parameter assumed to be 0.045 (Church, 2006). 
5 To estimate bankfull hydraulics, a Manning’s ‘n’ of 0.04 was chosen for Reach D2. 

3

3
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APPENDIX “B”

Geotechnical Investigation for Proposed Residential Development, Chickadee Lane and Glasgow Road,

Town of Caledon, Soil Engineers Ltd., dated July 2018, Reference No. 1801-S032

Supplementary Slope Stability Assessment prepared by Soil Engineers Ltd. Dated August 31st 2020,

Reference No. 1801-S032

Soil Engineers Letter dated March 23rd 2021 - Determination of Long-Term Stable Slope Line and

Erosion Hazard Limit, Reference No. 1801-S032





































































































































































































































































































































Subdivision: CHICKADEE GROVE COMMUNITY
File No.: DATE :              AUG/26/2021
Consultant: Prepared By:               RAJAH
Drainage Area Plan: Checked By:               DKH

Location From To Area Population Cumulative Cumulative Sewage Infiltration Total Length Pipe Gradient Manning Velocity Capacity Qpipe/Qfull REMARK
MH MH No. (Equivalent) Area (ha) Population Flow Flow Flow (m) Diameter % (n) (full) (m3/s) %

(m3/s) (m3/s) (m3/s) (mm) (m/s)

STREET A MH1A MH2A 1 0.19 75 14 0.19 14 0.013 0.000038 0.013038 23 250 1.00% 0.013 1.21 0.059 22%
STREET A MH2A MH3A 2 0.39 75 29 0.58 44 0.013 0.000116 0.013116 78.2 250 0.50% 0.013 0.86 0.042 31%
STREET A MH3A MH4A 3 0.66 75 50 1.24 93 0.013 0.000248 0.013248 78.2 250 0.50% 0.013 0.86 0.042 32%
STREET A MH4A MH5A 4 0.28 75 21 1.52 114 0.013 0.000304 0.013304 36.6 250 0.50% 0.013 0.86 0.042 32%
STREET A MH5A MH6A 5 0.45 75 34 1.97 148 0.013 0.000394 0.013394 67.8 250 0.50% 0.013 0.86 0.042 32%

STREET B MH10A M11A 6 0.22 75 17 0.22 17 0.013 0.000044 0.013044 26.2 250 1.00% 0.013 1.21 0.059 22%
STREET B MH11A MH12A 15 0.5 75 38 0.72 54 0.013 0.000144 0.013144 100 250 0.50% 0.013 0.86 0.042 31%

GLASGOW RD MH7A MH8A 14 0.21 75 16 0.21 16 0.013 0.000042 0.013042 32.6 250 1.00% 0.013 1.21 0.059 22%
GLASGOW RD MH8A MH9A 7 0.37 75 28 0.58 44 0.013 0.000116 0.013116 100 250 0.50% 0.013 0.86 0.042 31%

STREET C MH14A MH13A 13 0.25 75 19 0.25 19 0.013 0.00005 0.01305 42 250 1.00% 0.013 1.21 0.059 22%
STREET C MH13A MH9A 16 0.48 75 36 0.73 55 0.013 0.000146 0.013146 100 250 0.50% 0.013 0.86 0.042 31%

CHICKADEE LANE MH9A MH12A 8 0.37 75 28 1.68 126 0.013 0.000336 0.013336 88.5 250 0.50% 0.013 0.86 0.042 32%

STREET D MH15A MH12A 11 0.55 75 41 0.55 41 0.013 0.00011 0.01311 57.7 250 1.00% 0.013 1.21 0.059 22%

CHICKADEE LANE MH12A MH6A 9 0.44 75 33 3.39 254 0.013 0.000678 0.013678 98 250 0.50% 0.013 0.86 0.042 33%

STREET C MH16A MH17A 12 0.51 75 38 0.51 38 0.013 0.000102 0.013102 58.8 250 1.00% 0.013 1.21 0.059 22%
STREET C MH17A MH18A 10 0.38 75 29 0.89 67 0.013 0.000178 0.013178 83.3 250 0.50% 0.013 0.86 0.042 31%
STREET C MH18A MH6A 75 0 0.89 67 0.013 0.000178 0.013178 28.8 250 0.50% 0.013 0.86 0.042 31%

CHICKADEE LANE MH6A MH19A 75 0 6.25 469 0.013 0.00125 0.01425 75 250 0.50% 0.013 0.86 0.042 34%
CHICKADEE LANE MH19A MH20A 75 0 6.25 469 0.013 0.00125 0.01425 100 250 0.50% 0.013 0.86 0.042 34%
CHICKADEE LANE MH20A MH21A 75 0 6.25 469 0.013 0.00125 0.01425 100 250 0.50% 0.013 0.86 0.042 34%
CHICKADEE LANE MH21A MH22A 75 0 6.25 469 0.013 0.00125 0.01425 100 250 0.50% 0.013 0.86 0.042 34%
CHICKADEE LANE MH22A MH23A 75 0 6.25 469 0.013 0.00125 0.01425 46 250 0.50% 0.013 0.86 0.042 34%
CHICKADEE LANE MH23A EX.MH100A 75 0 6.25 469 0.013 0.00125 0.01425 100 250 0.50% 0.013 0.86 0.042 34%

REGION OF PEEL  DESIGN CRITERIA (STD.DWG.2-9-2)

Unit Sewage flow : Resid. = 302.8 L/c/day

Sewage flow for less than 1000 persons = 0.013m3/s
Peaking Factor: 1+14/(4+(P)^0.5)  P = Pop. in 1000's

Infiltration: pipe 0.0002 m3/s/ha

Manning's Co-eff.: n = 0.013

TOWN OF CALEDON Project No.:           W17003
REGION:21T-XX / TOWN: SANITARY DRAINAGE AREA PLAN

Candevcon Limited DESIGN SHEET-FSR

Area
(ha)

Density
(ppha)

SA-1







Existing 300mm dia water-main on Chickadee Lane

Pressure Zone 6

6.25 ha

4.86
3.24
1.62 

13921 CHICKADEE LANE

275 (40psi)
255 (37psi)

68.54
119.64 

10:10 AM
10:10 AM

Existing 375mm dia sewer on Emil Kolb Parkway

500

500
6.25 ha 
3.25**

180* *Typical for residential development

184.86

**Peak Sewage flow including infiltration

Shuchi
Sticky Note
Marked set by Shuchi

Shuchi
Sticky Note
Marked set by Shuchi
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 STORM DESIGN SHEETS For 2-yr storm I2     = 1070* (T+7.85) ^ (-.8759)

For 10-yr storm I10      = 2221* (T+12) ^ (-.9080)

CHICKADEE GROVE COMMUNITY For 100-yr storm I100   = 4688* (T+17) ^ (-.9624)

W17003

 

Location Area No.
Down-
stream

Total I10 I100

% Full

MH MH In Area Control Total 0.25 0.50 0.75 0.90 0.25 0.50 0.75 0.90 A x C In Area Total Q10 Q100

Length   
(m)

Size 
(mm)

Grade  
(%)

Capacity 
(m3/sec)

Velocity 
(m/s)

Time 
(min) Q10/Ca

STREET A 2 MH11 MH2 0.40 0.00 0.40 0.40 0.000 0.000 0.300 0.000 0.300 10.0 10.8 134.2 196.5 0.112 0.164 56.23 450 0.40 0.180 1.13 0.83 62%

STREET A 3 MH1 MH2 0.21 0.00 0.21 0.21 0.000 0.000 0.158 0.000 0.158 10.0 10.7 134.2 196.5 0.059 0.086 40.26 375 0.40 0.111 1.00 0.67 53%

STREET B 8 MH2 MH3 0.18 0.61 0.79 0.18 0.000 0.000 0.135 0.000 0.593 10.7 11.1 130.6 192.0 0.215 0.316 32.84 600 0.40 0.388 1.37 0.40 55%

STREET B 7 MH3 MH4 0.53 0.79 1.32 0.53 0.000 0.000 0.398 0.000 0.990 11.1 12.2 128.5 189.3 0.354 0.521 100 675 0.40 0.531 1.49 1.12 67%

STREET A 1, EXT-1 MH11 MH12 0.25 0.00 0.25 0.25 0.000 0.000 0.188 0.000 0.188 10.0 10.7 134.2 196.5 0.070 0.102 41.8 375 0.40 0.111 1.00 0.69 63%

GLASGOW 11 MH12 MH13 0.24 0.25 0.49 0.24 0.000 0.000 0.180 0.000 0.368 10.7 11.5 130.4 191.8 0.133 0.196 55.3 450 0.40 0.180 1.13 0.81 74%

GLASGOW 10 MH13 MH5 0.33 0.49 0.82 0.33 0.000 0.000 0.248 0.000 0.615 11.5 12.6 126.3 186.5 0.216 0.319 93 600 0.40 0.388 1.37 1.13 56%

STREET A 20 MH1 MH8 0.30 0.00 0.30 0.30 0.000 0.000 0.225 0.000 0.225 10.0 11.0 134.2 196.5 0.084 0.123 57.6 375 0.40 0.111 1.00 0.96 76%

STREET A 4 MH8 MH9 0.26 0.30 0.56 0.26 0.000 0.000 0.195 0.000 0.420 11.0 11.4 129.1 190.1 0.151 0.222 34.6 525 0.40 0.272 1.26 0.46 55%

STREET A 5 MH9 MH10 0.55 0.56 1.11 0.55 0.000 0.000 0.413 0.000 0.833 11.4 12.2 126.8 187.1 0.293 0.433 64.5 600 0.40 0.388 1.37 0.78 76%

STREET C 12 MH15 MH16 0.36 0.00 0.36 0.36 0.000 0.000 0.270 0.000 0.270 10.0 10.6 134.2 196.5 0.101 0.148 48.6 450 0.50 0.202 1.27 0.64 50%

STREET C MH16 MH10 0.00 0.36 0.36 0.00 0.000 0.000 0.000 0.000 0.270 10.6 11.1 130.7 192.2 0.098 0.144 30.3 375 0.50 0.124 1.12 0.45 79%

CHICKADE LA 6 MH10 MH4 0.39 1.47 1.86 0.39 0.000 0.000 0.293 0.000 1.395 12.2 13.2 123.1 182.3 0.477 0.707 98.2 750 0.40 0.704 1.59 1.03 68%

STREET D 13,14 MH14 MH4 0.78 0.00 0.78 0.78 0.000 0.000 0.585 0.000 0.585 10.0 10.7 134.2 196.5 0.218 0.320 62 525 0.50 0.304 1.40 0.74 72%

CHICKADE LA 9 MH4 MH5 0.36 3.96 4.32 0.36 0.000 0.000 0.270 0.000 3.240 13.2 13.9 118.5 176.3 1.067 1.588 82.2 975 0.40 1.417 1.90 0.72 75%

STREET C MH5 MH6 0.00 5.14 5.14 0.000 0.000 0.000 0.000 3.855 13.9 14.1 115.5 172.4 1.238 1.847 23.7 1050 0.50 1.930 2.23 0.18 64%

STREET C 15 MH17 MH18 0.33 0.00 0.33 0.33 0.000 0.000 0.248 0.000 0.248 10.0 11.4 134.2 196.5 0.092 0.135 94.4 450 0.40 0.180 1.13 1.39 51%

STREET C 18 MH18 MH19 0.09 0.33 0.42 0.09 0.000 0.000 0.068 0.000 0.315 11.4 11.8 126.9 187.3 0.111 0.164 31.6 525 0.40 0.272 1.26 0.42 41%

STREET C MH19 MH20 0.00 0.42 0.42 0.000 0.000 0.000 0.000 0.315 11.8 12.0 124.9 184.7 0.109 0.162 12 525 0.40 0.272 1.26 0.16 40%

STREET C 16 MH20 MH21 0.47 0.42 0.89 0.47 0.000 0.000 0.353 0.000 0.668 12.0 13.0 124.1 183.7 0.230 0.341 86.4 600 0.40 0.388 1.37 1.05 59%

STREET C 17 MH21 MH6 0.28 0.89 1.17 0.28 0.000 0.000 0.210 0.000 0.878 13.0 13.5 119.4 177.5 0.291 0.433 38.3 600 0.40 0.388 1.37 0.46 75%

POND MH6 MH22 0.00 6.31 6.31 0.000 0.000 0.000 0.000 4.733 14.1 14.4 114.8 171.4 1.510 2.255 36.1 1050 0.50 1.930 2.23 0.27 78%

POND MH22 OUTFALL 0.00 6.31 6.31 0.000 0.000 0.000 0.000 4.733 14.4 14.5 113.7 170.0 1.496 2.237 10.5 1050 0.50 1.930 2.23 0.08 78%

I2 Q2 Q2/Ca

BYPASS MH22 MH23 0.00 6.31 6.31 0.000 0.000 0.000 0.000 4.733 14.4 14.6 70.7 170.0 0.930 2.237 19.9 825 0.50 1.015 1.90 0.17 92%

BYPASS MH23 MH P1 0.00 6.31 6.31 0.000 0.000 0.000 0.000 4.733 14.6 15.4 70.2 169.1 0.924 2.225 89.5 825 0.50 1.015 1.90 0.79 91%

PIPE
Up-

stream
Contributing Area (ha) Breakdown of Areas Area x Storm Co-eff Time (min)

FLOW                 Q= 
2.78ACI/1000



Project Number : W17003 Prepared By : S.S

Project Name : CHICKADEE LANE Checked By: D.K.H

Date : 30/08/2021

Total Site Area (Ha) = 6.98

Outlet Location : Innis Lake (Humber River)

Humber River SWM Quantity Control Release Rates based on Equation F (Sub Basin 36)

EVENT HUMBER RIVER Sub-Basin B C ln(A) Rel. Rate (L/S/ha) Rel. Rate (L/S)

100 - Year Q= 29.912 - 2.316*ln(A) 29.91 2.316 1.94 25.4 177

50 - Year Q= 26.566 - 2.082*ln(A) 26.57 2.082 1.94 22.5 157

25-Year Q= 22.639 - 1.741*ln(A) 22.64 1.741 1.94 19.3 134

10-Year Q= 17.957 - 1.373*ln(A) 17.96 1.373 1.94 15.3 107

5-Year Q= 14.652 - 1.136*ln(A) 14.65 1.136 1.94 12.4 87

2-Year Q= 9.506 - 0.719*ln(A) 9.506 0.719 1.94 8.11 57

Summary of SWM Pond Release Rate targets for different Storm Events 

Return Period Release Rates (L/s)

100 - Year 177

50 - Year 157

25-Year 134

10-Year 107

5-Year 87

2-Year 57

RELEASE RATE REQUIREMENT FOR SWM POND
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Permanent Pool and Extended Storage Volume Requirements ; 

Total Site Area draining to Proposed SWM Pond = 6.98 Ha

Total Site Imperviousness = 75%

MOE Standard Requirements = 233.33 m
3
/ha (includes 40m

3
/ha Extended Detention)

Permanent Pool Volume Requirement = 193.33 m
3
/ha (233.33 - 40)

PP Storage Required in proposed Pond = 1349 m3

Elevations Surface Area Average Area Depth Delta Total 
Volume Volume 

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

253.50 541

877 1.00 877

254.50 1213 877

1612 0.50 806

255.00 2010 1683 (Permanent Pool Storage)

255.00 2010

2461 0.50 1231

255.50 2912 1231

3423 1.00 3423

256.50 3934 4654

4208 0.50 2104

257.00 4482 6758 Total Active Storage 

SWM POND STORAGE CALCS



Visual Otthymo Results for AES storm, 2 to 100-Year storm events for 6 & 12 Hour Runs - SWM Pond

6 - HOUR RUN
Storm Event 2-Year 5-Year 10-Year 25-Year 50-Year 100-Year
Target Release 57 87 107 134 157 177
Release Rate (L/s) 28 73 102 128 144 159

Storage Volume 1687 2215 2558 3040 3417 3791

12 - HOUR RUN
Storm Event 2-Year 5-Year 10-Year 25-Year 50-Year 100-Year
Target Release 57 87 107 135 157 177
Release Rate (L/s) 34 74 100 124 139 152

Storage Volume 1765 2224 2530 2962 3288 3632

TRCA's 25mm Erosion Control Requirement ; 

Contributing Drainage Area (ha) = 6.98 Ha

25mm 4Hr Chicago Post Development Runoff Volume in Depth = 18.206 mm (Refer to VO Results)

( R. V x Drainage Area)

25mm 4Hr Chicago Post Development Storage Volume = 1,271      m3

25mm 4-hour Chicago storm to be stored and released over a min. of 48-hour period ; 

Erosion Target Rate = 26.47 m
3
/hr 7.4 L/s



Project Number : W17003 Prepared By : S.S

Project Name : CHICKADEE LANE Checked By: D.K.H

Date : 02/05/2022

Drawdown Time for Water Quality Level ;

Based on Equation 4.11 MOE SWM Planning and Design Manual 

t = Drawdown time in seconds 

Ap = Surface area of the pond (m
2
)

C = Discharge Coefficient (typically 0.63) 

Ao
 = 

Cross-sectional area of the orifice (m
2
)

g = Gravitational acceleration constant (9.81 m/s)

h1 =  Starting water elevation above the orifice (m)

h2 = Ending water elevation above the orifice (m)

C2 =  Slope coefficient from the area-depth linear regression 

C3 =  Intercept from the area-depth linear regression 

Elevation(m) Head (m) AREA (m2)
255.00 0.00 2010

255.10 0.10 2190

255.20 0.20 2371

255.30 0.30 2551

255.40 0.40 2732

255.50 0.50 2912

255.56 0.56 2973

255.60 0.60 3014

Intercept of Regression , C3 = 2025.3

Slope coef. of Regression,  C2 = 1710.8

Ultimate Ponding Elevation = 255.56 m (25mm Water Quality Level)

Depth over orifice = 0.56 m (25mm Level - Permanent Pool Elevation)

(255.56 - 255.00)

Orifice Diameter = 75 mm
Orifice Area =  0.00442 m

2

Drawdown Time (t)= 288446 seconds

 80.1 hours 

Water Quality Volume Requirement

2010

2190

2371

2551

2732

2912

2973

3014

y = 1710.8x + 2025.3
R² = 0.9965

2000

2200

2400

2600

2800

3000

0.00 0.10 0.20 0.30 0.40 0.50 0.60

Head vs Surface Area Graph
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Settling Calculations 

Forebay Settling Length (MOE Equation 4.5) 

For Forebay 
Length-to-width ratio of forebay (r) = 2.0 : 1 (INLET-1)

Peak Quality flowrate (Qp) from pond based on release rate and volume of extended detention. 

Peak flow rate from the pond during design quality storm (Qp)= 16.818182 m
3
/Hr 0.004672 m

3
/s

Settling Velocity  (Vs) = 0.0003 m/s  (Recommended from MOEE Manual) 

Forebay Settling Length Required = 5.6 m

Total Forebay Length Provided = 22.0 m 

Dispersion Length Calculations

 Length of Dispersion (MOE Equation 4.6)

Inlet flow rate - 10 yr. (Q) = 1.451 m
3
/s (Refer to Storm Design Sheet)

Depth of permanent pool in the forebay (d) = 1.5 m

Desired velocity in the forebay (Vf) = 0.5 m/s (Recommended from MOEE Manual)

Length of Dispersion) = 15.5 m

Minimum Forebay Deep Zone Bottom Width 

Minimum Forebay Deep Zone Bottom Width (MOE Equation 4.7) 

Distance ( DR )  = 15.5 m (Required Dispersion Length)

Width (WR)  = 1.93 m (Required Forebay Bottom Width)

Forebay Bottom Width (WP) = 7.00 m (Provided Forebay Bottom Width)

FOREBAY DESIGN CALCULATIONS 

= 25mm-Storage Volume (m3)
Drawdown Time (hrs)



Project Number : W17003 Prepared By : S.S

Project Name : CHICKADEE LANE Checked By: D.K.H

Date : 02/05/2022

Orifice No. 1 ( To Control 25mm Erosion) Weir/Orifice No.2 (To Control 2 - 100-Year) 

Orifice Plate Diameter = 0.075 m Orifice Width = 0.36 m

75 mm Orifice Height = 0.19 m

Area = 0.0044 m
2 Area = 0.0684 m

2

Orifice Coeff. ( C )= 0.63 Orifice Coeff. ( C )= 0.63

Invert = 255 m Invert = 255.60 m

Orifice Plate Centroid = 255.05 m Orifice Centroid =  255.70 m

Submerged Orifice Equation = Qo = 0.63 x A x [2 x g x H]1/2  Weir Equation = Q = 1.67 x L x H^1.5 

Where, 

Q = Flow rate (m
3
/s) Weir Specifications Where,

C = Constant                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 Length of Weir = 0.36 m Qw =  Flow rate (m
3
/s)

A = Area of opening (m
2
) Weir Sill = 255.60 m C = Constant 

H = Net head above the orifice (m) Weir Top = 255.79 m L = Weir Length (m) 

g = Acceleration due to gravity (m/s) Weir Coefficient = 1.67 H = Net Head on the Orifice (m)  

Stage (m): 0.05

Elevation Depth above orifice Orifice No.1 Flow Depth above orifice Orifice No.2 Flow Depth Above Weir No.2 Flow Total Flow 
STORAGE IN 
POND (m3)

Centroid (m) (m3/s) Centroid (m) (m3/s) Weir (m) (m3/s) (m3/s)

0 255.00 0 0 0.000

105 255.05 0.01 0.001 0.001

210 255.10 0.06 0.003 0.003

322 255.15 0.11 0.004 0.004

438 255.20 0.16 0.005 0.005

559 255.25 0.21 0.006 0.006

684 255.30 0.26 0.006 0.006

814 255.35 0.31 0.007 0.007

948 255.40 0.36 0.007 0.007

1087 255.45 0.41 0.008 0.008

1230 255.50 0.46 0.008 0.008

1377 255.55 0.51 0.009 0.009

25mm Erosion Control 1412 255.56 0.52 0.009 0.009
1527 255.60 0.56 0.009 0.009

1679 255.65 0.61 0.009 0.009

1833 255.70 0.66 0.010 0.10 0.019 0.029

1990 255.75 0.71 0.010 0.15 0.035 0.045

2-YR Control 2086 255.78 0.74 0.010 0.18 0.046 0.056
2150 255.80 0.76 0.011 0.20 0.054 0.064

5-YR Control 2312 255.85 0.81 0.011 0.16 0.075 0.086
2477 255.90 0.86 0.011 0.21 0.086 0.098

10-YR Control 2611 255.94 0.90 0.012 0.25 0.094 0.106
2644 255.95 0.91 0.012 0.26 0.096 0.108

2814 256.00 0.96 0.012 0.31 0.105 0.117

2986 256.05 1.01 0.012 0.36 0.114 0.126

25-YR Control 3161 256.10 1.06 0.012 0.41 0.121 0.134
3339 256.15 1.11 0.013 0.46 0.129 0.142

3519 256.20 1.16 0.013 0.51 0.136 0.149

3701 256.25 1.21 0.013 0.56 0.142 0.156

50-YR Control 3775 256.27 1.22 0.013 0.57 0.145 0.158
3887 256.30 1.26 0.014 0.61 0.148 0.162

4074 256.35 1.31 0.014 0.66 0.154 0.168

4265 256.40 1.36 0.014 0.71 0.160 0.174

100-YR Control 4341 256.42 1.38 0.014 0.73 0.163 0.177
4457 256.45 1.41 0.014 0.76 0.166 0.180 0.108 0.29
4653 256.50 1.46 0.015 0.81 0.171 0.186 0.472 0.66

Regional 4851 256.55 1.51 0.015 0.86 0.176 0.191 0.978 1.17
5052 256.60 1.56 0.015 0.91 0.182 0.197 1.594 1.79
5255 256.65 1.61 0.02 0.96 0.187 0.202 2.303 2.50
5461 256.70 1.66 0.016 1.01 0.191 0.207 3.093 3.30
5670 256.75 1.71 0.016 1.06 0.196 0.212 3.957 4.17

ORIFICE CONTROL-1 (ORIFICE PLATE) ORIFICE/WEIR CONTROL-2 (BOX CUT-OUT)

BOX CUT-OUT DETAILS

SWM POND CONTROL STRUCTURE DESIGN

Flows from Emergency 
Spillway Design 



Notes : * As per MOE SWM Manual definition, the Emergency Spillway is designed to convey strom drainage flows out of the facility 
in the event that the other outlets (in control structure) are not functioning properly. 

** As per Vo Results 100-year Peak flows are greater than Regional Storm, therefore, emergency spillway is 
designed for 100-year peak flows 

The Emergency spillway is proposed at 100-year Elevation  = 256.42 m

100-Year Storm Peak Flows (Qinflow) = 1.3 m3/s  (Refer to 100-Yr, 6 Hr Vo Results)
Regional Peak Flows (Qinflow) = 0.98 m

3/
s  (Refer to Hurrican Hazel-Regional VO Results)

Emergency Spillway Weir Parameters 

Top Width of Weir = 15 m

Downstream Width of Weir  = 10 m

Median Width (B) = 12.5 m

Weir Sill Elevation (At 100-Year) = 256.42 m

Weir Top Elevation = 256.72 m

Depth of Weir = 0.30 m 

Weir Side Slopes = 10 : 1

Weir Equation; 
Qw = (CL(H3/2) 

Stage : 0.05

Depth Cd Q
256.42 0 1.67 0.000

256.47 0.05 1.67 0.233

256.52 0.10 1.67 0.660

256.57 0.15 1.67 1.213

256.62 0.20 1.67 1.867

256.67 0.25 1.67 2.609

256.72 0.30 1.67 3.430

Therefore, Maximum capacity of Spillway is = 3.430 m3/s      > 1.3 m3/s
(100-Year Storm Peak Flows)

Emergency Spillway Design

EMERGENCY SPILLWAY LAYOUT 



 

 

 

Visual Otthymo Schematic – Post – Development (6 & 12 Hr AES) 



************************************************
** SIMULATION : 2 Year 6 Hour AES (Bloor, TRC **
************************************************

--------------------
|    READ STORM    |    Filename: C:\Users\shuchi\AppD
|                  |              ata\Local\Temp\
|                  |              30893ebc-4193-4b18-94cb-
f8ff69101a04\11f53043
| Ptotal= 36.00 mm |    Comments: 2 Year 6 Hour AES (Bloor, TRCA)
--------------------

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

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

0.00    0.00 |  1.75   12.24 |  3.50    5.04 |  5.25    
0.72

0.25    0.72 |  2.00   12.24 |  3.75    2.88 |  5.50    
0.72

0.50    0.72 |  2.25   33.12 |  4.00    2.88 |  5.75    
0.72

0.75    0.72 |  2.50   33.12 |  4.25    1.44 |  6.00    
0.72

1.00    0.72 |  2.75    9.36 |  4.50    1.44 |
1.25    4.32 |  3.00    9.36 |  4.75    0.72 |
1.50    4.32 |  3.25    5.04 |  5.00    0.72 |

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

--------------------
| CALIB            |
| STANDHYD (  0001)|   Area    (ha)=   6.31
|ID= 1 DT=10.0 min |   Total Imp(%)=  80.00   Dir. Conn.(%)=  75.00
--------------------

IMPERVIOUS    PERVIOUS (i)
Surface Area     (ha)=       5.05         1.26
Dep. Storage     (mm)=       1.00         1.50
Average Slope     (%)=       1.00         2.00
Length            (m)=     205.10        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    0.00 | 1.833    8.28 | 3.500    5.04 |  5.17    

0.72



0.333    0.36 | 2.000   12.24 | 3.667    5.04 |  5.33    
0.72

0.500    0.72 | 2.167   12.24 | 3.833    3.96 |  5.50    
0.72

0.667    0.72 | 2.333   22.68 | 4.000    2.88 |  5.67    
0.72

0.833    0.72 | 2.500   33.12 | 4.167    2.88 |  5.83    
0.72

1.000    0.72 | 2.667   33.12 | 4.333    2.16 |  6.00    
0.72

1.167    0.72 | 2.833   21.24 | 4.500    1.44 |  6.17    
0.72

1.333    2.52 | 3.000    9.36 | 4.667    1.44 |  6.33    
0.36

1.500    4.32 | 3.167    9.36 | 4.833    1.08 |
1.667    4.32 | 3.333    7.20 | 5.000    0.72 |

Max.Eff.Inten.(mm/hr)=      33.12        16.49
over (min)       10.00        30.00

Storage Coeff.  (min)=       6.12 (ii)   20.63 (ii)
Unit Hyd. Tpeak (min)=      10.00        30.00
Unit Hyd. peak  (cms)=       0.14         0.05

* TOTALS*
PEAK FLOW       (cms)=       0.43         0.03          0.442 (iii)
TIME TO PEAK    (hrs)=       2.67         3.00           2.67
RUNOFF VOLUME    (mm)=      35.00         5.55          27.64
TOTAL RAINFALL   (mm)=      36.00        36.00          36.00
RUNOFF COEFFICIENT   =       0.97         0.15           0.77

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

(i) HORTONS EQUATION SELECTED FOR PERVIOUS LOSSES:
Fo   (mm/hr)= 50.00           K  (1/hr)=  2.00
Fc   (mm/hr)=  7.50     Cum.Inf.   (mm)=  0.00

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

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

--------------------------------------------------------------------------
-----
--------------------
| CALIB            |
| STANDHYD (  0002)|   Area    (ha)=   0.67
|ID= 1 DT=10.0 min |   Total Imp(%)=  75.00   Dir. Conn.(%)=  40.00
--------------------

IMPERVIOUS    PERVIOUS (i)
Surface Area     (ha)=       0.50         0.17
Dep. Storage     (mm)=       1.00         1.50
Average Slope     (%)=       1.00         2.00
Length            (m)=      66.83        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    0.00 | 1.833    8.28 | 3.500    5.04 |  5.17    

0.72
0.333    0.36 | 2.000   12.24 | 3.667    5.04 |  5.33    

0.72
0.500    0.72 | 2.167   12.24 | 3.833    3.96 |  5.50    

0.72
0.667    0.72 | 2.333   22.68 | 4.000    2.88 |  5.67    

0.72
0.833    0.72 | 2.500   33.12 | 4.167    2.88 |  5.83    

0.72
1.000    0.72 | 2.667   33.12 | 4.333    2.16 |  6.00    

0.72
1.167    0.72 | 2.833   21.24 | 4.500    1.44 |  6.17    

0.72
1.333    2.52 | 3.000    9.36 | 4.667    1.44 |  6.33    

0.36
1.500    4.32 | 3.167    9.36 | 4.833    1.08 |
1.667    4.32 | 3.333    7.20 | 5.000    0.72 |

Max.Eff.Inten.(mm/hr)=      33.12        65.81
over (min)       10.00        20.00

Storage Coeff.  (min)=       3.12 (ii)   11.46 (ii)
Unit Hyd. Tpeak (min)=      10.00        20.00
Unit Hyd. peak  (cms)=       0.16         0.08

* TOTALS*
PEAK FLOW       (cms)=       0.02         0.02          0.048 (iii)
TIME TO PEAK    (hrs)=       2.67         2.83           2.67
RUNOFF VOLUME    (mm)=      35.00        16.70          24.02
TOTAL RAINFALL   (mm)=      36.00        36.00          36.00
RUNOFF COEFFICIENT   =       0.97         0.46           0.67

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

(i) HORTONS EQUATION SELECTED FOR PERVIOUS LOSSES:
Fo   (mm/hr)= 50.00           K  (1/hr)=  2.00
Fc   (mm/hr)=  7.50     Cum.Inf.   (mm)=  0.00

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

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

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

--------------------
| ADD HYD  (  0004)|
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V.
--------------------         (ha)    (cms)    (hrs)     (mm)

ID1= 1 (  0001):     6.31   0.442     2.67    27.64



+ ID2= 2 (  0002):     0.67   0.048     2.67    24.02
====================================================
ID = 3 (  0004):     6.98   0.490     2.67    27.29

NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.
--------------------------------------------------------------------------
-----
--------------------
| RESERVOIR(  0005)|     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   |   0.1340      0.3161
0.0090     0.1412   |   0.1580      0.3775
0.0560     0.2086   |   0.1770      0.4341
0.0860     0.2312   |   1.1690      0.4851
0.1060     0.2611   |   0.0000      0.0000

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

INFLOW : ID= 2 (  0004)      6.980      0.490      2.67      27.29
OUTFLOW: ID= 1 (  0005)      6.980      0.028      4.33      26.72

PEAK   FLOW   REDUCTION [Qout/Qin](%)=  5.74
TIME SHIFT OF PEAK FLOW         (min)=100.00
MAXIMUM  STORAGE   USED       (ha.m.)=  0.1687

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



--------------------------------------------------------------------------
---------------------------------
************************************************
** SIMULATION : 2 Year 12 Hour AES (Bloor, TR **
************************************************

--------------------
|    READ STORM    |    Filename: C:\Users\shuchi\AppD
|                  |              ata\Local\Temp\
|                  |              30893ebc-4193-4b18-94cb-
f8ff69101a04\eb1a22c0
| Ptotal= 42.00 mm |    Comments: 2 Year 12 Hour AES (Bloor, TRCA)
--------------------

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

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

0.00    0.00 |  3.25    7.14 |  6.50    2.94 |  9.75    
0.42

0.25    0.42 |  3.50    7.14 |  6.75    2.94 | 10.00    
0.42

0.50    0.42 |  3.75    7.14 |  7.00    2.94 | 10.25    
0.42

0.75    0.42 |  4.00    7.14 |  7.25    1.68 | 10.50    
0.42

1.00    0.42 |  4.25   19.32 |  7.50    1.68 | 10.75    
0.42

1.25    0.42 |  4.50   19.32 |  7.75    1.68 | 11.00    
0.42

1.50    0.42 |  4.75   19.32 |  8.00    1.68 | 11.25    
0.42

1.75    0.42 |  5.00   19.32 |  8.25    0.84 | 11.50    
0.42

2.00    0.42 |  5.25    5.46 |  8.50    0.84 | 11.75    
0.42

2.25    2.52 |  5.50    5.46 |  8.75    0.84 | 12.00    
0.42

2.50    2.52 |  5.75    5.46 |  9.00    0.84 |
2.75    2.52 |  6.00    5.46 |  9.25    0.42 |
3.00    2.52 |  6.25    2.94 |  9.50    0.42 |

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

--------------------
| CALIB            |
| STANDHYD (  0001)|   Area    (ha)=   6.31
|ID= 1 DT=10.0 min |   Total Imp(%)=  80.00   Dir. Conn.(%)=  75.00
--------------------

IMPERVIOUS    PERVIOUS (i)
Surface Area     (ha)=       5.05         1.26
Dep. Storage     (mm)=       1.00         1.50



Average Slope     (%)=       1.00         2.00
Length            (m)=     205.10        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    0.00 | 3.333    4.83 | 6.500    2.94 |  9.67    

0.42
0.333    0.21 | 3.500    7.14 | 6.667    2.94 |  9.83    

0.42
0.500    0.42 | 3.667    7.14 | 6.833    2.94 | 10.00    

0.42
0.667    0.42 | 3.833    7.14 | 7.000    2.94 | 10.17    

0.42
0.833    0.42 | 4.000    7.14 | 7.167    2.94 | 10.33    

0.42
1.000    0.42 | 4.167    7.14 | 7.333    2.31 | 10.50    

0.42
1.167    0.42 | 4.333   13.23 | 7.500    1.68 | 10.67    

0.42
1.333    0.42 | 4.500   19.32 | 7.667    1.68 | 10.83    

0.42
1.500    0.42 | 4.667   19.32 | 7.833    1.68 | 11.00    

0.42
1.667    0.42 | 4.833   19.32 | 8.000    1.68 | 11.17    

0.42
1.833    0.42 | 5.000   19.32 | 8.167    1.68 | 11.33    

0.42
2.000    0.42 | 5.167   19.32 | 8.333    1.26 | 11.50    

0.42
2.167    0.42 | 5.333   12.39 | 8.500    0.84 | 11.67    

0.42
2.333    1.47 | 5.500    5.46 | 8.667    0.84 | 11.83    

0.42
2.500    2.52 | 5.667    5.46 | 8.833    0.84 | 12.00    

0.42
2.667    2.52 | 5.833    5.46 | 9.000    0.84 | 12.17    

0.42
2.833    2.52 | 6.000    5.46 | 9.167    0.84 | 12.33    

0.21
3.000    2.52 | 6.167    5.46 | 9.333    0.63 |
3.167    2.52 | 6.333    4.20 | 9.500    0.42 |

Max.Eff.Inten.(mm/hr)=      19.32        11.69
over (min)       10.00        30.00

Storage Coeff.  (min)=       7.59 (ii)   24.24 (ii)
Unit Hyd. Tpeak (min)=      10.00        30.00
Unit Hyd. peak  (cms)=       0.12         0.04



* TOTALS*
PEAK FLOW       (cms)=       0.25         0.02          0.269 (iii)
TIME TO PEAK    (hrs)=       5.17         5.50           5.17
RUNOFF VOLUME    (mm)=      41.00         4.58          31.89
TOTAL RAINFALL   (mm)=      42.00        42.00          42.00
RUNOFF COEFFICIENT   =       0.98         0.11           0.76

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

(i) HORTONS EQUATION SELECTED FOR PERVIOUS LOSSES:
Fo   (mm/hr)= 50.00           K  (1/hr)=  2.00
Fc   (mm/hr)=  7.50     Cum.Inf.   (mm)=  0.00

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

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

--------------------------------------------------------------------------
-----
--------------------
| CALIB            |
| STANDHYD (  0002)|   Area    (ha)=   0.67
|ID= 1 DT=10.0 min |   Total Imp(%)=  75.00   Dir. Conn.(%)=  40.00
--------------------

IMPERVIOUS    PERVIOUS (i)
Surface Area     (ha)=       0.50         0.17
Dep. Storage     (mm)=       1.00         1.50
Average Slope     (%)=       1.00         2.00
Length            (m)=      66.83        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    0.00 | 3.333    4.83 | 6.500    2.94 |  9.67    

0.42
0.333    0.21 | 3.500    7.14 | 6.667    2.94 |  9.83    

0.42
0.500    0.42 | 3.667    7.14 | 6.833    2.94 | 10.00    

0.42
0.667    0.42 | 3.833    7.14 | 7.000    2.94 | 10.17    

0.42
0.833    0.42 | 4.000    7.14 | 7.167    2.94 | 10.33    

0.42
1.000    0.42 | 4.167    7.14 | 7.333    2.31 | 10.50    

0.42
1.167    0.42 | 4.333   13.23 | 7.500    1.68 | 10.67    

0.42
1.333    0.42 | 4.500   19.32 | 7.667    1.68 | 10.83    

0.42



1.500    0.42 | 4.667   19.32 | 7.833    1.68 | 11.00    
0.42

1.667    0.42 | 4.833   19.32 | 8.000    1.68 | 11.17    
0.42

1.833    0.42 | 5.000   19.32 | 8.167    1.68 | 11.33    
0.42

2.000    0.42 | 5.167   19.32 | 8.333    1.26 | 11.50    
0.42

2.167    0.42 | 5.333   12.39 | 8.500    0.84 | 11.67    
0.42

2.333    1.47 | 5.500    5.46 | 8.667    0.84 | 11.83    
0.42

2.500    2.52 | 5.667    5.46 | 8.833    0.84 | 12.00    
0.42

2.667    2.52 | 5.833    5.46 | 9.000    0.84 | 12.17    
0.42

2.833    2.52 | 6.000    5.46 | 9.167    0.84 | 12.33    
0.21

3.000    2.52 | 6.167    5.46 | 9.333    0.63 |
3.167    2.52 | 6.333    4.20 | 9.500    0.42 |

Max.Eff.Inten.(mm/hr)=      19.32        37.37
over (min)       10.00        20.00

Storage Coeff.  (min)=       3.87 (ii)   14.34 (ii)
Unit Hyd. Tpeak (min)=      10.00        20.00
Unit Hyd. peak  (cms)=       0.16         0.07

* TOTALS*
PEAK FLOW       (cms)=       0.01         0.02          0.031 (iii)
TIME TO PEAK    (hrs)=       5.17         5.17           5.17
RUNOFF VOLUME    (mm)=      41.00        16.65          26.39
TOTAL RAINFALL   (mm)=      42.00        42.00          42.00
RUNOFF COEFFICIENT   =       0.98         0.40           0.63

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

(i) HORTONS EQUATION SELECTED FOR PERVIOUS LOSSES:
Fo   (mm/hr)= 50.00           K  (1/hr)=  2.00
Fc   (mm/hr)=  7.50     Cum.Inf.   (mm)=  0.00

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

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

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

--------------------
| ADD HYD  (  0004)|
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V.
--------------------         (ha)    (cms)    (hrs)     (mm)

ID1= 1 (  0001):     6.31   0.269     5.17    31.89
+ ID2= 2 (  0002):     0.67   0.031     5.17    26.39
====================================================
ID = 3 (  0004):     6.98   0.300     5.17    31.36



NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.
--------------------------------------------------------------------------
-----
--------------------
| RESERVOIR(  0005)|     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   |   0.1340      0.3161
0.0090     0.1412   |   0.1580      0.3775
0.0560     0.2086   |   0.1770      0.4341
0.0860     0.2312   |   1.1690      0.4851
0.1060     0.2611   |   0.0000      0.0000

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

INFLOW : ID= 2 (  0004)      6.980      0.300      5.17      31.36
OUTFLOW: ID= 1 (  0005)      6.980      0.034      7.33      30.79

PEAK   FLOW   REDUCTION [Qout/Qin](%)= 11.20
TIME SHIFT OF PEAK FLOW         (min)=130.00
MAXIMUM  STORAGE   USED       (ha.m.)=  0.1765

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



--------------------------------------------------------------------------
---------------------------------
************************************************
** SIMULATION : 5 Year 6 Hour AES (Bloor, TRC **
************************************************

--------------------
|    READ STORM    |    Filename: C:\Users\shuchi\AppD
|                  |              ata\Local\Temp\
|                  |              30893ebc-4193-4b18-94cb-
f8ff69101a04\34c151e3
| Ptotal= 47.81 mm |    Comments: 5 Year 6 Hour AES (Bloor, TRCA)
--------------------

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

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

0.00    0.00 |  1.75   16.25 |  3.50    6.69 |  5.25    
0.96

0.25    0.96 |  2.00   16.25 |  3.75    3.82 |  5.50    
0.96

0.50    0.96 |  2.25   43.98 |  4.00    3.82 |  5.75    
0.96

0.75    0.96 |  2.50   43.98 |  4.25    1.91 |  6.00    
0.96

1.00    0.96 |  2.75   12.43 |  4.50    1.91 |
1.25    5.74 |  3.00   12.43 |  4.75    0.96 |
1.50    5.74 |  3.25    6.69 |  5.00    0.96 |

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

--------------------
| CALIB            |
| STANDHYD (  0001)|   Area    (ha)=   6.31
|ID= 1 DT=10.0 min |   Total Imp(%)=  80.00   Dir. Conn.(%)=  75.00
--------------------

IMPERVIOUS    PERVIOUS (i)
Surface Area     (ha)=       5.05         1.26
Dep. Storage     (mm)=       1.00         1.50
Average Slope     (%)=       1.00         2.00
Length            (m)=     205.10        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    0.00 | 1.833   10.99 | 3.500    6.69 |  5.17    
0.96

0.333    0.48 | 2.000   16.25 | 3.667    6.69 |  5.33    
0.96

0.500    0.96 | 2.167   16.25 | 3.833    5.25 |  5.50    
0.96

0.667    0.96 | 2.333   30.11 | 4.000    3.82 |  5.67    
0.96

0.833    0.96 | 2.500   43.98 | 4.167    3.82 |  5.83    
0.96

1.000    0.96 | 2.667   43.98 | 4.333    2.86 |  6.00    
0.96

1.167    0.96 | 2.833   28.20 | 4.500    1.91 |  6.17    
0.96

1.333    3.35 | 3.000   12.43 | 4.667    1.91 |  6.33    
0.48

1.500    5.74 | 3.167   12.43 | 4.833    1.43 |
1.667    5.74 | 3.333    9.56 | 5.000    0.96 |

Max.Eff.Inten.(mm/hr)=      43.98        36.38
over (min)       10.00        20.00

Storage Coeff.  (min)=       5.46 (ii)   16.04 (ii)
Unit Hyd. Tpeak (min)=      10.00        20.00
Unit Hyd. peak  (cms)=       0.14         0.06

* TOTALS*
PEAK FLOW       (cms)=       0.57         0.09          0.646 (iii)
TIME TO PEAK    (hrs)=       2.67         2.83           2.67
RUNOFF VOLUME    (mm)=      46.81        14.26          38.67
TOTAL RAINFALL   (mm)=      47.81        47.81          47.81
RUNOFF COEFFICIENT   =       0.98         0.30           0.81

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

(i) HORTONS EQUATION SELECTED FOR PERVIOUS LOSSES:
Fo   (mm/hr)= 50.00           K  (1/hr)=  2.00
Fc   (mm/hr)=  7.50     Cum.Inf.   (mm)=  0.00

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

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

--------------------------------------------------------------------------
-----
--------------------
| CALIB            |
| STANDHYD (  0002)|   Area    (ha)=   0.67
|ID= 1 DT=10.0 min |   Total Imp(%)=  75.00   Dir. Conn.(%)=  40.00
--------------------

IMPERVIOUS    PERVIOUS (i)
Surface Area     (ha)=       0.50         0.17
Dep. Storage     (mm)=       1.00         1.50
Average Slope     (%)=       1.00         2.00
Length            (m)=      66.83        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    0.00 | 1.833   10.99 | 3.500    6.69 |  5.17    

0.96
0.333    0.48 | 2.000   16.25 | 3.667    6.69 |  5.33    

0.96
0.500    0.96 | 2.167   16.25 | 3.833    5.25 |  5.50    

0.96
0.667    0.96 | 2.333   30.11 | 4.000    3.82 |  5.67    

0.96
0.833    0.96 | 2.500   43.98 | 4.167    3.82 |  5.83    

0.96
1.000    0.96 | 2.667   43.98 | 4.333    2.86 |  6.00    

0.96
1.167    0.96 | 2.833   28.20 | 4.500    1.91 |  6.17    

0.96
1.333    3.35 | 3.000   12.43 | 4.667    1.91 |  6.33    

0.48
1.500    5.74 | 3.167   12.43 | 4.833    1.43 |
1.667    5.74 | 3.333    9.56 | 5.000    0.96 |

Max.Eff.Inten.(mm/hr)=      43.98        93.03
over (min)       10.00        20.00

Storage Coeff.  (min)=       2.79 (ii)   10.05 (ii)
Unit Hyd. Tpeak (min)=      10.00        20.00
Unit Hyd. peak  (cms)=       0.17         0.08

* TOTALS*
PEAK FLOW       (cms)=       0.03         0.04          0.069 (iii)
TIME TO PEAK    (hrs)=       2.67         2.83           2.67
RUNOFF VOLUME    (mm)=      46.81        27.37          35.15
TOTAL RAINFALL   (mm)=      47.81        47.81          47.81
RUNOFF COEFFICIENT   =       0.98         0.57           0.74

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

(i) HORTONS EQUATION SELECTED FOR PERVIOUS LOSSES:
Fo   (mm/hr)= 50.00           K  (1/hr)=  2.00
Fc   (mm/hr)=  7.50     Cum.Inf.   (mm)=  0.00

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

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

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

--------------------
| ADD HYD  (  0004)|
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V.



--------------------         (ha)    (cms)    (hrs)     (mm)
ID1= 1 (  0001):     6.31   0.646     2.67    38.67

+ ID2= 2 (  0002):     0.67   0.069     2.67    35.15
====================================================
ID = 3 (  0004):     6.98   0.714     2.67    38.33

NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.
--------------------------------------------------------------------------
-----
--------------------
| RESERVOIR(  0005)|     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   |   0.1340      0.3161
0.0090     0.1412   |   0.1580      0.3775
0.0560     0.2086   |   0.1770      0.4341
0.0860     0.2312   |   1.1690      0.4851
0.1060     0.2611   |   0.0000      0.0000

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

INFLOW : ID= 2 (  0004)      6.980      0.714      2.67      38.33
OUTFLOW: ID= 1 (  0005)      6.980      0.073      4.00      37.76

PEAK   FLOW   REDUCTION [Qout/Qin](%)= 10.17
TIME SHIFT OF PEAK FLOW         (min)= 80.00
MAXIMUM  STORAGE   USED       (ha.m.)=  0.2215

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



--------------------------------------------------------------------------
--------------------------------
************************************************
** SIMULATION : 5 Year 12 Hour AES (Bloor, TR **
************************************************

--------------------
|    READ STORM    |    Filename: C:\Users\shuchi\AppD
|                  |              ata\Local\Temp\
|                  |              30893ebc-4193-4b18-94cb-
f8ff69101a04\47504536
| Ptotal= 54.38 mm |    Comments: 5 Year 12 Hour AES (Bloor, TRCA)
--------------------

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

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

0.00    0.00 |  3.25    9.25 |  6.50    3.81 |  9.75    
0.54

0.25    0.54 |  3.50    9.25 |  6.75    3.81 | 10.00    
0.54

0.50    0.54 |  3.75    9.25 |  7.00    3.81 | 10.25    
0.54

0.75    0.54 |  4.00    9.25 |  7.25    2.18 | 10.50    
0.54

1.00    0.54 |  4.25   25.02 |  7.50    2.18 | 10.75    
0.54

1.25    0.54 |  4.50   25.02 |  7.75    2.18 | 11.00    
0.54

1.50    0.54 |  4.75   25.02 |  8.00    2.18 | 11.25    
0.54

1.75    0.54 |  5.00   25.02 |  8.25    1.09 | 11.50    
0.54

2.00    0.54 |  5.25    7.07 |  8.50    1.09 | 11.75    
0.54

2.25    3.26 |  5.50    7.07 |  8.75    1.09 | 12.00    
0.54

2.50    3.26 |  5.75    7.07 |  9.00    1.09 |
2.75    3.26 |  6.00    7.07 |  9.25    0.54 |
3.00    3.26 |  6.25    3.81 |  9.50    0.54 |

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

--------------------
| CALIB            |
| STANDHYD (  0001)|   Area    (ha)=   6.31
|ID= 1 DT=10.0 min |   Total Imp(%)=  80.00   Dir. Conn.(%)=  75.00
--------------------

IMPERVIOUS    PERVIOUS (i)
Surface Area     (ha)=       5.05         1.26
Dep. Storage     (mm)=       1.00         1.50
Average Slope     (%)=       1.00         2.00



Length            (m)=     205.10        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    0.00 | 3.333    6.26 | 6.500    3.81 |  9.67    

0.54
0.333    0.27 | 3.500    9.25 | 6.667    3.81 |  9.83    

0.54
0.500    0.54 | 3.667    9.25 | 6.833    3.81 | 10.00    

0.54
0.667    0.54 | 3.833    9.25 | 7.000    3.81 | 10.17    

0.54
0.833    0.54 | 4.000    9.25 | 7.167    3.81 | 10.33    

0.54
1.000    0.54 | 4.167    9.25 | 7.333    3.00 | 10.50    

0.54
1.167    0.54 | 4.333   17.14 | 7.500    2.18 | 10.67    

0.54
1.333    0.54 | 4.500   25.02 | 7.667    2.18 | 10.83    

0.54
1.500    0.54 | 4.667   25.02 | 7.833    2.18 | 11.00    

0.54
1.667    0.54 | 4.833   25.02 | 8.000    2.18 | 11.17    

0.54
1.833    0.54 | 5.000   25.02 | 8.167    2.18 | 11.33    

0.54
2.000    0.54 | 5.167   25.02 | 8.333    1.64 | 11.50    

0.54
2.167    0.54 | 5.333   16.05 | 8.500    1.09 | 11.67    

0.54
2.333    1.90 | 5.500    7.07 | 8.667    1.09 | 11.83    

0.54
2.500    3.26 | 5.667    7.07 | 8.833    1.09 | 12.00    

0.54
2.667    3.26 | 5.833    7.07 | 9.000    1.09 | 12.17    

0.54
2.833    3.26 | 6.000    7.07 | 9.167    1.09 | 12.33    

0.27
3.000    3.26 | 6.167    7.07 | 9.333    0.82 |
3.167    3.26 | 6.333    5.44 | 9.500    0.54 |

Max.Eff.Inten.(mm/hr)=      25.02        20.42
over (min)       10.00        30.00

Storage Coeff.  (min)=       6.84 (ii)   20.17 (ii)
Unit Hyd. Tpeak (min)=      10.00        30.00
Unit Hyd. peak  (cms)=       0.13         0.05

* TOTALS*



PEAK FLOW       (cms)=       0.33         0.05          0.378 (iii)
TIME TO PEAK    (hrs)=       5.17         5.33           5.17
RUNOFF VOLUME    (mm)=      53.38        12.35          43.12
TOTAL RAINFALL   (mm)=      54.38        54.38          54.38
RUNOFF COEFFICIENT   =       0.98         0.23           0.79

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

(i) HORTONS EQUATION SELECTED FOR PERVIOUS LOSSES:
Fo   (mm/hr)= 50.00           K  (1/hr)=  2.00
Fc   (mm/hr)=  7.50     Cum.Inf.   (mm)=  0.00

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

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

--------------------------------------------------------------------------
-----
--------------------
| CALIB            |
| STANDHYD (  0002)|   Area    (ha)=   0.67
|ID= 1 DT=10.0 min |   Total Imp(%)=  75.00   Dir. Conn.(%)=  40.00
--------------------

IMPERVIOUS    PERVIOUS (i)
Surface Area     (ha)=       0.50         0.17
Dep. Storage     (mm)=       1.00         1.50
Average Slope     (%)=       1.00         2.00
Length            (m)=      66.83        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    0.00 | 3.333    6.26 | 6.500    3.81 |  9.67    

0.54
0.333    0.27 | 3.500    9.25 | 6.667    3.81 |  9.83    

0.54
0.500    0.54 | 3.667    9.25 | 6.833    3.81 | 10.00    

0.54
0.667    0.54 | 3.833    9.25 | 7.000    3.81 | 10.17    

0.54
0.833    0.54 | 4.000    9.25 | 7.167    3.81 | 10.33    

0.54
1.000    0.54 | 4.167    9.25 | 7.333    3.00 | 10.50    

0.54
1.167    0.54 | 4.333   17.14 | 7.500    2.18 | 10.67    

0.54
1.333    0.54 | 4.500   25.02 | 7.667    2.18 | 10.83    

0.54



1.500    0.54 | 4.667   25.02 | 7.833    2.18 | 11.00    
0.54

1.667    0.54 | 4.833   25.02 | 8.000    2.18 | 11.17    
0.54

1.833    0.54 | 5.000   25.02 | 8.167    2.18 | 11.33    
0.54

2.000    0.54 | 5.167   25.02 | 8.333    1.64 | 11.50    
0.54

2.167    0.54 | 5.333   16.05 | 8.500    1.09 | 11.67    
0.54

2.333    1.90 | 5.500    7.07 | 8.667    1.09 | 11.83    
0.54

2.500    3.26 | 5.667    7.07 | 8.833    1.09 | 12.00    
0.54

2.667    3.26 | 5.833    7.07 | 9.000    1.09 | 12.17    
0.54

2.833    3.26 | 6.000    7.07 | 9.167    1.09 | 12.33    
0.27

3.000    3.26 | 6.167    7.07 | 9.333    0.82 |
3.167    3.26 | 6.333    5.44 | 9.500    0.54 |

Max.Eff.Inten.(mm/hr)=      25.02        51.82
over (min)       10.00        20.00

Storage Coeff.  (min)=       3.49 (ii)   12.67 (ii)
Unit Hyd. Tpeak (min)=      10.00        20.00
Unit Hyd. peak  (cms)=       0.16         0.07

* TOTALS*
PEAK FLOW       (cms)=       0.02         0.02          0.042 (iii)
TIME TO PEAK    (hrs)=       5.17         5.17           5.17
RUNOFF VOLUME    (mm)=      53.38        26.83          37.45
TOTAL RAINFALL   (mm)=      54.38        54.38          54.38
RUNOFF COEFFICIENT   =       0.98         0.49           0.69

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

(i) HORTONS EQUATION SELECTED FOR PERVIOUS LOSSES:
Fo   (mm/hr)= 50.00           K  (1/hr)=  2.00
Fc   (mm/hr)=  7.50     Cum.Inf.   (mm)=  0.00

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

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

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

--------------------
| ADD HYD  (  0004)|
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V.
--------------------         (ha)    (cms)    (hrs)     (mm)

ID1= 1 (  0001):     6.31   0.378     5.17    43.12
+ ID2= 2 (  0002):     0.67   0.042     5.17    37.45
====================================================
ID = 3 (  0004):     6.98   0.420     5.17    42.58



NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.
--------------------------------------------------------------------------
-----
--------------------
| RESERVOIR(  0005)|     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   |   0.1340      0.3161
0.0090     0.1412   |   0.1580      0.3775
0.0560     0.2086   |   0.1770      0.4341
0.0860     0.2312   |   1.1690      0.4851
0.1060     0.2611   |   0.0000      0.0000

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

INFLOW : ID= 2 (  0004)      6.980      0.420      5.17      42.58
OUTFLOW: ID= 1 (  0005)      6.980      0.074      6.50      42.01

PEAK   FLOW   REDUCTION [Qout/Qin](%)= 17.63
TIME SHIFT OF PEAK FLOW         (min)= 80.00
MAXIMUM  STORAGE   USED       (ha.m.)=  0.2224

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



--------------------------------------------------------------------------
---------------------------------
************************************************
** SIMULATION : 10 Year 6 Hour AES (Bloor, TR **
************************************************

--------------------
|    READ STORM    |    Filename: C:\Users\shuchi\AppD
|                  |              ata\Local\Temp\
|                  |              30893ebc-4193-4b18-94cb-
f8ff69101a04\9430055c
| Ptotal= 55.69 mm |    Comments: 10 Year 6 Hour AES (Bloor, TRCA)
--------------------

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

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

0.00    0.00 |  1.75   18.94 |  3.50    7.80 |  5.25    
1.11

0.25    1.11 |  2.00   18.94 |  3.75    4.46 |  5.50    
1.11

0.50    1.11 |  2.25   51.24 |  4.00    4.46 |  5.75    
1.11

0.75    1.11 |  2.50   51.24 |  4.25    2.23 |  6.00    
1.11

1.00    1.11 |  2.75   14.48 |  4.50    2.23 |
1.25    6.68 |  3.00   14.48 |  4.75    1.11 |
1.50    6.68 |  3.25    7.80 |  5.00    1.11 |

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

--------------------
| CALIB            |
| STANDHYD (  0001)|   Area    (ha)=   6.31
|ID= 1 DT=10.0 min |   Total Imp(%)=  80.00   Dir. Conn.(%)=  75.00
--------------------

IMPERVIOUS    PERVIOUS (i)
Surface Area     (ha)=       5.05         1.26
Dep. Storage     (mm)=       1.00         1.50
Average Slope     (%)=       1.00         2.00
Length            (m)=     205.10        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    0.00 | 1.833   12.81 | 3.500    7.80 |  5.17    
1.11

0.333    0.56 | 2.000   18.94 | 3.667    7.80 |  5.33    
1.11

0.500    1.11 | 2.167   18.94 | 3.833    6.13 |  5.50    
1.11

0.667    1.11 | 2.333   35.09 | 4.000    4.46 |  5.67    
1.11

0.833    1.11 | 2.500   51.24 | 4.167    4.46 |  5.83    
1.11

1.000    1.11 | 2.667   51.24 | 4.333    3.34 |  6.00    
1.11

1.167    1.11 | 2.833   32.86 | 4.500    2.23 |  6.17    
1.11

1.333    3.89 | 3.000   14.48 | 4.667    2.23 |  6.33    
0.56

1.500    6.68 | 3.167   14.48 | 4.833    1.67 |
1.667    6.68 | 3.333   11.14 | 5.000    1.11 |

Max.Eff.Inten.(mm/hr)=      51.24        48.66
over (min)       10.00        20.00

Storage Coeff.  (min)=       5.14 (ii)   14.55 (ii)
Unit Hyd. Tpeak (min)=      10.00        20.00
Unit Hyd. peak  (cms)=       0.15         0.07

* TOTALS*
PEAK FLOW       (cms)=       0.67         0.12          0.775 (iii)
TIME TO PEAK    (hrs)=       2.67         2.83           2.67
RUNOFF VOLUME    (mm)=      54.69        20.62          46.17
TOTAL RAINFALL   (mm)=      55.69        55.69          55.69
RUNOFF COEFFICIENT   =       0.98         0.37           0.83

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

(i) HORTONS EQUATION SELECTED FOR PERVIOUS LOSSES:
Fo   (mm/hr)= 50.00           K  (1/hr)=  2.00
Fc   (mm/hr)=  7.50     Cum.Inf.   (mm)=  0.00

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

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

--------------------------------------------------------------------------
-----
--------------------
| CALIB            |
| STANDHYD (  0002)|   Area    (ha)=   0.67
|ID= 1 DT=10.0 min |   Total Imp(%)=  75.00   Dir. Conn.(%)=  40.00
--------------------

IMPERVIOUS    PERVIOUS (i)
Surface Area     (ha)=       0.50         0.17
Dep. Storage     (mm)=       1.00         1.50
Average Slope     (%)=       1.00         2.00
Length            (m)=      66.83        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    0.00 | 1.833   12.81 | 3.500    7.80 |  5.17    

1.11
0.333    0.56 | 2.000   18.94 | 3.667    7.80 |  5.33    

1.11
0.500    1.11 | 2.167   18.94 | 3.833    6.13 |  5.50    

1.11
0.667    1.11 | 2.333   35.09 | 4.000    4.46 |  5.67    

1.11
0.833    1.11 | 2.500   51.24 | 4.167    4.46 |  5.83    

1.11
1.000    1.11 | 2.667   51.24 | 4.333    3.34 |  6.00    

1.11
1.167    1.11 | 2.833   32.86 | 4.500    2.23 |  6.17    

1.11
1.333    3.89 | 3.000   14.48 | 4.667    2.23 |  6.33    

0.56
1.500    6.68 | 3.167   14.48 | 4.833    1.67 |
1.667    6.68 | 3.333   11.14 | 5.000    1.11 |

Max.Eff.Inten.(mm/hr)=      51.24       111.11
over (min)       10.00        10.00

Storage Coeff.  (min)=       2.62 (ii)    9.39 (ii)
Unit Hyd. Tpeak (min)=      10.00        10.00
Unit Hyd. peak  (cms)=       0.17         0.11

* TOTALS*
PEAK FLOW       (cms)=       0.04         0.05          0.086 (iii)
TIME TO PEAK    (hrs)=       2.67         2.67           2.67
RUNOFF VOLUME    (mm)=      54.69        34.61          42.64
TOTAL RAINFALL   (mm)=      55.69        55.69          55.69
RUNOFF COEFFICIENT   =       0.98         0.62           0.77

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

(i) HORTONS EQUATION SELECTED FOR PERVIOUS LOSSES:
Fo   (mm/hr)= 50.00           K  (1/hr)=  2.00
Fc   (mm/hr)=  7.50     Cum.Inf.   (mm)=  0.00

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

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

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

--------------------
| ADD HYD  (  0004)|
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V.



--------------------         (ha)    (cms)    (hrs)     (mm)
ID1= 1 (  0001):     6.31   0.775     2.67    46.17

+ ID2= 2 (  0002):     0.67   0.086     2.67    42.64
====================================================
ID = 3 (  0004):     6.98   0.861     2.67    45.83

NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.
--------------------------------------------------------------------------
-----
--------------------
| RESERVOIR(  0005)|     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   |   0.1340      0.3161
0.0090     0.1412   |   0.1580      0.3775
0.0560     0.2086   |   0.1770      0.4341
0.0860     0.2312   |   1.1690      0.4851
0.1060     0.2611   |   0.0000      0.0000

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

INFLOW : ID= 2 (  0004)      6.980      0.861      2.67      45.83
OUTFLOW: ID= 1 (  0005)      6.980      0.102      3.83      45.26

PEAK   FLOW   REDUCTION [Qout/Qin](%)= 11.90
TIME SHIFT OF PEAK FLOW         (min)= 70.00
MAXIMUM  STORAGE   USED       (ha.m.)=  0.2558

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



--------------------------------------------------------------------------
---------------------------------
************************************************
** SIMULATION : 10 Year 12 Hour AES (Bloor, T **
************************************************

--------------------
|    READ STORM    |    Filename: C:\Users\shuchi\AppD
|                  |              ata\Local\Temp\
|                  |              30893ebc-4193-4b18-94cb-
f8ff69101a04\7836d271
| Ptotal= 62.71 mm |    Comments: 10 Year 12 Hour AES (Bloor, TRCA)
--------------------

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

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

0.00    0.00 |  3.25   10.66 |  6.50    4.39 |  9.75    
0.63

0.25    0.63 |  3.50   10.66 |  6.75    4.39 | 10.00    
0.63

0.50    0.63 |  3.75   10.66 |  7.00    4.39 | 10.25    
0.63

0.75    0.63 |  4.00   10.66 |  7.25    2.51 | 10.50    
0.63

1.00    0.63 |  4.25   28.84 |  7.50    2.51 | 10.75    
0.63

1.25    0.63 |  4.50   28.84 |  7.75    2.51 | 11.00    
0.63

1.50    0.63 |  4.75   28.84 |  8.00    2.51 | 11.25    
0.63

1.75    0.63 |  5.00   28.84 |  8.25    1.25 | 11.50    
0.63

2.00    0.63 |  5.25    8.15 |  8.50    1.25 | 11.75    
0.63

2.25    3.76 |  5.50    8.15 |  8.75    1.25 | 12.00    
0.63

2.50    3.76 |  5.75    8.15 |  9.00    1.25 |
2.75    3.76 |  6.00    8.15 |  9.25    0.63 |
3.00    3.76 |  6.25    4.39 |  9.50    0.63 |

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

--------------------
| CALIB            |
| STANDHYD (  0001)|   Area    (ha)=   6.31
|ID= 1 DT=10.0 min |   Total Imp(%)=  80.00   Dir. Conn.(%)=  75.00
--------------------

IMPERVIOUS    PERVIOUS (i)
Surface Area     (ha)=       5.05         1.26
Dep. Storage     (mm)=       1.00         1.50



Average Slope     (%)=       1.00         2.00
Length            (m)=     205.10        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    0.00 | 3.333    7.21 | 6.500    4.39 |  9.67    

0.63
0.333    0.32 | 3.500   10.66 | 6.667    4.39 |  9.83    

0.63
0.500    0.63 | 3.667   10.66 | 6.833    4.39 | 10.00    

0.63
0.667    0.63 | 3.833   10.66 | 7.000    4.39 | 10.17    

0.63
0.833    0.63 | 4.000   10.66 | 7.167    4.39 | 10.33    

0.63
1.000    0.63 | 4.167   10.66 | 7.333    3.45 | 10.50    

0.63
1.167    0.63 | 4.333   19.75 | 7.500    2.51 | 10.67    

0.63
1.333    0.63 | 4.500   28.84 | 7.667    2.51 | 10.83    

0.63
1.500    0.63 | 4.667   28.84 | 7.833    2.51 | 11.00    

0.63
1.667    0.63 | 4.833   28.84 | 8.000    2.51 | 11.17    

0.63
1.833    0.63 | 5.000   28.84 | 8.167    2.51 | 11.33    

0.63
2.000    0.63 | 5.167   28.84 | 8.333    1.88 | 11.50    

0.63
2.167    0.63 | 5.333   18.50 | 8.500    1.25 | 11.67    

0.63
2.333    2.19 | 5.500    8.15 | 8.667    1.25 | 11.83    

0.63
2.500    3.76 | 5.667    8.15 | 8.833    1.25 | 12.00    

0.63
2.667    3.76 | 5.833    8.15 | 9.000    1.25 | 12.17    

0.63
2.833    3.76 | 6.000    8.15 | 9.167    1.25 | 12.33    

0.31
3.000    3.76 | 6.167    8.15 | 9.333    0.94 |
3.167    3.76 | 6.333    6.27 | 9.500    0.63 |

Max.Eff.Inten.(mm/hr)=      28.84        25.88
over (min)       10.00        20.00

Storage Coeff.  (min)=       6.46 (ii)   18.58 (ii)
Unit Hyd. Tpeak (min)=      10.00        20.00
Unit Hyd. peak  (cms)=       0.13         0.06



* TOTALS*
PEAK FLOW       (cms)=       0.38         0.08          0.456 (iii)
TIME TO PEAK    (hrs)=       5.17         5.17           5.17
RUNOFF VOLUME    (mm)=      61.71        18.56          50.92
TOTAL RAINFALL   (mm)=      62.71        62.71          62.71
RUNOFF COEFFICIENT   =       0.98         0.30           0.81

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

(i) HORTONS EQUATION SELECTED FOR PERVIOUS LOSSES:
Fo   (mm/hr)= 50.00           K  (1/hr)=  2.00
Fc   (mm/hr)=  7.50     Cum.Inf.   (mm)=  0.00

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

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

--------------------------------------------------------------------------
-----
--------------------
| CALIB            |
| STANDHYD (  0002)|   Area    (ha)=   0.67
|ID= 1 DT=10.0 min |   Total Imp(%)=  75.00   Dir. Conn.(%)=  40.00
--------------------

IMPERVIOUS    PERVIOUS (i)
Surface Area     (ha)=       0.50         0.17
Dep. Storage     (mm)=       1.00         1.50
Average Slope     (%)=       1.00         2.00
Length            (m)=      66.83        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    0.00 | 3.333    7.21 | 6.500    4.39 |  9.67    

0.63
0.333    0.32 | 3.500   10.66 | 6.667    4.39 |  9.83    

0.63
0.500    0.63 | 3.667   10.66 | 6.833    4.39 | 10.00    

0.63
0.667    0.63 | 3.833   10.66 | 7.000    4.39 | 10.17    

0.63
0.833    0.63 | 4.000   10.66 | 7.167    4.39 | 10.33    

0.63
1.000    0.63 | 4.167   10.66 | 7.333    3.45 | 10.50    

0.63
1.167    0.63 | 4.333   19.75 | 7.500    2.51 | 10.67    

0.63
1.333    0.63 | 4.500   28.84 | 7.667    2.51 | 10.83    

0.63



1.500    0.63 | 4.667   28.84 | 7.833    2.51 | 11.00    
0.63

1.667    0.63 | 4.833   28.84 | 8.000    2.51 | 11.17    
0.63

1.833    0.63 | 5.000   28.84 | 8.167    2.51 | 11.33    
0.63

2.000    0.63 | 5.167   28.84 | 8.333    1.88 | 11.50    
0.63

2.167    0.63 | 5.333   18.50 | 8.500    1.25 | 11.67    
0.63

2.333    2.19 | 5.500    8.15 | 8.667    1.25 | 11.83    
0.63

2.500    3.76 | 5.667    8.15 | 8.833    1.25 | 12.00    
0.63

2.667    3.76 | 5.833    8.15 | 9.000    1.25 | 12.17    
0.63

2.833    3.76 | 6.000    8.15 | 9.167    1.25 | 12.33    
0.31

3.000    3.76 | 6.167    8.15 | 9.333    0.94 |
3.167    3.76 | 6.333    6.27 | 9.500    0.63 |

Max.Eff.Inten.(mm/hr)=      28.84        61.11
over (min)       10.00        20.00

Storage Coeff.  (min)=       3.30 (ii)   11.89 (ii)
Unit Hyd. Tpeak (min)=      10.00        20.00
Unit Hyd. peak  (cms)=       0.16         0.08

* TOTALS*
PEAK FLOW       (cms)=       0.02         0.03          0.049 (iii)
TIME TO PEAK    (hrs)=       5.17         5.17           5.17
RUNOFF VOLUME    (mm)=      61.71        34.10          45.14
TOTAL RAINFALL   (mm)=      62.71        62.71          62.71
RUNOFF COEFFICIENT   =       0.98         0.54           0.72

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

(i) HORTONS EQUATION SELECTED FOR PERVIOUS LOSSES:
Fo   (mm/hr)= 50.00           K  (1/hr)=  2.00
Fc   (mm/hr)=  7.50     Cum.Inf.   (mm)=  0.00

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

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

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

--------------------
| ADD HYD  (  0004)|
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V.
--------------------         (ha)    (cms)    (hrs)     (mm)

ID1= 1 (  0001):     6.31   0.456     5.17    50.92
+ ID2= 2 (  0002):     0.67   0.049     5.17    45.14
====================================================
ID = 3 (  0004):     6.98   0.505     5.17    50.37



NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.
--------------------------------------------------------------------------
-----
--------------------
| RESERVOIR(  0005)|     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   |   0.1340      0.3161
0.0090     0.1412   |   0.1580      0.3775
0.0560     0.2086   |   0.1770      0.4341
0.0860     0.2312   |   1.1690      0.4851
0.1060     0.2611   |   0.0000      0.0000

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

INFLOW : ID= 2 (  0004)      6.980      0.505      5.17      50.37
OUTFLOW: ID= 1 (  0005)      6.980      0.100      6.33      49.80

PEAK   FLOW   REDUCTION [Qout/Qin](%)= 19.89
TIME SHIFT OF PEAK FLOW         (min)= 70.00
MAXIMUM  STORAGE   USED       (ha.m.)=  0.2530

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



--------------------------------------------------------------------------
---------------------------------
************************************************
** SIMULATION : 25 Year 6 Hour AES (Bloor, TR **
************************************************

--------------------
|    READ STORM    |    Filename: C:\Users\shuchi\AppD
|                  |              ata\Local\Temp\
|                  |              30893ebc-4193-4b18-94cb-
f8ff69101a04\484539e2
| Ptotal= 65.59 mm |    Comments: 25 Year 6 Hour AES (Bloor, TRCA)
--------------------

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

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

0.00    0.00 |  1.75   22.30 |  3.50    9.18 |  5.25    
1.31

0.25    1.31 |  2.00   22.30 |  3.75    5.25 |  5.50    
1.31

0.50    1.31 |  2.25   60.35 |  4.00    5.25 |  5.75    
1.31

0.75    1.31 |  2.50   60.35 |  4.25    2.62 |  6.00    
1.31

1.00    1.31 |  2.75   17.06 |  4.50    2.62 |
1.25    7.87 |  3.00   17.06 |  4.75    1.31 |
1.50    7.87 |  3.25    9.18 |  5.00    1.31 |

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

--------------------
| CALIB            |
| STANDHYD (  0001)|   Area    (ha)=   6.31
|ID= 1 DT=10.0 min |   Total Imp(%)=  80.00   Dir. Conn.(%)=  75.00
--------------------

IMPERVIOUS    PERVIOUS (i)
Surface Area     (ha)=       5.05         1.26
Dep. Storage     (mm)=       1.00         1.50
Average Slope     (%)=       1.00         2.00
Length            (m)=     205.10        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    0.00 | 1.833   15.08 | 3.500    9.18 |  5.17    
1.31

0.333    0.65 | 2.000   22.30 | 3.667    9.18 |  5.33    
1.31

0.500    1.31 | 2.167   22.30 | 3.833    7.21 |  5.50    
1.31

0.667    1.31 | 2.333   41.32 | 4.000    5.25 |  5.67    
1.31

0.833    1.31 | 2.500   60.35 | 4.167    5.25 |  5.83    
1.31

1.000    1.31 | 2.667   60.35 | 4.333    3.93 |  6.00    
1.31

1.167    1.31 | 2.833   38.70 | 4.500    2.62 |  6.17    
1.31

1.333    4.59 | 3.000   17.06 | 4.667    2.62 |  6.33    
0.66

1.500    7.87 | 3.167   17.06 | 4.833    1.97 |
1.667    7.87 | 3.333   13.12 | 5.000    1.31 |

Max.Eff.Inten.(mm/hr)=      60.35        61.43
over (min)       10.00        20.00

Storage Coeff.  (min)=       4.81 (ii)   13.39 (ii)
Unit Hyd. Tpeak (min)=      10.00        20.00
Unit Hyd. peak  (cms)=       0.15         0.07

* TOTALS*
PEAK FLOW       (cms)=       0.79         0.17          0.937 (iii)
TIME TO PEAK    (hrs)=       2.67         2.83           2.67
RUNOFF VOLUME    (mm)=      64.59        29.00          55.69
TOTAL RAINFALL   (mm)=      65.59        65.59          65.59
RUNOFF COEFFICIENT   =       0.98         0.44           0.85

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

(i) HORTONS EQUATION SELECTED FOR PERVIOUS LOSSES:
Fo   (mm/hr)= 50.00           K  (1/hr)=  2.00
Fc   (mm/hr)=  7.50     Cum.Inf.   (mm)=  0.00

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

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

--------------------------------------------------------------------------
-----
--------------------
| CALIB            |
| STANDHYD (  0002)|   Area    (ha)=   0.67
|ID= 1 DT=10.0 min |   Total Imp(%)=  75.00   Dir. Conn.(%)=  40.00
--------------------

IMPERVIOUS    PERVIOUS (i)
Surface Area     (ha)=       0.50         0.17
Dep. Storage     (mm)=       1.00         1.50
Average Slope     (%)=       1.00         2.00
Length            (m)=      66.83        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    0.00 | 1.833   15.08 | 3.500    9.18 |  5.17    

1.31
0.333    0.65 | 2.000   22.30 | 3.667    9.18 |  5.33    

1.31
0.500    1.31 | 2.167   22.30 | 3.833    7.21 |  5.50    

1.31
0.667    1.31 | 2.333   41.32 | 4.000    5.25 |  5.67    

1.31
0.833    1.31 | 2.500   60.35 | 4.167    5.25 |  5.83    

1.31
1.000    1.31 | 2.667   60.35 | 4.333    3.93 |  6.00    

1.31
1.167    1.31 | 2.833   38.70 | 4.500    2.62 |  6.17    

1.31
1.333    4.59 | 3.000   17.06 | 4.667    2.62 |  6.33    

0.66
1.500    7.87 | 3.167   17.06 | 4.833    1.97 |
1.667    7.87 | 3.333   13.12 | 5.000    1.31 |

Max.Eff.Inten.(mm/hr)=      60.35       133.39
over (min)       10.00        10.00

Storage Coeff.  (min)=       2.46 (ii)    8.74 (ii)
Unit Hyd. Tpeak (min)=      10.00        10.00
Unit Hyd. peak  (cms)=       0.17         0.12

* TOTALS*
PEAK FLOW       (cms)=       0.04         0.06          0.104 (iii)
TIME TO PEAK    (hrs)=       2.67         2.67           2.67
RUNOFF VOLUME    (mm)=      64.59        43.89          52.17
TOTAL RAINFALL   (mm)=      65.59        65.59          65.59
RUNOFF COEFFICIENT   =       0.98         0.67           0.80

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

(i) HORTONS EQUATION SELECTED FOR PERVIOUS LOSSES:
Fo   (mm/hr)= 50.00           K  (1/hr)=  2.00
Fc   (mm/hr)=  7.50     Cum.Inf.   (mm)=  0.00

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

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

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

--------------------
| ADD HYD  (  0004)|
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V.



--------------------         (ha)    (cms)    (hrs)     (mm)
ID1= 1 (  0001):     6.31   0.937     2.67    55.69

+ ID2= 2 (  0002):     0.67   0.104     2.67    52.17
====================================================
ID = 3 (  0004):     6.98   1.041     2.67    55.35

NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.
--------------------------------------------------------------------------
-----
--------------------
| RESERVOIR(  0005)|     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   |   0.1340      0.3161
0.0090     0.1412   |   0.1580      0.3775
0.0560     0.2086   |   0.1770      0.4341
0.0860     0.2312   |   1.1690      0.4851
0.1060     0.2611   |   0.0000      0.0000

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

INFLOW : ID= 2 (  0004)      6.980      1.041      2.67      55.35
OUTFLOW: ID= 1 (  0005)      6.980      0.128      3.83      54.78

PEAK   FLOW   REDUCTION [Qout/Qin](%)= 12.27
TIME SHIFT OF PEAK FLOW         (min)= 70.00
MAXIMUM  STORAGE   USED       (ha.m.)=  0.3040

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



--------------------------------------------------------------------------
---------------------------------
************************************************
** SIMULATION : 25 Year 12 Hour AES (Bloor, T **
************************************************

--------------------
|    READ STORM    |    Filename: C:\Users\shuchi\AppD
|                  |              ata\Local\Temp\
|                  |              30893ebc-4193-4b18-94cb-
f8ff69101a04\32ec7dbe
| Ptotal= 73.10 mm |    Comments: 25 Year 12 Hour AES (Bloor, TRCA)
--------------------

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

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

0.00    0.00 |  3.25   12.43 |  6.50    5.12 |  9.75    
0.73

0.25    0.73 |  3.50   12.43 |  6.75    5.12 | 10.00    
0.73

0.50    0.73 |  3.75   12.43 |  7.00    5.12 | 10.25    
0.73

0.75    0.73 |  4.00   12.43 |  7.25    2.92 | 10.50    
0.73

1.00    0.73 |  4.25   33.63 |  7.50    2.92 | 10.75    
0.73

1.25    0.73 |  4.50   33.63 |  7.75    2.92 | 11.00    
0.73

1.50    0.73 |  4.75   33.63 |  8.00    2.92 | 11.25    
0.73

1.75    0.73 |  5.00   33.63 |  8.25    1.46 | 11.50    
0.73

2.00    0.73 |  5.25    9.50 |  8.50    1.46 | 11.75    
0.73

2.25    4.39 |  5.50    9.50 |  8.75    1.46 | 12.00    
0.73

2.50    4.39 |  5.75    9.50 |  9.00    1.46 |
2.75    4.39 |  6.00    9.50 |  9.25    0.73 |
3.00    4.39 |  6.25    5.12 |  9.50    0.73 |

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

--------------------
| CALIB            |
| STANDHYD (  0001)|   Area    (ha)=   6.31
|ID= 1 DT=10.0 min |   Total Imp(%)=  80.00   Dir. Conn.(%)=  75.00
--------------------

IMPERVIOUS    PERVIOUS (i)
Surface Area     (ha)=       5.05         1.26
Dep. Storage     (mm)=       1.00         1.50



Average Slope     (%)=       1.00         2.00
Length            (m)=     205.10        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    0.00 | 3.333    8.41 | 6.500    5.12 |  9.67    

0.73
0.333    0.37 | 3.500   12.43 | 6.667    5.12 |  9.83    

0.73
0.500    0.73 | 3.667   12.43 | 6.833    5.12 | 10.00    

0.73
0.667    0.73 | 3.833   12.43 | 7.000    5.12 | 10.17    

0.73
0.833    0.73 | 4.000   12.43 | 7.167    5.12 | 10.33    

0.73
1.000    0.73 | 4.167   12.43 | 7.333    4.02 | 10.50    

0.73
1.167    0.73 | 4.333   23.03 | 7.500    2.92 | 10.67    

0.73
1.333    0.73 | 4.500   33.63 | 7.667    2.92 | 10.83    

0.73
1.500    0.73 | 4.667   33.63 | 7.833    2.92 | 11.00    

0.73
1.667    0.73 | 4.833   33.63 | 8.000    2.92 | 11.17    

0.73
1.833    0.73 | 5.000   33.63 | 8.167    2.92 | 11.33    

0.73
2.000    0.73 | 5.167   33.63 | 8.333    2.19 | 11.50    

0.73
2.167    0.73 | 5.333   21.57 | 8.500    1.46 | 11.67    

0.73
2.333    2.56 | 5.500    9.50 | 8.667    1.46 | 11.83    

0.73
2.500    4.39 | 5.667    9.50 | 8.833    1.46 | 12.00    

0.73
2.667    4.39 | 5.833    9.50 | 9.000    1.46 | 12.17    

0.73
2.833    4.39 | 6.000    9.50 | 9.167    1.46 | 12.33    

0.36
3.000    4.39 | 6.167    9.50 | 9.333    1.10 |
3.167    4.39 | 6.333    7.31 | 9.500    0.73 |

Max.Eff.Inten.(mm/hr)=      33.63        32.59
over (min)       10.00        20.00

Storage Coeff.  (min)=       6.08 (ii)   17.13 (ii)
Unit Hyd. Tpeak (min)=      10.00        20.00
Unit Hyd. peak  (cms)=       0.14         0.06



* TOTALS*
PEAK FLOW       (cms)=       0.44         0.10          0.545 (iii)
TIME TO PEAK    (hrs)=       5.17         5.17           5.17
RUNOFF VOLUME    (mm)=      72.10        26.39          60.67
TOTAL RAINFALL   (mm)=      73.10        73.10          73.10
RUNOFF COEFFICIENT   =       0.99         0.36           0.83

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

(i) HORTONS EQUATION SELECTED FOR PERVIOUS LOSSES:
Fo   (mm/hr)= 50.00           K  (1/hr)=  2.00
Fc   (mm/hr)=  7.50     Cum.Inf.   (mm)=  0.00

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

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

--------------------------------------------------------------------------
-----
--------------------
| CALIB            |
| STANDHYD (  0002)|   Area    (ha)=   0.67
|ID= 1 DT=10.0 min |   Total Imp(%)=  75.00   Dir. Conn.(%)=  40.00
--------------------

IMPERVIOUS    PERVIOUS (i)
Surface Area     (ha)=       0.50         0.17
Dep. Storage     (mm)=       1.00         1.50
Average Slope     (%)=       1.00         2.00
Length            (m)=      66.83        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    0.00 | 3.333    8.41 | 6.500    5.12 |  9.67    

0.73
0.333    0.37 | 3.500   12.43 | 6.667    5.12 |  9.83    

0.73
0.500    0.73 | 3.667   12.43 | 6.833    5.12 | 10.00    

0.73
0.667    0.73 | 3.833   12.43 | 7.000    5.12 | 10.17    

0.73
0.833    0.73 | 4.000   12.43 | 7.167    5.12 | 10.33    

0.73
1.000    0.73 | 4.167   12.43 | 7.333    4.02 | 10.50    

0.73
1.167    0.73 | 4.333   23.03 | 7.500    2.92 | 10.67    

0.73
1.333    0.73 | 4.500   33.63 | 7.667    2.92 | 10.83    

0.73



1.500    0.73 | 4.667   33.63 | 7.833    2.92 | 11.00    
0.73

1.667    0.73 | 4.833   33.63 | 8.000    2.92 | 11.17    
0.73

1.833    0.73 | 5.000   33.63 | 8.167    2.92 | 11.33    
0.73

2.000    0.73 | 5.167   33.63 | 8.333    2.19 | 11.50    
0.73

2.167    0.73 | 5.333   21.57 | 8.500    1.46 | 11.67    
0.73

2.333    2.56 | 5.500    9.50 | 8.667    1.46 | 11.83    
0.73

2.500    4.39 | 5.667    9.50 | 8.833    1.46 | 12.00    
0.73

2.667    4.39 | 5.833    9.50 | 9.000    1.46 | 12.17    
0.73

2.833    4.39 | 6.000    9.50 | 9.167    1.46 | 12.33    
0.36

3.000    4.39 | 6.167    9.50 | 9.333    1.10 |
3.167    4.39 | 6.333    7.31 | 9.500    0.73 |

Max.Eff.Inten.(mm/hr)=      33.63        72.71
over (min)       10.00        20.00

Storage Coeff.  (min)=       3.10 (ii)   11.12 (ii)
Unit Hyd. Tpeak (min)=      10.00        20.00
Unit Hyd. peak  (cms)=       0.16         0.08

* TOTALS*
PEAK FLOW       (cms)=       0.03         0.03          0.058 (iii)
TIME TO PEAK    (hrs)=       5.00         5.17           5.17
RUNOFF VOLUME    (mm)=      72.10        43.32          54.83
TOTAL RAINFALL   (mm)=      73.10        73.10          73.10
RUNOFF COEFFICIENT   =       0.99         0.59           0.75

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

(i) HORTONS EQUATION SELECTED FOR PERVIOUS LOSSES:
Fo   (mm/hr)= 50.00           K  (1/hr)=  2.00
Fc   (mm/hr)=  7.50     Cum.Inf.   (mm)=  0.00

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

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

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

--------------------
| ADD HYD  (  0004)|
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V.
--------------------         (ha)    (cms)    (hrs)     (mm)

ID1= 1 (  0001):     6.31   0.545     5.17    60.67
+ ID2= 2 (  0002):     0.67   0.058     5.17    54.83
====================================================
ID = 3 (  0004):     6.98   0.603     5.17    60.11



NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.
--------------------------------------------------------------------------
-----
--------------------
| RESERVOIR(  0005)|     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   |   0.1340      0.3161
0.0090     0.1412   |   0.1580      0.3775
0.0560     0.2086   |   0.1770      0.4341
0.0860     0.2312   |   1.1690      0.4851
0.1060     0.2611   |   0.0000      0.0000

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

INFLOW : ID= 2 (  0004)      6.980      0.603      5.17      60.11
OUTFLOW: ID= 1 (  0005)      6.980      0.124      6.33      59.54

PEAK   FLOW   REDUCTION [Qout/Qin](%)= 20.53
TIME SHIFT OF PEAK FLOW         (min)= 70.00
MAXIMUM  STORAGE   USED       (ha.m.)=  0.2962

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



--------------------------------------------------------------------------
---------------------------------
************************************************
** SIMULATION : 50 Year 6 Hour AES (Bloor, TR **
************************************************

--------------------
|    READ STORM    |    Filename: C:\Users\shuchi\AppD
|                  |              ata\Local\Temp\
|                  |              30893ebc-4193-4b18-94cb-
f8ff69101a04\e90de704
| Ptotal= 73.00 mm |    Comments: 50 Year 6 Hour AES (Bloor, TRCA)
--------------------

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

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

0.00    0.00 |  1.75   24.82 |  3.50   10.22 |  5.25    
1.46

0.25    1.46 |  2.00   24.82 |  3.75    5.84 |  5.50    
1.46

0.50    1.46 |  2.25   67.16 |  4.00    5.84 |  5.75    
1.46

0.75    1.46 |  2.50   67.16 |  4.25    2.92 |  6.00    
1.46

1.00    1.46 |  2.75   18.98 |  4.50    2.92 |
1.25    8.76 |  3.00   18.98 |  4.75    1.46 |
1.50    8.76 |  3.25   10.22 |  5.00    1.46 |

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

--------------------
| CALIB            |
| STANDHYD (  0001)|   Area    (ha)=   6.31
|ID= 1 DT=10.0 min |   Total Imp(%)=  80.00   Dir. Conn.(%)=  75.00
--------------------

IMPERVIOUS    PERVIOUS (i)
Surface Area     (ha)=       5.05         1.26
Dep. Storage     (mm)=       1.00         1.50
Average Slope     (%)=       1.00         2.00
Length            (m)=     205.10        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    0.00 | 1.833   16.79 | 3.500   10.22 |  5.17    
1.46

0.333    0.73 | 2.000   24.82 | 3.667   10.22 |  5.33    
1.46

0.500    1.46 | 2.167   24.82 | 3.833    8.03 |  5.50    
1.46

0.667    1.46 | 2.333   45.99 | 4.000    5.84 |  5.67    
1.46

0.833    1.46 | 2.500   67.16 | 4.167    5.84 |  5.83    
1.46

1.000    1.46 | 2.667   67.16 | 4.333    4.38 |  6.00    
1.46

1.167    1.46 | 2.833   43.07 | 4.500    2.92 |  6.17    
1.46

1.333    5.11 | 3.000   18.98 | 4.667    2.92 |  6.33    
0.73

1.500    8.76 | 3.167   18.98 | 4.833    2.19 |
1.667    8.76 | 3.333   14.60 | 5.000    1.46 |

Max.Eff.Inten.(mm/hr)=      67.16        70.55
over (min)       10.00        20.00

Storage Coeff.  (min)=       4.61 (ii)   12.72 (ii)
Unit Hyd. Tpeak (min)=      10.00        20.00
Unit Hyd. peak  (cms)=       0.15         0.07

* TOTALS*
PEAK FLOW       (cms)=       0.88         0.20          1.060 (iii)
TIME TO PEAK    (hrs)=       2.67         2.83           2.67
RUNOFF VOLUME    (mm)=      72.00        35.47          62.87
TOTAL RAINFALL   (mm)=      73.00        73.00          73.00
RUNOFF COEFFICIENT   =       0.99         0.49           0.86

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

(i) HORTONS EQUATION SELECTED FOR PERVIOUS LOSSES:
Fo   (mm/hr)= 50.00           K  (1/hr)=  2.00
Fc   (mm/hr)=  7.50     Cum.Inf.   (mm)=  0.00

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

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

--------------------------------------------------------------------------
-----
--------------------
| CALIB            |
| STANDHYD (  0002)|   Area    (ha)=   0.67
|ID= 1 DT=10.0 min |   Total Imp(%)=  75.00   Dir. Conn.(%)=  40.00
--------------------

IMPERVIOUS    PERVIOUS (i)
Surface Area     (ha)=       0.50         0.17
Dep. Storage     (mm)=       1.00         1.50
Average Slope     (%)=       1.00         2.00
Length            (m)=      66.83        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    0.00 | 1.833   16.79 | 3.500   10.22 |  5.17    

1.46
0.333    0.73 | 2.000   24.82 | 3.667   10.22 |  5.33    

1.46
0.500    1.46 | 2.167   24.82 | 3.833    8.03 |  5.50    

1.46
0.667    1.46 | 2.333   45.99 | 4.000    5.84 |  5.67    

1.46
0.833    1.46 | 2.500   67.16 | 4.167    5.84 |  5.83    

1.46
1.000    1.46 | 2.667   67.16 | 4.333    4.38 |  6.00    

1.46
1.167    1.46 | 2.833   43.07 | 4.500    2.92 |  6.17    

1.46
1.333    5.11 | 3.000   18.98 | 4.667    2.92 |  6.33    

0.73
1.500    8.76 | 3.167   18.98 | 4.833    2.19 |
1.667    8.76 | 3.333   14.60 | 5.000    1.46 |

Max.Eff.Inten.(mm/hr)=      67.16       150.04
over (min)       10.00        10.00

Storage Coeff.  (min)=       2.35 (ii)    8.35 (ii)
Unit Hyd. Tpeak (min)=      10.00        10.00
Unit Hyd. peak  (cms)=       0.17         0.12

* TOTALS*
PEAK FLOW       (cms)=       0.05         0.07          0.117 (iii)
TIME TO PEAK    (hrs)=       2.67         2.67           2.67
RUNOFF VOLUME    (mm)=      72.00        50.82          59.29
TOTAL RAINFALL   (mm)=      73.00        73.00          73.00
RUNOFF COEFFICIENT   =       0.99         0.70           0.81

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

(i) HORTONS EQUATION SELECTED FOR PERVIOUS LOSSES:
Fo   (mm/hr)= 50.00           K  (1/hr)=  2.00
Fc   (mm/hr)=  7.50     Cum.Inf.   (mm)=  0.00

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

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

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

--------------------
| ADD HYD  (  0004)|
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V.



--------------------         (ha)    (cms)    (hrs)     (mm)
ID1= 1 (  0001):     6.31   1.060     2.67    62.87

+ ID2= 2 (  0002):     0.67   0.117     2.67    59.29
====================================================
ID = 3 (  0004):     6.98   1.177     2.67    62.52

NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.
--------------------------------------------------------------------------
-----
--------------------
| RESERVOIR(  0005)|     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   |   0.1340      0.3161
0.0090     0.1412   |   0.1580      0.3775
0.0560     0.2086   |   0.1770      0.4341
0.0860     0.2312   |   1.1690      0.4851
0.1060     0.2611   |   0.0000      0.0000

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

INFLOW : ID= 2 (  0004)      6.980      1.177      2.67      62.52
OUTFLOW: ID= 1 (  0005)      6.980      0.144      3.83      61.95

PEAK   FLOW   REDUCTION [Qout/Qin](%)= 12.24
TIME SHIFT OF PEAK FLOW         (min)= 70.00
MAXIMUM  STORAGE   USED       (ha.m.)=  0.3417

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



--------------------------------------------------------------------------
---------------------------------
************************************************
** SIMULATION : 50 Year 12 Hour AES (Bloor, T **
************************************************

--------------------
|    READ STORM    |    Filename: C:\Users\shuchi\AppD
|                  |              ata\Local\Temp\
|                  |              30893ebc-4193-4b18-94cb-
f8ff69101a04\786fcac4
| Ptotal= 80.82 mm |    Comments: 50 Year 12 Hour AES (Bloor, TRCA)
--------------------

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

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

0.00    0.00 |  3.25   13.74 |  6.50    5.66 |  9.75    
0.81

0.25    0.81 |  3.50   13.74 |  6.75    5.66 | 10.00    
0.81

0.50    0.81 |  3.75   13.74 |  7.00    5.66 | 10.25    
0.81

0.75    0.81 |  4.00   13.74 |  7.25    3.23 | 10.50    
0.81

1.00    0.81 |  4.25   37.17 |  7.50    3.23 | 10.75    
0.81

1.25    0.81 |  4.50   37.17 |  7.75    3.23 | 11.00    
0.81

1.50    0.81 |  4.75   37.17 |  8.00    3.23 | 11.25    
0.81

1.75    0.81 |  5.00   37.17 |  8.25    1.62 | 11.50    
0.81

2.00    0.81 |  5.25   10.50 |  8.50    1.62 | 11.75    
0.81

2.25    4.85 |  5.50   10.50 |  8.75    1.62 | 12.00    
0.81

2.50    4.85 |  5.75   10.50 |  9.00    1.62 |
2.75    4.85 |  6.00   10.50 |  9.25    0.81 |
3.00    4.85 |  6.25    5.66 |  9.50    0.81 |

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

--------------------
| CALIB            |
| STANDHYD (  0001)|   Area    (ha)=   6.31
|ID= 1 DT=10.0 min |   Total Imp(%)=  80.00   Dir. Conn.(%)=  75.00
--------------------

IMPERVIOUS    PERVIOUS (i)
Surface Area     (ha)=       5.05         1.26
Dep. Storage     (mm)=       1.00         1.50



Average Slope     (%)=       1.00         2.00
Length            (m)=     205.10        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    0.00 | 3.333    9.30 | 6.500    5.66 |  9.67    

0.81
0.333    0.41 | 3.500   13.74 | 6.667    5.66 |  9.83    

0.81
0.500    0.81 | 3.667   13.74 | 6.833    5.66 | 10.00    

0.81
0.667    0.81 | 3.833   13.74 | 7.000    5.66 | 10.17    

0.81
0.833    0.81 | 4.000   13.74 | 7.167    5.66 | 10.33    

0.81
1.000    0.81 | 4.167   13.74 | 7.333    4.45 | 10.50    

0.81
1.167    0.81 | 4.333   25.46 | 7.500    3.23 | 10.67    

0.81
1.333    0.81 | 4.500   37.17 | 7.667    3.23 | 10.83    

0.81
1.500    0.81 | 4.667   37.17 | 7.833    3.23 | 11.00    

0.81
1.667    0.81 | 4.833   37.17 | 8.000    3.23 | 11.17    

0.81
1.833    0.81 | 5.000   37.17 | 8.167    3.23 | 11.33    

0.81
2.000    0.81 | 5.167   37.17 | 8.333    2.43 | 11.50    

0.81
2.167    0.81 | 5.333   23.84 | 8.500    1.62 | 11.67    

0.81
2.333    2.83 | 5.500   10.50 | 8.667    1.62 | 11.83    

0.81
2.500    4.85 | 5.667   10.50 | 8.833    1.62 | 12.00    

0.81
2.667    4.85 | 5.833   10.50 | 9.000    1.62 | 12.17    

0.81
2.833    4.85 | 6.000   10.50 | 9.167    1.62 | 12.33    

0.40
3.000    4.85 | 6.167   10.50 | 9.333    1.22 |
3.167    4.85 | 6.333    8.08 | 9.500    0.81 |

Max.Eff.Inten.(mm/hr)=      37.17        37.47
over (min)       10.00        20.00

Storage Coeff.  (min)=       5.84 (ii)   16.29 (ii)
Unit Hyd. Tpeak (min)=      10.00        20.00
Unit Hyd. peak  (cms)=       0.14         0.06



* TOTALS*
PEAK FLOW       (cms)=       0.49         0.12          0.610 (iii)
TIME TO PEAK    (hrs)=       5.17         5.17           5.17
RUNOFF VOLUME    (mm)=      79.82        32.09          67.89
TOTAL RAINFALL   (mm)=      80.82        80.82          80.82
RUNOFF COEFFICIENT   =       0.99         0.40           0.84

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

(i) HORTONS EQUATION SELECTED FOR PERVIOUS LOSSES:
Fo   (mm/hr)= 50.00           K  (1/hr)=  2.00
Fc   (mm/hr)=  7.50     Cum.Inf.   (mm)=  0.00

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

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

--------------------------------------------------------------------------
-----
--------------------
| CALIB            |
| STANDHYD (  0002)|   Area    (ha)=   0.67
|ID= 1 DT=10.0 min |   Total Imp(%)=  75.00   Dir. Conn.(%)=  40.00
--------------------

IMPERVIOUS    PERVIOUS (i)
Surface Area     (ha)=       0.50         0.17
Dep. Storage     (mm)=       1.00         1.50
Average Slope     (%)=       1.00         2.00
Length            (m)=      66.83        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    0.00 | 3.333    9.30 | 6.500    5.66 |  9.67    

0.81
0.333    0.41 | 3.500   13.74 | 6.667    5.66 |  9.83    

0.81
0.500    0.81 | 3.667   13.74 | 6.833    5.66 | 10.00    

0.81
0.667    0.81 | 3.833   13.74 | 7.000    5.66 | 10.17    

0.81
0.833    0.81 | 4.000   13.74 | 7.167    5.66 | 10.33    

0.81
1.000    0.81 | 4.167   13.74 | 7.333    4.45 | 10.50    

0.81
1.167    0.81 | 4.333   25.46 | 7.500    3.23 | 10.67    

0.81
1.333    0.81 | 4.500   37.17 | 7.667    3.23 | 10.83    

0.81



1.500    0.81 | 4.667   37.17 | 7.833    3.23 | 11.00    
0.81

1.667    0.81 | 4.833   37.17 | 8.000    3.23 | 11.17    
0.81

1.833    0.81 | 5.000   37.17 | 8.167    3.23 | 11.33    
0.81

2.000    0.81 | 5.167   37.17 | 8.333    2.43 | 11.50    
0.81

2.167    0.81 | 5.333   23.84 | 8.500    1.62 | 11.67    
0.81

2.333    2.83 | 5.500   10.50 | 8.667    1.62 | 11.83    
0.81

2.500    4.85 | 5.667   10.50 | 8.833    1.62 | 12.00    
0.81

2.667    4.85 | 5.833   10.50 | 9.000    1.62 | 12.17    
0.81

2.833    4.85 | 6.000   10.50 | 9.167    1.62 | 12.33    
0.40

3.000    4.85 | 6.167   10.50 | 9.333    1.22 |
3.167    4.85 | 6.333    8.08 | 9.500    0.81 |

Max.Eff.Inten.(mm/hr)=      37.17        81.28
over (min)       10.00        20.00

Storage Coeff.  (min)=       2.98 (ii)   10.65 (ii)
Unit Hyd. Tpeak (min)=      10.00        20.00
Unit Hyd. peak  (cms)=       0.16         0.08

* TOTALS*
PEAK FLOW       (cms)=       0.03         0.04          0.065 (iii)
TIME TO PEAK    (hrs)=       5.00         5.17           5.17
RUNOFF VOLUME    (mm)=      79.82        50.20          62.05
TOTAL RAINFALL   (mm)=      80.82        80.82          80.82
RUNOFF COEFFICIENT   =       0.99         0.62           0.77

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

(i) HORTONS EQUATION SELECTED FOR PERVIOUS LOSSES:
Fo   (mm/hr)= 50.00           K  (1/hr)=  2.00
Fc   (mm/hr)=  7.50     Cum.Inf.   (mm)=  0.00

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

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

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

--------------------
| ADD HYD  (  0004)|
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V.
--------------------         (ha)    (cms)    (hrs)     (mm)

ID1= 1 (  0001):     6.31   0.610     5.17    67.89
+ ID2= 2 (  0002):     0.67   0.065     5.17    62.05
====================================================
ID = 3 (  0004):     6.98   0.675     5.17    67.33



NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.
--------------------------------------------------------------------------
-----
--------------------
| RESERVOIR(  0005)|     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   |   0.1340      0.3161
0.0090     0.1412   |   0.1580      0.3775
0.0560     0.2086   |   0.1770      0.4341
0.0860     0.2312   |   1.1690      0.4851
0.1060     0.2611   |   0.0000      0.0000

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

INFLOW : ID= 2 (  0004)      6.980      0.675      5.17      67.33
OUTFLOW: ID= 1 (  0005)      6.980      0.139      6.33      66.76

PEAK   FLOW   REDUCTION [Qout/Qin](%)= 20.59
TIME SHIFT OF PEAK FLOW         (min)= 70.00
MAXIMUM  STORAGE   USED       (ha.m.)=  0.3288

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



--------------------------------------------------------------------------
---------------------------------
************************************************
** SIMULATION : 100 Year 6 Hour AES (Bloor, T **
************************************************

--------------------
|    READ STORM    |    Filename: C:\Users\shuchi\AppD
|                  |              ata\Local\Temp\
|                  |              30893ebc-4193-4b18-94cb-
f8ff69101a04\57b24d9f
| Ptotal= 80.31 mm |    Comments: 100 Year 6 Hour AES (Bloor, TRCA)
--------------------

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

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

0.00    0.00 |  1.75   27.30 |  3.50   11.24 |  5.25    
1.61

0.25    1.61 |  2.00   27.30 |  3.75    6.42 |  5.50    
1.61

0.50    1.61 |  2.25   73.88 |  4.00    6.42 |  5.75    
1.61

0.75    1.61 |  2.50   73.88 |  4.25    3.21 |  6.00    
1.61

1.00    1.61 |  2.75   20.88 |  4.50    3.21 |
1.25    9.64 |  3.00   20.88 |  4.75    1.61 |
1.50    9.64 |  3.25   11.24 |  5.00    1.61 |

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

--------------------
| CALIB            |
| STANDHYD (  0001)|   Area    (ha)=   6.31
|ID= 1 DT=10.0 min |   Total Imp(%)=  80.00   Dir. Conn.(%)=  75.00
--------------------

IMPERVIOUS    PERVIOUS (i)
Surface Area     (ha)=       5.05         1.26
Dep. Storage     (mm)=       1.00         1.50
Average Slope     (%)=       1.00         2.00
Length            (m)=     205.10        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    0.00 | 1.833   18.47 | 3.500   11.24 |  5.17    
1.61

0.333    0.81 | 2.000   27.30 | 3.667   11.24 |  5.33    
1.61

0.500    1.61 | 2.167   27.30 | 3.833    8.83 |  5.50    
1.61

0.667    1.61 | 2.333   50.59 | 4.000    6.42 |  5.67    
1.61

0.833    1.61 | 2.500   73.88 | 4.167    6.42 |  5.83    
1.61

1.000    1.61 | 2.667   73.88 | 4.333    4.81 |  6.00    
1.61

1.167    1.61 | 2.833   47.38 | 4.500    3.21 |  6.17    
1.61

1.333    5.62 | 3.000   20.88 | 4.667    3.21 |  6.33    
0.81

1.500    9.64 | 3.167   20.88 | 4.833    2.41 |
1.667    9.64 | 3.333   16.06 | 5.000    1.61 |

Max.Eff.Inten.(mm/hr)=      73.88        79.29
over (min)       10.00        20.00

Storage Coeff.  (min)=       4.44 (ii)   12.18 (ii)
Unit Hyd. Tpeak (min)=      10.00        20.00
Unit Hyd. peak  (cms)=       0.15         0.07

* TOTALS*
PEAK FLOW       (cms)=       0.97         0.22          1.179 (iii)
TIME TO PEAK    (hrs)=       2.67         2.83           2.67
RUNOFF VOLUME    (mm)=      79.31        42.03          69.99
TOTAL RAINFALL   (mm)=      80.31        80.31          80.31
RUNOFF COEFFICIENT   =       0.99         0.52           0.87

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

(i) HORTONS EQUATION SELECTED FOR PERVIOUS LOSSES:
Fo   (mm/hr)= 50.00           K  (1/hr)=  2.00
Fc   (mm/hr)=  7.50     Cum.Inf.   (mm)=  0.00

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

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

--------------------------------------------------------------------------
-----
--------------------
| CALIB            |
| STANDHYD (  0002)|   Area    (ha)=   0.67
|ID= 1 DT=10.0 min |   Total Imp(%)=  75.00   Dir. Conn.(%)=  40.00
--------------------

IMPERVIOUS    PERVIOUS (i)
Surface Area     (ha)=       0.50         0.17
Dep. Storage     (mm)=       1.00         1.50
Average Slope     (%)=       1.00         2.00
Length            (m)=      66.83        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    0.00 | 1.833   18.47 | 3.500   11.24 |  5.17    

1.61
0.333    0.81 | 2.000   27.30 | 3.667   11.24 |  5.33    

1.61
0.500    1.61 | 2.167   27.30 | 3.833    8.83 |  5.50    

1.61
0.667    1.61 | 2.333   50.59 | 4.000    6.42 |  5.67    

1.61
0.833    1.61 | 2.500   73.88 | 4.167    6.42 |  5.83    

1.61
1.000    1.61 | 2.667   73.88 | 4.333    4.81 |  6.00    

1.61
1.167    1.61 | 2.833   47.38 | 4.500    3.21 |  6.17    

1.61
1.333    5.62 | 3.000   20.88 | 4.667    3.21 |  6.33    

0.81
1.500    9.64 | 3.167   20.88 | 4.833    2.41 |
1.667    9.64 | 3.333   16.06 | 5.000    1.61 |

Max.Eff.Inten.(mm/hr)=      73.88       166.47
over (min)       10.00        10.00

Storage Coeff.  (min)=       2.26 (ii)    8.02 (ii)
Unit Hyd. Tpeak (min)=      10.00        10.00
Unit Hyd. peak  (cms)=       0.17         0.12

* TOTALS*
PEAK FLOW       (cms)=       0.05         0.07          0.129 (iii)
TIME TO PEAK    (hrs)=       2.67         2.67           2.67
RUNOFF VOLUME    (mm)=      79.31        57.67          66.33
TOTAL RAINFALL   (mm)=      80.31        80.31          80.31
RUNOFF COEFFICIENT   =       0.99         0.72           0.83

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

(i) HORTONS EQUATION SELECTED FOR PERVIOUS LOSSES:
Fo   (mm/hr)= 50.00           K  (1/hr)=  2.00
Fc   (mm/hr)=  7.50     Cum.Inf.   (mm)=  0.00

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

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

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

--------------------
| ADD HYD  (  0004)|
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V.



--------------------         (ha)    (cms)    (hrs)     (mm)
ID1= 1 (  0001):     6.31   1.179     2.67    69.99

+ ID2= 2 (  0002):     0.67   0.129     2.67    66.33
====================================================
ID = 3 (  0004):     6.98   1.309     2.67    69.64

NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.
--------------------------------------------------------------------------
-----
--------------------
| RESERVOIR(  0005)|     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   |   0.1340      0.3161
0.0090     0.1412   |   0.1580      0.3775
0.0560     0.2086   |   0.1770      0.4341
0.0860     0.2312   |   1.1690      0.4851
0.1060     0.2611   |   0.0000      0.0000

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

INFLOW : ID= 2 (  0004)      6.980      1.309      2.67      69.64
OUTFLOW: ID= 1 (  0005)      6.980      0.159      3.83      69.07

PEAK   FLOW   REDUCTION [Qout/Qin](%)= 12.11
TIME SHIFT OF PEAK FLOW         (min)= 70.00
MAXIMUM  STORAGE   USED       (ha.m.)=  0.3791

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



--------------------------------------------------------------------------
---------------------------------
************************************************
** SIMULATION : 100 Year 12 Hour AES (Bloor,  **
************************************************

--------------------
|    READ STORM    |    Filename: C:\Users\shuchi\AppD
|                  |              ata\Local\Temp\
|                  |              30893ebc-4193-4b18-94cb-
f8ff69101a04\313bbea9
| Ptotal= 88.54 mm |    Comments: 100 Year 12 Hour AES (Bloor, TRCA)
--------------------

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

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

0.00    0.00 |  3.25   15.05 |  6.50    6.20 |  9.75    
0.89

0.25    0.89 |  3.50   15.05 |  6.75    6.20 | 10.00    
0.89

0.50    0.89 |  3.75   15.05 |  7.00    6.20 | 10.25    
0.89

0.75    0.89 |  4.00   15.05 |  7.25    3.54 | 10.50    
0.89

1.00    0.89 |  4.25   40.71 |  7.50    3.54 | 10.75    
0.89

1.25    0.89 |  4.50   40.71 |  7.75    3.54 | 11.00    
0.89

1.50    0.89 |  4.75   40.71 |  8.00    3.54 | 11.25    
0.89

1.75    0.89 |  5.00   40.71 |  8.25    1.77 | 11.50    
0.89

2.00    0.89 |  5.25   11.51 |  8.50    1.77 | 11.75    
0.89

2.25    5.31 |  5.50   11.51 |  8.75    1.77 | 12.00    
0.89

2.50    5.31 |  5.75   11.51 |  9.00    1.77 |
2.75    5.31 |  6.00   11.51 |  9.25    0.89 |
3.00    5.31 |  6.25    6.20 |  9.50    0.89 |

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

--------------------
| CALIB            |
| STANDHYD (  0001)|   Area    (ha)=   6.31
|ID= 1 DT=10.0 min |   Total Imp(%)=  80.00   Dir. Conn.(%)=  75.00
--------------------

IMPERVIOUS    PERVIOUS (i)
Surface Area     (ha)=       5.05         1.26
Dep. Storage     (mm)=       1.00         1.50



Average Slope     (%)=       1.00         2.00
Length            (m)=     205.10        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    0.00 | 3.333   10.18 | 6.500    6.20 |  9.67    

0.89
0.333    0.45 | 3.500   15.05 | 6.667    6.20 |  9.83    

0.89
0.500    0.89 | 3.667   15.05 | 6.833    6.20 | 10.00    

0.89
0.667    0.89 | 3.833   15.05 | 7.000    6.20 | 10.17    

0.89
0.833    0.89 | 4.000   15.05 | 7.167    6.20 | 10.33    

0.89
1.000    0.89 | 4.167   15.05 | 7.333    4.87 | 10.50    

0.89
1.167    0.89 | 4.333   27.88 | 7.500    3.54 | 10.67    

0.89
1.333    0.89 | 4.500   40.71 | 7.667    3.54 | 10.83    

0.89
1.500    0.89 | 4.667   40.71 | 7.833    3.54 | 11.00    

0.89
1.667    0.89 | 4.833   40.71 | 8.000    3.54 | 11.17    

0.89
1.833    0.89 | 5.000   40.71 | 8.167    3.54 | 11.33    

0.89
2.000    0.89 | 5.167   40.71 | 8.333    2.66 | 11.50    

0.89
2.167    0.89 | 5.333   26.11 | 8.500    1.77 | 11.67    

0.89
2.333    3.10 | 5.500   11.51 | 8.667    1.77 | 11.83    

0.89
2.500    5.31 | 5.667   11.51 | 8.833    1.77 | 12.00    

0.89
2.667    5.31 | 5.833   11.51 | 9.000    1.77 | 12.17    

0.89
2.833    5.31 | 6.000   11.51 | 9.167    1.77 | 12.33    

0.44
3.000    5.31 | 6.167   11.51 | 9.333    1.33 |
3.167    5.31 | 6.333    8.86 | 9.500    0.89 |

Max.Eff.Inten.(mm/hr)=      40.71        42.38
over (min)       10.00        20.00

Storage Coeff.  (min)=       5.63 (ii)   15.58 (ii)
Unit Hyd. Tpeak (min)=      10.00        20.00
Unit Hyd. peak  (cms)=       0.14         0.07



* TOTALS*
PEAK FLOW       (cms)=       0.54         0.14          0.674 (iii)
TIME TO PEAK    (hrs)=       5.17         5.17           5.17
RUNOFF VOLUME    (mm)=      87.54        38.10          75.18
TOTAL RAINFALL   (mm)=      88.54        88.54          88.54
RUNOFF COEFFICIENT   =       0.99         0.43           0.85

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

(i) HORTONS EQUATION SELECTED FOR PERVIOUS LOSSES:
Fo   (mm/hr)= 50.00           K  (1/hr)=  2.00
Fc   (mm/hr)=  7.50     Cum.Inf.   (mm)=  0.00

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

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

--------------------------------------------------------------------------
-----
--------------------
| CALIB            |
| STANDHYD (  0002)|   Area    (ha)=   0.67
|ID= 1 DT=10.0 min |   Total Imp(%)=  75.00   Dir. Conn.(%)=  40.00
--------------------

IMPERVIOUS    PERVIOUS (i)
Surface Area     (ha)=       0.50         0.17
Dep. Storage     (mm)=       1.00         1.50
Average Slope     (%)=       1.00         2.00
Length            (m)=      66.83        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    0.00 | 3.333   10.18 | 6.500    6.20 |  9.67    

0.89
0.333    0.45 | 3.500   15.05 | 6.667    6.20 |  9.83    

0.89
0.500    0.89 | 3.667   15.05 | 6.833    6.20 | 10.00    

0.89
0.667    0.89 | 3.833   15.05 | 7.000    6.20 | 10.17    

0.89
0.833    0.89 | 4.000   15.05 | 7.167    6.20 | 10.33    

0.89
1.000    0.89 | 4.167   15.05 | 7.333    4.87 | 10.50    

0.89
1.167    0.89 | 4.333   27.88 | 7.500    3.54 | 10.67    

0.89
1.333    0.89 | 4.500   40.71 | 7.667    3.54 | 10.83    

0.89



1.500    0.89 | 4.667   40.71 | 7.833    3.54 | 11.00    
0.89

1.667    0.89 | 4.833   40.71 | 8.000    3.54 | 11.17    
0.89

1.833    0.89 | 5.000   40.71 | 8.167    3.54 | 11.33    
0.89

2.000    0.89 | 5.167   40.71 | 8.333    2.66 | 11.50    
0.89

2.167    0.89 | 5.333   26.11 | 8.500    1.77 | 11.67    
0.89

2.333    3.10 | 5.500   11.51 | 8.667    1.77 | 11.83    
0.89

2.500    5.31 | 5.667   11.51 | 8.833    1.77 | 12.00    
0.89

2.667    5.31 | 5.833   11.51 | 9.000    1.77 | 12.17    
0.89

2.833    5.31 | 6.000   11.51 | 9.167    1.77 | 12.33    
0.44

3.000    5.31 | 6.167   11.51 | 9.333    1.33 |
3.167    5.31 | 6.333    8.86 | 9.500    0.89 |

Max.Eff.Inten.(mm/hr)=      40.71        89.83
over (min)       10.00        20.00

Storage Coeff.  (min)=       2.87 (ii)   10.24 (ii)
Unit Hyd. Tpeak (min)=      10.00        20.00
Unit Hyd. peak  (cms)=       0.16         0.08

* TOTALS*
PEAK FLOW       (cms)=       0.03         0.04          0.072 (iii)
TIME TO PEAK    (hrs)=       5.00         5.17           5.17
RUNOFF VOLUME    (mm)=      87.54        57.30          69.39
TOTAL RAINFALL   (mm)=      88.54        88.54          88.54
RUNOFF COEFFICIENT   =       0.99         0.65           0.78

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

(i) HORTONS EQUATION SELECTED FOR PERVIOUS LOSSES:
Fo   (mm/hr)= 50.00           K  (1/hr)=  2.00
Fc   (mm/hr)=  7.50     Cum.Inf.   (mm)=  0.00

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

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

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

--------------------
| ADD HYD  (  0004)|
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V.
--------------------         (ha)    (cms)    (hrs)     (mm)

ID1= 1 (  0001):     6.31   0.674     5.17    75.18
+ ID2= 2 (  0002):     0.67   0.072     5.17    69.39
====================================================
ID = 3 (  0004):     6.98   0.746     5.17    74.63



NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.
--------------------------------------------------------------------------
-----
--------------------
| RESERVOIR(  0005)|     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   |   0.1340      0.3161
0.0090     0.1412   |   0.1580      0.3775
0.0560     0.2086   |   0.1770      0.4341
0.0860     0.2312   |   1.1690      0.4851
0.1060     0.2611   |   0.0000      0.0000

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

INFLOW : ID= 2 (  0004)      6.980      0.746      5.17      74.63
OUTFLOW: ID= 1 (  0005)      6.980      0.152      6.33      74.05

PEAK   FLOW   REDUCTION [Qout/Qin](%)= 20.42
TIME SHIFT OF PEAK FLOW         (min)= 70.00
MAXIMUM  STORAGE   USED       (ha.m.)=  0.3632

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



--------------------------------------------------------------------------
---------------------------------
************************************************
** SIMULATION : Hurricane Hazel-Regional      **
************************************************

--------------------
|    READ STORM    |    Filename: C:\Users\shuchi\AppD
|                  |              ata\Local\Temp\
|                  |              30893ebc-4193-4b18-94cb-
f8ff69101a04\6f3a7341
| Ptotal=285.00 mm |    Comments: Hurricane Hazel-Regional
--------------------

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

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

0.00    6.00 | 12.00    2.00 | 24.00    2.00 | 36.00    
2.00

1.00    4.00 | 13.00    2.00 | 25.00    2.00 | 37.00    
2.00

2.00    6.00 | 14.00    2.00 | 26.00    2.00 | 38.00    
2.00

3.00   13.00 | 15.00    2.00 | 27.00    2.00 | 39.00    
2.00

4.00   17.00 | 16.00    2.00 | 28.00    2.00 | 40.00    
2.00

5.00   13.00 | 17.00    2.00 | 29.00    2.00 | 41.00    
2.00

6.00   23.00 | 18.00    2.00 | 30.00    2.00 | 42.00    
2.00

7.00   13.00 | 19.00    2.00 | 31.00    2.00 | 43.00    
2.00

8.00   13.00 | 20.00    2.00 | 32.00    2.00 | 44.00    
2.00

9.00   53.00 | 21.00    2.00 | 33.00    2.00 | 45.00    
2.00

10.00   38.00 | 22.00    2.00 | 34.00    2.00 | 46.00    
2.00

11.00   13.00 | 23.00    2.00 | 35.00    2.00 | 47.00    
3.00

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

--------------------
| CALIB            |
| STANDHYD (  0001)|   Area    (ha)=   6.31
|ID= 1 DT=10.0 min |   Total Imp(%)=  80.00   Dir. Conn.(%)=  75.00
--------------------

IMPERVIOUS    PERVIOUS (i)
Surface Area     (ha)=       5.05         1.26



Dep. Storage     (mm)=       1.00         1.50
Average Slope     (%)=       1.00         2.00
Length            (m)=     205.10        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    6.00 |12.167    2.00 |24.167    2.00 | 36.17    

2.00
0.333    6.00 |12.333    2.00 |24.333    2.00 | 36.33    

2.00
0.500    6.00 |12.500    2.00 |24.500    2.00 | 36.50    

2.00
0.667    6.00 |12.667    2.00 |24.667    2.00 | 36.67    

2.00
0.833    6.00 |12.833    2.00 |24.833    2.00 | 36.83    

2.00
1.000    6.00 |13.000    2.00 |25.000    2.00 | 37.00    

2.00
1.167    4.00 |13.167    2.00 |25.167    2.00 | 37.17    

2.00
1.333    4.00 |13.333    2.00 |25.333    2.00 | 37.33    

2.00
1.500    4.00 |13.500    2.00 |25.500    2.00 | 37.50    

2.00
1.667    4.00 |13.667    2.00 |25.667    2.00 | 37.67    

2.00
1.833    4.00 |13.833    2.00 |25.833    2.00 | 37.83    

2.00
2.000    4.00 |14.000    2.00 |26.000    2.00 | 38.00    

2.00
2.167    6.00 |14.167    2.00 |26.167    2.00 | 38.17    

2.00
2.333    6.00 |14.333    2.00 |26.333    2.00 | 38.33    

2.00
2.500    6.00 |14.500    2.00 |26.500    2.00 | 38.50    

2.00
2.667    6.00 |14.667    2.00 |26.667    2.00 | 38.67    

2.00
2.833    6.00 |14.833    2.00 |26.833    2.00 | 38.83    

2.00
3.000    6.00 |15.000    2.00 |27.000    2.00 | 39.00    

2.00
3.167   13.00 |15.167    2.00 |27.167    2.00 | 39.17    

2.00
3.333   13.00 |15.333    2.00 |27.333    2.00 | 39.33    

2.00



3.500   13.00 |15.500    2.00 |27.500    2.00 | 39.50    
2.00

3.667   13.00 |15.667    2.00 |27.667    2.00 | 39.67    
2.00

3.833   13.00 |15.833    2.00 |27.833    2.00 | 39.83    
2.00

4.000   13.00 |16.000    2.00 |28.000    2.00 | 40.00    
2.00

4.167   17.00 |16.167    2.00 |28.167    2.00 | 40.17    
2.00

4.333   17.00 |16.333    2.00 |28.333    2.00 | 40.33    
2.00

4.500   17.00 |16.500    2.00 |28.500    2.00 | 40.50    
2.00

4.667   17.00 |16.667    2.00 |28.667    2.00 | 40.67    
2.00

4.833   17.00 |16.833    2.00 |28.833    2.00 | 40.83    
2.00

5.000   17.00 |17.000    2.00 |29.000    2.00 | 41.00    
2.00

5.167   13.00 |17.167    2.00 |29.167    2.00 | 41.17    
2.00

5.333   13.00 |17.333    2.00 |29.333    2.00 | 41.33    
2.00

5.500   13.00 |17.500    2.00 |29.500    2.00 | 41.50    
2.00

5.667   13.00 |17.667    2.00 |29.667    2.00 | 41.67    
2.00

5.833   13.00 |17.833    2.00 |29.833    2.00 | 41.83    
2.00

6.000   13.00 |18.000    2.00 |30.000    2.00 | 42.00    
2.00

6.167   23.00 |18.167    2.00 |30.167    2.00 | 42.17    
2.00

6.333   23.00 |18.333    2.00 |30.333    2.00 | 42.33    
2.00

6.500   23.00 |18.500    2.00 |30.500    2.00 | 42.50    
2.00

6.667   23.00 |18.667    2.00 |30.667    2.00 | 42.67    
2.00

6.833   23.00 |18.833    2.00 |30.833    2.00 | 42.83    
2.00

7.000   23.00 |19.000    2.00 |31.000    2.00 | 43.00    
2.00

7.167   13.00 |19.167    2.00 |31.167    2.00 | 43.17    
2.00

7.333   13.00 |19.333    2.00 |31.333    2.00 | 43.33    
2.00

7.500   13.00 |19.500    2.00 |31.500    2.00 | 43.50    
2.00

7.667   13.00 |19.667    2.00 |31.667    2.00 | 43.67    
2.00

7.833   13.00 |19.833    2.00 |31.833    2.00 | 43.83    
2.00



8.000   13.00 |20.000    2.00 |32.000    2.00 | 44.00    
2.00

8.167   13.00 |20.167    2.00 |32.167    2.00 | 44.17    
2.00

8.333   13.00 |20.333    2.00 |32.333    2.00 | 44.33    
2.00

8.500   13.00 |20.500    2.00 |32.500    2.00 | 44.50    
2.00

8.667   13.00 |20.667    2.00 |32.667    2.00 | 44.67    
2.00

8.833   13.00 |20.833    2.00 |32.833    2.00 | 44.83    
2.00

9.000   13.00 |21.000    2.00 |33.000    2.00 | 45.00    
2.00

9.167   53.00 |21.167    2.00 |33.167    2.00 | 45.17    
2.00

9.333   53.00 |21.333    2.00 |33.333    2.00 | 45.33    
2.00

9.500   53.00 |21.500    2.00 |33.500    2.00 | 45.50    
2.00

9.667   53.00 |21.667    2.00 |33.667    2.00 | 45.67    
2.00

9.833   53.00 |21.833    2.00 |33.833    2.00 | 45.83    
2.00

10.000   53.00 |22.000    2.00 |34.000    2.00 | 46.00    
2.00

10.167   38.00 |22.167    2.00 |34.167    2.00 | 46.17    
2.00

10.333   38.00 |22.333    2.00 |34.333    2.00 | 46.33    
2.00

10.500   38.00 |22.500    2.00 |34.500    2.00 | 46.50    
2.00

10.667   38.00 |22.667    2.00 |34.667    2.00 | 46.67    
2.00

10.833   38.00 |22.833    2.00 |34.833    2.00 | 46.83    
2.00

11.000   38.00 |23.000    2.00 |35.000    2.00 | 47.00    
2.00

11.167   13.00 |23.167    2.00 |35.167    2.00 | 47.17    
3.00

11.333   13.00 |23.333    2.00 |35.333    2.00 | 47.33    
3.00

11.500   13.00 |23.500    2.00 |35.500    2.00 | 47.50    
3.00

11.667   13.00 |23.667    2.00 |35.667    2.00 | 47.67    
3.00

11.833   13.00 |23.833    2.00 |35.833    2.00 | 47.83    
3.00

12.000   13.00 |24.000    2.00 |36.000    2.00 | 48.00    
3.00

Max.Eff.Inten.(mm/hr)=      53.00        58.75
over (min)       10.00        20.00

Storage Coeff.  (min)=       5.07 (ii)   13.80 (ii)



Unit Hyd. Tpeak (min)=      10.00        20.00
Unit Hyd. peak  (cms)=       0.15         0.07

* TOTALS*
PEAK FLOW       (cms)=       0.70         0.20          0.899 (iii)
TIME TO PEAK    (hrs)=      10.00        10.00          10.00
RUNOFF VOLUME    (mm)=     284.00       136.09         247.02
TOTAL RAINFALL   (mm)=     285.00       285.00         285.00
RUNOFF COEFFICIENT   =       1.00         0.48           0.87

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

(i) HORTONS EQUATION SELECTED FOR PERVIOUS LOSSES:
Fo   (mm/hr)= 50.00           K  (1/hr)=  2.00
Fc   (mm/hr)=  7.50     Cum.Inf.   (mm)=  0.00

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

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

--------------------------------------------------------------------------
-----
--------------------
| CALIB            |
| STANDHYD (  0002)|   Area    (ha)=   0.67
|ID= 1 DT=10.0 min |   Total Imp(%)=  75.00   Dir. Conn.(%)=  40.00
--------------------

IMPERVIOUS    PERVIOUS (i)
Surface Area     (ha)=       0.50         0.17
Dep. Storage     (mm)=       1.00         1.50
Average Slope     (%)=       1.00         2.00
Length            (m)=      66.83        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    6.00 |12.167    2.00 |24.167    2.00 | 36.17    

2.00
0.333    6.00 |12.333    2.00 |24.333    2.00 | 36.33    

2.00
0.500    6.00 |12.500    2.00 |24.500    2.00 | 36.50    

2.00
0.667    6.00 |12.667    2.00 |24.667    2.00 | 36.67    

2.00
0.833    6.00 |12.833    2.00 |24.833    2.00 | 36.83    

2.00
1.000    6.00 |13.000    2.00 |25.000    2.00 | 37.00    

2.00
1.167    4.00 |13.167    2.00 |25.167    2.00 | 37.17    

2.00



1.333    4.00 |13.333    2.00 |25.333    2.00 | 37.33    
2.00

1.500    4.00 |13.500    2.00 |25.500    2.00 | 37.50    
2.00

1.667    4.00 |13.667    2.00 |25.667    2.00 | 37.67    
2.00

1.833    4.00 |13.833    2.00 |25.833    2.00 | 37.83    
2.00

2.000    4.00 |14.000    2.00 |26.000    2.00 | 38.00    
2.00

2.167    6.00 |14.167    2.00 |26.167    2.00 | 38.17    
2.00

2.333    6.00 |14.333    2.00 |26.333    2.00 | 38.33    
2.00

2.500    6.00 |14.500    2.00 |26.500    2.00 | 38.50    
2.00

2.667    6.00 |14.667    2.00 |26.667    2.00 | 38.67    
2.00

2.833    6.00 |14.833    2.00 |26.833    2.00 | 38.83    
2.00

3.000    6.00 |15.000    2.00 |27.000    2.00 | 39.00    
2.00

3.167   13.00 |15.167    2.00 |27.167    2.00 | 39.17    
2.00

3.333   13.00 |15.333    2.00 |27.333    2.00 | 39.33    
2.00

3.500   13.00 |15.500    2.00 |27.500    2.00 | 39.50    
2.00

3.667   13.00 |15.667    2.00 |27.667    2.00 | 39.67    
2.00

3.833   13.00 |15.833    2.00 |27.833    2.00 | 39.83    
2.00

4.000   13.00 |16.000    2.00 |28.000    2.00 | 40.00    
2.00

4.167   17.00 |16.167    2.00 |28.167    2.00 | 40.17    
2.00

4.333   17.00 |16.333    2.00 |28.333    2.00 | 40.33    
2.00

4.500   17.00 |16.500    2.00 |28.500    2.00 | 40.50    
2.00

4.667   17.00 |16.667    2.00 |28.667    2.00 | 40.67    
2.00

4.833   17.00 |16.833    2.00 |28.833    2.00 | 40.83    
2.00

5.000   17.00 |17.000    2.00 |29.000    2.00 | 41.00    
2.00

5.167   13.00 |17.167    2.00 |29.167    2.00 | 41.17    
2.00

5.333   13.00 |17.333    2.00 |29.333    2.00 | 41.33    
2.00

5.500   13.00 |17.500    2.00 |29.500    2.00 | 41.50    
2.00

5.667   13.00 |17.667    2.00 |29.667    2.00 | 41.67    
2.00



5.833   13.00 |17.833    2.00 |29.833    2.00 | 41.83    
2.00

6.000   13.00 |18.000    2.00 |30.000    2.00 | 42.00    
2.00

6.167   23.00 |18.167    2.00 |30.167    2.00 | 42.17    
2.00

6.333   23.00 |18.333    2.00 |30.333    2.00 | 42.33    
2.00

6.500   23.00 |18.500    2.00 |30.500    2.00 | 42.50    
2.00

6.667   23.00 |18.667    2.00 |30.667    2.00 | 42.67    
2.00

6.833   23.00 |18.833    2.00 |30.833    2.00 | 42.83    
2.00

7.000   23.00 |19.000    2.00 |31.000    2.00 | 43.00    
2.00

7.167   13.00 |19.167    2.00 |31.167    2.00 | 43.17    
2.00

7.333   13.00 |19.333    2.00 |31.333    2.00 | 43.33    
2.00

7.500   13.00 |19.500    2.00 |31.500    2.00 | 43.50    
2.00

7.667   13.00 |19.667    2.00 |31.667    2.00 | 43.67    
2.00

7.833   13.00 |19.833    2.00 |31.833    2.00 | 43.83    
2.00

8.000   13.00 |20.000    2.00 |32.000    2.00 | 44.00    
2.00

8.167   13.00 |20.167    2.00 |32.167    2.00 | 44.17    
2.00

8.333   13.00 |20.333    2.00 |32.333    2.00 | 44.33    
2.00

8.500   13.00 |20.500    2.00 |32.500    2.00 | 44.50    
2.00

8.667   13.00 |20.667    2.00 |32.667    2.00 | 44.67    
2.00

8.833   13.00 |20.833    2.00 |32.833    2.00 | 44.83    
2.00

9.000   13.00 |21.000    2.00 |33.000    2.00 | 45.00    
2.00

9.167   53.00 |21.167    2.00 |33.167    2.00 | 45.17    
2.00

9.333   53.00 |21.333    2.00 |33.333    2.00 | 45.33    
2.00

9.500   53.00 |21.500    2.00 |33.500    2.00 | 45.50    
2.00

9.667   53.00 |21.667    2.00 |33.667    2.00 | 45.67    
2.00

9.833   53.00 |21.833    2.00 |33.833    2.00 | 45.83    
2.00

10.000   53.00 |22.000    2.00 |34.000    2.00 | 46.00    
2.00

10.167   38.00 |22.167    2.00 |34.167    2.00 | 46.17    
2.00



10.333   38.00 |22.333    2.00 |34.333    2.00 | 46.33    
2.00

10.500   38.00 |22.500    2.00 |34.500    2.00 | 46.50    
2.00

10.667   38.00 |22.667    2.00 |34.667    2.00 | 46.67    
2.00

10.833   38.00 |22.833    2.00 |34.833    2.00 | 46.83    
2.00

11.000   38.00 |23.000    2.00 |35.000    2.00 | 47.00    
2.00

11.167   13.00 |23.167    2.00 |35.167    2.00 | 47.17    
3.00

11.333   13.00 |23.333    2.00 |35.333    2.00 | 47.33    
3.00

11.500   13.00 |23.500    2.00 |35.500    2.00 | 47.50    
3.00

11.667   13.00 |23.667    2.00 |35.667    2.00 | 47.67    
3.00

11.833   13.00 |23.833    2.00 |35.833    2.00 | 47.83    
3.00

12.000   13.00 |24.000    2.00 |36.000    2.00 | 48.00    
3.00

Max.Eff.Inten.(mm/hr)=      53.00       119.70
over (min)       10.00        10.00

Storage Coeff.  (min)=       2.59 (ii)    9.15 (ii)
Unit Hyd. Tpeak (min)=      10.00        10.00
Unit Hyd. peak  (cms)=       0.17         0.11

* TOTALS*
PEAK FLOW       (cms)=       0.04         0.06          0.095 (iii)
TIME TO PEAK    (hrs)=       9.83        10.00          10.00
RUNOFF VOLUME    (mm)=     284.00       168.56         214.73
TOTAL RAINFALL   (mm)=     285.00       285.00         285.00
RUNOFF COEFFICIENT   =       1.00         0.59           0.75

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

(i) HORTONS EQUATION SELECTED FOR PERVIOUS LOSSES:
Fo   (mm/hr)= 50.00           K  (1/hr)=  2.00
Fc   (mm/hr)=  7.50     Cum.Inf.   (mm)=  0.00

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

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

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

--------------------
| ADD HYD  (  0004)|
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V.
--------------------         (ha)    (cms)    (hrs)     (mm)

ID1= 1 (  0001):     6.31   0.899    10.00   247.02
+ ID2= 2 (  0002):     0.67   0.095    10.00   214.73
====================================================



ID = 3 (  0004):     6.98   0.994    10.00   243.92

NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY.
--------------------------------------------------------------------------
-----
--------------------
| RESERVOIR(  0005)|     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   |   0.1340      0.3161
0.0090     0.1412   |   0.1580      0.3775
0.0560     0.2086   |   0.1770      0.4341
0.0860     0.2312   |   1.1690      0.4851
0.1060     0.2611   |   0.0000      0.0000

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

INFLOW : ID= 2 (  0004)      6.980      0.994     10.00     243.92
OUTFLOW: ID= 1 (  0005)      6.980      0.987     10.00     243.35

PEAK   FLOW   REDUCTION [Qout/Qin](%)= 99.34
TIME SHIFT OF PEAK FLOW         (min)=  0.00
MAXIMUM  STORAGE   USED       (ha.m.)=  0.4760

--------------------------------------------------------------------------
-----
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construction schedule provided by AECOM represent AECOM’s professional judgement in light of its experience and the 

knowledge and information available to it at the time of preparation. Since AECOM has no control over market or economic 

conditions, prices for construction labour, equipment or materials or bidding procedures, AECOM, its directors, officers and 

employees are not able to, nor do they, make any representations, warranties or guarantees whatsoever, whether express or 

implied, with respect to such estimates or opinions, or their variance from actual construction costs or schedules, and accept no 

responsibility for any loss or damage arising therefrom or in any way related thereto. Persons relying on such estimates or 

opinions do so at their own risk. 

Except (1) as agreed to in writing by AECOM and Client; (2) as required by-law; or (3) to the extent used by governmental 

reviewing agencies for the purpose of obtaining permits or approvals, the Report and the Information may be used and relied 

upon only by Client.  

AECOM accepts no responsibility, and denies any liability whatsoever, to parties other than Client who may obtain access to 

the Report or the Information for any injury, loss or damage suffered by such parties arising from their use of, reliance upon, or 

decisions or actions based on the Report or any of the Information (“improper use of the Report”), except to the extent those 

parties have obtained the prior written consent of AECOM to use and rely upon the Report and the Information. Any injury, loss 

or damages arising from improper use of the Report shall be borne by the party making such use. 

This Statement of Qualifications and Limitations is attached to and forms part of the Report and any use of the Report is subject 
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1. Introduction 
Candevcon Limited retained AECOM to undertake a hydraulic analysis study for a future development located in 

Bolton, Town of Caledon, Ontario.  The purpose of the study is to evaluate the serviceability to the proposed 

development under existing and future conditions.  The analysis also confirms the sizing of the proposed 

watermain within the development that can meet the Region’s required level of service. 

2. Background 
The proposed development is located in Bolton; which is also a key Rural Service Centre in the Town of Caledon.  

The proposed development will be serviced by the Region’s Zone 6 system via Tullamore Pumping Station and 

North Brampton Pumping Station; with the potable water originating from Arthur P. Kennedy Water Treatment.  

The Bolton water system (Zone 6) also includes two storage facilities location on Colerine Drive.  These storage 

facilities will provide pressure modulation utilizing the equalization storage, supply fire flow utilizing fire storage 

and provide emergency supply using the emergency storage.  The hydraulic analysis results presented in this 

report will include these water facilities as well as the existing linear infrastructure to confirming the serviceability 

available for the proposed development. 

3. Methodology 
The hydraulic analysis was completed by using the Peel Region’s latest hydraulic model for their lake-based 

water supply system.  The same hydraulic model was used for the Region’s Water and Wastewater Master Plan 

Study Update (2019).  The Region’s hydraulic model includes existing water demands and future water demands 

that represent the expected growth projection in the Region.  

 

For analyzing the serviceability for the proposed development, the following design criteria were applied.   

 

• Minimum pressure under normal operating conditions = 40psi 

• Maximum pressure under normal operating condition = 100psi 

• Minimum pressure under maximum day demand conditions plus fire flow event = 20psi  

The following subsections describe the approach that was applied in this study. 

Hydraulic Analysis Scenarios  
The following scenarios that were available in the Region’s hydraulic model were utilized for analyzing the 

serviceability for the proposed development 

─ Existing (2021) Average Day Demand Scenario 

─ Existing (2021) Maximum Day Demand conditions 

▪ Fire Flow analysis was performed in this scenario 

─ Future (2041) Average Day Demand Scenario 

─ Future (2041) Maximum Day Demand conditions 

▪ Fire Flow analysis was performed in this scenario 

Modelling Network Update 
The hydraulic model was updated to include the proposed watermains within the development.  The following 

figure shows the hydraulic model with the inclusion of the proposed watermains. 
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Figure 3-1:  Modelling Network for Proposed Development 

 

Water Demand and Allocation 
The water demands for the proposed development was estimated based on the projected number of lots included 

in the preliminary site plan that was provided by Candevcon Limited and the Peel Region’s water demand criteria 

as per Region’s Master Plan Study.  The following summarizes the information used for demand estimations. 

 

• Proposed number of lot:     140 

• Average population density:     4.0 person per unit 

• Average domestic demand for single family dwelling (ADD):  270 L/ca/d 

• Maximum day demand factor:     1.8 x ADD 

• Peak hour demand factor:     3.0 x ADD 

 

Based on the above noted demand estimation parameters, the following summarizes the water demands for the 

proposed development. 

 

• Average Day Demand (ADD) = 1.75 L/s 

• Maximum Day Demand (MDD) = 3.15 L/s 

• Peak Hour Demand (PHD) = 5.25 L/s 

 

The estimated water demands for the proposed development were allocated to the modelling network based on 

the proximity of the proposed lots to the water modelling junctions.  The following figure shows the method for 
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allocating the water demands to the modelling junctions and Table 3-1 summarizes the allocated water demands 

for each modelling junction. 

 

Figure 3-2: Water Demand Allocation 

Table 3-1: Water Demand Estimation Results 

Modelling 
Junction ID 

Number of Lot Estimated 
Population 

Average Day 
Demand (L/s) 

Maximum Day 
Demand (L/s) 

Peak Hour 
Demand (L/s) 

J-CAND-1 16 64 0.20 0.36 0.60 

J-CAND-3 22 68 0.28 0.50 0.84 

J-CAND-9 22 88 0.28 0.50 0.84 

1601911 12 48 0.15 0.27 0.45 

J-CAND-5 32 128 0.40 0.72 1.20 

J-CAND-7 14 56 0.17 0.31 0.54 

J-CAND-11 9 36 0.11 0.20 0.33 

J-CAND-13 13 52 0.16 0.29 0.48 

Total 140 560 1.75 3.15 5.28 
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4. Hydraulic Modelling Results 
The hydraulic modelling analysis was completed in 2 days (48hrs) extended period simulation.  The simulation 

considered the pump operations at the water supply facilities and the water storage facilities in the system.   

Hydraulic Analysis for Normal Operating Conditions 
Table 4-1 summarizes the system pressures under pre and post development conditions.  The detailed modelling 

results are presented in Appendix A. 

Table 4-1:  Pressures for Proposed Development 

Scenario Maximum Pressure (psi) Minimum Pressure (psi) 

Existing ADD 56.86 46.90 

Existing MDD 56.62 46.11 

Future ADD 56.40 44.97 

Future MDD 56.44 44.27 

According to Table 4-1, the minimum pressures under existing and future demand conditions were above the 

Region’s required level of service.  The modelling results as presented above indicated that the Region’s water 

supply would be capable to provide adequate water service for the proposed development. 

Fire Flow Analysis 
Fire flow analysis was completed to determine the available fire flow for the proposed development when 

maintaining a minimum pressure of 20psi.  Table 4-2 shows the fire flow analysis results for existing and future 

scenarios.  Appendix B shows the detailed fire flow analysis results. 

Table 4-2: Fire Flow Analysis Results 

Scenario Maximum Allowable Fire Flow at 
20psi (L/s) 

Minimum Allowable Fire Flow at 20psi 
(L/s) 

Existing MDD plus fire flow 259.18 230.00 

Future MDD plus fire flow 294.59 256.36 

The fire flow analysis results as summarized in Table 4-2 indicated that the Region’s water system would provide 

adequate fire flow for typical residential development (180L/s) to the proposed development. 

Proposed Watermains Sizing 
In evaluating the sizing of the proposed watermains within the development, the simulated velocity was reviewed.  

Although the velocity criterion was not articulated in the Region design standards, a maximum velocity of 2.0m/s 

were used.  Table 4-3 summarizes the simulated velocity for the proposed watermains.  Appendix C presents the 

detailed modelling results. 
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Table 4-3:  Hydraulic Performances for Proposed Watermains 

Scenario Maximum Velocity (m/s) 

Existing ADD 0.025 

Existing MDD 0.045 

Future ADD 0.025 

Future MDD 0.045 

 

System Resiliency Review 
The water service for the proposed development relies on a single existing 300mm watermain on Chickadee 

Lane.  Under emergency condition, the water service for the proposed development would be significantly 

interrupted when the existing 300mm watermain on Chickadee Lane is out of service.  To further improve the 

water supply security for the proposed development, a new watermain on Glasgow Road / King Street should be 

considered for providing a secondary feed for the proposed development.  Figure 4-1 shows the recommended 

watermain. 

 

Figure 4-1:  Recommended Watermain for Improving Supply Security 

 

 

 

 

 

 

 

New 300mm 
Watermain
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5. Conclusion and Recommendations 
The completion of the hydraulic analysis lead to the following conclusions and recommendations. 

 

• According to the modelling results, the Region’s Zone 6 water system is able to provide adequate water 

service for the proposed development under existing and future demand scenarios 

• The fire flow analysis confirmed that sufficient fire flow would be available to meet the typical residential fire 

flow development needs for the proposed developments  

• To further improve the water supply security for the proposed development, a new watermain on Glasgow 

Road / King Street is recommended. 
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Appendix A – Hydraulic Modelling 
Results 

 

Figure A.1 – Modelling Junction ID 

Table A.1 – Pressure under Existing ADD conditions 

ID 
Max.Value 
(psi) 

Max.Time 
(hrs.) 

Min.Value 
(psi) 

Min.Time 
(hrs.) 

Average 
(psi) 

Difference 
(psi) 

1601911 51.788 3:00 48.0348 44:00:00 50.1362 3.7532 

J-CAND-1 56.863 3:00 53.1093 44:00:00 55.211 3.7537 

J-CAND-11 50.7929 3:00 47.0397 44:00:00 49.1411 3.7531 

J-CAND-13 51.4752 3:00 47.722 44:00:00 49.8234 3.7532 

J-CAND-3 50.6506 3:00 46.897 44:00:00 48.9987 3.7536 

J-CAND-5 51.5037 3:00 47.7505 44:00:00 49.8519 3.7532 

J-CAND-7 51.2194 3:00 47.4665 44:00:00 49.5677 3.7529 

J-CAND-9 50.935 3:00 47.1815 44:00:00 49.2831 3.7535 
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Table A.2 – Pressure under Existing MDD conditions 

ID 
Max.Value 
(psi) 

Max.Time 
(hrs.) 

Min.Value 
(psi) 

Min.Time 
(hrs.) 

Average 
(psi) 

Difference 
(psi) 

1601911 51.5414 3:00 47.2455 45:00:00 49.6366 4.2959 

J-CAND-1 56.6162 3:00 52.3191 45:00:00 54.711 4.2971 

J-CAND-11 50.5463 3:00 46.2506 45:00:00 48.6416 4.2957 

J-CAND-13 51.2287 3:00 46.9328 45:00:00 49.3239 4.2959 

J-CAND-3 50.4039 3:00 46.1069 45:00:00 48.4988 4.297 

J-CAND-5 51.2571 3:00 46.9613 45:00:00 49.3524 4.2958 

J-CAND-7 50.973 3:00 46.678 45:00:00 49.0685 4.295 

J-CAND-9 50.6883 3:00 46.3917 45:00:00 48.7833 4.2967 

 

Table A.3 – Pressure under Future ADD conditions 

ID 
Max.Value 
(psi) 

Max.Time 
(hrs.) 

Min.Value 
(psi) 

Min.Time 
(hrs.) 

Average 
(psi) 

Difference 
(psi) 

1601911 51.3209 4:00 46.1056 21:00 49.202 5.2153 

J-CAND-1 56.3959 4:00 51.1801 21:00 54.2768 5.2157 

J-CAND-11 50.3258 4:00 45.1105 21:00 48.2069 5.2152 

J-CAND-13 51.0081 4:00 45.7928 21:00 48.8892 5.2153 

J-CAND-3 50.1835 4:00 44.9678 21:00 48.0645 5.2157 

J-CAND-5 51.0366 4:00 45.8213 21:00 48.9177 5.2153 

J-CAND-7 50.7523 4:00 45.5373 21:00 48.6335 5.215 

J-CAND-9 50.4679 4:00 45.2523 21:00 48.3489 5.2155 

 

Table A.4 – Pressure under Future MDD conditions 

ID 
Max.Value 
(psi) 

Max.Time 
(hrs.) 

Min.Value 
(psi) 

Min.Time 
(hrs.) 

Average 
(psi) 

Difference 
(psi) 

1601911 51.3601 2:00 45.4092 44:00:00 49.2421 5.9508 

J-CAND-1 56.4349 2:00 50.4829 44:00:00 54.3166 5.952 

J-CAND-11 50.365 2:00 44.4143 44:00:00 48.2471 5.9506 

J-CAND-13 51.0473 2:00 45.0965 44:00:00 48.9294 5.9508 

J-CAND-3 50.2226 2:00 44.2707 44:00:00 48.1043 5.9519 

J-CAND-5 51.0758 2:00 45.1251 44:00:00 48.9579 5.9507 

J-CAND-7 50.7916 2:00 44.8417 44:00:00 48.674 5.9499 

J-CAND-9 50.5069 2:00 44.5554 44:00:00 48.3888 5.9516 
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Appendix B – Fire Flow Analysis 
Results 
Table B.1: Fire Flow Analysis Results for Existing Scenario (Existing MDD + Fire Flow) 

ID 

Static 
Demand 

(L/s) 

Static 
Pressure 

(psi) 
Static Head 

(m) 

Fire-Flow 
Demand 

(L/s) 

Residual 
Pressure 

(psi) 

Available 
Flow at 
Hydrant 

(L/s) 

Available 
Flow 

Pressure 
(psi) 

1601911 0.241 49.8991 295.5009 79.9994 43.5525 253.5297 20.0018 

J-CAND-1 0.306 54.9737 295.5006 79.9994 45.7421 258.5441 20.0018 

J-CAND-11 0.1721 48.904 295.501 79.9994 41.9546 240.2046 20.0018 

J-CAND-13 0.2486 49.5863 295.5009 79.9994 41.818 237.7996 20.0018 

J-CAND-3 0.4207 48.7614 295.5007 79.9994 40.9629 229.0559 20.0018 

J-CAND-5 0.612 49.6148 295.501 79.9994 43.5356 255.8362 20.0018 

J-CAND-7 0.2677 49.3308 295.5012 79.9994 43.5732 259.1796 20.0018 

J-CAND-9 0.4207 49.0458 295.5007 79.9994 41.6568 234.7351 20.0018 

 

Table B.2: Fire Flow Analysis Results for Future Scenario (Future MDD + Fire Flow) 

ID 

Static 
Demand 

(L/s) 

Static 
Pressure 

(psi) 
Static Head 

(m) 

Fire-Flow 
Demand 

(L/s) 

Residual 
Pressure 

(psi) 

Available 
Flow at 
Hydrant 

(L/s) 

Available 
Flow 

Pressure 
(psi) 

1601911 0.241 49.9783 295.5567 79.9994 43.5286 281.2633 20.0018 

J-CAND-1 0.306 55.053 295.5564 79.9994 45.7139 294.5898 20.0017 

J-CAND-11 0.1721 48.9833 295.5568 79.9994 41.9765 267.779 20.0018 

J-CAND-13 0.2486 49.6656 295.5567 79.9994 41.9437 267.4186 20.0018 

J-CAND-3 0.4207 48.8407 295.5564 79.9994 40.9212 256.3575 20.0018 

J-CAND-5 0.612 49.6941 295.5567 79.9994 43.5062 282.8271 20.0018 

J-CAND-7 0.2677 49.41 295.5569 79.9994 43.5314 285.7399 20.0018 

J-CAND-9 0.4207 49.1251 295.5565 79.9994 41.6167 262.0178 20.0018 
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Appendix C – Watermain Hydraulic 
Modelling Results 

 

Table C-1: Watermain Velocity under Existing Average Day Demand Conditions 

ID 
Max.Value 

(m/s) 
Max.Time 

(hrs.) 
Min.Value 

(m/s) 
Min.Time 

(hrs.) Average (m/s) 
Difference 

(m/s) 

P-CAND-6062 0.0015 21:00 0.0005 1:00:00 0.001 0.001 

P-CAND-6055 0.0056 20:00 0.0016 1:00:00 0.0032 0.004 

P-CAND-6056 0.0152 20:00 0.0047 1:00:00 0.0093 0.0105 

P-CAND-6057 0.011 20:00 0.0034 1:00:00 0.0067 0.0077 

P-CAND-6058 0.0251 20:00 0.0078 1:00:00 0.0154 0.0173 

P-CAND-6059 0.0143 20:00 0.0044 1:00:00 0.0088 0.0098 

P-CAND-6060 0.0032 20:00 0.001 1:00:00 0.002 0.0022 

P-CAND-6061 0.0067 20:00 0.0021 1:00:00 0.0041 0.0046 

 

Table C-2: Watermain Velocity under Existing Maximum Day Demand Conditions 

ID 
Max.Value 

(m/s) 
Max.Time 

(hrs.) 
Min.Value 

(m/s) 
Min.Time 

(hrs.) Average (m/s) 
Difference 

(m/s) 

P-CAND-6062 0.0029 20:00 0.0009 1:00:00 0.0019 0.002 
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P-CAND-6055 0.0091 20:00 0.0027 1:00:00 0.0053 0.0064 

P-CAND-6056 0.0267 20:00 0.0082 1:00:00 0.0164 0.0184 

P-CAND-6057 0.0193 20:00 0.0059 1:00:00 0.0117 0.0134 

P-CAND-6058 0.0445 20:00 0.0138 1:00:00 0.0274 0.0307 

P-CAND-6059 0.0255 20:00 0.0079 1:00:00 0.0157 0.0176 

P-CAND-6060 0.0056 20:00 0.0017 1:00:00 0.0035 0.0039 

P-CAND-6061 0.012 20:00 0.0037 1:00:00 0.0074 0.0083 

 

Table C-3: Watermain Velocity under Future Average Day Demand Conditions 

ID 
Max.Value 

(m/s) 
Max.Time 

(hrs.) 
Min.Value 

(m/s) 
Min.Time 

(hrs.) Average (m/s) 
Difference 

(m/s) 

P-CAND-6062 0.0015 21:00 0.0005 1:00:00 0.001 0.001 

P-CAND-6055 0.0056 20:00 0.0017 1:00:00 0.0033 0.004 

P-CAND-6056 0.0152 20:00 0.0047 1:00:00 0.0093 0.0105 

P-CAND-6057 0.0111 20:00 0.0034 1:00:00 0.0068 0.0077 

P-CAND-6058 0.0251 20:00 0.0078 1:00:00 0.0154 0.0173 

P-CAND-6059 0.0143 20:00 0.0044 1:00:00 0.0088 0.0098 

P-CAND-6060 0.0032 20:00 0.001 25:00:00 0.002 0.0022 

P-CAND-6061 0.0067 20:00 0.0021 1:00:00 0.0041 0.0046 

 

 

Table C-4: Watermain Velocity under Future Maximum Day Demand Conditions 

ID 
Max.Value 

(m/s) 
Max.Time 

(hrs.) 
Min.Value 

(m/s) 
Min.Time 

(hrs.) Average (m/s) 
Difference 

(m/s) 

P-CAND-6062 0.0029 21:00 0.0009 1:00:00 0.0018 0.002 

P-CAND-6055 0.0092 20:00 0.0027 1:00:00 0.0055 0.0064 

P-CAND-6056 0.0268 20:00 0.0083 1:00:00 0.0165 0.0185 

P-CAND-6057 0.0193 20:00 0.006 1:00:00 0.0118 0.0134 

P-CAND-6058 0.0446 20:00 0.0138 1:00:00 0.0275 0.0307 

P-CAND-6059 0.0255 20:00 0.0079 1:00:00 0.0157 0.0176 

P-CAND-6060 0.0057 20:00 0.0017 1:00:00 0.0035 0.0039 

P-CAND-6061 0.012 20:00 0.0037 1:00:00 0.0074 0.0083 
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To:  
Diarmuid Hogan, P.Eng. 
Candevcon Limited 
9358 Goreway Drive, 
Brampton, 
Ontario 

L6P 0M7 
 
 
 

CC: 
Brian Black 
 

  AECOM Canada Ltd. 
105 Commerce Valley Drive West 
7th Floor 
Markham, ON  L3T 7W3 
Canada 
 
T: 905.886.7022 
F: 905.886.9494 
aecom.com 
 

Project name: 
Chickadee Lane Rounding Out Area B Subdivision 
 

Project ref: 
60662276 
 

From: 
Benny Wan, P.Eng. 
 
 

Date: 
December 8, 2021 

 
 

 

Technical Memorandum 
Subject:  Chickadee Lane Rounding Out Area B Subdivision – Response to Peel Region’s Comments File No. 21T-20001C 

 

The purpose of this memorandum is to provide the required information to address the Region’s comments (File No. 21T-

20001C) regarding the water analysis completed as part of the Functional Servicing Report (FSR) that was prepared by 

Candevcon Limited.  AECOM was retained by Candevcon Limited in 2020 to perform water hydraulic analysis for confirming 

the water serviceability to the proposed Chickadee Lane Subdivision.  The hydraulic analysis report was included in the FSR 

and submitted to the Region for approval of the proposed subdivision.   

 

The Region provided the comments regarding the water hydraulic analysis and the following summarizes the Region’s main 

comments about the water analysis. 

 

1. Projected population for the proposed subdivision included in the hydraulic analysis report was higher due to the 

Region’s recommended population density for typical townhomes was 3.2 PPU as opposed to 4.0 PPU; which was 

used in the hydraulic analysis, 

2. Hydrant flow test results included in the FSR was not consistent with those provided by the fire flow analysis results 

in the hydraulic analysis report, 

3. Hydraulic implications / improvements for the new 300mm diameter watermain on King Street was unclear in the 

hydraulic analysis report, and 

4. Hydraulic implications to the overall Zone 6 system were not included in the hydraulic analysis report. 

 

The following provides the additional information / responses to address the above noted Region’s comments.  The 

responses presented herein will serve as an addendum to the FSR / hydraulic analysis report. 

 

1. The hydraulic analysis report was updated to reflect the projected population for the subdivision based on 3.2 PPU.  

The hydraulic analysis results indicated that the changes to the system hydraulics (pressures, velocity, flows) were 

minimal. 

2. Hydrant flow test result was sceptical 

a. According to the hydrant test result (included in Appendix A of this memo), the measured static pressure 

was 60psi.  Since the hydrant elevation was confirmed to be at around 260m above sea level, the hydraulic 

grade line (HGL) at this hydrant was calculated to be 302.19m1. Such HGL ishydraulically impractical since 

the top water level of the existing elevated storages in Bolton is at approximately 297m, and the existing 

North Bolton Booster Station located at Humber Lea Road was OFF during the field test. The measured 

 
1 60psi = 42.19m of water level; HGL = Pressure + Elevation (42.19m + 260m = 302.19m) 
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static pressures in the system could not be higher than the existing storage level, otherwise, overflow of the 

existing elevated storage would occur. 

b. Measured fire flow was 1297 gpm (81.83L/s) at 44psi and estimated fire flow at 20psi was approximately 

2300 gpm (145.1L/s) at 20psi 

i. The hydraulic model used for this study was considered accurate: 

1. According to the Region’s current pressure logging station results at Cedargrove Road 

(6081584), the recorded pressures were around 46psi as noted in the Region’s 

comments 

2. The current hydraulic model indicated that the simulated pressures at this location were 

between 41.7psi to 46.5psi; which the modelling results were considered accurate and 

conservative. (See simulated pressure profiles in Appendix B). 

ii. According to the current hydraulic model, the minimum static pressure at King St. West and De 

Rose Avenue was 48psi (HGL = 293.3m) 

1. Based on Hazen Williams Equation2 and the following parameters, the estimated 

available fire flow should be 390L/s 

a. HGL at tested hydrant = 260m + 20psi (14.06m) = 274.06m 

b. Distant between King St. West and De Rose Avenue intersection to the tested 

hydrant (13921 Chickadee Lane) = 240m 

c. Existing watermain size on Chickadee Lane = 300mm 

d. C-factor for existing 300mm watermain on Chickadee Lane = 130 (for PVC) 

e. Anticipated headloss in existing 300mm watermain with HGL of 274.06m at 

tested hydrant = 19.24m 

f. Theoretical flow at tested hydrant @ 20psi = 390L/s 

iii. The flow calculation based on Hazen William Equations did not account for the headlosses in the 

existing watermains between the source of supplies (existing elevated storages or Tullamore 

Pumping Station) but the hydraulic model did include this consideration.  Therefore, the simulated 

fire flows presented in the model was lower than 390L/s.  The key point was that the measured 

flows presented in the hydrant flow test report was considered impractical and did not represent 

the current system hydraulics. 

1. The possible causes of the impractical hydrant flow test results could be associated to 

the following: 

a. Measurements / equipment issues 

b. Partially closed valve(s) at the upstream of the tested hydrant 

3. The hydraulic implications for the secondary 300mm watermain connection on Glasgow Road are summarized in 

the Table below.  Detailed hydraulic modelling results are presented in Appendix C.  As noted in the table below, the 

secondary watermain connection would improve the available fire flow to the proposed subdivision and the 

improvement in system pressures under normal operating conditions was considered minimal.  

 

Hydraulic Characteristics Without Secondary Watermain With Secondary Watermain 
Minimum Pressure under 2021 MDD 
condition 

48.5 psi 48.5 psi 

Lowest allowable fire flow @ 20psi under 
2021 MDD condition 

259.2 L/s 277.0 L/s 

Minimum Pressure under 2041 MDD 
condition 

48.2 psi 48.2 psi 

Lowest allowable fire flow @ 20psi under 
2041 MDD condition 

223.06 L/s 237.9 L/s 
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4. The hydraulic implications for the overall Zone 6 (Bolton) under pre and post development conditions are 

summarized below. 

a. Overall Zone 6 (Bolton) minimum system pressures for pre and post development conditions under 2021 

MDD conditions were nearly identical.  The hydraulic analysis results shown that the additional demands 

related to the proposed development did not cause any major impacts to the existing system pressures 

that drop below the Region’s committed level of service (40psi and below).  Please refer the system 

analysis results in Appendix D, Figures D.1 and D.2 for details 

b. Overall Zone 6 (Bolton) minimum system pressures for pre and post development conditions under 2041 

MDD conditions were nearly identical.  The hydraulic analysis results shown that the additional demands 

related to the proposed development did not cause any major impacts to the existing system pressures 

that drop below the Region’s committed level of service (40psi and below). Please refer the system 

analysis results in Appendix D, Figures D.3 and D.4 for details 

c. To further confirm the hydraulic changes that were associated to the proposed development, the modelling 

results for local system pressures at the Region’s Cedargrove pressure logging station were reviewed.  

According to the hydraulic analysis results: 

i. Minimum changes to the pressures at this location was identified in 2021 MDD scenario.  Please 

refer Appendix D, Figure D.5 for details 

ii. Minimum changes to the pressures at this location was identified in 2041 MDD scenario.  Please 

refer Appendix D, Figure D.6 for details 

 

We trust the contents presented herein were sufficient to address the Region’s comments.  Should you have any questions, 

please feel free to contact the undersigned below. 

 

Sincerely, 

 

Benny Wan, P.Eng. 
Infrastructure Analysis Group Manager 
AECOM 
105 Commerce Valley Dr. W. 
7th Floor  
Markham, Ontario, L3T 7W3 Canada 
T: (905) 747-7678   
M: (416) 571-5219 
F: (905) 886-9494 
www.aecom.com 
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Appendix A: Hydrant Flow Test Results 
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Appendix B: Simulated Pressures at Cedargrove Pressure Logging Station 

 

 
  



6 
 

Appendix C: Hydraulic Analysis Results 

 

Table C.1: Fire Flow Analysis Results for 2021MDD without Secondary Watermain 

ID Static Demand 
(L/s) 

Static Pressure 
(psi) 

Static Head (m) Available Flow 
at Hydrant (L/s) 

Available Flow 
Pressure (psi) 

J-CAND-3 0.4442 48.4762 295.3000 259.2101 20.0017 

J-CAND-9 0.4442 48.7606 295.3001 264.9778 20.0018 

J-CAND-13 0.2625 49.3011 295.3004 271.0104 20.0017 

J-CAND-11 0.1817 48.6189 295.3004 271.1467 20.0018 

1601911 0.2571 49.6139 295.3004 284.8078 20.0018 

J-CAND-5 0.6461 49.3296 295.3004 286.3692 20.0018 

J-CAND-7 0.2827 49.0456 295.3006 289.4389 20.0018 

J-CAND-1 0.3231 54.6885 295.3000 298.7981 20.0017 

 

Table C.2: Fire Flow Analysis Results for 2021MDD with Secondary Watermain 

ID Static Demand 
(L/s) 

Static Pressure 
(psi) 

Static Head (m) Available Flow 
at Hydrant (L/s) 

Available Flow 
Pressure (psi) 

J-CAND-3 0.4442 48.4723 295.2973 277.0132 20.0018 

J-CAND-9 0.4442 48.7568 295.2974 283.0869 20.0018 

J-CAND-11 0.1817 48.6147 295.2975 298.3157 20.0018 

1601911 0.2571 49.6098 295.2975 313.3071 20.0018 

J-CAND-13 0.2625 49.2964 295.2970 314.2135 20.0018 

J-CAND-5 0.6461 49.3256 295.2976 315.2661 20.0018 

J-CAND-1 0.3231 54.6846 295.2972 315.4106 20.0017 

J-CAND-7 0.2827 49.0420 295.2980 316.7799 20.0018 

 

Table C.3: Fire Flow Analysis Results for 2041MDD without Secondary Watermain 

ID Static Demand 
(L/s) 

Static Pressure 
(psi) 

Static Head (m) Available Flow 
at Hydrant (L/s) 

Available Flow 
Pressure (psi) 

J-CAND-3 0.4442 48.3414 295.2052 223.0590 20.0018 

J-CAND-9 0.4442 48.6259 295.2053 228.4596 20.0018 

J-CAND-13 0.2625 49.1664 295.2055 232.0794 20.0018 

J-CAND-11 0.1817 48.4841 295.2056 233.6658 20.0018 

1601911 0.2571 49.4791 295.2055 246.3776 20.0018 

J-CAND-5 0.6461 49.1949 295.2056 248.3508 20.0018 

J-CAND-7 0.2827 48.9109 295.2058 251.2915 20.0018 

J-CAND-1 0.3231 54.5537 295.2052 253.5158 20.0018 

 

Table C.4: Fire Flow Analysis Results for 2041MDD with Secondary Watermain 

ID Static Demand 
(L/s) 

Static Pressure 
(psi) 

Static Head (m) Available Flow 
at Hydrant (L/s) 

Available Flow 
Pressure (psi) 

J-CAND-3 0.4442 48.3311 295.1979 237.8919 20.0018 

J-CAND-9 0.4442 48.6158 295.1982 243.0688 20.0018 

J-CAND-11 0.1817 48.4729 295.1977 256.2883 20.0018 

J-CAND-1 0.3231 54.5433 295.1978 266.5356 20.0018 

1601911 0.2571 49.4683 295.1979 271.1304 20.0018 

J-CAND-13 0.2625 49.1530 295.1961 271.7619 20.0018 

J-CAND-5 0.6461 49.1843 295.1982 273.7969 20.0018 

J-CAND-7 0.2827 48.9011 295.1989 276.3519 20.0018 
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Appendix D:  Hydraulic Implications for Zone 6 (Bolton) under Pre and Post Development Conditions 

 

 
Figure D.1: Zone 6 (Bolton) Minimum System Pressure under 2021 MDD Pre Development Conditions 
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Figure D.2: Zone 6 (Bolton) Minimum System Pressure under 2021 MDD Post Development Conditions 
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Figure D.3: Zone 6 (Bolton) Minimum System Pressure under 2041 MDD Pre Development Conditions 
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Figure D.3: Zone 6 (Bolton) Minimum System Pressure under 2041 MDD Post Development Conditions 

 

Figure D.5: System Pressure Comparisons for 2021MDD at Cedargrove Pressure Logging Station 
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Figure D.6: System Pressure Comparisons for 2041MDD at Cedargrove Pressure Logging Station 
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Diarmuid Horgan

From: Wan, Benny <Benny.Wan@aecom.com>
Sent: February-03-22 2:16 PM
To: Frank Filippo
Cc: Diarmuid Horgan
Subject: RE: Chickadee Lane Subdivision - suggested hydrant flow testlocations

Hi Frank, 
 
I reviewed the hydrant test results and validated the modelling results with these test results.  The following table 
shows the model vs. field test results comparison for the 300mm watermain on Chickadee Lane. 
 

 Field Test Results Model Results 
Static Pressure 45 psi 48 psi 
Residual Pressure @ 1899gpm 
(120L/s) 

37 psi 37 psi 

 
As seen in the able above, the modelling result was identical to those obtained from the field during the fire flow 
conditions.  As a result, the modelling results are considered to be accurate.   
 
Based on the fire flow analysis conducted in the Region’s hydraulic model, the maximum available fire flows @20psi in 
the existing system and in the proposed subdivision are presented in the figures below.  According to the fire flow 
analysis results presented in the figures below, the 300mm watermain connection on King Street would significantly 
improve the available fire flow for the proposed subdivision as well as improving the overall system resiliency as 
discussed in our original modelling analysis report.  As a result, we recommend this 300mm watermain to be 
implemented for the proposed Chickadee Lane Subdivision. 
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Benny Wan, P.Eng., M.Sc. 
 
AECOM 
105 Commerce Valley Dr. W. 
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