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EXECUTIVE SUMMARY 

This func�onal servicing report is prepared to support dra� plan of subdivision and zoning by-
law amendment applica�ons for two developments west of Towncentre Drive.  The first 
development is called Setlers Ridge East Phase 3 owned by 2215100 Ontario Inc and 2380416 
Ontario Inc.  The second development is called Towncentre Place and is owned by 2398513 
Ontario Inc.  The Towncentre Place development is situated south of SRE Ph 3 and the Raycro� 
Drive extension. 

Servicing for water, sanitary and storm sewer are discussed.  Both developments will �e into 
the exis�ng 300mm watermain and the 375mm diameter sanitary sewer.  Sufficient water 
pressure is available to meet the peak hour demand and the fire flow requirements. 

The stormwater management system has already been put in place for the quan�ty controls 
required for Norbelle Creek.  Storm sewer design and the individual oil-grit separator (OGS) 
designs are discussed.  Storm sewers will meet the design requirements and three new OGS 
units are needed to achieve the water quality criteria. 

As part of the new CLI process for the City of Belleville, the func�onal servicing report is 
expanded to include a design brief summarizing the design requirements for a CLI approval. 

 

  



Functional Servicing Report & Design Brief 
Settlers Ridge East Phase 3 & Towncentre Place 

Belleville, Ontario  ii 
April 16, 2024 

TABLE OF CONTENTS 

1 BACKGROUND .................................................................................................................. 1 

1.1 SITE DESCRIPTION ............................................................................................................... 2 
1.1.1 Settlers Ridge East Phase 3 .................................................................................................................... 2 
1.1.2 Towncentre Place ................................................................................................................................... 2 

1.2 DEVELOPMENT .................................................................................................................. 2 
1.2.1 Settlers Ridge East Phase 3 .................................................................................................................... 2 
1.2.2 Towncentre Place ................................................................................................................................... 2 

1.3 SOILS AND HYDROGEOLOGY .................................................................................................. 4 

2 WATER DISTRIBUTION SYSTEM ........................................................................................ 5 

2.1 EXISTING CONDITIONS ......................................................................................................... 5 

2.2 DESIGN CRITERIA ................................................................................................................ 5 

2.3 SCENARIOS ........................................................................................................................ 6 

2.4 WATER DEMAND CALCULATIONS ........................................................................................... 6 
2.4.1 Settlers Ridge East Phase 3 .................................................................................................................... 6 
2.4.2 Towncentre Place ................................................................................................................................... 8 

2.5 PEAK HOUR FLOW ............................................................................................................ 10 

2.6 MAX DAY FLOW .............................................................................................................. 10 

2.7 FIRE FLOW ...................................................................................................................... 10 

2.8 HYDRAULIC EVALUATION .................................................................................................... 11 
2.8.1 Settlers Ridge East Phase 3 .................................................................................................................. 11 
2.8.2 Towncentre Place ................................................................................................................................. 11 

2.9 TRANSIENT PRESSURE ........................................................................................................ 12 

2.10 WATERMAIN ITEMS .......................................................................................................... 13 
2.10.1 Pipe Material ................................................................................................................................... 13 
2.10.2 Water Services ................................................................................................................................ 13 
2.10.3 Fire Hydrants ................................................................................................................................... 13 
2.10.4 Valves .............................................................................................................................................. 14 
2.10.5 Chambers ........................................................................................................................................ 14 
2.10.6 Depth ............................................................................................................................................... 14 
2.10.7 Dead Ends ....................................................................................................................................... 14 
2.10.8 Restraints ........................................................................................................................................ 14 
2.10.9 Nitrile Gasket Seals ......................................................................................................................... 14 

3 SANITARY SEWER SYSTEM ............................................................................................. 15 

3.1 EXISTING CONDITIONS ....................................................................................................... 15 



Functional Servicing Report & Design Brief 
Settlers Ridge East Phase 3 & Towncentre Place 

Belleville, Ontario  iii 
April 16, 2024 

3.2 DESIGN CRITERIA .............................................................................................................. 16 

3.3 PIPE DESIGN .................................................................................................................... 16 
3.3.1 Settlers Ridge East Phase 3 .................................................................................................................. 17 
3.3.2 Towncentre Place ................................................................................................................................. 17 
3.3.3 Pipe Materials ...................................................................................................................................... 17 
3.3.4 Bury Depth ........................................................................................................................................... 17 
3.3.5 Syphon ................................................................................................................................................. 18 
3.3.6 Foundation Drainage ........................................................................................................................... 18 
3.3.7 Pipe Size ............................................................................................................................................... 18 
3.3.8 Flow Velocity ........................................................................................................................................ 18 
3.3.9 Alignment ............................................................................................................................................. 18 
3.3.10 By-Pass / Surcharge ........................................................................................................................ 18 
3.3.11 Separation from Drinking Water ..................................................................................................... 18 
3.3.12 Laterals ............................................................................................................................................ 18 

3.4 SANITARY TRUNK SEWER.................................................................................................... 19 

3.5 WATER POLLUTION CONTROL PLANT CAPACITY ...................................................................... 19 

3.6 MAINTENANCE HOLES ....................................................................................................... 19 
3.6.1 Size ....................................................................................................................................................... 19 
3.6.2 Access and Safety ................................................................................................................................. 19 
3.6.3 Sealing ................................................................................................................................................. 19 
3.6.4 Flow Accommodation .......................................................................................................................... 20 
3.6.5 Spacing ................................................................................................................................................. 20 
3.6.6 Accommodation for Phasing ................................................................................................................ 20 
3.6.7 Grading ................................................................................................................................................ 20 
3.6.8 Corrosion Protection ............................................................................................................................ 20 
3.6.9 Rehabilitation ....................................................................................................................................... 20 
3.6.10 Stream Crossing .............................................................................................................................. 20 
3.6.11 Aerial Crossing................................................................................................................................. 21 
3.6.12 Alternative Sewer Systems .............................................................................................................. 21 
3.6.13 Challenging Conditions .................................................................................................................... 21 

3.7 TESTING ......................................................................................................................... 21 

3.8 SANITARY SEWER SUMMARY ............................................................................................... 21 

4 STORM SEWER SYSTEM .................................................................................................. 25 

4.1 EXISTING CONDITIONS ....................................................................................................... 26 

4.2 DESIGN CRITERIA .............................................................................................................. 26 
4.2.1 Calculation of Peak Flows – 5 Yr .......................................................................................................... 27 

4.3 STORM SEWER NETWORK DESIGN ....................................................................................... 28 



Functional Servicing Report & Design Brief 
Settlers Ridge East Phase 3 & Towncentre Place 

Belleville, Ontario  iv 
April 16, 2024 

4.3.1 Settlers Ridge East Phase 3 .................................................................................................................. 28 
4.3.2 Towncentre Place ................................................................................................................................. 29 

4.4 PIPE DESIGN .................................................................................................................... 29 
4.4.1 Pipe Materials ...................................................................................................................................... 30 
4.4.2 Bury Depth ........................................................................................................................................... 30 
4.4.3 Syphon ................................................................................................................................................. 30 
4.4.4 Foundation Drainage ........................................................................................................................... 31 
4.4.5 Pipe Size ............................................................................................................................................... 31 
4.4.6 Flow Velocity ........................................................................................................................................ 31 
4.4.7 Pipe Slope ............................................................................................................................................. 31 
4.4.8 Alignment ............................................................................................................................................. 31 
4.4.9 By-Pass / Surcharge ............................................................................................................................. 31 
4.4.10 Separation from Drinking Water ..................................................................................................... 31 
4.4.11 Outlets ............................................................................................................................................. 32 

4.5 MAINTENANCE HOLES ....................................................................................................... 32 
4.5.1 Size ....................................................................................................................................................... 32 
4.5.2 Access and Safety ................................................................................................................................. 32 
4.5.3 Sealing ................................................................................................................................................. 33 
4.5.4 Flow Accommodation .......................................................................................................................... 33 
4.5.5 Spacing ................................................................................................................................................. 33 
4.5.6 Accommodation for Phasing ................................................................................................................ 33 
4.5.7 Grading ................................................................................................................................................ 33 
4.5.8 Corrosion Protection ............................................................................................................................ 33 
4.5.9 Rehabilitation ....................................................................................................................................... 34 
4.5.10 Stream Crossing .............................................................................................................................. 34 
4.5.11 Aerial Crossing................................................................................................................................. 34 
4.5.12 Alternative Sewer Systems .............................................................................................................. 34 
4.5.13 Challenging Conditions .................................................................................................................... 34 

4.6 CATCH BASINS ................................................................................................................. 34 

4.7 TESTING ......................................................................................................................... 34 

4.8 STORM SEWER SUMMARY .................................................................................................. 35 

4.9 SWALES .......................................................................................................................... 36 

5 WATER QUALITY TREATMENT ........................................................................................ 39 

5.1 OGS UNIT SIZING ............................................................................................................ 39 

5.2 COMBINATION OF TECHNOLOGIES APPROACH ......................................................................... 42 

6 OPERATION AND MAINTENANCE ................................................................................... 45 

6.1 ENHANCED GRASSED SWALES ............................................................................................. 45 



Functional Servicing Report & Design Brief 
Settlers Ridge East Phase 3 & Towncentre Place 

Belleville, Ontario  v 
April 16, 2024 

6.2 OGS UNITS .................................................................................................................... 45 

7 CONCLUSION ................................................................................................................. 46 

8 REFERENCES AND SPECIFICATIONS ................................................................................. 47 

8.1 WATERMAIN ................................................................................................................... 47 

8.2 SANITARY SEWER ............................................................................................................. 48 

8.3 STORM SEWER ................................................................................................................. 48 

 

TABLE OF FIGURES 

FIGURE 1: SITE LOCATION .................................................................................................................... 1 
FIGURE 2: SETTLERS RIDGE EAST – PHASE 3 CONCEPT PLAN ....................................................................... 3 
FIGURE 3: TOWNCENTRE PLACE CONCEPT PLAN ....................................................................................... 4 
FIGURE 4: SETTLERS RIDGE EAST PHASE 3 + TOWNCENTRE PLACE – WATER MODEL LAYOUT ............................. 6 
FIGURE 5: SETTLERS RIDGE EAST PHASE 3 – DESIGN PATTERN 2 .................................................................. 7 
FIGURE 6: TOWNCENTRE PLACE – DESIGN PATTERN 2 ............................................................................... 9 
FIGURE 7: TOWNCENTRE PLACE – DESIGN PATTERN 4 ............................................................................... 9 
FIGURE 8: SANITARY SEWER CATCHMENT .............................................................................................. 23 
FIGURE 9: STORM SEWER CATCHMENT ................................................................................................. 37 
 

TABLE OF TABLES 

TABLE 1: TABLE 10 CITY MODELS AND HOURS TO USE FOR EACH DEMAND SCENARIO EXCERPT (2020 EPANET 

MEMO, PG. 29) ................................................................................................................................ 6 
TABLE 2: SETTLERS RIDGE EAST PHASE 3 – RESIDENTIAL DEMAND CALCULATIONS ........................................... 7 
TABLE 3: TOWNCENTRE PLACE – RESIDENTIAL DEMAND CALCULATIONS ........................................................ 8 
TABLE 4: TOWNCENTRE PLACE – COMMERCIAL DEMAND CALCULATIONS ....................................................... 8 
TABLE 5: SETTLERS RIDGE EAST PHASE 3 – WATER MODEL RESULTS .......................................................... 11 
TABLE 6: TOWNCENTRE PLACE – WATER MODEL RESULTS ....................................................................... 12 
TABLE 7: SANITARY SEWER DESIGN SHEET ............................................................................................. 24 
TABLE 8: STORM SEWER DESIGN SHEET ................................................................................................ 38 
TABLE 9: OGS TREATMENT SUMMARY ................................................................................................. 39 
TABLE 10: SETTLERS RIDGE EAST PHASE 3 – OGS A SIZING ...................................................................... 40 
TABLE 11: TOWNCENTRE PLACE – OGS B SIZING ................................................................................... 41 
TABLE 12: TOWNCENTRE PLACE – OGS C SIZING ................................................................................... 42 
TABLE 13: SUMMARY OF QUALITY TREATMENT USING ENHANCED GRASSED SWALES AND OGS A IN SERIES ....... 44 



Functional Servicing Report & Design Brief 
Settlers Ridge East Phase 3 & Towncentre Place 

Belleville, Ontario  vi 
April 16, 2024 

APPENDICES 

APPENDIX A: MUNICIPAL SERVICING REVIEW AND STUDY UPDATE CANNIFTON SECONDARY PLAN 
APPENDIX B: BELLEVILLE WATER POLLUTION CONTROL PLANT UNCOMMITTED RESERVE CAPACITY CALCULATION 
APPENDIX C: HYDRO INTERNATIONAL – FIRST DEFENSE OGS SIZING REPORTS 
APPENDIX D: POLLUTANT REMOVAL AND HYDRAULIC REDUCTION PERFORMANCE ARTICLE BY TERRY LUCKE ET AL 
APPENDIX E: HYDRO INTERNATIONAL – FIRST DEFENSE OPERATION AND MAINTENANCE MANUAL 
APPENDIX F: ENGINEERING DESIGN DRAWINGS 
APPENDIX G: CITY OF BELLEVILLE CLI CHECKLIST 
APPENDIX H: PIPE DATA FORM 



Functional Servicing Report & Design Brief 
Settlers Ridge East Phase 3 & Towncentre Place 

Belleville, Ontario  1 
April 16, 2024 

1 Background 

Jewell Engineering (Jewell) was engaged to prepare a func�onal servicing report for two 
developments west of Towncentre Drive.  The first development is called Setlers Ridge East 
Phase 3 owned by 2215100 Ontario Inc and 2380416 Ontario Inc.  The second development is 
called Towncentre Place and is owned by 2398513 Ontario Inc.  The Towncentre Place 
development is situated south of SRE and the Raycro� Drive extension (see Figure 1).  It is 
expected Towncentre Place will not precede SRE. 

A. Setlers Ridge East Phase 3 (SRE Ph 3) – red outline 
B. Towncentre Place (Towncentre) – blue outline 

Both developments are seeking dra� plan of subdivision approval and a zoning by-law 
amendment. 

Setlers Ridge East is a wholly residen�al development with a mix of single-family dwellings and 
townhouses.  The Towncentre Place development is mostly residen�al with a good mix of 
housing types, but also will include some component of commercial. 

Figure 1: Site Location 

The following services have been reviewed as part of this applica�on: 

• Water Distribu�on System 
• Sanitary Sewer System 
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• Storm Sewer System 
• Stormwater Management (separate cover) 
• Traffic Impact (separate cover) 

1.1 Site Descrip�on 

1.1.1 Settlers Ridge East Phase 3 

The SRE Ph 3 development is immediately east of Ph 2 and abuts exis�ng commercial lands 
along Hwy 62.  The site is approximately 5.8 hectares (ha) in area and slope gently to the south.   

1.1.2 Towncentre Place 

The site is approximately 2.6 hectares (ha) in area.  The lands also slope gently to the south.  
The Norbelle SWM facili�es abut Towncentre Place on the south (Cell 1) and west (Cell 2). 

1.2 Development 

1.2.1 Settlers Ridge East Phase 3 

The proposed development includes 109 residen�al dwelling units.  See Figure 2. 

Single Family Dwellings   50 
Townhouse Units    59 
Total Dwelling Units    109 

Access will be gained from Raycro� Drive, which will be extended to connect to the intersec�on 
of Roy Boulevard and Towncentre Drive. 

1.2.2 Towncentre Place 

The proposed development includes 93 residen�al lots and 4 commercial units.  The side 
development plan is shown in Figure 3. 

Bungalow Townhouse Units   12 
2 Storey Townhouse Units   9 
Back-to-Back Townhouse Units  26 
2-Unit Dwellings    6 
Semi-Detached with A.D.U. (#families) 20 
Mixed Use Bldg    20 
Total Dwelling Units    93 

The access will be gained from the extension of Raycro� Drive and Towncentre Drive. 
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Figure 2: Settlers Ridge East – Phase 3 Concept Plan 
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Figure 3: Towncentre Place Concept Plan 

1.3 Soils and Hydrogeology 

A hydrogeological study was conducted by Cambium between 2020 and 2022.  They advanced 
16 test pits and 16 boreholes to understand the groundwater, soils and bedrock condi�ons.  
Automated loggers were ou�ited into three monitoring wells for a period of one year to 
supplement field observa�ons of groundwater condi�ons.  Cambium determined that the 
water table eleva�ons fluctuated 1.5m to 2m during the season and reached as high as 0.25m 
from ground surface in one loca�on. 

Bedrock was encountered in all boreholes between 1 and 4 metres below ground surface. 

Soils were generally silty sands.  These are generally well-drained soils that do not present any 
par�cular design concerns for the construc�on, opera�on and maintenance of underground 
municipal infrastructure. 

During the construc�on season, low groundwater condi�ons are expected and no dewatering 
will be required.  Design of sewers has considered the high ground water condi�ons.  The soils 
report did not indicate the presence of any highly frost suscep�ble soils.  Reference was also 
made to Climate Atlas and the Freezing Degree Days for Belleville is at 500 and trending 
downward, indica�ng frost straps will not be needed.  
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2 Water Distribu�on System 

New PVC watermains are proposed to service SRE Ph 3 and Towncentre.  The watermains will 
be constructed within new 20 m rights-of-way that will be deeded to the City. 

Jewell received the EPAnet water model from the City for use in this design.  The model was 
recently updated by GHD in 2019.  The updated model contains all watermains constructed up 
to and including 2018.  For the complete update, see GHD’s memorandum EPANET 2.0 Water 
Model Update for 2016, 2017, and 2018, dated May 13, 2020 (2020 EPAnet Memo).  Base 
demand in the GHD Model A is understood as the Maximum Day Demand. 

Jewell updated the model to reflect all completed construc�on within Setlers Ridge. 

2.1 Exis�ng Condi�ons 

A 300 mm watermain along Raycro� Drive/Roy Boulevard to Highway 62 was constructed 
during SRE Ph 2.  Two hundred (200 mm) stubs for SRE Ph 3 and Towncentre were included. 

2.2 Design Criteria 

The watermain design criteria used are based on the City of Belleville and MECP guidelines, 
which are summarized below: 

• Minimum Watermain Diameter Size:     200 mm 
• Average Residen�al Daily Demand:     350 L/d*cap 
• Average Commercial Daily Demand:     2,500 L/d*sq. m 
• Maximum Day plus Fire Flow Demand Pressure Minimum:  20 psi 
• Peak Hour Demand Pressure Minimum:    50 psi 
• Peak Hour Demand Pressure Maximum:    80 psi 
• Maximum Pressure:       100 psi 
• Test Pressure:        200 psi 
• Maximum Velocity:       3.0 m/s 
• Fric�on Factor:       110 (200mm-250mm) 
• Minimum Depth of Watermain:     1.8 m 
• Maximum Depth of Watermain:     2.5 m 
• Minimum Horizontal Separa�on:     3.0 m 
• Minimum Ver�cal Separa�on:     0.5 m 
• Fire Hydrant Spacing:       90 m – 180 m 
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2.3 Scenarios 

Jewell completed a model evalua�on for two development scenarios and reported the results 
for Peak Hour and Max Day + Fire Flow calcula�ons during the hour specified in the 2020 
EPAnet Memo, see Table 1. 

Table 1: Table 10 City Models and Hours to Use for Each Demand Scenario Excerpt 
(2020 EPAnet Memo, pg. 29) 

Flow Scenario to be Evaluated City Model Hour to be Analyzed 
Peak Hour Flow (PHF) Model A 11:00 AM – 12:00 PM 
Max Day Flow + Fire Demand (MDF + Fire) Model A 7:00 AM – 8:00 AM 

The development scenarios are as follows (Figure 4): 

1. Exis�ng Condi�ons + Setlers Ridge East Phase 3 
2. Exis�ng Condi�ons + Setlers Ridge East Phase 3 + Towncentre Place 

Figure 4: Settlers Ridge East Phase 3 + Towncentre Place – Water Model Layout 

2.4 Water Demand Calcula�ons 

2.4.1 Settlers Ridge East Phase 3 

Base demand for SRE Ph 3 was calculated using the method described in the 2020 EPAnet 
Memo.  Jewell applied a conserva�ve assump�on of 3 persons per proposed dwelling unit. 
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The average residen�al daily demand (350 L/d*cap) was mul�plied by the number of people 
per unit (3 people/unit) and the number of units.  The resul�ng demand was then mul�plied by 
a factor of 1.8 (this is equivalent to Table 3-1, Design Guidelines for Drinking-Water Systems, 
MOE) system-wide maximum day peaking factor.  The maximum day demand was then 
mul�plied by a 0.955 system-wide correc�on factor to calculate the development’s base 
demand.  The base demand is then divided equally amongst all the nodes within the 
development.  See Table 2 below for the calcula�ons. 

Table 2: Settlers Ridge East Phase 3 – Residential Demand Calculations 
Popula�on System-wide Maximum Day Factor 

109 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 ∗ 3𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢⁄  
= 327 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 

1.32 𝐿𝐿 𝑠𝑠⁄ ∗ 1.8 
= 2.38 𝐿𝐿 𝑠𝑠⁄  

Average Demand System-wide Correc�on Factor 
350 𝐿𝐿 𝑑𝑑 ∙ 𝑐𝑐𝑐𝑐𝑐𝑐⁄ ∗ 327 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 

= 114,450 𝐿𝐿 𝑑𝑑⁄  
= 1.32 𝐿𝐿 𝑠𝑠⁄  

2.38 𝐿𝐿 𝑠𝑠⁄ ∗ 0.955 
= 2.28 𝐿𝐿 𝑠𝑠⁄  

Base Demand Applied to Junc�on 
2.28 𝐿𝐿 𝑠𝑠⁄

6 𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗
 

= 0.38 𝐿𝐿 𝑠𝑠 ∙ 𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗⁄  

All junc�ons analyzed within the development use Demand Patern 2 (medium density 
residen�al, 13 units/ha), see Figure 5.  Time 0 hour (h) is 12:00 AM. 

Figure 5: Settlers Ridge East Phase 3 – Design Pattern 2 
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2.4.2 Towncentre Place 

Base demand for Towncentre was calculated using the method described in the 2020 EPAnet 
Memo. 

The average residen�al daily demand (350 L/d*cap) was mul�plied by the number of people 
per unit (3 people/unit) and the number of units.  The resul�ng demand was then mul�plied by 
a factor of 1.8 (this is equivalent to Table 3-1, Design Guidelines for Drinking-Water Systems, 
MOE) system-wide maximum day peaking factor.  The maximum day demand was then 
mul�plied by a 0.955 system-wide correc�on factor to calculate the development’s residen�al 
base demand.  The base demand is then divided equally amongst all the nodes within the 
development.  See Table 3 below for the calcula�ons. 

Table 3: Towncentre Place – Residential Demand Calculations 
Popula�on System-wide Maximum Day Factor 

93 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 ∗ 3𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢⁄  
= 279 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 

1.13 𝐿𝐿 𝑠𝑠⁄ ∗ 1.8 
= 2.03 𝐿𝐿 𝑠𝑠⁄  

Average Demand System-wide Correc�on Factor 
350 𝐿𝐿 𝑑𝑑 ∙ 𝑐𝑐𝑐𝑐𝑐𝑐⁄ ∗ 279 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 

= 97,650 𝐿𝐿 𝑑𝑑⁄  
= 1.13 𝐿𝐿 𝑠𝑠⁄  

2.03 𝐿𝐿 𝑠𝑠⁄ ∗ 0.955 
= 1.94 𝐿𝐿 𝑠𝑠⁄  

Base Demand Applied to Junc�on 
1.94 𝐿𝐿 𝑠𝑠⁄

5 𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗
 

= 0.40 𝐿𝐿 𝑠𝑠 ∙ 𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗⁄  

The average commercial daily demand (19 cu. m/d*ha) was mul�plied by the floor area.  The 
resul�ng demand was then mul�plied by a factor of 1.8 (this is equivalent to Table 3-1, Design 
Guidelines for Drinking-Water Systems, MOE) system-wide maximum day peaking factor.  The 
maximum day demand was then mul�plied by a 0.955 system-wide correc�on factor to 
calculate the development’s commercial base demand.  The base demand is then applied to the 
nearest junc�on.  See Table 4 below for the calcula�ons. 

Table 4: Towncentre Place – Commercial Demand Calculations 
Floor Area System-wide Maximum Day Factor 

4 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 ∗ 228.25 𝑠𝑠𝑠𝑠.𝑚𝑚 
= 913 𝑠𝑠𝑠𝑠.𝑚𝑚 

= 0.09 ℎ𝑎𝑎 

0.02 𝐿𝐿 𝑠𝑠⁄ ∗ 1.8 
= 0.04 𝐿𝐿 𝑠𝑠⁄  

Average Demand System-wide Correc�on Factor 
19 𝑐𝑐𝑐𝑐.𝑚𝑚 𝑑𝑑 ∙ ℎ𝑎𝑎⁄ ∗ 0.09 ℎ𝑎𝑎 

= 1.71 𝑐𝑐𝑐𝑐.𝑚𝑚 𝑑𝑑⁄  
= 0.02 𝐿𝐿 𝑠𝑠⁄  

0.04 𝐿𝐿 𝑠𝑠⁄ ∗ 0.955 
= 0.03 𝐿𝐿 𝑠𝑠⁄  

Base Demand Applied to Junc�on J15 
0.03 𝐿𝐿 𝑠𝑠⁄  
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All residen�al junc�ons analyzed within the development use Demand Patern 2 (medium 
density residen�al, 13 units/ha), see Figure 6.  Time 0 hour (h) is 12:00 AM. 

Figure 6: Towncentre Place – Design Pattern 2 

The commercial junc�on analyzed within the development use Demand Patern 4 (commercial), 
see Figure 7.  Time 0 hour (h) is 12:00 AM. 

Figure 7: Towncentre Place – Design Pattern 4 
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2.5 Peak Hour Flow 

Peak Hour is reported at the 11:00 AM �me step. 

Jewell reviewed the modelled representa�on of Peak Hour Demand.  The Peak Hour demand is 
calculated by mul�plying the Base Demand, as calculated previously, by the peaking factor for 
the 11:00 AM to 12:00 PM period, which is 1.61 for residen�al and 1.90 for commercial. 

The resul�ng peak hour factors are as follows: 

Residen�al 1.8 ∗ 0.955 ∗ 1.61 = 𝟐𝟐.𝟕𝟕𝟕𝟕 
Commercial 1.8 ∗ 0.955 ∗ 1.90 = 𝟑𝟑.𝟐𝟐𝟐𝟐 

The peak hour factor recommended by MOE is 2.70; therefore, the modelled peak hour 
demand is remarkably close to the demand that would be calculated using the MOE Table 3-1. 

2.6 Max Day Flow 

Max Day is reported at the 7:00 AM �me step. 

Jewell reviewed the modelled representa�on of Max Day Demand.  The Max Day demand is 
calculated by mul�plying the Base Demand, as calculated previously, by the peaking factor for 
the 7:00 AM to 8:00 AM period, which is 1.70 for residen�al and 0.30 for commercial. 

The resul�ng max day factors are as follows: 

Residen�al 1.8 ∗ 0.955 ∗ 1.70 = 𝟐𝟐.𝟗𝟗𝟗𝟗 
Commercial 1.8 ∗ 0.955 ∗ 0.30 = 𝟎𝟎.𝟓𝟓𝟓𝟓 

The maximum day factor recommended by MOE is 1.80; therefore, the modelled Max Day flow 
is conserva�ve. 

2.7 Fire Flow 

A fire flow of 167 L/s (10,000 L/min) was calculated as the residen�al and commercial fire flow 
requirement for both developments, taken from GHD’s memorandum Barkema Subdivision 
Water Network Modelling, dated February 21, 2018 (2018 EPAnet Memo).  However, the 2020 
EPAnet Memo states the following: 

• “Model A (MDF) may underes�mate flow distributed to Pressure Zone 2 by 30% (7.5 
L/s).  Modelled results in Pressure Zone 2 should consider this uncertainty.  At minimum, 
7.5 L/s should be added to any fire flow requirements in Pressure Zone 2 to evaluate the 
fire flow protec�on capacity of the system.” (2020 EPAnet Memo, pg. 29) 

Therefore, a total residen�al fire flow requirement of 174.5 L/s (10,470 L/min) is applied. 
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Also, to ensure the proper pumps at the Adam Street BPS were on during a fire flow event, 
Jewell changed Rules 29 and 30 to a clock hour-based trigger per the recommenda�ons in the 
2020 EPAnet Memo.  The 2020 EPAnet Memo notes that “in some instances, the lag pump and 
the duty pump may need to be opened and closed respec�vely using rule-based controls (by 
clock hour) during emergency flow condi�ons to simulate the most probable opera�ng 
condi�ons.” 

2.8 Hydraulic Evalua�on 

2.8.1 Settlers Ridge East Phase 3 

The results for SRE Ph 3 can be found in Table 5.  The new pipes are to be 250 mm diameter. 

Table 5: Settlers Ridge East Phase 3 – Water Model Results 

The resultant pressures are greater than the minimum requirement; therefore, there is 
sufficient pressure and flow for SRE Phase 3 with a 250 mm loop from Raycro� Drive. 

2.8.2 Towncentre Place 

The results for Towncentre can be found in Table 6.  The new pipes are to be 250 mm diameter. 

A dead-end service from Raycro� Drive was ini�ally inves�gated, but there was insufficient 
pressure during Max Day + Fire Flow scenario.  With a 250 mm loop through Red Fox Lane and 
Towncentre Drive the resultant pressures are greater than the minimum requirement; 
therefore, there is sufficient pressure and flow for Towncentre with a 250 mm loop from 
Raycro� Drive.  Refer to Table 6 for scenario results. 

Junction Elevation Base Peaking
ID Demand Pattern Demand Pressure Pressure Demand Pressure Pressure

(m) (L/s) (L/s) (m) (psi) (L/s) (m) (psi)
J9 111.0 0.00 N/A 0.00 31.94 45.4 0.00 23.06 32.8
J13 111.7 0.36 2 0.57 31.22 44.4 0.60 19.90 28.3
J14 111.7 0.38 2 0.61 31.22 44.4 0.65 19.62 27.9
J15 111.3 0.38 2 0.61 31.65 45.0 0.65 20.07 28.5
J16 110.2 0.00 N/A 0.00 32.72 46.5 0.00 21.53 30.6
J17 111.7 0.38 2 0.61 31.22 44.4 0.65 17.51 24.9
J18 112.0 0.38 2 0.61 30.88 43.9 0.65 15.24 21.7
J19 111.8 0.38 2 0.61 31.10 44.2 175.15 14.43 20.5
J20 111.6 0.38 2 0.61 31.32 44.5 0.65 17.09 24.3

Peak Hour Max Day + Fire Flow @ J19
Junction Properties - Settlers Ridge East Phase 3
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Table 6: Towncentre Place – Water Model Results 

2.9 Transient Pressure 

The transient pressure is checked assuming a column of water flowing at 0.6 m/s is abruptly 
stopped.  Transient flows are es�mated using the water hammer equa�on: 

𝑃𝑃𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 =
𝑎𝑎𝑎𝑎

2.31𝑔𝑔
 

Where: 
𝑎𝑎 = 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑜𝑜𝑜𝑜 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 = 4860𝑓𝑓𝑓𝑓 𝑠𝑠⁄  
𝑉𝑉 = 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 𝑖𝑖𝑖𝑖 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝(𝑓𝑓𝑓𝑓 𝑠𝑠⁄ ) 
𝑔𝑔 = 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑑𝑑𝑑𝑑𝑑𝑑 𝑡𝑡𝑡𝑡 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 = 32 𝑓𝑓𝑓𝑓 𝑠𝑠2⁄  

Given that velocity equals 0.6 m/s (1.97 �/s), the addi�onal pressure equals 129.5 psi.  Total 
pressure is the addi�onal pressure due to water hammer plus the sta�c pressure, which is 50 
psi.  This is less than the 235-psi maximum rated pressure of the DR18 pipes.  Therefore, the 
250 mm DR18 pipes are sufficient for the applica�on.  See below for full calcula�ons. 

Addi�onal Pressure Total Pressure 

𝑃𝑃𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 =
𝑎𝑎𝑎𝑎

2.31𝑔𝑔
 

𝑃𝑃𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 =
(4860𝑓𝑓𝑓𝑓 𝑠𝑠⁄ )(1.97 𝑓𝑓𝑓𝑓 𝑠𝑠⁄ )

2.31(32𝑓𝑓𝑓𝑓 𝑠𝑠2⁄ ) = 129.5 𝑝𝑝𝑝𝑝𝑝𝑝 

𝑃𝑃𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 𝑃𝑃𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 + 𝑃𝑃𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 
𝑃𝑃𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 129.5 𝑝𝑝𝑝𝑝𝑝𝑝 + 50 𝑝𝑝𝑝𝑝𝑝𝑝  

𝑃𝑃𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 179.5 𝑝𝑝𝑝𝑝𝑝𝑝 

Conclusion 
𝑃𝑃𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 < 235 𝑝𝑝𝑝𝑝𝑝𝑝 (𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝,𝐷𝐷𝐷𝐷18 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝) 

𝑃𝑃𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 179.5 𝑝𝑝𝑝𝑝𝑝𝑝 < 235 𝑝𝑝𝑝𝑝𝑝𝑝 
∴ 250𝑚𝑚𝑚𝑚 𝐷𝐷𝐷𝐷18 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑎𝑎𝑎𝑎𝑎𝑎 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 

Restraints must be provided per the manufacturers and the City’s specifica�ons. 

  

Junction Elevation Base Peaking
ID Demand Pattern Demand Pressure Pressure Demand Pressure Pressure

(m) (L/s) (L/s) (m) (psi) (L/s) (m) (psi)
J9 111.0 0.00 N/A 0.00 30.59 43.5 0.00 22.69 32.3
J13 111.7 0.36 2 0.57 29.87 42.5 0.60 19.67 28.0
J14 111.7 0.78 2 1.26 29.87 42.5 1.33 19.40 27.6
J15 111.3 0.78 2 1.26 30.30 43.1 1.33 19.89 28.3
J16 110.2 0.03 4 0.06 31.37 44.6 0.01 21.02 29.9
J17 111.7 0.38 2 0.61 29.87 42.5 0.65 19.40 27.6
J18 112.0 0.38 2 0.61 29.53 42.0 0.65 19.07 27.1
J19 111.8 0.38 2 0.61 29.75 42.3 0.65 19.30 27.4
J20 111.6 0.38 2 0.61 29.97 42.6 0.65 19.54 27.8
J21 110.9 0.40 2 0.64 30.65 43.6 175.18 17.30 24.6
J22 109.5 0.40 2 0.64 32.10 45.6 0.68 20.30 28.9

Junction Properties - Towncentre Place
Peak Hour Max Day + Fire Flow @ J21
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2.10 Watermain Items 

The City of Belleville standard watermain notes are included on the engineering drawings and 
will be carried through to the Approved for Construc�on drawings.  A summary of item 
specifica�ons is listed below. 

2.10.1 Pipe Material 

All watermain pipe 100 mm to 300 mm in diameter shall be PVC DR18 (or lower) and be 
manufactured in accordance with AWWA C900 and cer�fied to NSF/ANSI 61 and to CSA B137.3. 

The pressure class of all pipes shall be a minimum of 235 psi. 

2.10.2 Water Services 

Water services should be installed at loca�ons shown on the engineering drawings.  They shall 
terminate 0.15 m outside the property line within the right-of-way.  The service is to be 
controlled by a curb stop that shall be installed a minimum of 500 mm away from the driveway 
loca�on.  All water services conform to the city standards. 

Per the City of Belleville standards, each dwelling unit shall have a minimum equivalent service 
size of 19mm.  A 2-unit dwelling must have a 25mm service.  Mul�-unit dwellings must be sized 
to convey the water flow of a 19mm service.  Since there is a provincial direc�ve to increase 
opportuni�es for second units, all service sets will be increased in size to a minimum of 25mm. 

Water service minimum sizes shall be as follows: 

• Single Family Dwelling:       25 mm (1”) 
• Semi-detached Dwelling (per unit):      25 mm (1”) 
• Townhouse Dwelling (per unit):      25 mm (1”) 
• 2-Unit Dwelling:        25 mm (1”) 
• 8-Unit Dwelling:        30mm 
• 10-Unit Dwelling:        30mm 

2.10.3 Fire Hydrants 

Hydrants should be installed at loca�ons agreed through consulta�on with the City during the 
review process.  The City of Belleville standard for fire hydrant spacing requires no greater 
separa�on between hydrants than 180m for single family residen�al developments and 90m 
for towns and mul�-units.  There is no grada�on when a mix of unit types is provided.  
Therefore, all hydrants are spaced no greater than 90m apart. 

Hydrants shall conform to AWWA Standard C502: Dry Barrrel Fire Hydrants. 

If the drain hole is within or below the ground water table, the hole is to be plugged.  High 
water table is expected at the two sites and therefore the holes will be plugged. 
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2.10.4 Valves 

Valves shall be installed at each intersec�on (2 at a ‘T’, 3 at a ‘X’) and at minimum separa�ons 
as requested by the City during detailed design.  This standard has been applied. 

All valves conform to AWWA standards. 

2.10.5 Chambers 

There are no chambers proposed in this development. 

2.10.6 Depth 

All watermain shall be a minimum of 1.8 m in depth.  Watermains will all be placed 1.8m below 
top of road. 

2.10.7 Dead Ends 

All loca�ons where a watermain terminates (temporary or permanent) a plug and blow off shall 
be installed. 

No watermain dead ends are proposed.  All mains will be looped. 

2.10.8 Restraints 

All joints (at fi�ngs, hydrants, valves and bends greater than 11.25°) shall be mechanically 
restrained. 

2.10.9 Nitrile Gasket Seals 

Nitrile gaskets shall be used for watermains buried in soil with or with the poten�al for 
hydrocarbon contamina�on.  Nitrile gaskets shall conform to AWWA standards. 

There is no known soil contamina�on on the subject lands and nitrile gaskets are not proposed. 
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3 Sanitary Sewer System 

The sanitary sewer system for the two developments will be constructed as an extension to the 
exis�ng 375mm sewer provided in Phase 2 of SRE.  The 375 mm PVC gravity sewer in Ph 2 will 
be extended along Raycro� Drive and will be reduced to 300mm at the east intersec�on of 
Cousins Crescent.  Also, two new 200 mm PVC sewer mains are proposed to service SRE Ph 3 
and Towncentre.  The sewer mains will be constructed within new 20 m rights-of-way that will 
be deeded to the City.  See Figure 8 for the sanitary sewer network. 

None of the works discussed below are located within a source protec�on area and do not pose 
a significant drinking water threat and require no mi�ga�on measures.  The en�rety of the 
Belleville serviced area is within a highly vulnerable aquifer.  No specific policies require any 
addi�onal protec�ve measures to be employed. 

The site is not flood suscep�ble. 

Due to the high water table condi�ons, care should be taken during construc�on such that all 
connec�ons are well sealed.  A product such as Riser Wrap will be placed around all manhole 
joints.  Pipe connec�ons to the manholes will be made using boot connec�ons. 

Since the area will be filled to bring the lands well above the groundwater table and no special 
measures are required to resist upli� pressures. 

The project is not subject to Sec�on 16 of the EAA. 

3.1 Exis�ng Condi�ons 

A 375 mm gravity sewer exists on Raycro� Drive with a 300 mm stub going east and two 200 
mm stubs going north and south to service SRE Ph 3 and Towncentre.  This maintenance hole 
needs to be relocated to the west by about 2 m to align with the centreline of the new road 
connec�ons. 

The gravity sewer throughout the Setlers Ridge development ul�mately drains to the syphon 
that crosses Highway 401, which conveys sewage to the wastewater treatment plant that 
outlets into the Bay of Quinte. 

The gravity system north of the Highway 401 has been studied by GGG in 2015 for the City and 
also by Jewell in 20221 for the Black Bear Ridge Development.  Capacity exists to the Hwy 401 
crossing. 

 
1 Servicing Feasibility Review, Black Bear Ridge Development February 28, 2022 
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3.2 Design Criteria 

The sanitary design criteria used are based on the City of Belleville ECA design criteria, 
engineering standards, MECP guidelines, and MECP F-6-1, which are summarized below. 

• Minimum Sewer Diameter:      200 mm 
• Pipe Capacity Equa�on:      Manning’s 
• Minimum Roughness Coefficient (Manning’s n):   0.013 
• Minimum Full Flow Velocity:      0.6 m/s 
• Maximum Full Flow Velocity:      3.0 m/s 
• Extraneous Flow Allowance:      0.28 L/s*ha 
• Average Daily Residen�al Flow:     350 L/d*cap 
• Popula�on Factors: 

o Single Family:       3.0 persons/unit 
o Townhome:       3.0 persons/unit 
o Apartment:       3.0 persons/unit 

• Peak Flows: 
o Commercial:       1.05 L/s*ha 

• Residen�al Peak Factor:      Harmon Formula 
o Minimum:       2.00 

• Maximum Pipe Usage       80% 
• Horizontal Separa�on from Watermain    2.5m (minimum) 
• Ver�cal Separa�on from Watermain     0.5m (minimum) 

The ra�onale for the selec�on of the above factors is they are all either municipally or 
provincially specified. 

3.3 Pipe Design 

Pipes are sized using the standard Sanitary Sewer Design Sheet enclosed as Table 7.   

Residen�al flows are determined by mul�plying the number of residen�al units by number of 
residents per unit and the per capita daily flow.  Peak flows are found using the Harmon 
Peaking Formula (see Table 7).  The Harmon Peaking formula adjusts the peak flow factor based 
on popula�on served at each pipe length.  Extraneous flows (I&I) are calculated by mul�plying 
the City’s standard rate of 0.28L/s/ha by the contribu�ng area.   

Commercial flows are determined using the standard flow rate of 1.05L/s/ha including 
extraneous flows.  The total peak flow is found by an arithme�c sum: 

Equation 1:  Calculation of Peak Sanitary Flows 

Peak Design Flow (Qd) = Peak Population Flow (Qp) + Peak Extraneous Flow (Qi) 
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Pipe capacity is solved using Manning’s Equa�on (see Sec�on 4.4). 

For pipes flowing par�ally full, flow depths and pipe capaci�es are resolved using MTO Chart 
2.30. 

Greater detail for the calcula�ons can be found directly on the Sanitary Sewer Design Sheet 
(Table 7). 

3.3.1 Settlers Ridge East Phase 3 

SRE Ph 3 will drain to a 375 mm PVC gravity sanitary sewer on Raycro� Drive.   

Sewers on the east side of the development have been designed to accommodate future 
commercial development to the north along Highway 62.  Therefore, the sewer main on the 
east side of Cousins Crescent are 300 mm with a minimum slope of 0.4% and all other sewer 
mains are 200 mm with a minimum slope of 0.4%.  On Raycro� Drive, a 375 mm sewer main is 
to be extended to the east Cousins Crescent intersec�on where it will decrease to a 300 mm 
sewer main that con�nues 19m to the east. 

3.3.2 Towncentre Place 

A gravity system has been designed through the development draining to the exis�ng 375mm 
PVC sewer main on Raycro� Drive. 

The new sewer mains are to be 250 mm with a minimum slope of 0.28% to allow for maximum 
available cover. 

3.3.3 Pipe Materials 

All sanitary sewer pipes will be PVC DR35.  This conforms with OPSS 1841.  Pipe Joints will be 
bell and spigot style with a PVC compression gasket.  No restraints are required. 

The Manning’s n for PVC is published by manufacturers as 0.10.  As required by the Design 
Guidelines, a value of 0.013 was used that is representa�ve of a rougher surface, which adds 
conserva�sm to the calcula�ons. 

3.3.4 Bury Depth 

The maximum bury depth for DR35 PVC is 10.8m for trench installa�on and 6.5m for 
embankment installa�on per OPSD 806.040 and all pipes will conform. 

DR35 PVC is the industry standard and conforms to the pipe strength requirements and safety 
factors for OPSS 1841.  Minimum depth of cover for frost protec�on would be 1.2m for the 
Quinte Region (O.B.C.).  OPSD 3090.010 indicates the frost depth for Quinte Region is 1.4m to 
1.5m.  Pipes should then have a minimum cover of 1.5m before requiring addi�onal frost 
protec�on measures.  Sanitary sewers at SA14 will require addi�onal frost protec�on per OPSD 
1109.030 at a rate of 50mm per 300mm of cover deficit. 
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Sewer mains are buried to a depth that allows for laterals to be posi�oned with inverts a 
minimum of 2.2m at the property line. 

3.3.5 Syphon 

No syphons are proposed. 

3.3.6 Foundation Drainage 

Founda�on drains will not be connected to the sanitary system. 

3.3.7 Pipe Size 

The minimum allowable sewer size is 200mm.  All sewers will be 200mm or greater.  Sewers 
discharge into downstream sewer pipes that are equal or larger in size.  At changes in pipe 
sizes, obverts were matched or at a minimum the 80% diameters were matched. 

3.3.8 Flow Velocity 

All veloci�es are within 0.6m/s and 3m/s and there is no concern for deposi�on, scour or long 
residence �mes. 

3.3.9 Alignment 

Sewers connect at maintenance hole with right or obtuse angles thereby sa�sfying the design 
requirements. 

3.3.10 By-Pass / Surcharge 

No by-pass is required.  The system is designed using the maximum expected peak flows and 
retains a minimum 20% reserve capacity.  Surcharge of the system is not likely and impacts to 
basements are not expected. 

3.3.11 Separation from Drinking Water 

No sewers are proposed within 15m of a drinking water facility.  There are no drinking water 
facili�es within 60m of the development area.  Sewers are separated from watermains by 2.5m 
horizontal separa�on of outside edge of pipes and 0.5m separa�on ver�cally. 

3.3.12 Laterals 

Laterals will be 125mm or 150mm PVC DR28 as described in the engineering drawings.  
Connec�ons will be made using a manufactured Tee.  Risers for sewers greater than 4m bury 
depth will use long sweep elbows connec�ng to the main at an angle no greater than 45 
degrees.  Lateral slopes are set to 2%. 
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3.4 Sanitary Trunk Sewer 

The Greer Galloway Group (GGG) completed a servicing study of the area north of Highway 401 
in February 2014.  This study shows a 375 mm sanitary sewer crossing Highway 62 from a 
future extension of Mineral Road.  However, Setlers Ridge constructed a trunk sewer along 
Hampton Ridge Drive that con�nues along Maitland Drive and Millennium Parkway to service 
the lands west of Highway 62.  A 375 mm sewer was extended from this trunk sewer through 
SRE Ph 1 & 2, which will be extended further to service SRE Ph 3 and Towncentre.  The GGG 
study can be found in Appendix A. 

3.5 Water Pollu�on Control Plant Capacity 

The City provided the preliminary uncommited capacity of the pollu�on control plant.  There is 
an approximate capacity of 13,250 m3/d available and the two developments would create 
volume of 355 m3/d; therefore, there is capacity for the developments.  The expansion to the 
Belleville sanitary sewer system is an�cipated by the City and by the alloca�on of the 
uncommited capacity the City an�cipates no by-pass concerns. 

A full breakdown of the plant capacity can be found in Appendix B. 

3.6 Maintenance Holes 

All maintenance holes are to be designed per the latest OPSDs and conform to all required 
guidelines, such as: Occupa�onal Health and Safety Act, MOL Confined Space Guidelines, Fire 
Protec�on and Preven�on Act. 

3.6.1 Size 

Sanitary maintenance holes are 1200 mm in diameter.  This is the minimum size for the pipe 
375mm maximum pipe sizes and connec�on geometry.  Maximum hole sizes were selected 
with reference to OPSD 701.021 and Forterra drawing C1. 

3.6.2 Access and Safety 

Maintenance holes access steps will conform to OPSD 405.010, which will facilitate safe access 
for opera�onal maintenance. 

No safety pla�orms are required since all structure heights are less than 5m (refer to the 
structure tables in the Pipe and Structure drawings). 

3.6.3 Sealing 

Maintenance hole seals will conform to OPSS 1351.  Addi�onal seals are specified using Blue 
Skin or Riser Wrap. 
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3.6.4 Flow Accommodation 

No drop structures are needed at any of the maintenance holes for either development. 

All sanitary maintenance holes are to be benched.  Benching will conform to OPSD 701.021. 

Inverts are calculated such that all outgoing pipes are 3cm lower than incoming pipes when 
pipes are 180 degrees apart and 6cm lower than incoming pipes when pipes are 90 degrees 
apart. 

3.6.5 Spacing 

Maintenance hole spacing is specified by MECP 2008 Design Guidelines which require spacing 
to be no greater than 120m for pipes sizes up to 375mm, 150m for pipes from 450mm to 
750mm and up to 185m spacing for pipes larger than 750mm.  All pipes are 375 mm or less and 
therefore maximum allowable spacing is 120m.  Maintenance hole spacing is interpreted on the 
Pipe and Structure drawings for the pipe lengths.  All pipe lengths are measured centre to 
centre of maintenance holes and the pipe lengths are all below the 120m maximum 
permissible.   

3.6.6 Accommodation for Phasing 

Phase 3 is the last sanitary sewer extension planned for the subdivision.  SA3 is placed for 
possible future extension by others.  For the Towncentre Development, SA14 has been placed 
at the intersec�on of Red Fox Lane and Towncentre Drive for poten�al connec�on for exis�ng 
commercial developments. 

Connec�on to the previous phase was planned with the standard pipe invert differences 
ensuring smooth flow transi�on to the exis�ng system. 

3.6.7 Grading 

Sanitary maintenance holes are typically placed at the centreline of the road, which is the high 
point of the cross-sec�on.  This will reduce surface infiltra�on into the maintenance holes. 

3.6.8 Corrosion Protection 

There is no indica�on of the presence of contaminated soils or groundwater and therefore no 
corrosion protec�on measures are required. 

3.6.9 Rehabilitation 

Not required. 

3.6.10 Stream Crossing 

Not required. 
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3.6.11 Aerial Crossing 

Not required. 

3.6.12 Alternative Sewer Systems 

Not required. 

3.6.13 Challenging Conditions 

The sewers follow typical installa�ons procedures and standard installa�ons. 

3.7 Tes�ng 

Low pressure tes�ng of the pipes and maintenance holes will be completed according to 
OPSS.MUNI 410.  CCTV inspec�ons will be completed according to OPSS 409. 

3.8 Sanitary Sewer Summary 

The sewer design sa�sfies the MECP Design Criteria and guidelines and City of Belleville 
standards and will not cause any adverse effects.   

Design flow calcula�ons and pipe sizing are provided in the sanitary sewer design sheet, Table 
7.  According to the sanitary sewer design sheet, the following conclusions were made: 

• Maximum q/Q ra�o within the developments was found to be 62.4%. 
• Peak design flow was found to be 45.6 L/s. 
• Maximum full flow velocity was found to be 0.87 m/s, which is less than the maximum 

allowable of 3.00 m/s. 
• Minimum full flow velocity of 0.6 m/s was achieved in all proposed sec�ons. 
• Sewer laterals will be 125mm or 150mm DR28, and the mains will be DR35. 

The following sanitary sewer mains are proposed to be constructed: 

• Raycro� Drive (Setlers Ridge East Phase 3) 
o 88.5 metres of 375 mm diameter DR35 PVC 
o 19.0 metres of 300 mm diameter DR35 PVC 

• Cousins Crescent (Setlers Ridge East Phase 3) 
o 327.6 metres of 200 mm diameter DR35 PVC 
o 267.5 metres of 300 mm diameter DR35 PVC 

• Red Fox Lane (Towncentre Place) 
o 251.7 metres of 250 mm diameter DR35 PVC 

The following sanitary sewer laterals are proposed to be constructed: 
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• Raycro� Drive 
o 150 mm diameter DR28 PVC (commercial/residen�al) 

• Cousins Crescent (Setlers Ridge East Phase 3) 
o 125 mm diameter DR28 PVC 

• Red Fox Lane 
o 125 mm diameter DR28 PVC 
o 150 mm diameter DR28 PVC (2 family dwellings, stacked townhomes) 

Pipe joints to be bell and spigot.  Maintenance holes to be ou�ited with boot gaskets for PVC 
pipes.
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Figure 8: Sanitary Sewer Catchment 
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Table 7: Sanitary Sewer Design Sheet 

 

Peak Design Flow (Qd) = Peak Population Flow (Qp) + Peak Extraneous Flow (Qi) Commercial Flows 1.05 L/s*ha Where: Check
Where: Peaking Factor Included A Area of pipe in m2

q Average daily per capita flow 350 L/d*cap R Hydraulic radius = a/p
I Unit of peak extraneous flow 0.28 L/s*ha P Wetted perimeter

M Harmon peaking factor (min = 2) Population Density 3.0 cap/unit S Slope (m/m)
P Population in 1000's n Manning's friction coef. 0.3
A Area in hectares (ha)

GRADE CAPACITY
INDIVIDUAL CUMULATIVE n =

AREA (A) AREA (A) AREA (A) AREA (A) Qp Qc Qi Qd 0.013
(ha) (ha) (M) (ha) (ha) (L/s) (L/s) (L/s) (L/s) (m) (mm) (%) (L/s) (m/s) (m/s) q/Q

13 Red Fox Ln SA14 SA13 16 48.0 0.66 48.0 0.66 4.32 0.00 0.8 0.0 0.2 1.0 65.5 250 PVC 0.28% 31.47 0.64 0.12 0.64 OK 3.3%
12 Red Fox Ln SA13 SA12 30 90.0 0.83 138.0 1.49 4.20 0.00 2.3 0.0 0.4 2.8 65.5 250 PVC 0.28% 31.47 0.64 0.20 0.64 OK 8.8%
11 Red Fox Ln SA12 SA11 11 33.0 0.40 171.0 1.89 4.17 0.00 2.9 0.0 0.5 3.4 71.9 250 PVC 0.28% 31.47 0.64 0.22 0.64 OK 10.9%
10 Red Fox Ln SA11 SA1 12 36.0 0.50 207.0 2.39 4.14 0.00 3.5 0.0 0.7 4.1 48.8 250 PVC 0.28% 31.47 0.64 0.24 0.64 OK 13.2%

EXT B Park CAP B SA10 0.0 0.0 0.00 4.50 32.22 32.22 0.0 33.8 0.0 33.8 10.7 300 PVC 0.40% 61.16 0.87 0.53 0.87 OK 55.3%

1 Cousins Cres SA6-E SA10 12 36.0 1.00 36.0 1.00 4.34 0.00 0.6 0.0 0.3 0.9 75.2 200 PVC 0.40% 20.74 0.66 0.14 0.66 OK 4.4%

Cousins Cres SA10 SA9 0.0 36.0 1.00 4.34 32.22 0.6 33.8 0.3 34.7 12.1 300 PVC 0.40% 61.16 0.87 0.54 0.87 OK 56.8%
2 Cousins Cres SA9 SA8 19 57.0 0.87 93.0 1.87 4.25 32.22 1.6 33.8 0.5 36.0 94.5 300 PVC 0.40% 61.16 0.87 0.55 0.87 OK 58.8%
3 Cousins Cres SA8 SA7 20 60.0 0.82 153.0 2.69 4.19 32.22 2.6 33.8 0.8 37.2 88.8 300 PVC 0.40% 61.16 0.87 0.56 0.87 OK 60.8%
4 Cousins Cres SA7 SA2 16 48.0 0.77 201.0 3.46 4.15 32.22 3.4 33.8 1.0 38.2 72.1 300 PVC 0.40% 61.16 0.87 0.57 0.87 OK 62.4%

5 Cousins Cres SA6-S SA5 10 30.0 0.54 30.0 0.54 4.35 0.00 0.5 0.0 0.2 0.7 74.8 200 PVC 0.40% 20.74 0.66 0.12 0.66 OK 3.3%
6 Cousins Cres SA5 SA4 19 57.0 0.95 87.0 1.49 4.26 0.00 1.5 0.0 0.4 1.9 98.8 200 PVC 0.40% 20.74 0.66 0.20 0.66 OK 9.2%
7 Cousins Cres SA4 SA1 13 39.0 0.73 126.0 2.22 4.21 0.00 2.2 0.0 0.6 2.8 78.8 200 PVC 0.40% 20.74 0.66 0.24 0.66 OK 13.4%

9 Raycroft Dr SA3 SA2 8 24.0 0.28 24.0 0.28 4.37 0.05 0.05 0.4 0.1 0.1 0.6 39.0 300 PVC 0.30% 52.97 0.75 0.06 0.75 OK 1.0%

8 Raycroft Dr SA2 SA1 8 24.0 0.29 249.0 4.03 4.11 0.05 32.32 4.1 33.9 1.1 39.2 88.5 375 PVC 0.30% 96.03 0.87 0.44 0.87 OK 40.8%

Raycroft Dr SA1 SA312 0.0 582.0 8.64 3.94 32.32 9.3 33.9 2.4 45.6 78.0 375 PVC 0.26% 89.40 0.81 0.51 0.81 OK 51.1%

Stacked Towns Service Lateral 10 30.0 0.25 30.0 0.25 4.35 0.00 0.5 0.0 0.1 0.6 10.0 150 PVC 2.00% 21.54 1.22 0.11 1.22 OK 2.8%

Tel: Note: Designed: Project:
Fax: All peaking factors are above the minimum of 2.00 Checked:

Website: Date:

SANITARY SEWER DESIGN SHEET
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FLOW LENGTH PIPE SIZE
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Settlers Ridge East Phase 3 & Towncentre Place
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Jewell Engineering Inc. 613-969-1111
1 - 71 Millennium Parkway 613-969-8988
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4 Storm Sewer System 

New storm sewers will be installed throughout the developments as extensions to the exis�ng 
storm sewer system.  Stormwater from the developments will be directed to either Cell 2 or the 
ditch along the east side of Towncentre Drive.   

The development contributes directly to the Norbelle Creek system for which an overall 
stormwater management concept has been developed in the early 2000s and amended from 
�me to �me.  The most current stormwater management report was prepared for Norbelle 
Creek in 2017 (Jewell Engineering, April 17, 2017).  This report supported a small expansion to 
Cell 2 and considered the stormwater management impacts for the two subject areas (SRE Ph3 
and Towncentre). 

The Norbelle Creek stormwater management system includes: 

• Pond 110  Quality and Quan�ty Control (off-line pond) 
• Cell 1  Quan�ty Control Only (on-line pond) 
• Cell 2   Quan�ty Control Only (on-line pond) 
• Various OGS units for Quality Control 

Jewell has also authored under a separate cover a stormwater management design brief that 
contains a review of the performance of the Norbelle ponds (Cells 1 and 2) that considers no 
development outside of the exis�ng urban area.  This scenario includes an analysis with no 
development outside of the urban area and Ponds 104 and 107 would not be constructed.  
Jewell also reviewed the impact of the east por�on of the storm sewer (discussed below) that 
will drain to Norbelle Creek a�er the confluence of the SWM facili�es.   

The Norbelle Creek stormwater management targets are: 

• Quality treatment target is   Enhanced 
• Quan�ty control target   2.8 cms at Hwy 62 

The stormwater management design brief concluded that the peak flows at Hwy 62 will be less 
than the 2.8cms limit and therefore the quan�ty control targets are achieved. 

Quality controls follow the stormwater management plan and will be provided via oil grit 
separator (OGS) units.   

In this sec�on, the storm sewer design and the OGS design are discussed.  The storm sewer 
network can be found in Figure 9. 

None of the works discussed below are located within a source protec�on area and do not pose 
a significant drinking water threat and require no mi�ga�on measures.  The en�rety of the 
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Belleville serviced area is within a highly vulnerable aquifer.  No specific policies require any 
addi�onal protec�ve measures to be employed. 

The site is not flood suscep�ble. 

There are no known CSOs or SSOs in the study area.  There are no known contaminated sites 
within the project area. 

Due to the high water table condi�ons, care should be taken during construc�on such that all 
connec�ons are well sealed.  A product such as Riser Wrap will be placed around all manhole 
joints.  Pipe connec�ons to the manholes will be made using boot connec�ons. 

Since the area will be filled to bring the lands well above the groundwater table and no special 
measures are required to resist upli� pressures. 

The project is not subject to Sec�on 16 of the EAA. 

The project does not outlet into a Municipal Drain. 

4.1 Exis�ng Condi�ons 

A 750 mm gravity storm sewer exists on Raycro� Drive and ends at a maintenance hole at the 
west Cousins Crescent intersec�on.  This maintenance hole needs to be relocated to the west 
by about 2 m to align with the centreline of the new road connec�ons. 

4.2 Design Criteria 

The sanitary design criteria used are based on the City of Belleville ECA design criteria, 
engineering standards, MECP guidelines, and MECP F-6-1, which are summarized below. 

• Minimum storm sewer diameter:      300 mm 
• Roughness Coefficient (n): 

o Polyvinyl Chloride Pipes (PVC):     0.013 
o Reinforced Concrete Pipe (RCP):     0.013 

• Minimum Full Flow Velocity:       0.75 m/s 
• Maximum Full Flow Velocity:       6 m/s 

Horizontal Separa�on from Watermain    2.5m (minimum) 
• Ver�cal Separa�on from Watermain     0.5m (minimum) 

In par�cular, the City of Belleville storm sewer design standards F.2.4.1.3 were followed. 

Pipes were designed to convey the 5-yr peak flows as calculated using the Ra�onal Method and 
the standard storm sewer design sheets.  Larger events will flow overland through the rights of 
way.  This follows the minor/major design approach.   
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4.2.1 Calculation of Peak Flows – 5 Yr 

The storm sewer calcula�ons follow the Ra�onal Method with peak flows found by solving: 

𝑄𝑄 =  
𝐶𝐶𝐶𝐶𝐶𝐶
360

 

Where: 

Q = Peak flow in m3/s 
C = Runoff coefficient (dimensionless) 
i = Intensity of rainfall (mm/hr) 
A = Catchment Area (ha) 

4.2.1.1 Precipita�on 

The IDF curves from Environment Canada at Belleville sta�on 6150689 v3.3 were used. 

4.2.1.2 Runoff Coefficient 

Runoff coefficients were selected from the City of Belleville’s design standards (F.2.4.1.3.1) and 
follow the MTO Drainage Manual guidelines Design Chart 1.07.  Individual runoff coefficients 
are shown on the catchment drawing in Figure 9 and iden�fied on the storm sewer design 
sheet in Table 8. 

4.2.1.3 Time of Concentra�on 

The �me of concentra�on is established star�ng with the first inlet �me for the most upstream 
catch basin.  The �me of concentra�on is calculated using the Airport Method. The Airport 
Method uses site topography and soil condi�ons to es�mate �me of concentra�on, as follows: 

𝑇𝑇𝑐𝑐 =
3.26 ∗ (1.1 − 𝐶𝐶) ∗ √𝐿𝐿

𝑆𝑆𝑤𝑤0.33  

Where 

 Tc = Time of concentra�on 
 C = Runoff Coefficient 
 L = watershed length, m 
 Sw = slope of watershed, % 

The �mes of concentra�on for the two larger catchments were derived to be 20 minutes. 

4.2.1.4 Inlet Time 

The inlet �me is a minimum of 15 minutes per the City of Belleville standards (F.2.4.1.3.1).  This 
was adjusted to 20 minutes using the Airport Formula for the two larger catchments north side 
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of SRE where ditch inlets temporarily intercept the undeveloped lands.  The future 
development condi�ons will also have an approximate �me of pipe of 20 minutes.  

4.3 Storm Sewer Network Design 

In this sec�on, the storm sewers and OGS units for each development is discussed.  Three new 
OGS units in total are proposed; one for SRE and two for Towncentre. 

The proposed storm sewers contribute to an exis�ng system stormwater management system 
wholly within the City of Belleville.  Some drainage will directly discharge into the Norbelle 
Creek SWMFs.  Some drainage will discharge into the municipal ditch on Towncentre Drive. 

The developments were foreseen in the original design and accommoda�ons were made to 
receive the storm discharge.   

4.3.1 Settlers Ridge East Phase 3 

This development will have two separate storm sewer systems.  The west system will connect 
to the exis�ng storm sewer system that outlets into Cell 2.  The east system will outlet to the 
exis�ng ditch on the east side of Towncentre Drive. 

West 

The storm sewer system on the west leg of Cousins Crescent is to be connected to the exis�ng 
750 mm storm sewer on Raycro� Drive and ul�mately outlet into Cell 2.  The quality control for 
this por�on of the development is provided by the exis�ng OGS unit installed during SRE Ph 2. 

East 

The storm sewer system on the east leg of Cousins Crescent is to outlet into the exis�ng ditch 
on the east side of Towncentre Drive.  The quality control for this por�on of the development is 
provided by a new OGS unit.  Jewell sized the OGS unit using the design sheet provided by 
Hydro Interna�onal, see Sec�on 5. 
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4.3.2 Towncentre Place 

This development will have two separate storm sewer systems.  The west system will outlet 
into Cell 2.  The east system will outlet into the exis�ng ditch on the east side of Towncentre 
Drive.  Along with the development, the west ditch of Towncentre Drive will be upgraded to an 
urban sec�on from Roy Boulevard to the south limit of the development for a total distance of 
150m. 

West 

The storm sewer system on the west leg of Red Fox Lane is to outlet through a service 
easement into Cell 2.  The quality control for this por�on of the development is provided by a 
new OGS unit.  Jewell sized the OGS unit using the design sheet provided by Hydro 
Interna�onal, see Sec�on 5 Table 12. 

East 

The storm sewer system on the south leg of Red Fox Lane is to outlet to the exis�ng ditch on 
the east side of Towncentre Drive.  The quality control for this por�on of the development is 
provided by a new OGS unit.  Jewell sized the OGS unit using the design sheet provided by 
Hydro Interna�onal, see Sec�on 5 Table 11. 

4.4 Pipe Design 

Storm sewer pipes include Ribbed PVC and RCP pipes.  No culverts and no municipal ditches are 
proposed.   

Pipe design follow the Manning’s equa�on and the con�nuity equa�on.  The Manning’s 
equa�on is originally solved for velocity, but is converted to flow by mul�plying by the flow 
area.  The equa�on below is thus derived from the two. 

Equation 2:  Manning’s Equation 

 

Where: 

Q = Flow capacity (m3/s) 
A = Area of pipe (m2) 
R = Hydraulic radius = A / P 
P = Weter perimeter (m) 
S = Slope (m/m) 
n = Manning’s fric�on coefficient (dimensionless) 

𝑄𝑄 =  
1
𝑛𝑛

 𝐴𝐴 𝑅𝑅2 3 ⁄  𝑆𝑆1 2⁄  
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Equation 3:  Continuity Equation 

𝑄𝑄 = 𝑉𝑉𝑉𝑉 

Where: 

Q = Flow (m3/s) 
V = Velocity (m/s) 
A = Cross-sec�onal are of pipe (m2) 

Pipe capaci�es are determined using Equa�on 2.  Pipe sizes and slopes were adjusted to ensure 
that pipe capaci�es are greater than the expected peak flows using the storm sewer design 
sheet.  Addi�onally, a velocity check is included to ensure that minimum veloci�es of 0.75m/s 
are atained to reduce the opportunity for deposi�on.  Further, a third check is performed to 
ensure that peak flows do not exceed 6m/s.   

4.4.1 Pipe Materials 

Storm sewer pipes 600mm or smaller will be Ribbed PVC which conform with OPSS 1841.  
Concrete pipes are 65-D RCP and conform with OPSS 1820.  All pipes will be installed following 
the Ontario provincial standards.  By conforming to the standards, the installa�on achieves the 
safety factors of the pipe design requirements. Pipe Joints will be bell and spigot style with a 
PVC compression gasket.  No restraints are required. 

4.4.2 Bury Depth 

The maximum bury depth for 65D class concrete pipe for trench installa�on is 4.1m per OPSD 
807.010 and all concrete pipes will conform. 

The maximum bury depth of Ribbed PVC pipes is 10.8m for trench installa�on per OPSD 
806.040 and all Ribbed PVC pipes will conform. 

Floata�on of the pipes is not expected since the storm sewer systems will generally have 1.5m 
or more of cover and the majority of the pipes will be above the seasonal high groundwater 
table.  

Minimum depth of cover for frost protec�on would be 1.2m for the Quinte Region (O.B.C.).  
OPSD 3090.010 indicates the frost depth for Quinte Region is 1.4m to 1.5m.  Pipes should then 
have a minimum cover of 1.5m before requiring addi�onal frost protec�on measures.  Storm 
sewers will require no addi�onal frost protec�on. 

4.4.3 Syphon 

No syphons are proposed. 
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4.4.4 Foundation Drainage 

Founda�on drains will not be connected to the storm sewer system.  Instead, founda�on drains 
will discharge to rear yards. 

4.4.5 Pipe Size 

The minimum allowable storm sewer size is 300mm.  All sewers will be 300mm or greater.  A 
lis�ng of pipe sizes is contained in Sec�on 0 and in the pipe data form. Sewers discharge into 
downstream sewer pipes that are equal or larger in size.  At changes in pipe sizes, obverts were 
matched or at a minimum the 80% diameters were matched. 

All pipes convey the maximum expected peak flows during the 5-yr event without surcharge. 

4.4.6 Flow Velocity 

The City of Belleville’s dra� standards require flow veloci�es to be between 0.75m/s and 
4.6m/s.  MOE Design Guidelines require veloci�es to be between 0.6m/s to 6m/s.  Pipe 
veloci�es are between 0.98m/s and 2.35m/s.  Pipe slopes were adjusted during design to 
ensure veloci�es were achieved.  There is no need for any addi�onal pipe slope adjustment. 

Flow veloci�es are within the allowable limits and there is no concern for deposi�on or scour. 

4.4.7 Pipe Slope 

Minimum pipe slopes are governed by MOE 2008 Design Guidelines Table 5-4.  The ministry 
also defers to local municipali�es for minimum slopes.  City of Belleville requires slopes to be 
minimum 0.5% for 300mm and 375mm pipes and 0.3% for 450mm to 525mm pipes per 
F.2.4.1.3.1.  RY307 have slopes of 0.3% which are less than the City’s new criteria, but 
well above the MOE 2008 criterion of 0.22% slope for a 300mm pipe. 

All slopes are less than 20% and require no steep slope protec�on. 

4.4.8 Alignment 

Sewers connect at maintenance hole with right or obtuse angles thereby sa�sfying the design 
requirements. 

4.4.9 By-Pass / Surcharge 

No by-pass is required.  The system is designed using the maximum expected peak flows.  
Surcharge of the system is not likely and impacts to basements are not expected. 

4.4.10 Separation from Drinking Water 

No sewers are proposed within 15m of a drinking water facility.  There are no drinking water 
facili�es within 60m of the development area.  Sewers are separated from watermains by 2.5m 
horizontal separa�on of outside edge of pipes and 0.5m separa�on ver�cally. 
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No special source protec�on policies are required for SGRAs or HVAs. 

4.4.11 Outlets 

Storm ou�alls discharge to established municipal infrastructure.  The TRCA SWM Criteria, 2012 
publica�on, Schedule E provides helpful guidance on loca�ng ou�alls such that the likelihood of 
downstream impacts will be diminished.  The ul�mate receiver of the stormwater is Norbelle 
Creek, which is highly urbanized in the lower reaches.  Norbelle Creek is not an eroding creek 
and it will not be affected by the proposed development.  This is due largely in part by the 
extensive storage provided by the SWMFs. 

A por�on of the drainage will contribute to the exis�ng Outlet A.  Three new outlets (A, B and 
C) are proposed and are discussed in Sec�on 5.  Discharges are to grade with no grade 
separa�ons.  The outlets are compara�vely small and do not pose erosion risks.  The soils have 
low suscep�bility to erosion. 

• Outlet A is 675mm and will discharge to the municipal ditch along Towncentre Drive at 
Roy Boulevard.  This outlet will require rip-rap protec�on per OPSD 810.010. 

• Outlet B is 300mm and will discharge to the same municipal ditch.  It has litle erosion 
risk and requires no special protec�on. 

• Outlet C is 300mm and will discharge to Cell 2 (SWMF).  This discharge is to a well-
established and vegetated area, well removed from the creek.  This outlet requires no 
special protec�on. 

4.5 Maintenance Holes 

All maintenance holes are to be designed per the latest OPSDs and conform to all required 
guidelines, such as: Occupa�onal Health and Safety Act, MOL Confined Space Guidelines, Fire 
Protec�on and Preven�on Act. 

4.5.1 Size 

Storm maintenance holes vary in diameter from 1200mm to 1800mm.  The specific sizes are 
listed on Drawing ND-3 for SRE and ND-4 for Towncentre.  Maintenance hole sizes were 
selected with reference to OPSD 701.021 and Forterra drawing C1. 

4.5.2 Access and Safety 

Maintenance holes access steps will conform to OPSD 405.010, which will facilitate safe access 
for opera�onal maintenance. 

No safety pla�orms are required since all structure heights are less than 5m (refer to the 
structure tables in the Pipe and Structure drawings). 
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4.5.3 Sealing 

Maintenance hole seals will conform to OPSS 1351.   

4.5.4 Flow Accommodation 

No drop structures are needed at any of the maintenance holes for either development. 

No benching is provided for storm maintenance holes. 

Inverts are calculated such that all outgoing pipes are 3cm lower than incoming pipes when 
pipes are 180 degrees apart and 6cm lower than incoming pipes when pipes are 90 degrees 
apart. 

4.5.5 Spacing 

Maintenance hole spacing is specified by MECP 2008 Design Guidelines which require spacing 
to be no greater than 120m for pipes sizes up to 375mm, 150m for pipes from 450mm to 
750mm and up to 185m spacing for pipes larger than 750mm.  All pipes are 375 mm or less and 
therefore maximum allowable spacing is 120m.  Maintenance hole spacing is interpreted on the 
Pipe and Structure drawings for the pipe lengths.  All pipe lengths are measured centre to 
centre of maintenance holes and the pipe lengths are all below the 120m maximum 
permissible.   

4.5.6 Accommodation for Phasing 

Lands along the north limit of SRE drain to SRE storm sewer system and have been 
accommodated for future development in the pipe sizing.  This is shown in the Storm Sewer 
Design Sheet in Figure 9 and Table 8.  External flows are picked up in RY304 and RY308 catch 
basins.  Storm sewers from the CBs are 450mm and 525mm respec�vely and discharge to 
maintenance holes ST 105 and 112 posi�oned on Cousins Crescent to receive the external 
flows. 

Connec�on to the previous phase was planned with the standard pipe invert differences 
ensuring smooth flow transi�on to the exis�ng system. 

4.5.7 Grading 

Storm maintenance holes are posi�oned typically 3m offset from the sanitary, which places 
them about 1m from the curbline.  The storm sewer system requires no special protec�on to 
prevent surface drainage from entering the maintenance holes.   

4.5.8 Corrosion Protection 

There is no indica�on of the presence of contaminated soils or groundwater and therefore no 
corrosion protec�on measures are required. 
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4.5.9 Rehabilitation 

Not required. 

4.5.10 Stream Crossing 

Not required. 

4.5.11 Aerial Crossing 

Not required. 

4.5.12 Alternative Sewer Systems 

No alterna�ve sewer systems are proposed. 

4.5.13 Challenging Conditions 

The sewers follow typical installa�ons procedures and standard installa�ons. 

4.6 Catch Basins 

Catch basins will be installed in accordance with the provincial OPSDs with a cast iron frame 
and grate per OPSD 400.010.  Catch basin manholes are iden�fied on drawings ND-3 and ND-4 
in Appendix F under the Storm Structures (Round) table with OPSD 400.010 grates. 

Loca�ons of catch basins were posi�oned upstream of pedestrian crossings, at intersec�ons, 
and out of driveway loca�ons and walkways.  Double catch basins were posi�oned at low 
points. 

Catch basin spacing conforms with the City standard of 75m for slopes between 0.6% and 5% 
and 60m for slopes greater than 5%.  No road slopes are proposed below 0.6%. 

Catch basin laterals are 300mm for a single catch basin or ditch inlet and are 375mm for double 
catch basins or for the second catch basin when they are daisy chained together.  Laterals have 
a minimum slope of 1% in the ROW and lesser slopes are used for longer runs from rear yard 
catch basins.  In these cases, the slopes conform to the MOE 2008 slope requirements in their 
Table 5-4. 

Catch basin specifica�ons are summarized in the engineering design drawings in Appendix F on 
Drawing ND-3 for SRE and ND-4 for Towncentre. 

4.7 Tes�ng 

Low pressure tes�ng of the pipes and maintenance holes will be completed according to 
OPSS.MUNI 410.  CCTV inspec�ons will be completed according to OPSS 409. 
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4.8 Storm Sewer Summary 

The sewer design sa�sfies the MECP Design Criteria and guidelines and City of Belleville 
standards and will not cause any adverse effects.   

Design flow calcula�ons and pipe sizing are provided in the storm sewer design sheet, Table 8.   

• Storm design flows were calculated using the Ra�onal Method. 
• Runoff Coefficients applied ranged from 0.45 to 0.6. 
• Rainfall intensi�es were calculated using the Environment Canada IDF curve for 

Belleville sta�on 6150689. 
• Storm pipe capaci�es were calculated using Mannings Equa�on. 
• Manning’s n value of 0.13 was used for all pipes. 

According to the storm sewer design sheet, the following conclusions are made: 

• Maximum q/Q ra�o within the developments was found to be 84.8%. 
• Maximum full flow velocity was found to be 2.35 m/s. 
• Minimum full flow velocity of 0.75 m/s was achieved in all proposed sec�ons. 

The following storm sewer mains are proposed to be constructed: 

• Raycro� Drive (Setlers Ridge East Phase 3) 
o 40.3 metres of 300 mm diameter RIBBED PVC 
o 55.4 metres of 675 mm diameter 65-D RCP 

• Cousins Crescent (Setlers Ridge East Phase 3) 
o 29.4 metres of 450 mm diameter RIBBED PVC 
o 122.2 metres of 525 mm diameter RIBBED PVC 
o 297.1 metres of 600 mm diameter RIBBED PVC 
o 96.8 metres of 675 mm diameter 65-D RCP 

• Red Fox Lane (Towncentre Place) 
o 143.8 metres of 300 mm diameter RIBBED PVC 

• Service Easement (Towncentre Place) 
o 55.4 metres of 300 mm diameter RIBBED PVC 

• Towncentre Drive (Towncentre Place) 
o 25.4 metres of 300 mm diameter HDPE 

All maintenance holes are to be designed per the latest OPSDs and conform to all required 
guidelines, such as: Occupa�onal Health and Safety Act, MOL Confined Space Guidelines, Fire 
Protec�on and Preven�on Act.  All catch basins are to be designed per the latest OPSDs. 

The SRE and Towncentre designs adhere to the City standards and the Ontario provincial 
standards.  All flow calcula�ons were completed using gravity flow condi�ons and there are no 
expected adverse impacts. 
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4.9 Swales 

Rear yard swales are designed to the City standards.  Standard swales must have a slope of 2% 
or greater.  Swale grades may be reduced to 1%, but must include a subdrain.  All swales are 1% 
or greater and all are proposed with subdrains regardless of slope.   
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Figure 9: Storm Sewer Catchment 
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Table 8: Storm Sewer Design Sheet 

 

Pipe Capacity by Manning's Equation
Peak Runoff Estimate by Rational Method

Intensity Equation: Belleville Where:
Where: A = area of pipe in m2 Check

Q = Peak Flow in cms A = 26.4 CSP 0.024 R = Hydraulic radius = A / P
C = Runoff Coefficient Where: B = -0.677 RCP/PVC 0.013 P = Wetted perimeter
i = Rainfall Intensity in mm/hr i = Rainfall Intensity in mm/hr S = Slope (m/m)
A = Area in hectares Tc = Time of Concentration in hours n = Manning's friction coef.

0.25 0.45 0.50 0.60 (ha) (ha) (min) (mm/hr) (m3/s) (mm) (m) (%) (m3/s) (m/s) (min) (m/s) (%)

Cousins Cres Ext A, 1 ST105 ST104 1.50 0.23 0.79 0.79 20.00 55.5 0.12 450 29.5 RCP 0.30% 0.16 0.98 0.50 1.09 78.1% OK
2, 3, 4, 5 ST104 ST103 1.05 0.53 1.32 20.50 54.6 0.20 525 103.9 RCP 0.30% 0.24 1.09 1.59 1.22 84.8% OK

6, 7 ST103 ST102 0.69 0.35 1.66 22.09 51.9 0.24 600 71.1 RCP 0.30% 0.34 1.19 1.00 1.29 71.2% OK
8 ST102 ST101 0.19 0.10 1.76 23.09 50.4 0.25 600 77.2 RCP 0.30% 0.34 1.19 1.08 1.30 73.1% OK

Raycroft Dr ST101 ST21 0.00 1.76 24.17 48.9 0.24 750 39.9 RCP 0.30% 0.61 1.38 0.48 1.29 39.1% OK

Easement 116,117,118,119 ST21 OGS4 1.80 0.90 2.66 24.65 48.2 0.36 750 4.9 RCP 0.30% 0.61 1.38 0.06 1.43 58.4% OK
OGS4 ST20 0.00 2.66 24.71 48.1 0.36 750 40.3 RCP 0.30% 0.61 1.38 0.49 1.43 58.3% OK
ST20 HW57 0.00 2.66 25.20 47.5 0.35 750 28.9 RCP 0.30% 0.61 1.38 0.35 1.42 57.5% OK

Raycroft Dr 9 ST113 ST107 0.31 0.16 0.16 15.00 67.5 0.03 300 40.3 PVC 1.35% 0.11 1.59 0.42 1.33 25.9% OK

Cousins Cres Ext B, 10, 11 ST112 ST111 2.37 0.32 1.23 1.23 20.00 55.5 0.19 525 11.3 PVC 0.30% 0.24 1.09 0.17 1.22 80.4% OK
ST111 ST110 0.00 1.23 20.17 55.2 0.19 525 8.0 PVC 0.30% 0.24 1.09 0.12 1.22 79.9% OK

12, 13 ST110 ST109 0.46 0.23 1.46 20.30 55.0 0.22 600 71.1 PVC 0.30% 0.34 1.19 1.00 1.27 66.2% OK
14 ST109 ST108 0.44 0.22 1.68 21.29 53.2 0.25 600 76.8 PVC 0.30% 0.34 1.19 1.08 1.30 73.8% OK

15, 16, 17 ST108 ST107 1.06 0.53 2.21 22.37 51.5 0.32 675 96.8 RCP 0.30% 0.46 1.29 1.25 1.38 68.6% OK

Raycroft Dr 18 ST107 ST106 0.25 0.13 2.49 23.62 49.6 0.34 675 38.1 RCP 1.00% 0.84 2.35 0.27 2.22 40.8% OK
Raycroft Dr ST106 OUTLET A 0.00 2.49 23.89 49.2 0.34 675 54.3 RCP 0.25% 0.42 1.17 0.77 1.32 81.0% OK

Red Fox Ln 19 ST115 ST114 0.43 0.26 0.26 15.00 67.5 0.05 300 91.6 PVC 0.60% 0.07 1.06 1.44 1.12 64.6% OK
ST114 OUTLET B 0.00 0.26 16.44 63.4 0.05 300 14.0 PVC 1.90% 0.13 1.89 0.12 1.70 34.1% OK

Red Fox Ln 20 ST118 ST117 0.31 0.19 0.19 15.00 67.5 0.03 300 52.2 PVC 0.60% 0.07 1.06 0.82 1.04 46.6% OK
Service Route ST117 ST116 0.00 0.19 15.82 65.1 0.03 300 8.5 PVC 1.30% 0.11 1.56 0.09 1.37 30.5% OK

ST116 OUTLET C 0.00 0.19 15.82 65.1 0.03 300 46.9 PVC 1.80% 0.13 1.84 0.43 1.54 25.9% OK
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5 Water Quality Treatment 

The Norbelle Creek stormwater management system has been established with on-line quan�ty 
control in a 2-celled dry pond.  However, quality controls must be provided off-line.  The 
Norbelle Creek SWM plan is for quality treatment to be provided off-line using Oil-Grit 
Separators (OGS units) to remove sediment.  In previous phases, units from Hydro Interna�onal 
have been employed.  For the current developments (SRE Ph3 and Towncentre) the First 
Defence units from Hydro Interna�onal are proposed.  These units are ETV verified. 

Three OGS units are proposed.  The three OGS units can each effec�vely treat 100% of all 
incoming flows, and all but unit A can achieve the 80% TSS removal target (Enhanced).  The 
treatment summary is provided in Table 9.  This means some addi�onal treatment will be 
required for Unit A. 

Table 9: OGS Treatment Summary 

Unit 
Treatment Area 

(ha) 
Runoff 

Coefficient 
TSS Removal (%) 

Treatment 
Volume (%) 

OGS A – FD-8HC 5.21 0.39 69.2 100 

OGS B – FD-4HC 0.43 0.60 80.3 100 

OGS C 0.31 0.60 84.3 100 

Total 5.95  70.8* 100 

* Weighted Average TSS Removal Efficiency from OGS units alone 

5.1 OGS Unit Sizing 

Oil-Grit Separator sizing was completed using the proprietary sizing sheets from Hydro 
Interna�onal.  The summary of the results was shown in Table 9 and the individual calcula�ons 
are reported in the follow three tables for each of the three units.  The full sizing reports can be 
found in Appendix C. 
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Table 10: Settlers Ridge East Phase 3 – OGS A Sizing 

The total contribu�ng area to OGS A is 5.21 ha.  This includes 2.37 ha of external undeveloped 
lands.  A weighted runoff coefficient of 0.39 was calculated and provided to the model to 
determine a projected TSS removal rate of 69.2% and a total treatment volume of 100%. 

This treatment rate would not be sufficient to achieve the Enhanced target and addi�onal 
treatment is needed.  This is discussed further in Sec�on 5.2. 

  

  
 
 

Rev. 9.6  
Project Name: Report Date: Paste FD-8HC

Street: City:
Province: Country:
Designer: email: (mm/hr) (%) (%) (%)

0.50 0.4% 91.0% 0.4%
Teatment Parameters: 1.00 13.2% 83.5% 11.0%

Structure ID: 1.50 14.0% 79.1% 11.0%
TSS Goal: 80 % Removal Model TSS Volume 2.00 14.0% 76.0% 10.6%

TSS Particle Size: FD-3HC 40.8% 89.0% 2.50 3.6% 73.6% 2.6%
Area: 5.21 ha FD-4HC 50.2% 96.4% 3.00 2.5% 71.6% 1.8%

Percent Impervious: 45% FD-5HC 58.5% 99.2% 3.50 8.4% 69.9% 5.9%
Rational C value: 0.39 FD-6HC 62.8% 99.7% 4.00 5.1% 68.5% 3.5%
Rainfall Station: MAP FD-8HC 69.2% 100.0% 4.50 1.6% 67.2% 1.1%

Peak Storm Flow: 340 L/s 5.00 5.1% 66.1% 3.3%
6.00 4.8% 64.1% 3.1%

Model Specification: 7.00 4.5% 62.5% 2.8%
8.00 3.5% 61.0% 2.1%

Model: 9.00 2.4% 59.7% 1.5%
Diameter: 2400 mm 10.00 2.5% 58.6% 1.5%

No Bypass Flow: 142.00 L/s 20.00 9.7% 51.1% 4.9%
Peak Flow Capacity: 1416.00 L/s 30.00 2.8% 46.7% 1.3%

Sediment Storage: 2.14 m3 40.00 0.9% 43.6% 0.4%
Oil Storage: 4240.00 L 50.00 0.4% 41.2% 0.2%

100.00 0.6% 33.7% 0.2%
Installation Configuration: 150.00 0.1% 0.0% 0.0%

Placement: Online 200.00 0.0% 0.0% 0.0%
Outlet Pipe Size: 675 mm OK
Inlet Pipe 1 Size: 675 mm OK 69.2%
Inlet Pipe 2 Size: mm OK 100.0%
Inlet Pipe 3 Size: mm OK

Rim Level: 110.327 m Calc Invs.
Outlet Pipe Invert: 108.723 m Additional cover may be required

Invert Pipe 1: 108.750 m Check cover 3.   Rainfall adjusted to 5 min peak intensity based on hourly average.

Invert Pipe 2:  m  
Invert Pipe 3:  m  

Designer Notes

Intensity(1) Fraction of 
Rainfall(1) Removal 

Efficiency(2)

1.   Rainfall Data: 1960:2007, HLY03, Belleville, ONT, 6150700 & 6150689.

#N/A

Total Annual Runoff Volume Treated:
Total Net Annual Removal Efficiency:

Weighted 
Net Annual 
Efficiency

Belleville, ONT

NJDEP / ETV

Net Annual Removal Model: FD-8HC

Calc. Cn

FD-8HC

RESULTS SUMMARYST106

Raycroft Drive
Ontario
Julie Humphries

2024-03-01Settlers Ridge East Phase 3
Belleville
Canada

Hydro First Defense® - HC
Net Annual Water Quality Worksheet
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Table 11: Towncentre Place – OGS B Sizing 

OGS B meets the 80% TSS removal target for Enhanced treatment. 

  

  
 
 

Rev. 9.6  
Project Name: Report Date: Paste FD-4HC

Street: City:
Province: Country:
Designer: email: (mm/hr) (%) (%) (%)

0.50 0.4% 105.2% 0.4%
Teatment Parameters: 1.00 13.2% 96.6% 12.8%

Structure ID: 1.50 14.0% 91.6% 12.8%
TSS Goal: 80 % Removal Model TSS Volume 2.00 14.0% 88.0% 12.3%

TSS Particle Size: FD-3HC 70.1% 99.7% 2.50 3.6% 85.3% 3.0%
Area: 0.43 ha FD-4HC 80.3% 100.0% 3.00 2.5% 83.0% 2.1%

Percent Impervious: 60% FD-5HC 81.3% 99.9% 3.50 8.4% 81.1% 6.8%
Rational C value: 0.60 FD-6HC 85.3% 99.9% 4.00 5.1% 79.4% 4.0%
Rainfall Station: MAP FD-8HC 90.5% 99.9% 4.50 1.6% 78.0% 1.2%

Peak Storm Flow: 340 L/s 5.00 5.1% 76.7% 3.9%
6.00 4.8% 74.4% 3.6%

Model Specification: 7.00 4.5% 72.5% 3.3%
8.00 3.5% 70.8% 2.5%

Model: 9.00 2.4% 69.4% 1.7%
Diameter: 1200 mm 10.00 2.5% 68.1% 1.7%

No Bypass Flow: 20.00 L/s 20.00 9.7% 59.5% 5.7%
Peak Flow Capacity: 510.00 L/s 30.00 2.8% 54.4% 1.5%

Sediment Storage: 0.54 m3 40.00 0.9% 50.9% 0.5%
Oil Storage: 723.00 L 50.00 0.4% 48.1% 0.2%

100.00 0.6% 39.5% 0.2%
Installation Configuration: 150.00 0.1% 0.0% 0.0%

Placement: Online 200.00 0.0% 0.0% 0.0%
Outlet Pipe Size: 300 mm OK
Inlet Pipe 1 Size: 300 mm OK 80.3%
Inlet Pipe 2 Size: mm OK 100.0%
Inlet Pipe 3 Size: mm OK

Rim Level: 109.617 m Calc Invs.
Outlet Pipe Invert: 108.526 m OK

Invert Pipe 1: 108.556 m OK 3.   Rainfall adjusted to 5 min peak intensity based on hourly average.

Invert Pipe 2:  m  
Invert Pipe 3:  m  

Designer Notes

Intensity(1) Fraction of 
Rainfall(1) Removal 

Efficiency(2)

1.   Rainfall Data: 1960:2007, HLY03, Belleville, ONT, 6150700 & 6150689.

#N/A

Total Annual Runoff Volume Treated:
Total Net Annual Removal Efficiency:

Weighted 
Net Annual 
Efficiency

Belleville, ONT

NJDEP / ETV

Net Annual Removal Model: FD-4HC

Calc. Cn

FD-4HC

RESULTS SUMMARYST114

Red Fox Lane
Ontario
Julie Humphries

2024-03-01Towncentre Place
Belleville
Canada

Hydro First Defense® - HC
Net Annual Water Quality Worksheet
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Table 12: Towncentre Place – OGS C Sizing 

OGS C meets the 80% TSS removal target for Enhanced treatment. 

5.2 Combina�on of Technologies Approach 

As per the previous sec�on, the performance of OGS A is insufficient on its own to meet the 
quality target.  Therefore, some addi�onal treatment is required.  The treatment for the 
catchment contribu�ng to OGS A will be augmented through a combina�on of technologies 
approach.  This is o�en referred to as the treatment train approach 2.  The treatment train 
strategy combines lot level, conveyance, and end of pipe controls.  This is considered to be 
preferable to a single end of pipe solu�on (ibid, p2-17). 

Per the new CLI for Belleville, the ministry will no longer accept the combined benefits of 
mechanical treatment devices (such as OGS units and CB Shields) that are posi�oned in series 

 
2 Low Impact Development Stormwater Management Planning and Design Guide, TRCA & CVC, 2010 

  
 
 

Rev. 9.6  
Project Name: Report Date: Paste FD-4HC

Street: City:
Province: Country:
Designer: email: (mm/hr) (%) (%) (%)

0.50 0.4% 100.0% 0.4%
Teatment Parameters: 1.00 13.2% 100.7% 13.3%

Structure ID: 1.50 14.0% 95.7% 13.4%
TSS Goal: 80 % Removal Model TSS Volume 2.00 14.0% 92.1% 12.9%

TSS Particle Size: FD-3HC 73.6% 99.9% 2.50 3.6% 89.3% 3.2%
Area: 0.31 ha FD-4HC 84.3% 100.0% 3.00 2.5% 87.1% 2.2%

Percent Impervious: 60% FD-5HC 84.9% 99.9% 3.50 8.4% 85.1% 7.2%
Rational C value: 0.60 FD-6HC 88.4% 99.9% 4.00 5.1% 83.5% 4.2%
Rainfall Station: MAP FD-8HC 92.8% 99.9% 4.50 1.6% 82.0% 1.3%

Peak Storm Flow: 340 L/s 5.00 5.1% 80.7% 4.1%
6.00 4.8% 78.5% 3.7%

Model Specification: 7.00 4.5% 76.6% 3.4%
8.00 3.5% 74.9% 2.6%

Model: 9.00 2.4% 73.4% 1.8%
Diameter: 1200 mm 10.00 2.5% 72.1% 1.8%

No Bypass Flow: 20.00 L/s 20.00 9.7% 63.5% 6.1%
Peak Flow Capacity: 510.00 L/s 30.00 2.8% 58.5% 1.6%

Sediment Storage: 0.54 m3 40.00 0.9% 54.9% 0.5%
Oil Storage: 723.00 L 50.00 0.4% 52.2% 0.2%

100.00 0.6% 43.6% 0.2%
Installation Configuration: 150.00 0.1% 38.5% 0.0%

Placement: Online 200.00 0.0% 0.0% 0.0%
Outlet Pipe Size: 300 mm OK
Inlet Pipe 1 Size: 300 mm OK 84.3%
Inlet Pipe 2 Size: mm OK 100.0%
Inlet Pipe 3 Size: mm OK

Rim Level: 111.207 m Calc Invs.
Outlet Pipe Invert: 109.096 m OK

Invert Pipe 1: 109.096 m OK 3.   Rainfall adjusted to 5 min peak intensity based on hourly average.

Invert Pipe 2:  m  
Invert Pipe 3:  m  

Designer Notes

Intensity(1) Fraction of 
Rainfall(1) Removal 

Efficiency(2)

1.   Rainfall Data: 1960:2007, HLY03, Belleville, ONT, 6150700 & 6150689.

#N/A

Total Annual Runoff Volume Treated:
Total Net Annual Removal Efficiency:

Weighted 
Net Annual 
Efficiency

Belleville, ONT

NJDEP / ETV

Net Annual Removal Model: FD-4HC

Calc. Cn

FD-4HC

RESULTS SUMMARYST116

Red Fox Lane
Ontario
Julie Humphries

2024-03-01Towncentre Place
Belleville
Canada

Hydro First Defense® - HC
Net Annual Water Quality Worksheet
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but will only acknowledge the TSS removal benefit of one device.  Therefore, the proposed 
addi�onal technology will be enhanced grassed swales that are not mechanical treatment 
devices.  This follows the recommenda�ons of the LID Design Manual for a treatment train 
approach and the new ministry criteria for calcula�on of TSS removal efficiency. 

To assist with addi�onal sediment removal, the grassed swales will be set to 1% slopes for most 
loca�ons and will be improved with subdrains and addi�onal topsoil.  The loca�ons of these 
swales are depicted as red in Figure 9. 

Using the combined technologies method, Jewell determined the quality treatment to be about 
80.2%.  This is calculated using the following formula (source: NCDENR Stormwater BMP 
Manual, p3-20): 

𝐸𝐸 = 𝐴𝐴 + 𝐵𝐵 −  �
𝐴𝐴𝐴𝐴𝐴𝐴
100

� 

Where: 

E = Total pollutant removal efficiency (%) 
A = Removal efficiency of Technology 1 (upstream posi�on) 80% 
B = Removal efficiency of Technology 2 (downstream posi�on) 50% 

In this case, Technology 1 is represented by the grassed swales and Technology 2 is represented 
by OGS units.  The treatment effec�veness of the OGS unit has been discounted to just 50% for 
OGS A to account for a reduced capture success rate given that it will be posi�oned second in 
the series.  This assump�on is conserva�ve. 

Grassed swales are typically assigned a removal rate of approximately 80% TSS.  There are 
several sources for TSS removal effec�veness, see Appendix D. 

• LID Design Manual (referenced earlier) – 76% 
• Lucke et al3, – 80% 

An example calcula�on of the combina�on of technologies approach is shown below. 

𝐸𝐸 = 80% + 50% −  �
80%𝑥𝑥50%

100
� = 90% 

This calcula�on was completed for each of the catchments contribu�ng to the enhanced 
grassed swales and the results are presented in Table 13.  The overall removal rate of TSS is 
calculated to be 80.2% using a weighted average of each contribu�ng area and the target is 
expected to be achieved.  

 
3Lucke, T. (2014). Pollutant Removal and Hydraulic Reduction Performance of Field Grassed Swales during Runoff 
Simulation Experiments. Water  
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Table 13: Summary of Quality Treatment Using Enhanced Grassed Swales and OGS A in Series 

  

Ctch ID Area (ha)
Technology 1

(Grass Swale - 80%)
Technology 2

(OGS Unit - 50%)
Combined

Technologies
9 0.31 90.0%

10 0.11 90.0%
11 0.21 50.0%
12 0.28 90.0%
13 0.18 50.0%
14 0.44 50.0%
15 0.32 90.0%
16 0.54 90.0%
17 0.20 50.0%
18 0.25 50.0%

Ext B 2.37 90.0%
Total 5.21 80.2%
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6 Opera�on and Maintenance 

The two technologies proposed for stormwater quality control include enhanced grassed 
swales and OGS units.  The opera�on and maintenance for these devices are commonly known 
to the City and will be familiar to maintenance staff. 

6.1 Enhanced Grassed Swales 

Slight enhancements are proposed to grassed swales to increase the infiltra�on and filtra�on 
effects.  These include the following: 

• Reduced slopes 
• Subdrains 
• Supplemental topsoil 

Rear yard swales are difficult for the City to control and once constructed and turned over to 
private homeowners, the opera�on and maintenance of the swales is no longer the City 
responsibility.  Given, that the water quality improvement success is dependent in part on the 
effec�veness of the swales, we have selected techniques that require no par�cipa�on from the 
private landowners.  The subdrains are placed within a stone trench under the swales and will 
be covered with a greater depth of topsoil.  Other techniques such as extending the stone 
trenches to the surface require more understanding on the part of the landowner to maintain.  
Such enhancements are avoided in favour of the ones listed above. 

Grassed swales need only to be mowed along with the rear yards. 

6.2 OGS Units 

OGS units have proprietary opera�on and maintenance manuals that are prepared by the 
manufacturer.  Their maintenance manual is included in Appendix E.  This manual describes the 
maintenance procedures, how to access the unit and remove accumulated sediment and 
floatables and also includes an opera�on log. 

OGS units will accumulate sediment and should be checked annually.  Accumulated sediment 
can be removed with standard vacuum equipment.  Floatable materials include not only oils, 
but debris.  This can also be removed with the same equipment. 

Removed material must be deposited at an approved site. 
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7 Conclusion 

The proposed Setlers Ridge East – Phase 3 and Towncentre Place developments were reviewed 
for the poten�al for extension of municipal water, sanitary and storm sewers to provide full 
municipal services.   

Jewell found that watermain extensions using 200mm and 250mm pipes with looping will 
adequately meet pressure requirements for domes�c and fire figh�ng purposes.   

The exis�ng 375mm sanitary trunk sewer has sufficient capacity for the two developments and 
the sewer extension provides future connec�on opportuni�es.  The trunk will be reduced to 
300mm at the east intersec�on of Cousins Crescent.  A 300mm trunk sewer will be extended 
along the east leg of Cousins Crescent and a 200mm sewer along the west leg.  A local 250mm 
sewer is provided for Towncentre Place. 

Storm sewers range in size from 300mm to 675mm.  Three new outlets are proposed to the 
exis�ng Norbelle Creek stormwater management system.  Quan�ty control has been 
demonstrated in a separate report by Jewell Engineering in 2017 and in a Design Brief April 11, 
2024 submited under separate cover.  

Stormwater quality treatment is addressed using a combina�on of technologies approach 
including OGS units and grassed swales. The water quality treatment target of Enhanced is 
achieved. 

The water, sanitary and storm sewer systems proposed for SRE Ph 3 and Towncentre 
developments have been designed following the most current ministry and City of Belleville 
design standards. 

Prepared by: Submited by: 

  
Julie Humphries, C.E.T. 
Jewell Engineering Inc. 

Bryon Keene, P.Eng. 
Jewell Engineering Inc. 
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8 References and Specifica�ons 

8.1 Watermain 

The informa�on used to prepare this report is based on the following documents and 
informa�on provided as noted below: 

• City of Belleville Standard Specifica�ons 
o 1010 Watermain Distribu�on – General 
o 1020 Watermain Distribu�on Design – General 
o 1030 Watermain Distribu�on Construc�on – General 
o 1110 Watermain Pipe 
o 1120 Watermain Flow Control Valves 
o 1130 Fire Hydrants 
o 1140 Service Pipes 
o 1150 Meters 
o 1160 Corrosion Protec�on 
o 1170 Temporary Watermains 
o 1190 Commissioning New Watermains 
o SD-WD-1001 Pipe Embedment 
o SD-WD-1002 Mechanical Joint Restraint 
o SD-WD-1010 Deflec�on of Watermain Under New Sewer 
o SD-WD-1011 Deflec�on of Watermain Under Exis�ng Sewer 
o SD-WD-1020 Watermain Pipe Installed in Encasement (Trenchless) 
o SD-WD-1021 Watermain Pipe Installed in Encasement (Open Trench) 
o SD-WD-1030 Styrofoam Insula�on for Exis�ng Shallow Watermains 
o SD-WD-1031 Placement of Watermain Adjacent to Catch Basin 
o SD-WD-1040 Blow-off Assembly 
o SD-WD-1041 Temporary Bacteriological Test Sampling Assembly 
o SD-WD-1101 Fire Hydrant Installa�on 
o SD-WD-1201 Copper Water Service 
o SD-WD-1202 Polyethylene Water Service 
o SD-WD-1210 Styrofoam Insula�on for Exis�ng Shallow Water Services 
o SD-WD-1301 Valve Bypass Assembly 
o SD-WD-1901 Terminology Used for Drinking Water Systems Servicing Buildings 

• Ontario Ministry of Environment 
o Design Guidelines for Drinking-Water Systems, 2008 

• Fire Underwriters Survey 
o Water Supply for Public Fire Protec�on, 2020 
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8.2 Sanitary Sewer 

The informa�on used to prepare this report is based on the following documents and 
informa�on provided as noted below: 

• Ontario Ministry of Environment 
o Design Guidelines for Sewage Works, 2008 
o Design Criteria for Sanitary Sewers, Storm Sewers, and Forcemains for 

Altera�ons Authorized under an Environmental Compliance Approval, v2.0, 2023 
• Climate Atlas (www.climateatlas.ca) 

8.3 Storm Sewer 

The informa�on used to prepare this report is based on the following documents and 
informa�on provided as noted below: 

• Ontario Ministry of Environment 
o Stormwater Management Planning and Design Manual, 2003 
o Design Guidelines for Sewage Works, 2008 
o Design Criteria for Sanitary Sewers, Storm Sewers, and Forcemains for 

Altera�ons Authorized under an Environmental Compliance Approval, v2.0, 2023 
• Ar�cles 

o Pollutant Removal and Hydraulic Reduc�on Performance of Field Grassed Swales 
during Runoff Simula�on Experiments, Terry Lucke et al, Water, 2014 

http://www.climateatlas.ca/
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APPENDIX A: 
MUNICIPAL SERVICING REVIEW AND STUDY UPDATE 

CANNIFTON SECONDARY PLAN 
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APPENDIX B: 
BELLEVILLE WATER POLLUTION CONTROL PLANT 

UNCOMMITTED RESERVE CAPACITY CALCULATION 

  



UNCOMMITTED RESERVE CAPACITY CALCULATION 
BELLEVILLE WATER POLLUTION CONTROL PLANT (2024 – PRELIMINARY) 

 

Cu = Cr – ( [ L x F x P ] ÷ H ) – S 

Cu = Uncommitted Reserve Capacity (m3/day)  

Cr = Hydraulic Reserve Capacity (m3/day)  

L = Number of Unconnected Lots/Units Committed  

P = Existing Connected Population  

H = Number of Households or Residential Connections  

F = Average Daily Flow/Capita (m3/capita/day)  

S = 5% Strategic Reserve Capacity, m3/day 

 

Hydraulic Reserve Capacity, Cr: 

WWTP Rated Capacity    54,500 m3/d   (a)  

2020 Average Daily Flow   29,333 m3/d 

2021 Average Daily Flow    26,447 m3/d 

2022 Average Daily Flow    27,922 m3/d  

3-Year Rolling Average     27,901 m3/d   (b)  

Hydraulic Reserve Capacity, Cr:   26,599 m3/d  (c) = (a) – (b)  

Number of Unconnected Lots/Units, L: 8,291   (d)  

Number of Residential Units, H:    21,774  (e)  

Existing Connected Population, P:   47,771   (f)  

Average Daily Flow/Capita, F:    0.584 m3/cap/d (g) = (b) ÷ (f)  

5% Strategic Reserve Capacity, S:  2,725 m3/d  (h) = 0.05 * (a)  

 

Uncommitted Reserve Capacity, Cu: 

Cu = 26,599 m3/d – ( [8,291 x 0.584 m3/cap/d x 47,771] ÷ 21,774) – 2,725 

Cu = 13,250 m3/d  24% of Plant Capacity Remaining 
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APPENDIX C: 
HYDRO INTERNATIONAL – FIRST DEFENSE 

OGS SIZING REPORTS 

  



  
 
 

Rev. 9.6  
Project Name: Report Date: Paste FD-8HC

Street: City:
Province: Country:
Designer: email: (mm/hr) (%) (%) (%)

0.50 0.4% 91.0% 0.4%
Teatment Parameters: 1.00 13.2% 83.5% 11.0%

Structure ID: 1.50 14.0% 79.1% 11.0%
TSS Goal: 80 % Removal Model TSS Volume 2.00 14.0% 76.0% 10.6%

TSS Particle Size: FD-3HC 40.8% 89.0% 2.50 3.6% 73.6% 2.6%
Area: 5.21 ha FD-4HC 50.2% 96.4% 3.00 2.5% 71.6% 1.8%

Percent Impervious: 45% FD-5HC 58.5% 99.2% 3.50 8.4% 69.9% 5.9%
Rational C value: 0.39 FD-6HC 62.8% 99.7% 4.00 5.1% 68.5% 3.5%

Rainfall Station: MAP FD-8HC 69.2% 100.0% 4.50 1.6% 67.2% 1.1%
Peak Storm Flow: 340 L/s 5.00 5.1% 66.1% 3.3%

6.00 4.8% 64.1% 3.1%
Model Specification: 7.00 4.5% 62.5% 2.8%

8.00 3.5% 61.0% 2.1%
Model: 9.00 2.4% 59.7% 1.5%

Diameter: 2400 mm 10.00 2.5% 58.6% 1.5%
No Bypass Flow: 142.00 L/s 20.00 9.7% 51.1% 4.9%

Peak Flow Capacity: 1416.00 L/s 30.00 2.8% 46.7% 1.3%
Sediment Storage: 2.14 m3 40.00 0.9% 43.6% 0.4%

Oil Storage: 4240.00 L 50.00 0.4% 41.2% 0.2%
100.00 0.6% 33.7% 0.2%

Installation Configuration: 150.00 0.1% 0.0% 0.0%
Placement: Online 200.00 0.0% 0.0% 0.0%

Outlet Pipe Size: 675 mm OK
Inlet Pipe 1 Size: 675 mm OK 69.2%
Inlet Pipe 2 Size: mm OK 100.0%
Inlet Pipe 3 Size: mm OK

Rim Level: 110.327 m Calc Invs.
Outlet Pipe Invert: 108.723 m Additional cover may be required

Invert Pipe 1: 108.750 m Check cover 3.   Rainfall adjusted to 5 min peak intensity based on hourly average.

Invert Pipe 2:  m  
Invert Pipe 3:  m  

Designer Notes:

Belleville, ONT

NJDEP / ETV

Net Annual Removal Model: FD-8HC

Calc. Cn

FD-8HC

RESULTS SUMMARYST106

Raycroft Drive
Ontario
Julie Humphries

2024-03-01Settlers Ridge East Phase 3
Belleville
Canada

Weighted Net 
Annual 

Efficiency
Intensity(1) Fraction of 

Rainfall(1) Removal 
Efficiency(2)

1.   Rainfall Data: 1960:2007, HLY03, Belleville, ONT, 6150700 & 6150689.

#N/A

Total Annual Runoff Volume Treated:
Total Net Annual Removal Efficiency:

Hydro First Defense® - HC



All drawing elevations are metres.

1 Vortex Chamber Diameter 2400 mm Notes:
2 Inlet Pipe Diameter 675 mm
3 Oil Storage Capacity 4240.00 L
4 Min. Provided Sediment Storage Capacity 2.14 m3

5 Outlet Pipe Diameter 675 mm
6  Height(Final Grade to Outlet Invert) 1604 mm
7  Sump Depth(Outlet Invert to Sump) 1130 mm

Total Depth 2734 mm

FD-8HC Specification

Outlet Invert: 108.723Invert Inlet 2:  
Invert Inlet 1: 108.750

Rim Level: 110.327

1604 mm

2200 mm

Hydro First Defense® - HC

Invert Inlet 3:  



  
 
 

Rev. 9.6  
Project Name: Report Date: Paste FD-4HC

Street: City:
Province: Country:
Designer: email: (mm/hr) (%) (%) (%)

0.50 0.4% 105.2% 0.4%
Teatment Parameters: 1.00 13.2% 96.6% 12.8%

Structure ID: 1.50 14.0% 91.6% 12.8%
TSS Goal: 80 % Removal Model TSS Volume 2.00 14.0% 88.0% 12.3%

TSS Particle Size: FD-3HC 70.1% 99.7% 2.50 3.6% 85.3% 3.0%
Area: 0.43 ha FD-4HC 80.3% 100.0% 3.00 2.5% 83.0% 2.1%

Percent Impervious: 60% FD-5HC 81.3% 99.9% 3.50 8.4% 81.1% 6.8%
Rational C value: 0.60 FD-6HC 85.3% 99.9% 4.00 5.1% 79.4% 4.0%

Rainfall Station: MAP FD-8HC 90.5% 99.9% 4.50 1.6% 78.0% 1.2%
Peak Storm Flow: 340 L/s 5.00 5.1% 76.7% 3.9%

6.00 4.8% 74.4% 3.6%
Model Specification: 7.00 4.5% 72.5% 3.3%

8.00 3.5% 70.8% 2.5%
Model: 9.00 2.4% 69.4% 1.7%

Diameter: 1200 mm 10.00 2.5% 68.1% 1.7%
No Bypass Flow: 20.00 L/s 20.00 9.7% 59.5% 5.7%

Peak Flow Capacity: 510.00 L/s 30.00 2.8% 54.4% 1.5%
Sediment Storage: 0.54 m3 40.00 0.9% 50.9% 0.5%

Oil Storage: 723.00 L 50.00 0.4% 48.1% 0.2%
100.00 0.6% 39.5% 0.2%

Installation Configuration: 150.00 0.1% 0.0% 0.0%
Placement: Online 200.00 0.0% 0.0% 0.0%

Outlet Pipe Size: 300 mm OK
Inlet Pipe 1 Size: 300 mm OK 80.3%
Inlet Pipe 2 Size: mm OK 100.0%
Inlet Pipe 3 Size: mm OK

Rim Level: 109.617 m Calc Invs.
Outlet Pipe Invert: 108.526 m OK

Invert Pipe 1: 108.556 m OK 3.   Rainfall adjusted to 5 min peak intensity based on hourly average.

Invert Pipe 2:  m  
Invert Pipe 3:  m  

Designer Notes:

Belleville, ONT

NJDEP / ETV

Net Annual Removal Model: FD-4HC

Calc. Cn

FD-4HC

RESULTS SUMMARYST114

Red Fox Lane
Ontario
Julie Humphries

2024-03-01Towncentre Place
Belleville
Canada

Weighted Net 
Annual 

Efficiency
Intensity(1) Fraction of 

Rainfall(1) Removal 
Efficiency(2)

1.   Rainfall Data: 1960:2007, HLY03, Belleville, ONT, 6150700 & 6150689.

#N/A

Total Annual Runoff Volume Treated:
Total Net Annual Removal Efficiency:

Hydro First Defense® - HC



All drawing elevations are metres.

1 Vortex Chamber Diameter 1200 mm Notes:
2 Inlet Pipe Diameter 300 mm
3 Oil Storage Capacity 723.00 L
4 Min. Provided Sediment Storage Capacity 0.54 m3

5 Outlet Pipe Diameter 300 mm
6  Height(Final Grade to Outlet Invert) 1091 mm
7  Sump Depth(Outlet Invert to Sump) 1130 mm

Total Depth 2221 mm

FD-4HC Specification

Outlet Invert: 108.526Invert Inlet 2:  
Invert Inlet 1: 108.556

Rim Level: 109.617

1091 mm

1510 mm

Hydro First Defense® - HC

Invert Inlet 3:  



  
 
 

Rev. 9.6  
Project Name: Report Date: Paste FD-4HC

Street: City:
Province: Country:
Designer: email: (mm/hr) (%) (%) (%)

0.50 0.4% 100.0% 0.4%
Teatment Parameters: 1.00 13.2% 100.7% 13.3%

Structure ID: 1.50 14.0% 95.7% 13.4%
TSS Goal: 80 % Removal Model TSS Volume 2.00 14.0% 92.1% 12.9%

TSS Particle Size: FD-3HC 73.6% 99.9% 2.50 3.6% 89.3% 3.2%
Area: 0.31 ha FD-4HC 84.3% 100.0% 3.00 2.5% 87.1% 2.2%

Percent Impervious: 60% FD-5HC 84.9% 99.9% 3.50 8.4% 85.1% 7.2%
Rational C value: 0.60 FD-6HC 88.4% 99.9% 4.00 5.1% 83.5% 4.2%

Rainfall Station: MAP FD-8HC 92.8% 99.9% 4.50 1.6% 82.0% 1.3%
Peak Storm Flow: 340 L/s 5.00 5.1% 80.7% 4.1%

6.00 4.8% 78.5% 3.7%
Model Specification: 7.00 4.5% 76.6% 3.4%

8.00 3.5% 74.9% 2.6%
Model: 9.00 2.4% 73.4% 1.8%

Diameter: 1200 mm 10.00 2.5% 72.1% 1.8%
No Bypass Flow: 20.00 L/s 20.00 9.7% 63.5% 6.1%

Peak Flow Capacity: 510.00 L/s 30.00 2.8% 58.5% 1.6%
Sediment Storage: 0.54 m3 40.00 0.9% 54.9% 0.5%

Oil Storage: 723.00 L 50.00 0.4% 52.2% 0.2%
100.00 0.6% 43.6% 0.2%

Installation Configuration: 150.00 0.1% 38.5% 0.0%
Placement: Online 200.00 0.0% 0.0% 0.0%

Outlet Pipe Size: 300 mm OK
Inlet Pipe 1 Size: 300 mm OK 84.3%
Inlet Pipe 2 Size: mm OK 100.0%
Inlet Pipe 3 Size: mm OK

Rim Level: 111.207 m Calc Invs.
Outlet Pipe Invert: 109.096 m OK

Invert Pipe 1: 109.096 m OK 3.   Rainfall adjusted to 5 min peak intensity based on hourly average.

Invert Pipe 2:  m  
Invert Pipe 3:  m  

Designer Notes:

Belleville, ONT

NJDEP / ETV

Net Annual Removal Model: FD-4HC

Calc. Cn

FD-4HC

RESULTS SUMMARYST116

Red Fox Lane
Ontario
Julie Humphries

2024-03-01Towncentre Place
Belleville
Canada

Weighted Net 
Annual 

Efficiency
Intensity(1) Fraction of 

Rainfall(1) Removal 
Efficiency(2)

1.   Rainfall Data: 1960:2007, HLY03, Belleville, ONT, 6150700 & 6150689.

#N/A

Total Annual Runoff Volume Treated:
Total Net Annual Removal Efficiency:

Hydro First Defense® - HC



All drawing elevations are metres.

1 Vortex Chamber Diameter 1200 mm Notes:
2 Inlet Pipe Diameter 300 mm
3 Oil Storage Capacity 723.00 L
4 Min. Provided Sediment Storage Capacity 0.54 m3

5 Outlet Pipe Diameter 300 mm
6  Height(Final Grade to Outlet Invert) 2111 mm
7  Sump Depth(Outlet Invert to Sump) 1130 mm

Total Depth 3241 mm

FD-4HC Specification

Outlet Invert: 109.096Invert Inlet 2:  
Invert Inlet 1: 109.096

Rim Level: 111.207

2111 mm

1510 mm

Hydro First Defense® - HC

Invert Inlet 3:  
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APPENDIX D: 
POLLUTANT REMOVAL AND HYDRAULIC REDUCTION PERFORMANCE 

ARTICLE BY TERRY LUCKE ET AL 
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Abstract: Four different field swales were tested in this study, using 24 standardised 

synthetic runoff simulation experiments to evaluate their performance in removing Total 

Suspended Solids (TSS), Total Nitrogen (TN) and Total Phosphorous (TP) from 

stormwater runoff. Hydraulic reduction capability of the swales was also assessed. The 

study demonstrated that a swale’s TSS removal performance is highly dependent on the 

inlet TSS concentrations. Results showed that between 50% and 80% of the TSS was 

generally removed within the first 10 m of the swale length. The study found no reduction 

in TN concentrations due to treatment by the swales. However, it did demonstrate a 

reduction in measured TP levels of between 20% and 23% between the inlet and the outlet. 

The study results demonstrated that swales can be successfully used to attenuate peak 

stormwater flow rates, reduce runoff volumes and to improve the quality of stormwater 

runoff, particularly in runoff with high concentrations of TSS and TP. The results from this 

study will assist designers to estimate the appropriate length of swale required to achieve 

specific TSS and TP pollution reductions in urban stormwater runoff and to reduce 

downstream runoff volumes. 

Keywords: swales; stormwater pollution; total suspended solids (TSS); particle size 

distribution (PSD); stormwater treatment train 
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1. Introduction 

Grassed swales are increasingly being used in a variety of engineering applications to transport 

polluted stormwater runoff to downstream catchments in an efficient, economic and aesthetically 

pleasing way. In addition, swales reduce runoff pollutants, require little maintenance, and can be easily 

incorporated in projects that require a cost-effective stormwater conveyance system. This can often 

make swales a better choice than traditional curb-and-gutter systems [1]. It has been demonstrated that 

grassed swales minimise stormwater runoff pollution levels [2] by reducing stormwater flow 

velocities, which decreases peak outlet discharges and allows filtering and sedimentation processes to 

occur within the swale.  

Research has shown swales can be used as stormwater runoff pre-treatment systems which reduce 

the need for downstream treatment facilities [3]. Water Sensitive Urban Design (WSUD) guidelines 

recommend cost-effective and sustainable non-point-source stormwater pollution treatment options. 

These can include incorporating swales into urban catchments for treating polluted stormwater runoff 

prior to discharge into receiving waters [4]. WSUD is about integrating water cycle management into 

urban planning and design. The principles of WSUD are similar to those of Sustainable Urban 

Drainage System (SUDS) design in Europe and Low Impact Development (LID) in America [5].  

Despite significant literature sources reporting the benefits of grassed swales to treat urban 

stormwater runoff, a fully comprehensive understanding of the design and performance characteristics 

of swales is still not apparent [6]. This investigation builds on previous swale research with a particular 

focus on swale length, and how it influences the stormwater attenuation and pollution removal 

capabilities of grassed swales.  

2. Previous Research 

Numerous researchers have reported that swales substantially reduce runoff volumes. Ackerman 

and Stein [7] demonstrated that grassed swales reduce mean runoff volume by approximately 52.5%. 

Barrett [8] reported that swales may have the potential to infiltrate up to 50% of the runoff volume, 

provided the soil is permeable and the initial moisture content of that soil is low. Fassman and Liao [3] 

monitored field swales in New Zealand under natural storm conditions and concluded that, on average, 

73.6% of the peak flow discharge was dampened by swales, while 63.7% of the total volume was 

captured. Bäckström et al. [9], and Fassman and Liao [3] noted complete capture of runoff by swales 

when rainfall events of less than 2 mm occurred. Yousef et al. [10] and Deletic [11] also reported 

significant runoff reduction by swales. Barrett [8] concluded that the reduction in runoff volume also 

meant that the total pollutant constituent load was reduced, including nutrient loads, which generally 

exhibit little change in concentration due to treatment by swales. Increased stormwater retention time, 

and reduced peak flow rates by swales has the potential to significantly improve the quality of 

stormwater runoff [7,8].  

Previous research agrees that swales remove pollutants through the processes of sedimentation, 

filtration by grass blades, infiltration into the subsurface zone and bio-chemical processes [2,6,12]. 

Previous research also reports that swale length, slope, vegetation cover and soil type, all factor into 

pollution removal performance. Pollutant properties, such as the sediment particle size distributions 
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(PSD) and concentrations, and the amount of particulate bound pollutants also directly affects the 

pollutant treatment efficiency of swales [1,13,14]. 

Due to their ability to trap sediments, and consequently pollutant constituents attached to particulate 

matter, many researchers have measured the pollution reducing efficiency of swales based on total 

suspended solids (TSS) removal. A summary of previous studies on the TSS removal performance of 

grassed swales is listed in Table 1. 

Table 1. Previous studies on the Total Suspended Solids (TSS) removal performance of swales.  

Literature Source 

TSS Removal Performance 

of Grassed Swales (%) 
Remarks 

Range 
Mean 

(Median) 

Ackerman and Stein (2008) [7] 

41–84 70.6 (72) * Review of ten different swales studies 

80–99 89 (87) 
* Review from five different peer reviewed swale study sources; 

** TSS load reduction 

Barrett et al. (1998) [2] 85–87 86 

* Studied two field swales of 1055 m and 356 m long tested under 

real runoff events (n = 34);  

** TSS concentration (EMC) reduction 

Deletic and Fletcher (2006) [15] 

(review section) 
 72 (76) * Review of 18 swale study sources 

Deletic and Fletcher (2006) [15] 

61–86  
* A 6.2 m field grass channel studied with runoff simulation;  

** TSS concentration (EMC) reduction 

 69 
* A 65 m long field swale with runoff simulation;  

** TSS load reduction 

Bäckström (2002) [13] 79–98  
* Simulation study on nine different swales of 5–10 m long;  

** TSS concentration (EMC) reduction 

Yu et al. (2001) [12] 67.2–94  

* From two field swale studies, one with a 30 m long swale using 

runoff simulation and other swale of 274.5 m with real time events 

(n = 4); ** mass sediment removal 

Lloyd et al. (2001) [16]  74 
* A 35 m long swale tested with runoff simulation;  

** TSS load removal 

Bäckström et al. (2006) [9]  15 

* Field swale of 110 m long under real storm events (n = 7);  

** TSS EMC removal; *** few negative TSS removals were also 

observed in the study 

Kaighn and Yu (1996) [1] 29.7–49  
* Results from two 30 m long field swales studied under real storm 

events (n = 8); ** TSS EMC removal 

Scheuler (1994) [17] 65–98  

* Results from three 61 m long field swales tested under real storm 

events; *** one swale showed negative TSS removal due to 

erosion, which was not given in the range). This finding was 

verified by Winston et al. (2012) [18] who also found that erosion 

within a swale caused negative percent reductions for TSS. 

Stagge et al. (2012) [6] 44.1–82.7  

* Two field swales of 198 m and 138 m long tested with different 

configurations under real events (n = 45);  

** mass TSS removal 

Mean 61.3–86.4 67.9 (78.3)  Arithmetic mean of the listed literature performance data 
Notes: * type of swales used in the study and experimental method used and number of real storm events (n) sampled;  

** TSS measurement method employed in the respective study; *** any specific observations noted; blank cells mean 

relevant data wasn’t available; EMC—event mean concentration of pollutants.  
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Bäckström [13] found sedimentation of the coarse particles (>25 µm) within the first few metres of 

the swale length was the most significant factor in removing TSS from runoff, followed by filtration by 

grass blades predominantly in shallower flow regimes that often correspond to low to moderate 

intensity rainfall events. Bäckström [13] also reported that laboratory tests on swales generally 

performed better than field swale tests in sediment trapping. Five metre long field swales showed 

efficient removal of particles coarser than 25 µm. However, when the lengths of the swales were 

doubled, particles smaller than 25 µm were also trapped. Bäckström et al. [9] confirmed his earlier 

findings of sediment trapping using a 110 m long roadside grassed swale in Södra Hamnleden, 

Sweden, under different real rainfall and runoff events. This study revealed that particles larger than  

25 µm were effectively trapped by the swale. However, this study found that sediments finer than  

25 µm were not retained, and were transported out of the swale, which was in contrast to the earlier 

study results [13]. Bäckström et al. [9] attributed the export of finer sediment to higher flow rates that 

occurred under real runoff conditions. They concluded [9] that further studies are needed to improve 

the understanding of the capacity of swales to trap finer particles. Deletic’s [14] experimental study on 

swales concluded that a substantial proportion of sediment particles larger than 57 µm in size were 

trapped by grassed swales. She also found that the removal efficiency of grassed swales was very low 

for particles smaller than 5.8 µm.  

Previous studies have also looked into the nutrient removal performance by swales. Nutrients such 

as nitrogen and phosphorous were mostly considered in those studies due to their impact on urban 

waterways. Removal of total nitrogen (TN) in swales was found to be variable [15–17]. Other 

researchers reported that the removal of TSS particles finer than 150 µm would increase removal of 

total phosphorous (TP), because approximately 70% of the TP present in urban runoff is bound to 

particulates [6]. It has been suggested that relevant chemical or biological processes need to take place 

to significantly remove these nutrients, particularly the dissolved components [12]. However, it is 

unclear whether swale systems provide adequate Hydraulic Retention Time for these processes to 

occur [18]. Tables 2 and 3 list previous research results on the TN and TP removal performance by 

swales respectively.  

It appears from the literature reviewed above that there are significant knowledge gaps relating to 

the ability of swales to remove pollutants from stormwater runoff. This study investigated the pollutant 

removal performances of field swales under simulated runoff conditions. As swales convey runoff to 

downstream water bodies, the main focus of the study was to investigate the level of pollution removal 

performance that can be expected from grass swales used to treat stormwater runoff before it reaches 

receiving waters. The study focussed on the three most common pollutants of concern to WSUD 

practitioners, namely: TSS, TN and TP. The particle size distributions (PSD) of the sediment trapped by 

the swales, runoff volume reduction, and peak discharge attenuation were also investigated in the study.  
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Table 2. Previous studies on the Total Nitrogen (TN) removal performance of swales.  

Literature Source 

TN removal performance of 

grassed swales (%) Remarks  

Range Mean (Median) 

Deletic and Fletcher’s [15] 

review (2006) 
 45 (50) * Review of 13 swale study sources 

Deletic and Fletcher 

(2006) [15] 
 56 

* A 65 m long field swale with runoff simulation;  

** TN load reduction 

Yu et al. (2001) [12] 13.8–23.1  

* From two field swale studies, one with a 30 m long swale with runoff 

simulation and other swale of 274.5 m with real time events (n = 4);  

** mass TN removal 

Lloyd et al. (2001) [16]  Nil * A 35 m long swale tested with runoff simulation; ** TN load removal 

Scheuler (1994) [17] (−X)–46.5  
*Results from three 61 m long field swales tested under real storm events; 

(*** one swale showed TN export of a certain negative percentage) 

Stagge et al. (2012) [6] (−25.6)–85.6 
 

* Two field swales of 198 m and 138 m long tested with different 

configurations under real events (n = 45); ** mass TN removal 

Yousef et al. (1987) [10] (−7)–11  
* From two field swales of 53 m and 170 m long under simulated runoff 

events; ** EMC reduction 

Mean −6.3–41.2 33.7 (50) Arithmetic mean of the listed literature performance data 
Notes: * type of swales used in the study and experimental method used and number of real storm events (n) 
sampled; ** TN measurement method employed in the respective study; *** any specific observations noted; 
−X is an unknown negative value; blank cells mean relevant data wasn’t available; EM—event mean 
concentration of pollutants.  

Table 3. Previous studies on the Total Phosphorous (TP) removal performance of swales.  

Literature Source 

TP removal performance of 

grassed swales (%) Remarks  

Range Mean (Median) 

Barrett et al. (1998) [2] 34–44 39 
* In two field swales of 1,055 m and 356 m long + tested under real 

runoff events (n = 34); ** TP concentration (EMC) reduction 

Deletic and Fletcher’s [15] 

review (2006) 
 52 (55) * Review of 20 swale study sources 

Deletic and Fletcher 

(2006) [15] 
 46 * A 65 m long field swale with runoff simulation; ** TP load reduction 

Yu et al. (2001) [12] 28.8–98.6  

* From two field swale studies, one with a 30 m long swale with runoff 

simulation and other swale of 274.5 m with real time events (n = 4);  

** mass TP removal 

Lloyd et al. (2001) [16]  55 * A 35 m long swale tested with runoff simulation; ** TP load removal 

Kaighn and Yu (1996) [1] (−0.4)–33  
* Results from two 30 m long field swales tested under real storm events 

(n = 8); ** EMC removal 

Scheuler (1994) [17] 18–41  * Results from three 61 m long field swales tested under real storm events  

Stagge et al. (2012) [6] (−49.6)–68.7  
* Two field swales of 198 m and 138 m long tested with different 

configurations under real events (n = 45); ** mass TP removal 

Yousef et al. (1987) [10] 3–25  
* From two field swales of 53 m and 170 m long under simulated runoff 

events; ** EMC reduction 

Mean 5.6–51.7 48 (55) Arithmetic mean of the listed literature performance data 
Notes: * type of swales used in the study and experimental method used and number of real storm events (n) 
sampled; ** TP measurement method employed in the respective study; *** any specific observations noted; 
blank cells mean relevant data wasn’t available; EMC—event mean concentration of pollutants.  
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3. Study Objectives 

The main goal of this study was to evaluate the overall performance of grass swales in improving 

urban stormwater runoff quality and mitigating runoff quantity. Four different grassed swales on the 

Sunshine Coast in Australia were studied using controlled stormwater runoff simulation experiments to 

evaluate their pollution removal performance. The specific objectives of this research project were to: 

 Correlate the overall TSS removal efficiency of the swales to their length; 

 Determine the relationship between the trapping efficiency of various sediment size fractions 

and swale length;  

 Evaluate the nutrient removal performance of swales relative to their length;  

 Understand the effects of varying influent pollutant concentrations on the swale pollution 

removal performance; and 

 Evaluate the hydrological control characteristics of swales.  

4. Experimental Methodology 

The stormwater pollutant removal performance of four different field swale installations was 

monitored during 24 controlled field runoff simulation experiments. Controlled field runoff 

simulations were selected for the study because of their reliability and the difficulties in sampling real 

time precipitation runoff events. The experiments were designed to compare selected water quality 

parameters in the influent and effluent runoff. Three different pollutants were tested, namely: TSS, TN 

and TP. TSS was sampled every 5 m along the swale length and the nutrients TN and TP were tested 

every 10 m. Four different pollutant concentrations were used in the experiments as shown in Table 4. 

The reduction in flow rates due to infiltration along the swales was also measured. It must be noted 

that the pollution loads for the C and D tests are much higher than typical nutrient and sediment 

concentrations in stormwater runoff in Australia and these were included to ensure that differences in 

results could be measured.  

Table 4. Synthetic runoff pollutant constituents and test types used in simulation experiments.  

Pollutant 

constituents 

Test types and design pollutant mix 

concentrations (mg/L) 
Concentrations observed at swale inlets (mg/L) 

Test A 

(TA)  

Test B 

(TB) 

Test C 

(TC)  

Test D 

(TD)  

Test A 

(TA)  

Test B 

(TB) 

Test C 

(TC)  

Test D 

(TD)  

Total suspended  

solid (TSS)–Silica 
0 150 750 1500 0–19 67–96 283–451 511–1211 

Total nitrogen  

(TN)–KNO3 
0 1.000 5.000 10.000 0.115–0.209 1.120–1.270 4.926–5.384 9.495–10.520 

Total phosphorous 

(TP)–KH2PO4 
0 1.000 5.000 10.000 0.088–0.261 0.947–1.245 3.868–5.145 8.570–11.650 

Three of the swales tested were located on the campus of the University of the Sunshine Coast 

(identified as USC, IC, and CPB in Table 5). The fourth swale was located in Caloundra, Sunshine 

Coast (identified as SC in Table 5). The swale size, shape, length and slope are also given in Table 5. 
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The four swales were between 30 and 35 m in length. Figure 1 shows the CPB swale that was used in 

simulation experiments. All four study swales had similar characteristics with the grass type of kikuyu 

(Pennisetum clandestinum). Experiments were performed in swales within seven days of mowing, and 

the grass heights were varied between 10 and 60 mm.  

Table 5. Study swale characteristics.  

Swale Name 

Swale characteristics 

Length 
(m) 

Shape Dimensions (m) 
Slope 
(%) 

Grass type and 
grass height (mm) 

USC Engineering (USC) 35 Triangular b = 4.0, h = 0.16 <1 Kikuyu, 10–60 
Sports Complex (SC) 35 Triangular b = 6.1, h = 0.44 <1 Kikuyu, 10–60 

Innovation Centre (IC) 35 Triangular b = 3.0, h = 0.35 1 Kikuyu, 10–60 
Car Park–B (CPB) 30 Triangular b = 4.3, h = 0.49 1 Kikuyu, 10–60 

Notes: * b—top width of swales in metres; h—mid height of swales in metres; all swales were tested under 

recently mowed conditions (within seven days of mowing) under which grass heights were varying between 10 

and 60 mm. 

Figure 1. Car Park-B (CPB) swale used in simulation experiments.  

 

Experiments were conducted in 2012 and 2013, identified as R1 (Round 1) and R2 (Round 2) in 

Table 6. The experiments were conducted at least one day apart in order to allow the soil moisture to 

stabilise between tests. A runoff simulation approach similar to that used by Deletic and Fletcher [15] 

was employed in this field study. Each round (R1 and R2) had 12 individual experimental runs. To 

simulate the rainfall events, a 2000 L tank filled with clean water was used. The first set of 

experiments in 2012 (R1) were conducted using an average inflow rate of approximately 1.6 L/s for  

21 min. The selected flow rate and the duration were limited by the capacity of the tank. However, this 
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flow rate was considered to be appropriate to simulate a one year, 21 min, average recurrence interval 

(ARI), naturally occurring storm event (rainfall intensity = 29.3 mm/h) typically experienced on the 

Sunshine Coast. 

Table 6. Experimental arrangements and tested parameters.  

Test Name 
Swale 

Name 
Experiment Inflow 

IVMC 

(%) 

Outflow 

(%) 
WQ Tests 

Round—R1 

(Experiments 

performed in 

2012) 

USC 

Engineering 

(USC) 

R1-USC-TA 

2000 L of runoff 

delivered into the 

swales at an 

approximate 

average flow rate of 

1.6 L/s (simulating 

21 min runoff 

events) 

NM NM 

TSS, TN & TP (Samples 

collected at every 5 m 

along swales and analysed 

for these WQ parameters) 

R1-USC-TB 

R1-USC-TC 

R1-USC-TD 

Sports 

Complex 

(SC) 

R1-SC-TA 

R1-SC-TB 

R1-SC-TC 

R1-SC-TD 

Innovation 

Centre (IC) 

R1-IC-TA 

R1-IC-TB 

R1-IC-TC 

R1-IC-TD 

Round—R2 

(Experiments 

performed in 

2013) 

USC 

Engineering 

(USC) 

R2-USC-TA 

2000 L of runoff 

delivered into the 

swales under 

varying flow rates 

of 0.5–2.0 L/s 

(simulating 30 min 

runoff events) 

39.5 NM 

TSS, TN, TP & PSD (TSS 

and PSD analysis 

performed on samples 

collected at every 5 m 

along swales and nutrient 

tests were performed with 

every 10 m samples) 

R2-USC-TB 45.6 NM 

R2-USC-TC 10.2 46.5 

R2-USC-TD 34.3 53.5 

Sports 

Complex 

(SC) 

R2-SC-TA 47.2 NM 

R2-SC-TB 27.6 NM 

R2-SC-TC 11.3 0 

R2-SC-TD 19.5 0 

Car Park–B 

(CPB) 

R2-CPB-TA 35.0 42.1 

R2-CPB-TB 52.0 68.1 

R2-CPB-TC 48.5 75.0 

R2-CPB-TD 52.3 88.3 

Notes: * IVMC—initial volumetric moisture content of swales; Outflow—outflow measured as a percentage 

of inflow; NM—not measured; WQ tests—water quality tests performed in respective experiments; 

experiment names should be read as Round#-Swale name-Test type as shown in Table 5 (e.g., R1-USC-TA).  

In 2013 (R2), the Innovation Centre (IC) swale was replaced by Car Park-B (CPB) swale for field 

simulation experiments due to non-accessibility to the IC swale. For the second set of experiments 

(R2) conducted in 2013, the swale inflow rates were varied from between 0.5 and 2.0 L/s based on the 

hydrograph from a one year, 30 min ARI rainfall event. Inflow rates were regulated using an 

electromagnetic flow meter to measure and a valve at the 2000 L tank outlet. The PSD of the water 

sample sediment was also analysed. In R2, initial swale moisture contents of swales were measured, 

and swale outflow measurements were also performed (Table 6). The moisture content of the swale 

soil profile was measured at different locations using a moisture probe that records volumetric 

moisture content of the soil matrix. The average measured moisture value can be seen in Table 6 in the 
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IVMC column. The flow rate at the outlet was measured continuously throughout the event using a 

sharp edged V-notch weir during R2 experiments.  

Synthetic pollutant constituents were used in the experiments to simulate runoff pollutant levels, 

which allowed finer control of their concentration levels. Both R1 and R2 experiments were designed 

with different pollutant concentrations in order to help understand the performance of swales under 

varying pollutant discharges. This can be related to conditions occurring during the “first flush” 

phenomenon events, as well as typical pollutant loads. Each swale was tested under four different inlet 

pollutant loading conditions referred to as TA, TB, TC and TD as in Table 4.  

Test-A (TA) was a control experiment, with no added pollutants, to determine the background 

concentration of the pollutant constituents in each swale tested. All other test runs were carried out 

with the addition of pollutants as shown in Table 4. Test-B (TB) was designed to simulate urban runoff 

pollutant concentrations typically found in Australian urban catchments [15,19]. Commercially 

available silica powder, which closely resembled the PSD of sediment found in urban runoff, was used 

as the synthetic TSS constituent in the simulated stormwater inside the tank. Chemical reagents KNO3 

and KH2PO4 were used to simulate the TN and TP loads respectively. Test-C (TC) and Test-D (TD) 

were comprised of pollutant concentrations five times and ten times higher than typical Australian 

urban stormwater pollutant concentrations.  

To ensure a relatively homogeneous water column inside the tank, and to maintain constant 

concentrations of influent pollutant concentrations at the swale inlet, a stirring system using a 

submersible pump was used inside the 2000 L tank. Synthetic runoff water inside the tank was mixed 

for 30 min before each experiment, and during each runoff simulation.  

Marginal variations in the swale inlet TN and TP concentrations could be attributed to the 

compound effect of nutrients attached to settled sediments within the tank, and from residual nutrients 

inside the tank or water (Table 4). Swale inlet pollutant concentrations found during Test-A 

experiments represent the background pollutants present in the clean water. Samples from the tank 

outlet every five minutes revealed that outflow concentrations of TSS could vary by up to ±10% 

during simulations, possibly due to settling of larger particles in the tank. 

The release of runoff into the swale was adjusted to different inflow hydrographs and took place for 

21 min in R1 experiments and for 30 min in R2 experiments.  

Manual grab samples were collected at selected sampling points located along the length of the 

swales. Figure 2 shows the conceptual swale testing setup and typical swale testing locations. Water 

samples were collected at the inlet, the outlet and at every either 5 m (for TSS, TN & TP in R1 and for 

TSS in R2) or 10 m (for TN & TP in R2) along the length of the swale (Table 5, Figure 2). Three 

individual samples of 300 mL were collected at each of the sampling locations at between 10 and 15 min 

intervals during the experiments. The three samples were later mixed together to form composite 

samples for each sampling point. Sampling was undertaken carefully to avoid disturbing the swale bed.  

Collected samples were taken to the USC analytical lab within three hours of the field collection. 

Each water sample was preserved in accordance with the Standard Methods for the Examination of 

Water and Wastewater and then analysed for TSS, TN and TP according to APHA/AWWA/WEF [20]. 

Each sample was analysed for PSD of the suspended solid contents using a laser particle sizer—Malvern 

Mastersizer 3000 [21].  
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Figure 2. Conceptual swale testing setup.  

 

5. Results and Discussion 

5.1. Hydraulic Performance of Swales  

Figure 3 shows the swale inlet hydrograph, and the outflow hydrographs measured at the swale 

outlet during the different R2 experiments. Flow rates at the outlet reached a peak after approximately 

20 min and then decreased exponentially to nearly zero flow after approximately 80 min. Figure 3 

shows that a lag time of approximately 13 min was recorded after the start of the tests before any flow 

was measured at the outlet. While the flow into the swales ceased after 30 min, trickle flows were 

recorded at the outlet for up to 120 min after the start of the tests. Flow measurements demonstrated a 

mean total flow reduction of 52% in the 30 m long swales studied, with a peak flow reduction of 61% 

occurring in one of the study swales. As expected, more infiltration (and hence greater flow reduction) 

was observed in swales with low initial soil moisture contents.  

Figure 3. Inlet and outlet hydrographs of flow measured experiments in R2.  
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The results in Figure 3 demonstrate that swales can be used successfully to attenuate peak 

stormwater flow rates and to significantly reduce runoff volumes to downstream water courses. The 

increased runoff retention and peak flow reduction shown by the swales in this study have also 

suggested that they have the potential to significantly improve the quality of stormwater. 

5.2. TSS Removal Performance of Swales  

The average TSS concentrations measured at 5 m intervals for 30 m along the four study swales for 

tests TA, TB, TC & TD are shown in Figure 4. The figure clearly shows an exponential decay of TSS 

concentration along the swale, particularly at the higher pollutant loading tests, TC and TD. This trend 

agrees with previous research by Deletic [14] who reported an exponential decline of TSS 

concentration corresponding to swale length. Test-B data points also show an exponential decay of 

TSS concentration along the swale length, although this was less pronounced.  

Figure 4. Measured TSS concentrations along the swale length.  

 

TSS concentrations measured during the TA tests showed that the swales had background TSS 

concentration values of between 0 and 40 mg/L. This agrees with pervious research finds [15,16,18]. It 

was hypothesised that these background TSS concentrations may have been due to disturbance of the 

swale bed during sampling or potential scouring of sediments by the runoff along the swale. Measured 

TSS concentrations below 40 mg/L for all other tests therefore led to variability in the results with 

some values showing slight increases along the swale length. The study results demonstrate that a 

swale’s TSS removal performance is highly dependent on the inlet concentrations as was shown in 

previous research [15,16,18]. Results of TA and TB have demonstrated the difficulty in quantifying the 

efficiency of stormwater treatment devices with very low inlet pollutant concentrations (<40 mg/L).  

Figure 4 demonstrates that the swales tested in the study were effective in reducing the higher TSS 

concentrations in the TC and TD tests. The results of the TC and TD tests also show that swales can 
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treat higher pollution loads typically associated with the “first flush” phenomenon. Results showed that 

between 50% and 80% of the TSS was generally removed within the first 10 m of the swales. A further 

10% to 20% reduction in TSS concentrations can be expected in swales up to 30 m long. Figure 4 also 

shows that there was a substantial decline in the TSS removal rate after the initial between 10 and 15 m 

length of the swales and the removal rate becomes very low from that point on. The results of TSS 

removal by swales in this study generally agreed with previous research results (Table 1). 

5.3. Sediment Particle Size Removal Efficiency of Swales  

PSDs of the swale synthetic sediment (silica) inlet samples were relatively uniform for all the 

experiments. Figure 5 shows the variation in PSDs of the samples collected at 5 m intervals along the 

length of the swale for the R2-USC-TD experiment. There is a substantial difference between the PSD 

samples collected at the swale inlet and the samples collected within the first five to ten metres 

suggesting that the larger sediment particles were removed in this initial length. However the PSD of 

samples collected after 15 m show little difference in size. PSD curves followed a relatively similar 

pattern for the other R2 experimental runs performed under TB, TC and TD test conditions.  

Figure 5. PSD0 of the samples collected during R2-USC-TD experiment.  

 

The variation in the D10, D50 and D90 sediment sizes along the swales under TC conditions is shown 

in Figure 6. D50 and D90 values decreased rapidly within the first 10 m of the swale length and then 

continued to slowly decrease. D90 values declined steadily from approximately 58 µm at the inlet, to 

approximately 18 µm at the 25 m swale length point. It then increased slightly to approximately 27 µm 

at the 30 m point. The reason for the slight rise was not confirmed. However, it was hypothesised that 

it may have been due to the soil erosion occurring in the swale, or due to some minor disturbances 

potentially caused to the swale bed during sampling. No noticeable change was recorded in the D10 

values along the length of the swale for the TC tests.  
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Figure 6. Average D10, D50 and D90 values along the swale length during Test-C experiments.  

 

The variation of the particle size parameters D10, D50 and D90 along the swales under TD conditions 

is shown in Figure 7. D50 and D90 values decreased rapidly within the first 10 m of the swale length 

and then continued to slowly decrease. D90 values declined steadily from approximately 65 µm at the 

inlet, to approximately 24 µm at the 10 m swale length point. It then continued to decrease slightly 

along the rest of the swale length to a value of 15 µm at the 30 m point. A slight decrease in the D10 

values from approximately 3 µm to 2 µm was measured after a length of 5 m, after which time the 

value remained relatively constant.  

Figure 7. Average D10, D50 and D90 values along the swale length during Test-D experiments. 

 

The trends and variations of PSD along the swale suggested a clear relationship with the TSS 

removal (Figure 4). Sedimentation processes and removal of larger sediment particles may explain the 

higher TSS removal rates within the first 10–15 m of the swales (Figure 4). Similarly, the minimal 
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changes in D50 and D90 after the first 15 m mirrored the TSS reduction occurring in the initial part of 

the swale. The results shown in Figure 7 also showed that swales evaluated in this study were not 

effective in capturing particles finer than 20 µm. However, potential scouring and minor disturbances 

to the soil during sampling may have led to the varying sediment performance shown in the TA and 

TB experiments.  

The study has found that swales can be used effectively as a primary treatment measure to remove 

larger sediment from stormwater runoff. The results showed that the first 15 m of the swale length is 

the most effective in treating the bulk of the TSS. This suggests that the installation of unnecessarily 

long swales to treat TSS pollutants may not be the optimal solution.  

The selection of swales as a primary stormwater treatment measure could significantly affect the 

design requirements of downstream (or secondary) treatment systems. As the swales were generally 

shown to be successful in removing particles larger than 20 µm, this suggests that swales could be used 

in a stormwater treatment train as a pre-treatment to prevent clogging in downstream treatment 

systems. Results of this study also confirm that a comprehensive understanding of TSS removal and 

PSD reduction along the swale length is important in the design and sizing of swales, particularly when 

planning the construction of an urban stormwater runoff treatment train system. 

5.4. Nutrient Removal Performance of Swales  

The average TN concentrations measured at 10 m intervals along the four swales during the four 

tests (TA-TD) are shown in Figure 8. The results demonstrate that there was no reduction in TN levels 

measured along the length of the swales for any of the four tests. Indeed, for the TB and TA 

experiments, the TN concentrations appeared to increase. However, the measured TN levels were low 

in comparison to runoff from other sites such as highways and carparks and it was hypothesised that 

leaching of nitrogen components from the swales may have caused the TN increases measured during 

the TA and TB experiments.  

Figure 8. Average TN concentrations for all study swales measured at 10 m intervals.  
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The experimental results demonstrated that the swales were not effective in removing TN from the 

synthetic stormwater runoff used in the study. This result is in contrast to a number of previous study 

results (Table 3). However, the sediment reduction achieved in the swales may also result in a reduction 

in the overall amount of TN leaving the swales as nutrients are known to attach to sediment particles.  

The average TP concentrations measured at 10 m intervals along the four swales during the four 

tests (TA-TD) are shown in Figure 9. The results show that there was between 20% and 23% reduction 

in measured TP levels between the inlet and the outlet for the TB, TC and TD tests. The uptake of TP 

along the swale during the simulation experiments may be attributed to several phosphorous trapping 

mechanisms that can occur when high TP concentrations are present. Other than direct removal of TP 

onto the surface of grass and soil within the swale, phosphorous from the simulated runoff may have 

been adsorbed by finer sediments that settled while flowing in the swales. In addition, the high TSS 

removal rates shown by swales (Figure 4) may have also assisted in the TP removal performance [6]. 

However, the results in Figure 9 show there was a substantial increase (61%) in the TP levels between 

the inlet and the outlet for the TA tests. This was presumably due to leaching of phosphorous 

components along the swales. The residual of the fertilizers that was used in the tested swales to 

maintain grass growth may have been contributed to this phosphorous leaching.  

Figure 9. Average TP concentrations for all study swales measured at 10 m intervals.  

 

Differences in the nutrient removal performance of the swales used in this study, compared to 

previous study results may be attributed to a number of causes, including the testing conditions under 

which the experiments were performed. For example, the synthetic nutrients (i.e., chemical reagents) 

used in this study to replicate runoff nutrients were fully dissolved in the simulated stormwater. Real 

stormwater runoff also contains nutrients in particulate form and the methodology used in this study 

did not account for these pollutant types.  
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6. Conclusions  

Four different field swales were tested during 24 standardised synthetic runoff simulation 

experiments under varying pollutant loading conditions to evaluate their performance in removing 

TSS, TN and TP from stormwater runoff. Hydraulic reduction capability of the swales was also 

assessed by flow measurements carried out at the outlet of the swale during some of the experiments. 

Flow measurements demonstrated a mean total flow reduction of 52% in the 30 m long swales 

studied, with a peak flow reduction of 61%. The initial soil moisture content of a swale was shown to 

affect infiltration rates, total flow volumes and peak discharges. The study results have demonstrated 

that swales can be used successfully to attenuate peak stormwater flow rates and to substantially 

reduce runoff volumes to downstream water courses which can significantly improve the quality of 

stormwater runoff.  

The study has shown that swales were effective in reducing the higher TSS concentrations used in 

the tests. However, the results demonstrate that a swale’s TSS removal performance is highly 

dependent on the inlet concentrations. Results showed that between 50% and 80% of the TSS was 

generally removed within the first 10 m of the swales. A further 10% to 20% reduction in TSS 

concentrations can be expected in swales up to 30 m long. The study also demonstrated that swales can 

be used to treat higher pollution loads typically associated with the “first flush” phenomenon.  

The study has found that swales can be used effectively as a primary treatment measure to remove 

larger sediment from stormwater runoff. The results showed that the first 15 m of the swale length is 

the most effective in treating the bulk of the TSS. This suggests that the installation of unnecessarily 

long swales to treat TSS pollutants may not be the optimal solution. The results suggest that swales 

could be used in a stormwater treatment train as a pre-treatment to prevent clogging in downstream 

treatment systems.  

The study found no reduction in TN levels in any of the four tests that could be attributed to 

treatment by the swales. This was in contrast to previous study results. However, the study 

demonstrated a reduction in measured TP levels of between 20% and 23% between the inlet and the 

outlet for the TB, TC and TD tests. This reduction is within the range of TP removal reported in 

previous studies. Differences in nutrient removal performance by swales from this study and other 

studies may be attributed to the differences in testing conditions and pollutant constituents.  

The overall study findings suggest that swales can be used effectively to reduce stormwater runoff 

pollution, particularly runoff with high concentrations of TSS and TP. Selection of swales as a primary 

stormwater treatment measure could significantly affect the design requirements of downstream 

treatment systems. The results from this study will assist designers to estimate the appropriate length 

of swale required to achieve specific TSS and TP pollution reductions in urban stormwater runoff.  
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Introduction
The First Defense® is an enhanced vortex separator that 
combines an effective and economical stormwater treatment 
chamber with an integral peak flow bypass. It efficiently removes 
total suspended solids (TSS), trash and hydrocarbons from 
stormwater runoff without washing out previously captured 
pollutants. The First Defense® is available in several model 
configurations to accommodate a wide range of pipe sizes, 
peak flows and depth constraints.

The two product models described in this guide are the First 
Defense® High Capacity and the First Defense® Optimum; 
they are inspected and maintained identically.

Operation
The First Defense® operates on simple fluid hydraulics.  It is self-
activating, has no moving parts, no external power requirement 
and is fabricated with durable non-corrosive components.  
No manual procedures are required to operate the unit and 
maintenance is limited to monitoring accumulations of stored 
pollutants and periodic clean-outs.  The First Defense® has 
been designed to allow for easy and safe access for inspection, 
monitoring and clean-out procedures.  Neither entry into the 
unit nor removal of the internal components is necessary for 
maintenance, thus safety concerns related to confined-space-
entry are avoided.   

Pollutant Capture and Retention
The internal components of the First Defense® have been 
designed to optimize pollutant capture.  Sediment is captured 
and retained in the base of the unit, while  oil and floatables 
are stored on the water surface in the inner volume (Fig.1).  

The pollutant storage volumes are isolated from the built-in 
bypass chamber to prevent washout during high-flow storm 
events. The sump of the First Defense® retains a standing 
water level between storm events. This ensures a quiescent 
flow regime at the onset of a storm, preventing resuspension 
and washout of pollutants captured during previous events.

Accessories such as oil absorbent pads are available for 
enhanced oil removal and storage.  Due to the separation 
of the oil and floatable storage volume from the outlet, the 
potential for washout of stored pollutants between clean-outs 
is minimized.   

•	Inlet options include surface grate or multiple inlet pipes
•	Integral high capacity bypass conveys large peak flows without   
  the need for “offline” arrangements using separate junction 
  manholes
•	Long flow path through the device ensures a long residence 
  time within the treatment chamber, enhancing pollutant settling 
•	Delivered to site pre-assembled and ready for installation

Advantages

•	Stormwater treatment at the point of entry into the drainage line
•	Sites constrained by space, topography or drainage profiles 
  with limited slope and depth of cover
•	Retrofit installations where stormwater treatment is placed on or 
  tied into an existing storm drain line
•	Pretreatment for filters, infiltration and storage

Applications

Oil Max Oil
Storage Depth

Sediment 
StorageSediment

Fig.1 Pollutant storage volumes in the First Defense®.
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II. Model Sizes & Configurations

The First Defense® inlet and internal bypass arrangements are available in several model sizes and configurations. The components 
have modified geometries allowing greater design flexibility to accommodate various site constraints. 

Page | 4

First Defense® Components
1.   Built-In Bypass
2.   Inlet Pipe
3.   Inlet Chute

 
4.   Floatables Draw-off Port
5.   Outlet Pipe
6.   Floatables Storage

12

3

4

5

6

7

8

(not pictured)

All First Defense® models include the internal components that are designed to remove and retain total suspended solids (TSS), 
gross solids, floatable trash and hydrocarbons (Fig.2). First Defense® model sizes (diameter) are shown in Table 1.

III. Maintenance

7.   Sediment Storage
8.   Inlet Grate or Cover

First Defense®  
Model Sizes

(ft / m) diameter

3 / 0.9

4 / 1.2

5 / 1.5

6 / 1.8

7 / 2.1

8 / 2.4

10 / 3.0

Fig. 2

Table 1
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Overview
The First Defense® protects the environment by removing a wide range of pollutants from stormwater runoff.   Periodic removal of 
these captured pollutants is essential to the continuous, long-term functioning of the First Defense®.  The First Defense® will capture 
and retain sediment and oil until the sediment and oil storage volumes are full to capacity.  When sediment and oil storage capacities 
are reached, the First Defense® will no longer be able to store removed sediment and oil.  

The First Defense® allows for easy and safe inspection, monitoring and clean-out procedures.  A commercially or municipally owned 
sump-vac is used to remove captured sediment and floatables.  Access ports are located in the top of the manhole.  

Maintenance events may include Inspection, Oil & Floatables Removal, and Sediment Removal.  Maintenance events do not require 
entry into the First Defense®, nor do they require the internal components of the First Defense® to be removed.  In the case of 
inspection and floatables removal, a vactor truck is not required.  However, a vactor truck is required if the maintenance event is to 
include oil removal and/or sediment removal.       

Maintenance Equipment Considerations
The internal components of the First Defense® have a centrally located circular shaft through which the sediment storage sump can 
be accessed with a sump vac hose. The open diameter of this access shaft is 15 inches in diameter (Fig.3). Therefore, the nozzle 
fitting of any vactor hose used for maintenance should be less than 15 inches in diameter. 

Determining Your Maintenance Schedule
The frequency of clean out is determined in the field after installation.  During the first year of operation, the unit should be inspected 
every six months to determine the rate of sediment and floatables accumulation.  A simple probe such as a Sludge-Judge® can be 
used to determine the level of accumulated solids stored in the sump.  This information can be recorded in the maintenance log (see 
page 9) to establish a routine maintenance schedule.  

The vactor procedure, including both sediment and oil / flotables removal, for First Defense® typically takes less than 30 minutes and 
removes a combined water/oil volume of about 765 gallons. 

Fig.3 The central opening to the sump of the First Defense®is 15 inches in diameter. 

15-in Maintenance Access
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Inspection Procedures
1.  Set up any necessary safety equipment around  the access
     port or grate of the First Defense® as stipulated  by                
     local ordinances.   Safety equipment should notify passing                 
     pedestrian and road traffic that work is being done.
  
2.  Remove the grate or lid to the manhole. 

3.  Without entering the vessel, look down into the chamber to 
     inspect the inside.  Make note of any irregularities.  Fig.4 
     shows the standing water level that should be observed.

4.  Without entering the vessel, use the pole with the skimmer net 
     to remove floatables and loose debris from the components 
     and water surface.   

5.  Using a sediment probe such as a Sludge Judge®, measure 
     the depth of sediment that has collected in the sump of the 
     vessel. 

6.  On the Maintenance Log (see page 9), record the date, unit 
     location, estimated volume of floatables and gross debris
     removed, and the depth of sediment measured.  Also note
     any apparent irregularities such as damaged components or
     blockages.

7.  Securely replace the grate or lid.  

8.  Take down safety equipment.

9.  Notify Hydro International of any irregularities noted during 
     inspection.
 
Floatables and Sediment Clean Out 
Floatables clean out is typically done in conjunction with 
sediment removal.  A commercially or municipally owned sump-
vac is used to remove captured sediment and floatables (Fig.4).  

Floatables and loose debris can also be netted with a skimmer 
and pole.  The access port located at the top of the manhole 
provides unobstructed access for a vactor hose to be lowered to 
the base of the sump.  

Scheduling
•  Floatables and sump clean out are typically conducted once 
    a year during any season.

•  Floatables and sump clean out should occur as soon as 
    possible following a spill in the contributing drainage area.

Recommended Equipment
•  Safety Equipment (traffic cones, etc)

•  Crow bar or other tool to remove grate or lid

•  Pole with skimmer or net (if only floatables are being removed)

•  Sediment probe (such as a Sludge Judge®)

•  Vactor truck (flexible hose recommended)

•  First Defense® Maintenance Log

Fig.4 Floatables are removed with a vactor hose
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Floatables and Sediment Clean Out Procedures
1.  Set up any necessary safety equipment around  the access
     port or grate of the First Defense® as stipulated by
     local ordinances. Safety equipment should notify passing
     pedestrian and road traffic that work is being done.

2.  Remove the grate or lid to the manhole.

3.  Without entering the vessel, look down into the chamber to 
     inspect the inside.  Make note of any irregularities.

4.  Remove oil and floatables stored on the surface of the water                                                                      
     with the vactor hose or with the skimmer or net

5.  Using a sediment probe such as a Sludge Judge®, measure 
     the depth of sediment that has collected in the sump of the 
     vessel and record it in the Maintenance Log (page 9).  

6.  Once all floatables have been removed, drop the vactor hose 
     to the base of the sump.  Vactor out the sediment and gross 
     debris off the sump floor

7.  Retract the vactor hose from the vessel.  

8.  On the Maintenance Log provided by Hydro International, 
     record the date, unit location, estimated volume of floatables 
     and gross debris removed, and the depth of sediment 
     measured.  Also note any apparent irregularities such as 
     damaged components, blockages, or irregularly high or low 
     water levels.

9.  Securely replace the grate or lid.  

- Regularly during first year of installation
- Every 6 months after the first year of installation

- Once per year, with sediment removal
- Following a spill in the drainage area

- Once per year or as needed
- Following a spill in the drainage area

Activity      		                          Frequency
Inspection

Oil and Floatables 
Removal

Sediment Removal

Maintenance at a Glance

NOTE: For most clean outs the entire volume of liquid does not need to be removed from the manhole. Only remove the 
first few inches of oils and floatables from the water surface to reduce the total volume of liquid removed during a clean out.

Page | 7



First Defense® Installation Log

HYDRO INTERNATIONAL REFERENCE NUMBER:

SITE NAME:

SITE LOCATION:

OWNER:							           CONTRACTOR:

CONTACT NAME:					          CONTACT NAME:

COMPANY NAME:					          COMPANY NAME:

ADDRESS:						           ADDRESS:

TELEPHONE:						           TELEPHONE:

FAX:							            FAX:

INSTALLATION DATE:        /       /        

MODEL SIZE (CIRCLE ONE):	        [3-FT]        [4-FT]        [5-FT]        [6-FT]        [7-FT]        [8-FT]        [10-FT]

INLET (CIRCLE ALL THAT APPLY):    GRATED INLET (CATCH BASIN)	 INLET PIPE (FLOW THROUGH)

Hydro International (Stormwater), 94 Hutchins Drive, Portland ME 04102
Tel: (207) 756-6200 Fax: (207) 756-6212 Web: www.hydro-int.com



First Defense® Inspection and Maintenance Log

Initials Depth of
Floatables 
and Oils

Sediment 
Depth 

Measured

Volume of 
Sediment 
Removed

Site Activity and 
Comments

Date

Hydro International (Stormwater), 94 Hutchins Drive, Portland ME 04102
Tel: (207) 756-6200 Fax: (207) 756-6212 Web: www.hydro-int.com

Hydro International (Stormwater), 94 Hutchins Drive, Portland ME 04102
Tel: (207) 756-6200 Fax: (207) 756-6212 Web: www.hydro-int.com



First Defense® Operation and Maintenance Manual

Hydro International (Stormwater), 94 Hutchins Drive, Portland ME 04102
Tel: (207) 756-6200 Fax: (207) 756-6212 Web: www.hydro-int.com

NOTES



First Defense® Operation and Maintenance ManualNotes



Stormwater Solutions
94 Hutchins Drive

Portland, ME 04102

Tel: (207) 756-6200
Fax: (207) 756-6212

stormwaterinquiry@hydro-int.com

www.hydro-int.com

Turning Water Around...®

FD_O+M_K_2105



Functional Servicing Report & Design Brief 
Settlers Ridge East Phase 3 & Towncentre Place 

Belleville, Ontario  F 
April 16, 2024 

APPENDIX F: 
ENGINEERING DESIGN DRAWINGS 
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1. SEDIMENT AND EROSION CONTROL MEASURES WILL TO

OPSS.MUNI 805.
2. THE CONTRACTOR SHALL IMPLEMENT BEST MANAGEMENT

PRACTICES TO PROVIDE THE PROTECTION OF THE AREA
DRAINAGE SYSTEM AND THE RECEIVING WATERCOURSE
DURING CONSTRUCTION ACTIVITIES. THIS INCLUDES LIMITING
THE AMOUNT OF EXPOSED SOIL AND INSTALLING SILT FENCES
AND OTHER SEDIMENT TRAPS.

3. THE CONTRACTOR IS RESPONSIBLE FOR ENSURING EROSION
AND SEDIMENT CONTROL MEASURES ARE INSTALLED
CORRECTLY.

4. FOR STRAW BALE FLOW CHECK DAM, USE OPSD 219.100.
FOR LIGHT DUTY AND HEAVY DUTY SILT FENCE BARRIER, USE
OPSD 219.110 AND 219.130, RESPECTIVELY.

5. THE OWNER AGREES TO PREPARE AND IMPLEMENT AN
EROSION AND SEDIMENT CONTROL PLAN TO THE
SATISFACTION OF THE CONSERVATION AUTHORITY.

6. EROSION AND SEDIMENT CONTROL MEASURES SHALL BE IN
PLACE PRIOR TO ANY EXCAVATION OR CONSTRUCTION WORK
COMMENCE.

7. ALL EROSION AND SEDIMENT CONTROL MEASURES ARE TO BE
REGULARLY MONITORED AND MAINTAINED UNTIL LANDSCAPING
HAS BEEN ESTABLISHED.

8. ALL CATCH BASINS AND MANHOLES WHICH MAY COLLECT
SEDIMENT FROM THE DISTURBED AREAS OF THE SITE SHALL
HAVE FILTER CLOTH OR OTHER APPROVED MEANS OF
SEDIMENT CONTROL INSTALLED AND MAINTAINED UNTIL THE
CONTRIBUTING SURFACES HAVE ADEQUATELY STABILIZED, I.E.
ASPHALT, SOD, OR 80% GRASS COVER.

9. MUD MAT MUST BE A MINIMUM OF 20 m IN LENGTH AND THE
FULL WIDTH OF THE ENTRANCE (10 m MINIMUM). THE PAD
SHOULD BE A MINIMUM OF 300 mm THICK BUT 450 mm
THICKNESS IS RECOMMENDED. THE PAD SHOULD BE
UNDERLAIN WITH A GEOTEXTILE (OR GRADED AGGREGATE
FILTER) AND CONSIST OF 50 mm DIAMETER CLEAR STONE FOR
THE FIRST 10 m (EXTENDING FROM THE STREET) AND THE
REMAINDER OF THE LENGTH TO CONSIST OF 150 mm DIAMETER
CLEAR STONE.

EMERGENCY CONTACT INFORMATION
SPILLS ACTION CENTRE
PHONE: 416-325-3000
TOLL-FREE: 1-800-268-6060

MUD MAT

STRAW BALE FLOW CHECK DAM
OPSD 219.180

LEGEND

1:500
N/A

ESC-1

SEDIMENT & EROSION CONTROL PLAN

SILT FENCE
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OPSS.MUNI 805.
2. THE CONTRACTOR SHALL IMPLEMENT BEST MANAGEMENT

PRACTICES TO PROVIDE THE PROTECTION OF THE AREA
DRAINAGE SYSTEM AND THE RECEIVING WATERCOURSE
DURING CONSTRUCTION ACTIVITIES. THIS INCLUDES LIMITING
THE AMOUNT OF EXPOSED SOIL AND INSTALLING SILT FENCES
AND OTHER SEDIMENT TRAPS.

3. THE CONTRACTOR IS RESPONSIBLE FOR ENSURING EROSION
AND SEDIMENT CONTROL MEASURES ARE INSTALLED
CORRECTLY.

4. FOR STRAW BALE FLOW CHECK DAM, USE OPSD 219.100.
FOR LIGHT DUTY AND HEAVY DUTY SILT FENCE BARRIER, USE
OPSD 219.110 AND 219.130, RESPECTIVELY.

5. THE OWNER AGREES TO PREPARE AND IMPLEMENT AN
EROSION AND SEDIMENT CONTROL PLAN TO THE
SATISFACTION OF THE CONSERVATION AUTHORITY.

6. EROSION AND SEDIMENT CONTROL MEASURES SHALL BE IN
PLACE PRIOR TO ANY EXCAVATION OR CONSTRUCTION WORK
COMMENCE.

7. ALL EROSION AND SEDIMENT CONTROL MEASURES ARE TO BE
REGULARLY MONITORED AND MAINTAINED UNTIL LANDSCAPING
HAS BEEN ESTABLISHED.

8. ALL CATCH BASINS AND MANHOLES WHICH MAY COLLECT
SEDIMENT FROM THE DISTURBED AREAS OF THE SITE SHALL
HAVE FILTER CLOTH OR OTHER APPROVED MEANS OF
SEDIMENT CONTROL INSTALLED AND MAINTAINED UNTIL THE
CONTRIBUTING SURFACES HAVE ADEQUATELY STABILIZED, I.E.
ASPHALT, SOD, OR 80% GRASS COVER.

9. MUD MAT MUST BE A MINIMUM OF 20 m IN LENGTH AND THE
FULL WIDTH OF THE ENTRANCE (10 m MINIMUM). THE PAD
SHOULD BE A MINIMUM OF 300 mm THICK BUT 450 mm
THICKNESS IS RECOMMENDED. THE PAD SHOULD BE
UNDERLAIN WITH A GEOTEXTILE (OR GRADED AGGREGATE
FILTER) AND CONSIST OF 50 mm DIAMETER CLEAR STONE FOR
THE FIRST 10 m (EXTENDING FROM THE STREET) AND THE
REMAINDER OF THE LENGTH TO CONSIST OF 150 mm DIAMETER
CLEAR STONE.

EMERGENCY CONTACT INFORMATION
SPILLS ACTION CENTRE
PHONE: 416-325-3000
TOLL-FREE: 1-800-268-6060

MUD MAT

STRAW BALE FLOW CHECK DAM
OPSD 219.180
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CITY OF BELLEVILLE CLI CHECKLIST 
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Revision 1, June 29 2023 

STORM and SANITARY APPLICATIONS FOR APPROVAL 

SUBMISSION GUIDELINE 

Preamble 

This document is intended only to provide guidance on applica�ons for storm and sanitary 
approvals.  It is not intended to provide specific details of the requirements.  It is to be read in 
conjunc�on with Consolidated Linear Infrastructure Environmental Compliance Approval (CLI 
ECA) 151-W601 (sanitary) Issue # 2 issued on May 16, 2023 and CLI ECA 151-S701 (storm) Issue 
# 3 issued on May 16, 2023, or as amended from �me to �me.  The most current applicable CLI 
ECA is the governing document and takes precedence over this guidance. 

This document is currently an uncontrolled document.  That means that users will NOT be 
automa�cally no�fied of changes when they are issued. 

This document is preliminary and will evolve over �me.  It is intended to expand as the City 
con�nues to interpret the CLI ECA requirements and as experience is gained by working with 
each CLI ECA.  Requirements may also change as the City develops and implements its 
standards for sanitary and storm sewers. 

The following items must be submited with each applica�on for approval: 

 Design Report 

 Design Drawing Set 

 Completed Checklists (all that are applicable) 

 Completed MECP Pipe Data Form (PIBS 6238e) 

 Applicable Completed Signed Forms (eg. SS1, SW1 and/or CS1 for pipes) 

 Applica�on Fee(s) 

Design Reports must be submited with applica�ons for approval.  Applica�ons will not be 
reviewed without a Design Report.  Design Reports must demonstrate how each requirement 
from the CLI ECA, and each associated document, is met.  This is a requirement from the CLI 
ECA’s.  To help ensure this, the City has developed submission checklists.  Designers must 
consider each of the items iden�fied in the various checklists contained in this document and 
MUST discuss each item in the Design Report.  Failure to do so will result in the applica�on 
being returned.   

Applica�ons will be pre-screened for completeness based on the completed checklists.  
Incomplete applica�ons will be returned prior to commencement of any detailed review.  
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Following successful pre-screening, a detailed review will be conducted to ensure that the 
requirements of the CLI ECA and all City requirements have been met.  Comments/ques�ons 
may be returned to the applicant in order to clarify any uncertainty or to address any 
issues/concerns and may result in the requirement for resubmissions. Overall review �mes will 
depend on the completeness of the applica�ons. 

Checklist templates can be found atached to this document as follows: 

Schedule A – Sanitary Sewers 

Schedule B – Storm Sewers 

Schedule C – Combined Sewers (under development) 

Schedule D – Sanitary Pumping Sta�ons (under development) 

Schedule E – Storm Pumping Sta�ons (under development) 

Schedule F – Stormwater Management Facili�es (under development) 

Schedule G – Third Pipe Systems (under development) 

The checklists contain three parts: pre-authoriza�on verifica�on, applica�on submission 
requirements and design requirements (report and drawings).   

The first part is meant to verify that pre-authoriza�on condi�ons are met.  If pre-authoriza�on 
condi�ons are not met then the City is not authorized to approve the proposed altera�on and 
the applica�on must be submited to the Ministry of Environment, Conserva�on and Parks 
(MECP) for approval.   

The second part is meant to ensure that applica�on submissions are complete and ready for 
review.  Incomplete applica�ons complicate the review and lengthen the review �mes. 

The third part is a detailed list of requirements organized in table format.  The first table relates 
to the Design Report and the second table relates to the Design Drawings.  In the tables, the 
first column contains an item number to facilitate easy reference.  Each item (or row in the 
table) must be discussed in the Design Report or shown on the Design Drawings.  The second 
column is a checkbox.  The designer must check this box only if they have discussed the item in 
the Design Report or shown the item in the Design Drawings.  This is meant to assist the 
designer in ensuring that all items have been discussed.  The third column is a descrip�on of the 
required items.  These are intended to provide an idea of the requirement but do NOT include a 
complete descrip�on of the requirement.  The CLI ECA’s (or associated documents) must be 
consulted to determine the exact details of each requirement. The fourth column provides a 
reference to the source of the requirement.  The fi�h column is blank and is intended for the 
designer to iden�fy where in the Design Report (by sec�on number) the discussion can be 
found or on which Design Drawing the item can be seen. This must be filled in for each item as 
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it will facilitate both the pre-screening and the detailed review.  It is possible that the City may 
not be pre-authorized to approve the proposed altera�on if some of the requirements cannot 
be met.  These will need to be considered on a case-by-case basis in order to determine next 
steps. 

The following are the documents that are iden�fied in column 4 (Source) of the checklist tables: 

 “City” refers to the most current version of the City of Belleville’s document en�tled 
“Engineering Requirements for Subdivisions”, 

“Design Criteria” refers to the most current version of the MECP document en�tled “Design 
Criteria for Sanitary Sewers, Storm Sewers and Forcemains for Altera�ons Authorized under 
Environmental Compliance Approvals” along with sec�on numbers, 

“Design Guidelines” refers to the most current version of the MECP document en�tled “Design 
Guidelines for Sewage Works” along with sec�on numbers, 

“ECA” refers to the most current version of the applicable CLI ECA along with schedule and 
sec�on numbers, 

 “SOP” refers to the most current version of the MECP document en�tled “Standard Opera�ng 
Policy for Sewage Works”, 

 “SPP” refers to the most current version of the “Approved Quinte Region Source Protec�on 
Plan” prepared by the Quinte Region Source Protec�on Commitee, and 

 “Stormwater Manual” refers to the most current version of the MECP document en�tled 
“Stormwater Management Planning and Design Manual” along with sec�on numbers. 

An atempt was made to try to group similar requirements together.  Therefore, some 
document references may appear in other sec�ons of the checklist.
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SCHEDULE A 

Submission Checklist – Sanitary Sewers 

Checklist A Version 1, June 29 2023 

PART A: Pre-Authorization Verification 

Will the proposed alteration: 

1. ☐ YES ☒ NO Involve lands where the designer is aware that Indigenous treaty rights or asserted rights may be impacted 
(ECA Schedule D, Section 3.11)? 

2. ☐ YES ☒ NO Result in exceedance of hydraulic capacity of any part of the downstream sewage collection system including 
any pumping stations (ECA Schedule D, Section 4.1.3 (a))? Also see Part C, Item 13 below. 

3. ☐ YES ☒ NO Result in exceedance of Uncommitted Reserve Hydraulic Capacity of the receiving sewage treatment plant 
(ECA Schedule D, Section 4.1.3 (a))? Also see Part C, Item 14 below. 

4. ☐ YES ☒ NO Cause an adverse effect (ECA Schedule D, Section 4.1.3 (b), Design Criteria, Section 1.1.1.2)? Also see Part C, 
Item 15 below. 

5. ☒ YES ☐ NO Be wholly located within the City of Belleville boundary (ECA Schedule D, Section 4.1.4)? 
6. ☐ YES ☒ NO Pass under or through a body of surface water without the use of trenchless construction methods or an 

alternative construction method authorized by the local Conservation Authority (ECA Schedule D, Section 
4.2.1)? 

7. ☐ YES ☒ NO Include a gravity sewer pipe that has a nominal diameter greater than 1050 mm (ECA Schedule D, Section 
4.2.2)? 

8. ☐ YES ☒ NO Include a forcemain that has a nominal diameter greater than 450 mm (ECA Schedule D, Section 4.2.3)?  
9. ☐ YES ☒ NO Include a combined sewer or partially separated sewer (ECA Schedule D, Section 4.2.4, Design Guidelines, 

Section 5.2)? Also see Part C, Item 5 below. 
10. ☐ YES ☒ NO Create a new discharge point into the Natural Environment (ECA Schedule D, Section 4.2.6)? Also see Part C, 

Item 16 below. 
11. ☐ YES ☒ NO Connect to a municipal sewage collection system of another municipality without written consent from that 

other municipality (ECA Schedule D, Section 4.2.5)? Also see Part C, Item 17 below. 
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12. ☐ YES ☒ NO Be part of an Undertaking under the Environmental Assessment Act where a Section 16 order has been 
issued (ECA Schedule D, Section 4.2.7)?  Also see Part C, Item 18 below. 

If the answer to any of these ques�ons is YES, the proposed works may not be pre-authorized under the City’s CLI-ECA whereby the 
City cannot approve the works. An Environmental Compliance Approval applica�on for the proposed works may have to be 
submited to the Ministry of the Environment, Conserva�on and Parks for approval.  Consult with the City before proceeding any 
further. 

Has the design of the altera�on: 

13. ☒ YES ☐ NO Been prepared by a Licensed Engineering Practitioner (ECA Schedule D, Section 4.1.1 (a), Design Criteria, 
Section 1.1.2.1 (a))? 

14. ☒ YES ☐ NO Been designed only to collect and transmit sewage and not treat sewage (ECA Schedule D, Section 4.1.1 (b), 
Design Criteria, Section 1.1.2.1 (b))? 

15. ☒ YES ☐ NO Satisfied the Design Criteria (ECA Schedule D, Section 4.1.1 (c), Design Criteria, Section 1.1.2.1 (c))? Also see 
Part C, Item 6 below. 

16. ☒ YES ☐ NO Satisfied the municipal criteria (ECA Schedule D, Section 4.1.1 (c))? Also see Part C, Item 7 below. 
If the answer to any of these questions is NO, the proposed works are not pre-authorized under the City’s CLI-ECA and the City 
cannot approve the works. An Environmental Compliance Approval application for the proposed works will have to be submitted to 
the Ministry of the Environment, Conservation and Parks for approval. Consult with the City before proceeding any further. 

Will the proposed Works: 

17. ☒ YES ☐ NO Be tendered or construction commenced on, or before, July 25, 2024 (ECA Schedule D, Section 9.1.1)? 
18. ☐ YES ☒ NO Be designed prior to the issue date of the sanitary CLI ECA and changes to the design would result in 

significant cost increase or significant project delays (ECA Schedule D, Section 9.1.3)? 
19. ☐ YES ☒ NO Be the result of a Class Environmental Assessment that was completed prior to the issue date of the sanitary 

CLI ECA and changes to the design would result in significant cost increase or significant project delays (ECA 
Schedule D, Section 9.1.3)? 

If the answer to any of these ques�ons is YES, the project may qualify as a transi�onal project and may be exempt from some or all 
of the requirements highlighted throughout in grey.  Consult with the City before proceeding any further. 

PART B: Application Submission Requirements 
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Does the application submission include the following: 

☒ YES ☐ NO Design Report? 
☒ YES ☐ NO Complete Design Drawing Set? 
☒ YES ☐ NO Completed Checklists (all that are applicable)? 
☒ YES ☐ NO Completed MECP Pipe Data Form (PIBS 6238e)? 
☒ YES ☐ NO Applicable Signed Forms (e.g. SS1, SW1 and/or CS1 for pipes)? 
☒ YES ☐ NO Application Fee(s)? 

If the answer to any of these is NO, then the application is incomplete and may not be reviewed.  Contact the City to discuss further. 

PART C: Design Requirements 

In the Design Report (in no particular order) for sanitary sewers, the designer shall: 

(1) 
Item # 

(2) 
[X] 

(3) 
Item Description 

(4) 
Source 

(5) 
Design Report Reference 

1  ☒ Provide a summary of length for each main pipe and 
forcemain diameter and lateral diameter. 

ECA Schedule D, Section 
4.2.2, Design Criteria, 
Section 2.3 

Section 3.8, 
Section 3.3.12 

2  ☒ Identify downstream pumping stations that Works will 
discharge to. 

ECA Schedule D, Section 
3.10.2 (a) (iii) 

Section 3.1 

3  ☒ Identify downstream overflow points (CSO or SSO). ECA Schedule D, Section 
3.10.2 (c) (iv) 

Section 3.3.10 

4  ☒ Verify whether any part of the Works is located in a 
source protection vulnerable area. 

ECA Schedule D, Section 
3.10.2 (c) (vi) 

Section 3 

5  ☒ Identify whether the project is an addition, 
modification, replacement or extension of a separate 
sewer, nominally separate sewer, forcemain, combined 
sewer or partially separate sewer. 

ECA Schedule D, Section 4.1, 
Design Guidelines, Section 
5.2 

Section 3 

6   Confirm that the design satisfies the Design Criteria, by: ECA Schedule D, Section 
4.1.1 (c), Design Criteria, 
Section 1.1.2.1 (c) 
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(1) 
Item # 

(2) 
[X] 

(3) 
Item Description 

(4) 
Source 

(5) 
Design Report Reference 

 a) ☒ Identifying soil characteristics, Design Criteria, Section 1.2.1 Section 1.3, Section 3 
 b) ☒ Discussing how the design has considered all relevant 

soil and hydrogeological conditions, 
Design Criteria, Section 1.2.1 Section 1.3 

 c) ☒ Discussing how the design of all maintenance holes, 
chambers, and structures conforms to all applicable 
requirements such as Occupational Health and Safety 
Act, MOL Confined Space Guidelines, Fire Protection 
and Prevention Act, etc., 

Design Criteria, Section 
1.2.2, Design Guidelines, 
Section 5.9.8 

Section 3.6 

 d) ☒ Discussing how the design of all maintenance holes and 
chambers has considered future inspection, operation, 
and maintenance,  

Design Criteria, Section 1.2.3 Section 3.6.2 

 e) ☒ Identifying if soil is susceptible to frost and where such 
soil is located, 

Design Criteria, Section 1.2.4 Section 1.3, 
Section 3.3.4 

 f) ☒ Confirming all precast structures in frost susceptible 
soils include hardware to prevent heave due to frost, 

Design Criteria, Section 
1.2.4, Section 2.10.9, Design 
Guidelines, Section 5.9.10 

Section 3.3.4 

 g) ☒ Identifying if any area is subject to flooding (regular or 
seasonal), 

Design Criteria, Section 1.2.5 Section 3 

 h) ☒ Identifying groundwater levels, Design Criteria, Section 1.2.5 Section 1.3, Section 3 
 i) ☒ Identifying inflow/infiltration prevention measures and 

flotation prevention measures for all sewers, 
maintenance holes and appurtenances in areas subject 
to flooding or high groundwater, 

Design Criteria, Section 
1.2.6, Section 2.9.5, Section 
2.10.10, Design Guidelines, 
Section 5.7.4 

Section 3,  
Section 3.6.3 

 j) ☒ Identifying specifications for adequate control of 
siltation and erosion during construction, 

Design Criteria, Section 
1.2.7.2 

App F, ESC Dwg. 

 k) ☒ Providing an ESC plan that identifies how the 
requirements (measures, installation, maintenance, 
inspection) will be met, 

ECA Schedule D, Section 3.8 
and 3.9 

App F, ESC Dwg. 
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(1) 
Item # 

(2) 
[X] 

(3) 
Item Description 

(4) 
Source 

(5) 
Design Report Reference 

 l) ☒ Identifying the ESC standard to be followed, ECA Schedule D, Section 
3.8.4 

App F, ESC Dwg, Note 1 

 m) ☒ Identifying, along with rationale for, the average daily 
flows to be used in the design of sizing of the pipe, 

Design Criteria, Section 
2.1.1.1, Section 2.1.2, 
Section 2.1.3, Section 2.1.4, 
Design Guidelines, Section 
5.5.2.1 

Section 3.2, 
 

 n) ☒ Identifying which formula is used to calculate the 
peaking factor for residential flows any why, 

Design Criteria, Section 
2.1.1.2, Design Guidelines, 
Section 5.5.2.1 

Section 3.2 

 o) ☒ Calculating the peaking factor for residential flows and 
comparing to the minimum, 

Design Criteria, Section 
2.1.1.2, Design Guidelines, 
Section 5.5.2.1 

Table 7, 
Section 3.2 

 p) ☒ Identifying, along with rationale for, the peak inflow 
and infiltration (I&I) rate to be used in the design of 
sizing of the pipe, 

Design Criteria, Section 
2.1.5, Design Guidelines, 
Section 5.5.2.5 

Section 3.2 
 

 q) ☒ Discussing, calculating and summarizing the peak 
sewage flow, 

Design Guidelines, Section 
5.5.2, Section 5.5.2.1, 
Section 5.5.2.2, Section 
5.5.2.3, Section 5.5.2.4, 
Section 5.5.2.5 

Section 3.3,  
Section 3.8 

 r) ☒ Identifying, along with rationale for, the formula to be 
used to determine the sewer pipe capacity, 

Design Criteria, Section 
2.2.1, Design Guidelines, 
Section 5.7.1 

Section 3.2 

 s) ☒ Identifying, along with the rationale for, and the source 
of, the friction factor to be used to determine sewer 
pipe capacity, 

Design Criteria, Section 
2.2.1, Design Guidelines, 
Section 5.7.1 

Section 3.3.3 

 t) ☒ Discussing, calculating and summarizing the sewer pipe 
capacity, 

Design Guidelines, Section 
5.7.1 

Section 3.8, 
Table 7 
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(1) 
Item # 

(2) 
[X] 

(3) 
Item Description 

(4) 
Source 

(5) 
Design Report Reference 

 u) ☒ Verifying that the velocity in all sanitary sewers is less 
than the maximum allowable and greater than the 
minimum allowable, 

Design Criteria, Section 
2.4.4, Section 2.4.2, Design 
Guidelines Section 5.7.6 

Table 7 Check Column 
Section 3.8, 
Section 3.3.8 

 v) ☒ Identifying the Seasonally High Groundwater Table 
level and how it was determined, 

Design Criteria, Section 
2.9.1, Section 2.9.2, Section 
2.9.3 

Section 1.3 

 w) ☐ Calculating the groundwater pressure that pipe joints 
and connections must withstand, 

Design Criteria, Section 
2.9.2, Section 2.9.3 

 

 x) ☒ Identifying specifications for pipe joints and 
connections (to withstand groundwater pressure, 
minimize infiltration, prevent root entrance, etc.), 

Design Criteria, Section 
2.9.2, Section 2.9.3, Design 
Guidelines, Section 5.7.11.1 

Section 3.7 

 y) ☒ Identifying specifications for waterproofing of 
maintenance holes, 

Design Criteria, Section 
2.9.4, 
Design Guidelines, Section 
5.9.6 

Section 3.6.3 

 z) ☒ Discussing the locations and spacing of maintenance 
holes and summarizing in tabular format, 

Design Criteria, Section 
2.10.1, Section 2.10.2, 
Design Guidelines, Section 
5.9.1 

Section 3.6.5, 
App F, Dwgs ND-3, ND-4 

 aa) ☐ Discussing provision of maintenance hole between 
subdivision phases, 

Design Criteria, Section 
2.10.3 

 

 ab) ☐ Discussing grades across maintenance holes, Design Criteria, Section 
2.10.4 

 

 ac) ☐ Discussing rationale for invert elevations across 
maintenance holes, 

Design Criteria, Section 
2.10.5 

 

 ad) ☒ Discussing need and rationale for drop structures, Design Criteria, Section 
2.10.6, Design Guidelines, 
Section 5.9.2 

Section 3.6.4 
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(1) 
Item # 

(2) 
[X] 

(3) 
Item Description 

(4) 
Source 

(5) 
Design Report Reference 

 ae) ☐ Discussing specification for grading around 
maintenance holes, 

Design Criteria, Section 
2.10.7, Section 2.10.8 

 

 af) ☒ Discussing design of maintenance hole sizing, Design Criteria, Section 
2.10.11, Design Guidelines, 
Section 5.9.3 

Section 3.6.1 

 ag) ☐ Discussing design of maintenance hole safety 
platforms, 

Design Criteria, Section 
2.10.12 

 

 ah) ☒ Discussing the flow channel configurations and 
benching in manholes, 

Design Guidelines, Section 
5.9.4, Section 5.9.5 

Section 3.6.4 

 ai) ☐ Identifying if Works include any sanitary forcemains (if 
so, then discussing Sections 3, 7.1.2.1.c, and 8.5 of 
Design Criteria), 

Design Criteria, Section 3, 
Section 7.1.2.1.c, Section 8.5 

 

 aj) ☐ Discussing need for anchors/restraints, Design Criteria, Section 
2.5.1, Section 2.5.2 

 

 ak) ☐ Discussing need for protective measures, Design Criteria, Section 2.5.3  
 al) ☐ Identifying source of specifications for all proposed 

materials, 
Design Criteria, Section 2.6  

 am) ☐ Ensuring that proposed pipe materials meet OPSS 
specifications, 

Design Criteria, Section 
2.6.1,  

 

 an) ☐ Discussing presence of contamination, Design Criteria, Section 2.6.2  
 ao) ☐ Discussing materials that are selected based on specific 

site conditions, 
Design Criteria, Section 2.6.3  

 ap) ☒ Identifying loading conditions, pipe strength and 
associated safety factor, 

Design Criteria, Section 2.7, 
Section 2.8.2, Design 
Guidelines Section 5.10.1 

Section 3.3.4 

 aq) ☐ Providing manufacturer’s recommendations for pipe 
cover (or identifying to be considered in shop drawing 
review), 

Design Criteria, Section 2.8.3  
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(1) 
Item # 

(2) 
[X] 

(3) 
Item Description 

(4) 
Source 

(5) 
Design Report Reference 

 ar) ☒ Identifying means for protection from frost, Design Criteria, Section 
2.8.1, Design Guidelines, 
Section 5.7.3 

Section 3.3.4 

 as) ☒ Identifying if Works include any inverted syphons (if so, 
then discussing each part of Section 2.11 as well as 
7.1.2.1.c), 

Design Criteria, Section 2.11, 
Section 7.1.2.1.c, Design 
Guidelines, Section 5.10.2 

Section 3.3.5 

 at) ☒ Describing how design meets service lateral 
requirements, 

Design Criteria, Section 2.12, 
Design Guidelines, Section 
5.7.11.2 

Section 3.3.12 

 au) ☒ Providing hydraulic design sheets, Design Criteria, Section 
7.1.2.1.a, Design Guidelines, 
Section 5.7.12 

Table 7 

 av) ☒ Identifying specifications for how inspection and testing 
requirements outlined in Design Criteria Section 8 will 
be met, 

Design Criteria, Section 
1.2.7.1, ECA Schedule D, 
Section 4.1.7 

Section 3.7 

 aw) ☐ Providing and discussing inspection and testing plan 
(video inspection, deflection testing, etc.), 

Design Criteria, Section 
8.1.1, Section 8.1.3, Section 
8.1.6, Section 8.1.7, Section 
8.2, Section 8.4 

 

 ax) ☐ Identifying how the requirement for notification of 
testing will be communicated to the contractor, 

Design Criteria, Section 8.1.4  

 ay) ☐ Identifying how the requirement for provision of 
inspection reports will be communicated to the 
contractor, 

Design Criteria, Section 8.1.5  

 az) ☐ Identifying need for special inspection and testing 
requirements, 

Design Criteria, Section 8.1.8  

 ba) ☐ Discussing how the leakage testing requirements will 
be met. 

Design Criteria, Section 8.3  
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(1) 
Item # 

(2) 
[X] 

(3) 
Item Description 

(4) 
Source 

(5) 
Design Report Reference 

7   Confirm that the design satisfies Municipal Criteria, by: ECA Schedule D, Section 
4.1.1 (c) 

 

 a) ☒ Discussing how the design satisfies the City’s Sanitary 
Sewer Design Criteria outlined in Section 2 (Standards) 
of the City’s Engineering Requirements. 

City, Section 2 Section 3.2 

8   Confirm that the design is consistent with or addresses 
Design Guidelines, by: 

ECA Schedule D, Section 
4.1.1 (d) 

  

 a) ☒ Identifying and summarizing all tributary areas that will 
flow to the system, 

Design Guidelines, Section 
5.5.1 

Section 3.2 
App F, Table 7 

 b) ☒ Identifying for the tributary area: the land uses, 
population densities, the design period, as wells as the 
source of the information, 

Design Guidelines, Section 
5.5.1 

Section 3.2 

 c) ☒ Discussing foundation drainage, Design Guidelines, Section 
5.7.14 

Section 3.3.6 

 d) ☒ Confirming that sizes of sanitary sewers and sanitary 
services are greater than minimum acceptable sizes, 

Design Guidelines, Section 
5.7.2 

Section 3.3.7 

 e) ☒ Identifying, and describing rationale for, depths of all 
sewers, 

Design Guidelines, Section 
5.7.3 

Section 3.3.4 

 f) ☒ Describing the method for calculating, and summarizing 
in table format, the velocity of sanitary flow, and slope 
of pipes, 

Design Guidelines, Section 
5.7.5, Design Criteria, 
Section 2.4.1, Section 2.4.2 

Section 3.3.8, 
Table 7 

 g) ☒ Identifying hydraulic losses at manholes, Design Guidelines, Section 
5.7.5.1 

Section 3.6.4 

 h) ☒ Discussing need for reduction in slopes, Design Guidelines, Section 
5.7.5.2 

Section 3.3.8 

 i) ☒ Discussing slopes relative to solids deposition, Design Guidelines, Section 
5.7.5.3 

Section 3.3.8 

 j) ☒ Discussing slopes relative to minimum and maximum 
velocities and depth of flow, 

Design Guidelines, Section 
5.7.6 

Section 3.3.8 
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(1) 
Item # 

(2) 
[X] 

(3) 
Item Description 

(4) 
Source 

(5) 
Design Report Reference 

 k) ☒ Discussing need for steep slope protection, Design Guidelines, Section 
5.7.6.1 

Section 3.3.8 

 l) ☒ Discussing alignment of sewers, Design Guidelines, Section 
5.7.7 

Section 3.3.9 

 m) ☒ Discussing changes in pipe sizes, Design Guidelines, Section 
5.7.8 

Section 3.3.7 

 n) ☒ Discussing rationale for design of pipe materials, Design Guidelines, Section 
5.7.9 

Section 3.3.3 

 o) ☒ Identifying the installation specifications to be used, Design Guidelines, Section 
5.7.10 

App F, Dwg ND-1 

 p) ☒ Identifying testing requirement (ring deflection testing, 
leakage, hydrostatic, manhole), 

Design Guidelines, Section 
5.7.10, Section 5.7.11.3, 
Section 5.7.11.4, Section 
5.7.12.1, Section 5.9.7 

Section 3.7 

 q) ☒ Discussing bypass and overflow capabilities and 
likelihoods, 

Design Guidelines, Section 
5.7.13 

Section 3.3.10 

 r) ☒ Discussing any proposed alternative installation and 
construction technologies, 

Design Guidelines, Section 
5.8 

Section 3.6.12 

 s) ☒ Discussing the need for corrosion protection within 
maintenance holes, 

Design Guidelines, Section 
5.9.9 

Section 3.6.8 

 t) ☒ Identifying special considerations for sewer system 
rehabilitations, 

Design Guidelines, Section 
5.11 

Section 3.6.9 

 u) ☒ Identifying if the project involves a stream crossing (if 
so, then Design Guideline, Section 5.12 is to be 
discussed), 

Design Guidelines, Section 
5.12 

Section 3.6.10 

 v) ☒ Identifying if the project involves an aerial crossing (if 
so, then Design Guideline, Section 5.13 is to be 
discussed), 

Design Guidelines, Section 
5.13 

Section 3.6.11 
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(1) 
Item # 

(2) 
[X] 

(3) 
Item Description 

(4) 
Source 

(5) 
Design Report Reference 

 w) ☒ Identifying if the project involves alternative sanitary 
sewer systems (if so, then Design Guideline, Section 
5.15 is to be discussed), 

Design Guidelines, Section 
5.15 

Section 3.6.12 

 x) ☒ Discussing challenging conditions affecting servicing. Design Guidelines, Section 6 Section 3.6.13 
9   Ensure design is protective of nearby drinking water 

systems, by: 
ECA Schedule D, Section 
4.1.1 (e), Section 7.1 

 

 a) ☒ Including an assessment of whether proposed Works 
pose a Significant Drinking Water Threat and identifying 
mitigation measures, 

Design Criteria, Section 1.3, 
SOP 

Section 3 

 b) ☒ Including design considerations set out in Standard 
Operating Policy and Source Protection Plan, by: 

ECA Schedule D, Section 
4.1.1 (e) 

Section 3 

 (i) ☒ Identifying if the proposed Works fall within IPZ1, IPZ2 
for Belleville Drinking Water System or IPZ1, IPZ2, 
WHPAA, WHPAB or WHPAC for Pt Anne Drinking Water 
System, 

ECA Schedule D, Section 
4.1.1 (e) 

Section 3 

 (ii) ☒ Identifying if any of the sewage policies from the 
Source Protection Plan apply to any of the proposed 
Works, 

SPP Section 3 

 (iii) ☒ Identifying if any part of the Proposed Works is a 
Prescribed Threat Activity or Sub-Threat Activity within 
a vulnerable area, as outlined in the Standard 
Operating Policy, 

SOP Section 3 

 (iv) ☒ Identifying mitigation measures for all Prescribed 
Threat Activities and Sub-Threat Activities, 

SOP Section 3 

 c) ☒ Identifying how protection is provided for drinking 
water systems as outlined in MECP F-6-1 and Section 15 
of Watermain Design Criteria document,  

Design Criteria, Section 1.4,  
 

Section 3.2, 
Section 3.3.11 

 d) ☒ Identifying how protection is provided in accordance 
with Section 5.14 of Design Guideline, 

Design Guidelines, Section 
5.14, 

Section 3.3.11 
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(1) 
Item # 

(2) 
[X] 

(3) 
Item Description 

(4) 
Source 

(5) 
Design Report Reference 

 
 e) ☒ Identifying how the design is protective of drinking 

water sources in Vulnerable Areas, 
ECA Schedule E, Section 7.1 Section 3 

 f) ☒ Demonstrating that the alteration is designed so that it 
will not cause overflows or backups nor increase 
surcharging anyplace in the system (including in service 
connections to basements), 

ECA Schedule D, Section 
4.1.2 (a), Section 4.1.3 (c), 
Design Criteria, Section 
1.1.1.3 

Section 3.3.10 

 g) ☒ Confirming that the proposed alteration will not result 
in any increase in the frequency or volume of bypasses 
or overflows at the sewage treatment plant. 

ECA Schedule D, Section 
4.1.3 (c), Design Criteria, 
Section 1.1.1.4 

Section 3.5 

10  ☒ Identify how smooth flow transition is maintained to 
existing gravity storm sewers. 

ECA Schedule D, Section 
4.1.2 (b) 

Section 3.6.6 

11  ☒ Describe how the design will not increase the 
generation of sulfides and other odourous compounds 
in the sewage collection system. 

ECA Schedule D, Section 
4.1.2 (c), Design Guidelines, 
Section 5.6 

Section 3.3.8 

12  ☒ Identify all existing downstream pumping stations or 
unique sewage collection components (chambers, 
syphons, pressure sewers, etc.). 

ECA Schedule D, Section 
4.1.3 (a) 

Section 3.1 

13  ☒ Demonstrate with calculations that the maximum 
discharge/generation of sewage by users who will be 
served by the alteration will not result in an 
exceedance of hydraulic capacity of any part of the 
downstream sewage collection system including any 
pumping stations. 

ECA Schedule D, Section 
4.1.3 (a), Design Criteria, 
Section 1.1.1.1, Section 
1.1.2.2 

Section 3.1 

14  ☒ Demonstrate with calculations that the maximum 
discharge/generation of sewage by users who will be 
served by the alteration will not result in an 
exceedance of the uncommitted reserve hydraulic 
capacity of the receiving sewage treatment plant. 

ECA Schedule D, Section 
4.1.3 (a), Design Criteria, 
Section 1.1.1.1, Section 
1.1.2.2 

Section 3.5, 
App B 
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(1) 
Item # 

(2) 
[X] 

(3) 
Item Description 

(4) 
Source 

(5) 
Design Report Reference 

15  ☒ Confirm that the Works are designed not to cause 
adverse effects. 

ECA Schedule D, Section 
4.1.3 (b), Design Criteria, 
Section 1.1.1.2 

Section 3.8 

16  ☒ Discuss whether the project creates a new discharge 
point into the natural environment. 

ECA Schedule D, Section 
4.2.6 

Section 3.0 

17  ☒ Discuss whether the pipe will only be connected to the 
Belleville Sewage Collection System. 

ECA Schedule D, Section 
4.2.5 

Section 3.0 

18  ☒ Discuss whether the project is part of an undertaking 
under EAA and a section 16 order has been issued. 

ECA Schedule D, Section 
4.2.7 

Section 3.0 

For the Design Drawings for sanitary sewers, the designer shall: 

(1) 
Item # 

(2) 
[X] 

(3) 
Item Description 

(4) 
Source 

(5) 
Design Report Reference 

1  ☒ Provide digital drawings that include information 
outlined in Section 3.10.2 (a) (i), (ii) and (iii) (where 
applicable) of ECA Schedule D. 

ECA Schedule D, Section 
3.10.2 

App F 

2  ☒ Identify downstream pumping stations, storage 
structures or unique infrastructure (syphons, pressure 
sewers, etc.). 

ECA Schedule D, Section 
3.10.2 (a) (iii) 

App F 

3  ☒ Identify any proposed small bore systems (if any). ECA Schedule D, Section 
3.10.2 (a) (v) 

App F 

4  ☒ Identify any source protection vulnerable areas. ECA Schedule D, Section 
3.10.2 (a) (vi) 

App F 

5  ☒ Identify any downstream CSO’s or SSO’s. ECA Schedule D, Section 
3.10.2 (a) (iv) 

App F 

6  ☒ For subdivisions, prepare the drawings in accordance 
with the City’s drawing configuration requirements. 

City, Section 1.2, Section 1.3, 
Section 1.4, Section 1.5, 
Section 1.7 

App F 

7  ☒ For subdivisions, include the City’s standard notes. City, Section 2 App F 
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(1) 
Item # 

(2) 
[X] 

(3) 
Item Description 

(4) 
Source 

(5) 
Design Report Reference 

8  ☒ For subdivisions, include the City’s standard 
Specification Drawings. 

City, Section 2 App F 
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SCHEDULE B 

Submission Checklist – Storm Sewers 

Checklist B Version 1, June 29 2023 

PART A: Pre-Authorization Verification 

Will the proposed altera�on: 

1. ☐ YES ☒ NO Include municipally or privately owned works on industrial, commercial or institutional land (ECA Schedule D, 
Section 3.1.1)? 

2. ☐ YES ☒ NO Include municipally or privately owned works serving a single parcel of land (ECA Schedule D, Section 3.1.2)? 
3. ☐ YES ☒ NO Include municipally or privately owned works that are operated as a waste disposal site or snow dump/melt 

facility (ECA Schedule D, Section 3.1.3)? 
4. ☐ YES ☒ NO Include municipally or privately owned works that propose to collect, store, treat, or discharge stormwater 

that contains substances or pollutants (other than total suspended solids or oil/grease) detrimental to the 
environment or human health (ECA Schedule D, Section 3.1.4)? 

5. ☐ YES ☒ NO Involve lands where the designer is aware that Indigenous treaty rights or asserted rights may be impacted 
(ECA Schedule D, Section 3.13)? 

6. ☐ YES ☒ NO Cause an adverse effect (ECA Schedule D, Section 4.1.3 (a))? Also see Part C, Item 14 below. 
7. ☐ YES ☒ NO Result in any deterioration of approved effluent quality or quantity of downstream Stormwater Management 

Facilities (ECA Schedule D, Section 4.1.3 (b))? Also see Part C, Item 17 below. 
8. ☒ YES ☐ NO Be wholly located within the City of Belleville boundary (ECA Schedule D, Section 4.1.4)? 
9. ☐ YES ☒ NO Pass under or through a body of surface water without the use of trenchless construction methods or an 

alternative construction method authorized by the local Conservation Authority (ECA Schedule D, Section 
4.3.1)? 

10. ☐ YES ☒ NO Include a storm sewer pipe that has a nominal diameter greater than 2400 mm (ECA Schedule D, Section 
4.3.2)? 

11. ☐ YES ☒ NO Include a combined sewer (ECA Schedule D, Section 4.3.3)? 
12. ☐ YES ☒ NO Include a concrete channel (ECA Schedule D, Section 4.3.4)? 
13. ☐ YES ☒ NO Be designed to, at any time, transmit, store, or control sanitary sewage (ECA Schedule D, Section 4.3.5)? 
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14. ☐ YES ☒ NO Convert a rural road cross section ditch to curb, gutter and storm sewers and increase the stormwater 
volume or peak flow with no water quality treatment to offset the increase (ECA Schedule D, Section 4.3.6)? 
Also see Part C, Item 19 below. 

15. ☐ YES ☒ NO Result in new discharges or increased discharges to a Municipal Drain without written approval from that 
Owner and a signed Engineer’s Report (ECA Schedule D, Section 4.3.7)? Also see Part C, Item 20 below. 

16. ☐ YES ☒ NO Establish a new outlet with direct discharge into the Natural Environment without monitoring and without 
achieving the requirements in Appendix A (ECA Schedule D, Section 4.3.8)? Also see Part C, Item 21 below. 

17. ☐ YES ☒ NO Increase stormwater flow of an existing storm sewer or ditch without achieving water quality criteria set in 
Appendix A or without discharging to a downstream Stormwater Management Facility with sufficient 
capacity to accommodate the additional stormwater (ECA Schedule D, Section 4.3.9)? Also see Part C, Item 
22 below. 

18. ☐ YES ☒ NO Increase local hydraulic capacity of an existing storm sewer or ditch to accommodate new stormwater flows 
without discharging to a downstream Stormwater Management Facility with sufficient capacity to 
accommodate the additional stormwater (ECA Schedule D, Section 4.3.10)? Also see Part C, Item 23 below. 

19. ☐ YES ☒ NO  Connect to a municipal stormwater management system of another municipality without written consent 
from that other municipality (ECA Schedule D, Section 4.3.11)? Also see Part C, Item 24 below. 

20. ☐ YES ☒ NO  Be part of an Undertaking under the Environmental Assessment Act where a Section 16 order has been 
issued (ECA Schedule D, Section 4.3.12)?  Also see Part C, Item 25 below. 

21. ☐ YES ☒ NO  Create a new outlet that increases discharge or creates new discharge to privately owned land without 
written consent of that land owner (ECA Schedule D, Section 7.2.1)? Also see Part C, Item 27 below. 

If the answer to any of these questions is YES, the proposed works may not be pre-authorized under the City’s CLI-ECA whereby the 
City cannot approve the works. An Environmental Compliance Approval application for the proposed works may have to be 
submitted to the Ministry of the Environment, Conservation and Parks for approval.  Consult with the City before proceeding any 
further. 

Has the design of the altera�on: 

22. ☒ YES ☐ NO Been prepared by a Licensed Engineering Practitioner (ECA Schedule D, Section 4.1.1 (a), Design Criteria, 
Section 1.1.4.1 (a))? 

23. ☒ YES ☐ NO Been designed only to collect and transmit stormwater (ECA Schedule D, Section 4.1.1 (b), Design Criteria, 
Section 1.1.2.1 (b))? 
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24. ☒ YES ☐ NO Been designed NOT to collect or treat any sanitary sewage or combined sewage (ECA Schedule D, Section 
4.1.1 (c), Design Criteria, Section 5.1.2, Design Guidelines, Section 5.2)? 

25. ☒ YES ☐ NO Been designed NOT to collect, store, treat, control, or manage groundwater unless for the purpose of 
foundation drains, road subdrains, or LIDS (ECA Schedule D, Section 4.1.1 (d), Design Criteria, Section 5.1.1)? 

26. ☐ YES ☐ NO Satisfied the Design Criteria (ECA Schedule D, Section 4.1.1 (e), Design Criteria, Section 1.1.4.1 (b))? Also see 
Part C, Item 8 below.  

27. ☒ YES ☐ NO Satisfied the municipal criteria (ECA Schedule D, Section 4.1.1 (e))? Also see Part C, Item 9 below. 
28. ☐ YES ☐ NO Been planned and designed to be consistent with MECP’s Stormwater Management Planning and Design 

Manual (ECA Schedule D, Section 4.1.1 (h), Design Criteria, Section 1.1.4.1 (c))? Also see Part C, Item 11 
below. 

If the answer to any of these questions is NO, the proposed works are not pre-authorized under the City’s CLI-ECA and the City 
cannot approve the works. An Environmental Compliance Approval application for the proposed works will have to be submitted to 
the Ministry of the Environment, Conservation and Parks for approval. Consult with the City before proceeding any further. 

Will the proposed Works: 

29. ☒ YES ☐ NO Be tendered or construction commenced on, or before, July 25, 2024 (ECA Schedule D, Section 9.1.1)? 
30. ☐ YES ☒ NO Be designed prior to the issue date of the storm CLI ECA and changes to the design would result in significant 

cost increase or significant project delays (ECA Schedule D, Section 9.1.3)? 
31. ☐ YES ☒ NO Be the result of a Class Environmental Assessment that was completed prior to the issue date of the storm 

CLI ECA and changes to the design would result in significant cost increase or significant project delays (ECA 
Schedule D, Section 9.1.3)? 

If the answer to any of these questions is YES, the project may qualify as a transitional project and may be exempt from some or all 
of the requirements highlighted throughout in grey.  Consult with the City before proceeding any further. 

PART B: Application Submission Requirements 

Does the application submission include the following: 

☒ YES ☐ NO Design Report? 
☒ YES ☐ NO Complete Design Drawing Set? 
☒ YES ☐ NO Completed Checklists (all that are applicable)? 
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☒ YES ☐ NO  Completed MECP Pipe Data Form (PIBS 6238e)? 
☐ YES ☐ NO  Applicable Signed Forms (eg. SS1, SW1 and/or CS1 for pipes)? 
☐ YES ☐ NO  Application Fee(s)? 

If the answer to any of these is NO, then the application is incomplete and may not be reviewed.  Contact the City to discuss further. 

PART C: Design Requirements 

In the Design Report (in no particular order) for storm sewers, the designer shall: 
(1) 
Item # 

(2) 
[X] 

(3) 
Item Description 

(4) 
Source 

(5) 
Design Report Reference 

1  ☒ Provide a summary of length for each main pipe 
diameter, ditch/swale, culvert diameter, and lateral 
diameter. 

To accommodate an update 
to Table B.2 in ECA Schedule 
B, ECA Schedule D, Section 
4.3.2, Design Criteria, 
Section 5.4 

Section 4.4 

2  ☒ Identify tributaries and receiving water body that Works 
will discharge to. 

ECA Schedule D, Section 
3.12.2 (c) 

Section 4 

3  ☒ Identify watershed and subwatershed that Works will 
discharge to. 

ECA Schedule D, Section 
3.12.2 (d) 

Section 4 

4  ☒ Identify stormsewershed and outlet for each part of the 
Works. 

ECA Schedule D, Section 
3.12.2 (e) 

Section 4 

5  ☒ Verify whether any part of the Works is located in a 
source protection vulnerable area. 

ECA Schedule D, Section 
3.12.2 (f) 

Section 4 

6  ☒ Identify and discuss any CSO’s or SSO’s in proximity of 
project. 

ECA Schedule D, Section 
3.12.2 (g) 

Section 4 

7  ☒ Identify whether the project is an addition, modification, 
replacement or extension of a storm sewer, ditch or 
culvert. 

ECA Schedule D, Section 4.1 Section 4 

8   Confirm that the design satisfies the Design Criteria, by: ECA Schedule D, Section 
4.1.1 (e) 
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(1) 
Item # 

(2) 
[X] 

(3) 
Item Description 

(4) 
Source 

(5) 
Design Report Reference 

 a) ☐ Demonstrating that proposed Works do NOT result in 
exceedance of hydraulic capacity of any downstream 
infrastructure (pipe, pump station, receiving treatment 
facility such as pond, OGS, etc.), 

Design Criteria, Section 
1.1.3.1 

 

 b) ☐ Providing confirmation that the proposed Works will 
NOT cause an adverse effect, 

Design Criteria, Section 
1.1.3.2 

 

 c) ☐ Demonstrating that the proposed Works will NOT 
adversely impact the effluent quality of the downstream 
stormwater works, 

Design Criteria, Section 
1.1.3.3 

 

 d) ☐ Discussing how the proposed works is designed using an 
integrated stormwater treatment train approach, 

Design Criteria, Section 
1.1.4.3 

 

 e) ☐ Identifying soil characteristics, Design Criteria, Section 1.2.1  
 f) ☐ Discussing how the design has considered all relevant 

soil and hydrogeological conditions, 
Design Criteria, Section 1.2.1  

 g) ☐ Discussing how the design of all maintenance holes, 
chambers, and structures conforms to all applicable 
requirements such as Occupational Health and Safety 
Act, MOL Confined Space Guidelines, Fire Protection and 
Prevention Act, etc., 

Design Criteria, Section 1.2.2  

 h) ☐ Discussing how the design of all maintenance holes and 
chambers has considered future inspection, operation, 
and maintenance,  

Design Criteria, Section 1.2.3  

 i) ☐ Identifying if soil is susceptible to frost and where such 
soil is located, 

Design Criteria, Section 1.2.4  

 j) ☐ Confirming all precast structures in frost susceptible 
soils include hardware to prevent heave due to frost, 

Design Criteria, Section 1.2.4  

 k) ☐ Identifying if any area is subject to flooding (regular or 
seasonal), 

Design Criteria, Section 1.2.5  

 l) ☐ Identifying groundwater levels, Design Criteria, Section 1.2.5  
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(1) 
Item # 

(2) 
[X] 

(3) 
Item Description 

(4) 
Source 

(5) 
Design Report Reference 

 m) ☒ Identifying inflow/infiltration prevention measures and 
flotation prevention measures for all sewers, 
maintenance holes and appurtenances in areas subject 
to flooding or high groundwater, 

Design Criteria, Section 
1.2.6, Section 5.1.6, Design 
Guidelines, Section 5.7.4 

Section 4.4.2 

 n) ☐ Identifying specifications for adequate control of 
siltation and erosion during construction, 

Design Criteria, Section 
1.2.7.2 

 

 o) ☒ Providing an ESC plan that identifies how the 
requirements (measures, installation, maintenance, 
inspection) will be met, 

ECA Schedule D, Section 3.10 
and 3.11 

App F, ESC Dwgs 

 p) ☐ Identifying the ESC standard to be followed, Appendix A “Construction 
Erosion and Sediment 
Control 

 

 q) ☐ Identifying if Works include any storm forcemains (if so, 
then discussing Sections 3, 7.1.2.1.c, and 8.5 of Design 
Criteria), 

Design Criteria, Section 3, 
Section 7.1.2.1.c, Section 8.5 

 

 r) ☐ Identifying and providing copies of IDF curves used for 
the design, 

Design Criteria, Section 5.1.3  

 s) ☐ Identifying and providing local climate data used to 
establish storm frequency criteria, 

Design Criteria, Section 5.1.4  

 t) ☐ Calculating and identifying inlet times by modeling 
overland flow route under fully developed system 
conditions, 

Design Criteria, Section 5.1.5  

 u) ☐ Verifying storm sewer design with a major and minor 
system capacity analysis, 

Design Criteria, Section 5.1.7  

 v) ☐ Performing and providing runoff calculations, Design Criteria, Section 5.2  
 w) ☐ Identifying friction factors, source of friction factors, and 

equation for calculating capacity (Manning or Darcy-
Weisbach), 

Design Criteria, Section 5.3  
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(1) 
Item # 

(2) 
[X] 

(3) 
Item Description 

(4) 
Source 

(5) 
Design Report Reference 

 x) ☐ Identifying how the pipe colour coding requirements will 
be communicated to the contractor, 

Design Criteria, Section 5.4  

 y) ☐ Discussing need for additional protective measures, Design Criteria, Section 5.5.2  
 z) ☐ Discussing need for anchors/restraints, Design Criteria, Section 

5.6.1, Section 5.6.2 
 

 aa) ☐ Discussing need for protective measures, Design Criteria, Section 5.6.3  
 ab) ☐ Identifying source of specifications for all proposed 

materials, 
Design Criteria, Section 5.7  

 ac) ☒ Ensuring that proposed pipe materials and 
ditches/culverts meet OPSS specifications, 

Design Criteria, Section 
5.7.1, ECA Schedule D, 
Section 4.1.1 (f) 

Section 4.4.1 

 ad) ☐ Discussing presence of contamination, Design Criteria, Section 5.7.2  
 ae) ☐ Discussing materials that are selected based on specific 

site conditions, 
Design Criteria, Section 5.7.3  

 af) ☒ Identifying loading conditions, pipe strength and 
associated safety factor, 

Design Criteria, Section 5.8, 
Section 5.9.2, Design 
Guidelines Section 5.10.1 

Section 4.4.1 

 ag) ☐ Providing manufacturer’s recommendations for pipe 
cover (or identifying to be considered in shop drawing 
review), 

Design Criteria, Section 5.9.3  

 ah) ☒ Identifying means for protection from frost, Design Criteria, Section 
5.9.1, Design Guidelines, 
Section 5.7.3 

Section 4.4.2 

 ai) ☒ Describing how design meets maintenance hole 
requirements, 

Design Criteria, Section 5.10, 
City, Section 2 

Section 4.5 

 aj) ☒ Describing how design meets catchbasin requirements, Design Criteria, Section 5.11, 
City Section 2 

Section 4.6 
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(1) 
Item # 

(2) 
[X] 

(3) 
Item Description 

(4) 
Source 

(5) 
Design Report Reference 

 ak) ☒ Identifying if Works include any inverted syphons (if so, 
then discussing each part of Section 5.12 as well as 
7.1.2.1.c), 

Design Criteria, Section 5.12, 
Section 7.1.2.1.c, Design 
Guidelines, Section 5.10.2 

Section 4.4.3 

 al) ☐ Describing how design meets service lateral 
requirements, 

Design Criteria, Section 5.13  

 am) ☒ Providing hydraulic design sheets, Design Criteria, Section 
7.1.2.1.a, Design Guidelines, 
Section 5.7.12 

Section 4.7, 
Table 8 

 an) ☐ Identifying specifications for how inspection and testing 
requirements outlined in Design Criteria Section 8 will 
be met, 

Design Criteria, Section 
1.2.7.1, ECA Schedule D, 
Section 4.1.7 

 

 ao) ☐ Providing and discussing inspection and testing plan 
(video inspection, deflection testing, etc.), 

Design Criteria, Section 
8.1.1, Section 8.1.3, Section 
8.1.6, Section 8.1.7, Section 
8.2, Section 8.4 

 

 ap) ☐ Identifying how the requirement for notification of 
testing will be communicated to the contractor, 

Design Criteria, Section 8.1.4  

 aq) ☐ Identifying how the requirement for provision of 
inspection reports will be communicated to the 
contractor, 

Design Criteria, Section 8.1.5  

 ar) ☐ Identifying need for special inspection and testing 
requirements. 

Design Criteria, Section 8.1.8  

9   Confirm that the design satisfies Municipal Criteria, by: ECA Schedule D, Section 
4.1.1 (e) 

 

 a) ☐ Discussing how the design satisfies the City’s Storm 
Sewer Design Criteria outlined in Section 2 (Standards) 
of the City’s Engineering Requirements, 

City, Section 2 Section 4.8 
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(1) 
Item # 

(2) 
[X] 

(3) 
Item Description 

(4) 
Source 

(5) 
Design Report Reference 

 b) ☒ Discussing how the design satisfies the City’s swale 
requirements outlined in Section 2 (Standards) of the 
City’s Engineering Requirements. 

City, Section 2 Section 4.9 

10   Confirm that the design is consistent with or addresses 
Design Guidelines, by: 

ECA Schedule D, Section 
4.1.1 (g) 

 

 a) ☒ Identifying and summarizing all drainage areas that will 
drain to the system, 

Design Guidelines, Section 
5.4.2 

Figure 9 

 b) ☒ Providing intensity-duration-frequency curves used in 
design, 

Design Guidelines, Section 
5.4.3 

Section 4.2.1.1 

 c) ☒ Identifying storm frequency and time of concentration 
used for major and minor drainage systems, 

Design Guidelines, Section 
5.4.3 

Section 4.2.1, 
Section 4.2.1.3 

 d) ☒ Describing the major-minor drainage system approach, Design Guidelines, Section 
5.4.4 

Section 4.2 

 e) ☒ Identifying, and describing rationale for, runoff 
coefficients for each drainage area, 

Design Guidelines, Section 
5.4.4 

Section 4.2.1.2 

 f) ☒ Identifying, and describing rationale for, time of 
concentration, 

Design Guidelines, Section 
5.4.4 

Section 4.2.1.3 

 g) ☒ Calculating peak rate of runoff for each area and 
identifying the method used, 

Design Guidelines, Section 
5.4.1 

Section 4.2.1,  
Table 8 

 h) ☒ Calculating inlet times, Design Guidelines, Section 
5.4.4 

Section 4.2.1.4 

 i) ☒ Describing rationale for size, type, spacing of 
catchbasins; need for sumps; need for inlet controls; 
size, slope of catchbasin leads; and summarizing all in 
table format, 

Design Guidelines, Section 
5.4.5, City, Section 2 

Section 4.6, App F ND-3 
and ND-4 

 j) ☒ Describing inlet and outlet gratings, Design Guidelines, Section 
5.4.6 

Section 4.6, App F ND-3 
and ND-4 

 k) ☒ Discussing foundation drainage, Design Guidelines, Section 
5.4.7 

Section 4.4.4 
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(1) 
Item # 

(2) 
[X] 

(3) 
Item Description 

(4) 
Source 

(5) 
Design Report Reference 

 l) ☒ Calculating and summarizing storm sewer capacities and 
identifying the method(s) used, 

Design Guidelines, Section 
5.4.8, Section 5.7.1 

Section 4.3, 
Section 4.4 

 m) ☒ Confirming that sizes of storm sewers and storm 
services are greater than minimum acceptable sizes, 

Design Guidelines, Section 
5.7.2 

Section 4.4.5 

 n) ☒ Identifying, and describing rationale for, depths of all 
sewers, 

Design Guidelines, Section 
5.7.3 

Section 4.4.2 

 o) ☒ Describing the method for calculating, and summarizing 
in table format, the velocity of storm flow, and slope of 
pipes, 

Design Guidelines, Section 
5.7.5, Design Criteria, 
Section 5.5.1, Section 5.5.2 

Section 4.4.6,  
Table 8, 
App F Dwgs ND-3, ND-4 

 p) ☒ Identifying hydraulic losses at manholes, Design Guidelines, Section 
5.7.5.1 

Section 4.5.4 

 q) ☒ Discussing need for reduction in slopes, Design Guidelines, Section 
5.7.5.2 

Section 4.4.6 

 r) ☒ Discussing slopes relative to solids deposition, Design Guidelines, Section 
5.7.5.3 

Section 4.4.6 

 s) ☒ Discussing slopes relative to minimum and maximum 
velocities and depth of flow, 

Design Guidelines, Section 
5.7.6 

Section 4.4.6 

 t) ☒ Discussing need for steep slope protection, Design Guidelines, Section 
5.7.6.1 

Section 4.4.7 

 u) ☒ Discussing alignment of sewers, Design Guidelines, Section 
5.7.7 

Section 4.4.8 

 v) ☒ Discussing changes in pipe sizes, Design Guidelines, Section 
5.7.8 

Section 4.4.5 

 w) ☒ Discussing rationale for design of pipe materials, Design Guidelines, Section 
5.7.9 

Section 4.4.1 

 x) ☒ Identifying the installation specifications to be used, Design Guidelines, Section 
5.7.10 

Section 4.4.1 

 y) ☒ Identifying testing requirement (ring deflection testing, 
leakage, hydrostatic), 

Design Guidelines, Section 
5.7.10, Section 5.7.11.3, 

Section 4.7 
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(1) 
Item # 

(2) 
[X] 

(3) 
Item Description 

(4) 
Source 

(5) 
Design Report Reference 

Section 5.7.11.4, Section 
5.7.12.1 

 z) ☒ Discussing pipe joint requirements, Design Guidelines, Section 
5.7.11.1 

Section 4.4.1 

 aa) ☒ Discussing service connection requirements, Design Guidelines, Section 
5.7.11.2 

Section 4.4.4 

 ab) ☒ Discussing bypass and overflow capabilities and 
likelihoods, 

Design Guidelines, Section 
5.7.13 

Section 4.4.9 

 ac) ☒ Discussing any proposed alternative installation and 
construction technologies, 

Design Guidelines, Section 
5.8 

Section 4.5.12 

 ad) ☒ Discussing the locations of manholes and summarizing in 
tabular format, 

Design Guidelines, Section 
5.9.1 
City, Section 2 

App F, ND-3, ND-4, 
Pipe Data Form 

 ae) ☒ Discussing the need for drop type manholes and 
identifying associated details, 

Design Guidelines, Section 
5.9.2 

Section 4.5.4 

 af) ☒ Discussing the proposed sizes of manholes and 
summarizing in tabular format, 

Design Guidelines, Section 
5.9.3 

App F, ND-3, ND-4, 
Pipe Data Form 

 ag) ☒ Discussing the flow channel configurations and benching 
in manholes, 

Design Guidelines, Section 
5.9.4, Section 5.9.5 

Section 4.5.4 

 ah) ☒ Discussing the specifications for manholes and pipe to 
manhole connections, 

Design Guidelines, Section 
5.9.6, Section 5.9.8, Section 
5.9.9, Section 5.9.10 

Section 4.5, 
Section 4.0 

 ai) ☒ Discussing specifications for manhole inspection and 
testing, 

Design Guidelines, Section 
5.9.7 

Section 4.7 

 aj) ☒ Identifying special considerations for sewer system 
rehabilitations, 

Design Guidelines, Section 
5.11 

Section 4.5.9 

 ak) ☒ Identifying if the project involves a stream crossing (if 
so, then Design Guideline, Section 5.12 is to be 
discussed), 

Design Guidelines, Section 
5.12 

Section 4.5.10 
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(1) 
Item # 

(2) 
[X] 

(3) 
Item Description 

(4) 
Source 

(5) 
Design Report Reference 

 al) ☒ Identifying if the project involves an aerial crossing (if so, 
then Design Guideline, Section 5.13 is to be discussed), 

Design Guidelines, Section 
5.13 

Section 4.5.11 

 am) ☒ Discussing challenging conditions affecting servicing. Design Guidelines, Section 6 Section 4.5.13 
11   Ensure design is consistent with Stormwater 

Management Planning and Design Guidance Manual and 
Appendix A, by: 

ECA Schedule D, Section 
4.1.1 (h) 

 

 a) ☐ Discussing how Water Balance criteria are met, Stormwater Manual, Section 
3.2; ECA, Appendix A 

 

 b) ☐ Discussing how Water Quality criteria are met, Stormwater Manual, Section 
3.2; ECA, Appendix A 

 

 c) ☐ Discussing how Watershed Erosion Control criteria are 
met, 

Stormwater Manual, Section 
3.2; ECA, Appendix A 

 

 d) ☐ Discussing how Water Quantity criteria are met, Stormwater Manual, Section 
3.2; ECA, Appendix A 

 

 e) ☐ Discussing how Flood Control criteria are met. ECA, Appendix A  
12   Ensure design is protective of nearby drinking water 

systems, by: 
ECA Schedule D, Section 
4.1.1 (i), Section 7.1 

 

 a) ☐ Including an assessment of whether proposed Works 
pose a Significant Drinking Water Threat and identifying 
mitigation measures, 

Design Criteria, Section 1.3, 
SOP 

 

 b) ☒ Including design considerations set out in Standard 
Operating Policy and Source Protection Plan, by: 

ECA Schedule D, Section 
4.1.1 (i) 

Section 4.0 

 (i) ☒ Identifying if the proposed Works fall within IPZ1, IPZ2 
for Belleville Drinking Water System or IPZ1, IPZ2, 
WHPAA, WHPAB or WHPAC for Pt Anne Drinking Water 
System, 

ECA Schedule D, Section 
4.1.1 (i) 

Section 4.0 

 (ii) ☒ Identifying if any of the sewage policies from the Source 
Protection Plan apply to any of the proposed Works, 

SPP Section 4.0 
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(1) 
Item # 

(2) 
[X] 

(3) 
Item Description 

(4) 
Source 

(5) 
Design Report Reference 

 (iii) ☒ Identifying any known or suspected risks from 
properties within proposed sewershed areas in project 
area (waste disposal sites, snow storage, fuel storage, 
chemical storage, chemical application, private sewer 
systems, agricultural activities, etc.), 

Various SPP Policies Section 4.0 

 (iv) ☐ Identifying if any part of the proposed Works is a 
Prescribed Threat Activity or Sub-Threat Activity within a 
vulnerable area, as outlined in the Standard Operating 
Policy, 

SOP  

 (v) ☐ Identifying mitigation measures for all Prescribed Threat 
Activities and Sub-Threat Activities, 

SOP  

 c) ☒ Confirming that the Works have been designed so as not 
to adversely affect ability to maintain a gravity flow in 
the system without overflowing or increasing 
surcharging in any maintenance holes, 

ECA Schedule D, Section 
4.1.2 (a) 

Section 4.8 

 d) ☐ Identifying how protection is provided for drinking water 
systems as outlined in MECP F-6-1 and Section 15 of 
Watermain Design Criteria document,  

Design Criteria, Section 1.4,  
 

 

 e) ☒ Identifying how protection is provided in accordance 
with Section 5.14 of Design Guidelines, 

Design Guidelines, Section 
5.14, 
 

Section 4.4.10 

 f) ☒ Identifying how the design is protective of drinking 
water sources in Vulnerable Areas. 

ECA Schedule E, Section 8.1 Section 4.0 

13  ☒ Identify how smooth flow transition is maintained to 
existing gravity storm sewers. 

ECA Schedule D, Section 
4.1.2 (b) 

Section 4.5.4 

14  ☒ Confirm that the Works are designed not to cause 
adverse effects. 

ECA Schedule D, Section 
4.1.3 (a) 

Section 4.8 

15  ☒ Identify all existing downstream SWM Facilities. ECA Schedule D, Section 
4.1.3 (b) 

Section 4.0 
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16  ☒ Identify the SWM Facility that is required to service the 
storm sewer or ditch. 

ECA Schedule D, Section 
4.1.3 (b) 

Section 4.0, 
Section 5.0 

17  ☐ Discuss how Works are designed so as not to result in a 
deterioration of effluent quality or quantity in any 
downstream SWM Facility which results in not being 
able to achieve overall criteria per Appendix A. 

ECA Schedule D, Section 
4.1.3 (b) 

 

18  ☒ Confirm that the SWM Facility required to service the 
storm sewer or ditch is in service. 

ECA Schedule D, Section 4.2 Section 4.0, 
Section 5.0 

19  ☒ Discuss whether the project converts a rural cross 
section to curb, gutter and storm sewers. 

ECA Schedule D, Section 
4.3.6 

Section 4.3.2 

20  ☒ Discuss whether the project results in new or increased 
discharges to a Municipal Drain. 

ECA Schedule D, Section 
4.3.7 

Section 4.0 

21  ☒ Discuss whether the project establishes a new outlet 
with direct discharge into the natural environment. 

ECA Schedule D, Section 
4.3.8 

Section 4.3 

22  ☒ Discuss whether the project discharges into an existing 
storm sewer, ditch or SWM Facility. 

ECA Schedule D, Section 
4.3.9 

Section 4.3 

23  ☒ Discuss whether the project increases the hydraulic 
capacity of an existing storm sewer or ditch. 

ECA Schedule D, Section 
4.3.10 

Section 4.3 

24  ☒ Discuss whether the pipe will only be connected to the 
Belleville Stormwater System. 

ECA Schedule D, Section 
4.3.11 

Section 4.3 

25  ☒ Discuss whether the project is part of an undertaking 
under EAA and a section 16 order has been issued. 

ECA Schedule D, Section 
4.3.12 

Section 4.0 

26  ☒ Discuss how any outlet established or altered has regard 
to Appendix E of 2012 TRCA Stormwater Management 
Criteria document. 

ECA Schedule D, Section 7.1 Section 4.4.11 

27  ☒ Discuss whether the project discharges stormwater to 
private property. 

ECA Schedule D, Section 
7.2.1 

Section 4.4.11 

28  ☒ Confirm that any new outlet will not result in adverse 
effects. 

ECA Schedule D, Section 
7.2.2 

Section 4.4.11 
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For the Design Drawings for storm sewers, the designer shall: 
(1) 
Item # 

(2) 
[X] 

(3) 
Item Description 

(4) 
Source 

(5) 
Design Report Reference 

1  ☒ Provide digital drawings that include information 
outlined in Section 3.12.2 (a), (b) and (e) of ECA 
Schedule D. 

ECA Schedule D, Section 
3.12.2 

App F 

2  ☒ Identify tributaries and receiving water body that Works 
will discharge to. 

ECA Schedule D, Section 
3.12.2 (c) 

App F 

3  ☒ Identify watershed and subwatershed that Works will 
discharge to. 

ECA Schedule D, Section 
3.12.2 (d) 

App F 

4  ☒ Identify stormsewershed and outlet for each part of the 
Works. 

ECA Schedule D, Section 
3.12.2 (e) 

App F 

5  ☒ Identify any source protection vulnerable areas. ECA Schedule D, Section 
3.12.2 (f) (vi) 

App F 

6  ☒ Identify any CSO’s or SSO’s in proximity of project. ECA Schedule D, Section 
3.12.2 (g) 

App F 

7  ☒ For subdivisions, prepare the drawings in accordance 
with the City’s drawing configuration requirements. 

City, Section 1.2, Section 1.3, 
Section 1.4, Section 1.5, 
Section 1.7 

App F 

8  ☒ For subdivisions, include the City’s standard notes. City, Section 2 App F 
9  ☒ For subdivisions, include the City’s standard 

Specification Drawings. 
City, Section 2 App F 
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APPENDIX H: 
PIPE DATA FORM 
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