Municipality of Brighton Stormwater Master Plan

APPENDIX B. POND INSPECTION DATA AND BATHYMETRIC SURVEY RESULTS
The stormwater management ponds were inspected to assess how well they are capturing sediment,
determine if sediment cleanout is necessary, and to identify other maintenance needs. This section first
provides background on the pond assessments and then details the background, sediment accumulation,
and inspection findings. The pond locations are illustrated in Figure 20.
1 Brighton By the Bay
2 Harbour Point Pond
3 Roos Pond
4 Lucas Pond
5 Orchard Gate Pond
6 Tackaberry Ridge Pond
7 Forest Hill Wet Pond
8 Forest Hill Dry Pond

Figure 20. Pond Location Map

B.1.

Method

The rate at which sediment accumulates in a pond and the resulting frequency of necessary cleanout varies
due to:





the type of pond;
design storage volume (e.g., if pond is oversized for sediment storage);
characteristics of the upstream catchment area (e.g., land use, amount of imperviousness, upstream
construction activities, and effectiveness of erosion and sediment controls); and
municipal practices (e.g., sanding) (Ministry of the Environment 2003).

As ponds fill with sediment, their efficiency (i.e. the amount of sediment entering the pond that can be
captured) decreases. The Stormwater Management Planning and Design (SWMPD) Manual (Ministry of the
Environment 2003) defines that cleanout is necessary when efficiency has been reduced by 5% of the
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required protection level. For example, if a pond was required to provide Enhanced Level of treatment (i.e.
80% long-term TSS removal), then cleanout would be necessary once the efficiency has lowered to 75%.
Annual sediment load to each pond can be estimated using Table 38 based on the catchment
imperviousness and size. Annual sediment accumulation can then be estimated by multiplying the annual
load by the removal efficiency defined in Table 39 based on the imperviousness of the catchment and the
water quality storage volume. This exercise improved on such estimates by measuring how much sediment
has accumulated in each of the wet ponds since they were constructed, giving a clearer understanding of
how much capacity remains in the ponds to remove sediment and if cleanout is needed. Sediment
accumulation volumes previously estimated as part of the GENIVAR report in 2009 were used in the
analysis as well, where available.
Table 38. Annual Sediment Loading
Catchment
Imperviousness (%)
35
55

Annual Loading
(kg/ha)
770
2300

Wet Density (kg/m3)
1230
1230

70
3495
85
4680
Source: Table 6.3 from MOE SWMPD Manual (2003)

Annual Loading
(m3/ha)
0.6
1.9

1230
1230

2.8
3.8

Table 39. Water Quality Storage Requirements
Storage Volume (m³/ha) for
Impervious Level
Protection Level
Enhanced
80% long-term TSS removal

Normal
70% long-term TSS removal

Basic
60% long-term TSS removal

Pond Type
Infiltration
Wetlands
Hybrid Wet Pond/Wetland
Wet Pond
Infiltration

35%
25
80
110
140
20

55%
30
105
150
190
20

70%
35
120
175
225
25

85%
40
140
195
250
30

Wetlands
Hybrid Wet Pond/Wetland
Wet Pond
Infiltration
Wetlands
Hybrid Wet Pond/Wetland

60
75
90
20
60
60

70
90
110
20
60
70

80
105
130
20
60
75

90
120
150
20
60
80

Wet Pond
60
75
85
95
Dry Pond
90
150
200
240
Source: Table 3.2 from MOE SWMPD Manual (2003)
Note: 40 m3/ha of the above is extended detention while the remainder is permanent pool volume. The extended detention
volume is doubled to 80 m3/ha if there is an upstream pond.

The typical purpose of each component of a pond’s storage is illustrated in Figure 21. Hereafter the analysis
focuses solely on permanent pool storage volumes and how they change as sediment accumulates.
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Figure 21. Typical Components of Pond Storage (GENIVAR 2009)

The assumptions and limitations of this sediment accumulation analysis method include the following:








B.2.

once captured, sediment has not been scoured and discharged
annual sediment loads have and will remain constant (i.e. previous cleanouts were not accounted
for due to lack of data, future erosion control practices will not change) in order to represent the
anticipated results of doing nothing
as built storage volumes were estimated using the best available information using design
drawings, as built drawings, reports, Environmental Compliance Approvals (ECAs), LiDAR (2017),
and survey (2018)
removal efficiency was estimated using Table 3.2 of the SWMPD Manual (Ministry of the
Environment 2003) and not using measurements of flow or water quality
compliance with other criteria for pond design defined in the SWMPD Manual (Ontario Ministry of
Environment, 2003), such as forebay dimensions, depth of permanent pool, and minimum side
slope, was not reviewed as part of this exercise.

Background

Relevant background information on the existing ponds was reviewed, including the following:





Investigation and Assessment of Stormwater Systems and Facilities (GENIVAR 2009)
Environmental Compliance Approvals
Stormwater Management Reports
Design Drawings

The MECP issues Environmental Compliance Approvals (ECAs) previously referred to as Certificates of
Approval for Municipal and Private Sewage Works. Each certificate specifies:




the criteria for the approval;
documentation used as the basis for their review of the original application; and
terms and conditions, including operation and maintenance as well as record keeping.

The operation and maintenance requirements in the ECAs for ponds in Brighton typically include the
following requirements:


ensure that the design storage volumes are maintained at all times.
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inspect the Works at least once a year and, if necessary, clean and maintain the Works to prevent
the excessive buildup of sediments and/or vegetation.
maintain a logbook to record the results of these inspections and any cleaning and maintenance
operations undertaken, and shall keep the logbook at the site for inspection by the Ministry. The
logbook shall include the name of the Works and the date and results of each inspection,
maintenance and cleaning, including an estimate of the quantity of any materials removed.

The ECA for Lucas Pond (Butler Street Subdivision) is unique in specifying the condition that the
components, siting and operations of the stormwater works do not constitute a safety or health hazard to
the general public. The ECAs for Brighton by the Bay Wetland and Tackaberry Ridge Pond also require
ongoing monitoring of water quality and evaluated performance in an annual report.
The ECAs also specify that records shall be retained a minimum of five years from the date of their creation,
including all records and information related to or resulting from the operation and maintenance activities.

B.3.

Brighton By the Bay Wetland

B.3.1. Background
Brighton by the Bay wetland is located
west of the Sandpiper Way and Mills Road
intersection. The wetland was designed to
control the quality and quantity of runoff
200 m
from Brighton by the Bay and Presqu’ile
Place Subdivisions before ultimately
discharging into Presqu’ile Bay Marsh
(Lake Ontario) in the marina located east of
the Harbour Street and Marina Drive
intersection. A diversion weir in the
manhole upstream of the wetland on Mills
Road directs low flows to the wetland
while allowing large events to bypass the
wetland and drain directly to the marina.
The location of the wetland is shown in
Figure 20 and in Figure 22 with its
contributing drainage area. A schematic of
the wetland and photographs are provided Figure 22. Drainage Area to Brighton by the Bay Wetland
in the inspection report at the end of this
section.
The wetland was previously assessed as part of the Investigation and Assessment of Stormwater Systems and
Facilities (GENIVAR 2009). Review of other relevant background information on Brighton by the Bay
wetland included the following:




Amended ECA Number 3016-A7FQ2G for Brighton by the Bay Sub. Phase 4 (Issued March 1, 2016)
C of A Number 3-0202-95-006 for Brighton by the Bay Sub. Phase 1 (Issued April 26, 1995)
Stormwater Quantity and Quality Control Report for Brighton by the Bay Subdivision Phases 3 and
4 (June, 2008) prepared by M.J. Davenport & Associates Ltd.
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The amended ECA refers to background information that was not available to consider in this assessment,
including the ECA application as well as the final plans, specifications, design calculations, supplementary
data and letter (March 28, 1995) prepared by Paragon Engineering Limited and the stormwater
management report entitled Brighton Harbourview Estates 14T-90011 (November, 1994) prepared by
Andrew Brodie Associates.
The characteristics of Brighton by the Bay wetland are summarized in Table 40. The last phase of
development in the contributing area, Phase 8 of Brighton by the Bay, is currently under construction. The
drainage area and its imperviousness noted below represent fully developed conditions.
Table 40. Summary of Background Information on Brighton by the Bay Wetland
Existing Drainage Area (ha)
26.89 (1)
Existing Imperviousness (%)
35.0 (1)
Required Protection Level
Normal (70%) (1)
3
Required Permanent Pool Storage (m )
538 (2)
3
Constructed Permanent Pool Storage (m ) 507 (3)
Constructed Protection Level
69%
(1)
(Ministry of the Environment and Climate Change 2016)
(2)
Calculated based on applicable guidelines (Ministry of the Environment 2003) however ECA requires 506 m3
(3)
(GENIVAR 2009)

The ECA was amended to modify the wetland based on contributing drainage area. Modifications included
raising the diversion weir upstream of the wetland to increase the amount of runoff directed to and treated
by the wetland. No records are available to confirm that the weir has been raised and that the modifications
have been constructed. The ECA amendment specifies that the owner shall:



Inspect the wetland once annually and, if necessary, clean and maintain the wetland for excessive
buildup of sediment and/or vegetation.
Maintain a record of the name of the wetland, date and results of each inspection, maintenance and
cleaning, including estimated quantity of materials removed.

After construction of the modifications, the ECA amendment requires that the owner monitor the wetland
until two years after 90% of the homes for Phase 8 of Brighton by the Bay Subdivision have been occupied.
The monitoring program requirements are defined in Section 5 of the ECA amendment, including collection
of grab samples, protocols for testing TSS, a Performance Assessment Report every five years, and record
keeping.
In addition to maintenance and monitoring, the ECA amendment also specifies requirements for erosion
and sediment control. The owner is required to install erosion and sediment control measures during
construction and inspect them every two weeks and after every rainfall event totalling at least 25 mm over
24 hours. Inspections records must include the name of the inspector, date of inspection, and remedial
measures taken.
Brighton by the Bay wetland was inspected on December 2, 2008 (13 years after construction in 1995) to
survey sediment depths in the forebay as part of the Investigation and Assessment of Stormwater Systems
and Facilities (GENIVAR 2009). The investigation found that the forebay was 65% full of sediment that had
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accumulated at a rate of 4.7 m3/year to a total volume of 61 m3. This observed accumulation rate appeared
to be slow relative to expected accumulation rates using guidelines in the MOE SWMD Manual (2003) which
may be due to the bypass structure allowing a significant amount of runoff from the contributing area to
bypass the wetland (GENIVAR 2009). Cleanout of the forebay was recommended. Brighton by the Bay
wetland was reportedly cleaned out 2012 however there are no records of the amount of sediment
removed. The report also noted that the facility would need to be expanded to accommodate the remaining
phases of Brighton by the Bay subdivision yet to be developed at that time. Improvements to erosion and
sediment control practices were also recommended.
Recreational use of the marina downstream of Brighton by the Bay wetland was previously identified as
being disrupted by accelerated sediment accumulation. Sediment in the marina may be from the flows
bypassing Brighton by the Bay wetland as well as from the untreated runoff from Harbour Street, Marina
Drive, Walas Street, and Raglan Street also draining to the marina. Monitoring and hydraulic modeling of
the wetland’s performance was recommended to consider raising the weir and enhancing the treatment
efficiency of the wetland. In addition, oil grit separators at storm sewer outfalls along the lakeshore were
also recommended (GENIVAR 2009). While modifications to the weir are underway for other reasons,
improvements have not been assessed or implemented to capture more sediment in the wetland or from
untreated areas before they reach the marina. The effectiveness of end-of-pipe stormwater management
solutions (e.g. oil grit separators and wetland retrofit) would be limited under high lake level conditions
and due to the existing roadside ditch and culvert system servicing the majority of the untreated areas. In
addition to recreational impacts, high sediment loads reaching the marina are also affecting Presqu’ile Bay
Marsh (a Provincially Significant Wetland) as well as the Species at Risk living in the wetland.

B.3.2. Sediment Accumulation Assessment
The height of sediment in Brighton by the Bay wetland was surveyed in the summer of 2018. The extents
of the bathymetric and topographic survey are shown in Figure 23, including points in the forebay (west
side) and in the main wetland area (east side). The top of the sediment was compared to the as-constructed
bottom of the wetland using AutoCAD Civil 3D to estimate the sediment accumulation volume. This analysis
found that approximately 444 m3 of sediment has accumulated in Brighton by the Bay wetland, leaving 12%
of the original permanent pool available to continue capturing sediment. The remaining storage is currently
providing 46% sediment removal efficiency, well below the allowable reduction from Normal Level (70%)
to 65%. Comparing the estimated and observed sediment accumulation rates (11 and 38 m3/year,
respectively) indicate that the sediment load to the wetland has been higher than expected based on MOE
guidelines. Deficient erosion control practices and lack of post-construction cleanout of the storm sewer
system are likely causes of accelerated sediment accumulation. In addition, blockage of the wetland’s outlet
observed during the inspection in May 2018 has raised the normal water level in the wetland. High lake
levels such as those in the spring of 2017 are also expected to raise the normal water level (See Section
2.1.4). Field observations and the LiDAR also indicate that the shoreline of the wetland is eroding, possibly
due to elevated water levels. Shoreline erosion is likely contributing to sediment accumulation in the
wetland. The estimated historical and future sediment accumulation in Brighton by the Bay wetland, and
annual reduction in treatment efficiency, is graphed in Figure 24.
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Survey
Elevation (m)
≥78

≤75

50 m

Figure 23. LiDAR, Bathymetric Survey and Topographic Survey of Brighton by the Bay Wetland

Cleanout Required

Figure 24. Brighton by the Bay Wetland Sediment Accumulation and Resulting Removal Efficiency
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B.3.3. Inspection Report
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B.4.

Harbour Point Pond

B.4.1. Background
Harbour Point Pond is located north of Raglan Street
between Cove Crescent and Cedar Street. The pond
was designed to control the quality and quantity of
runoff from Harbour Point and Klamp Subdivisions
discharging into Presqu’ile Bay Marsh (Lake Ontario)
350 m
east of the Harbour Street and Cedar Street
intersection. The location of the pond is shown in
Figure 20 and a schematic of the pond is provided in
the inspection report at the end of this section. The
contributing drainage area to the pond is illustrated in
Figure 25 and includes Roos Subdivision. Runoff from
part of Roos Subdivision is controlled by Roos Pond
while the rest drains by roadside ditches to the
southwest corner of Huron Drive. Both the ditch and
pond outlet to the undeveloped area between
Figure 25. Drainage Area to Harbour Point Pond
Brighton by the Bay and Roos Subdivision, where
runoff flows overland and ultimately reaches Harbour Point Pond via the existing storm sewer system.
The pond was originally constructed in conjunction with the adjacent houses fronting Cedar Street and
Raglan Street in the mid-1990s, however there is no documentation available regarding the original pond.
The pond was expanded in 2004 as part of the Harbour Point and Klamp Subdivisions with the intention to
expand the pond to accommodate other developments in the future. Relevant background information was
reviewed, including the Harbour Point Subdivision Storm Water Management Study (Sanchez Engineering
Inc. 2004) although the figures and appendices of the report were not available. After construction,
Harbour Point Pond was assessed as part of the Investigation and Assessment of Stormwater Systems and
Facilities (GENIVAR 2009). Design drawings and the Environmental Compliance Approval for the pond
were not available.
The characteristics of Harbour Point Pond are summarized in Table 41. The drainage area characteristics
represent existing conditions, including the first phase of the Hamilton Woods development in the
contributing area that is underway to construct houses between Harbour Point and Klamp Subdivisions
along Raglan, Cove Crescent/Deerfield Drive, and Lance Street. The drainage area in Table 41 does not
include the contributing area to Roos Pond that is intended to provide water quality control. The drainage
area was delineated using current LiDAR and is larger than reported in the design report for the pond
(Sanchez Engineering Inc. 2004) because it includes the uncontrolled portion of Roos Subdivision and the
undeveloped areas. Imperviousness was also updated to reflect the full contributing drainage area.
Table 41. Summary of Background Information on Harbour Point Pond
Existing Drainage Area (ha)
Existing Imperviousness (%)
Required Protection Level
Required Permanent Pool Storage (m 3)
Constructed Permanent Pool Storage (m 3)
Constructed Protection Level

57.3
19.9
Enhanced (80%)
3,564 (2)
1,841 (3)
69%

(1)

(1)

(Sanchez Engineering Inc. 2004)
Calculated based on MOECC (2003)
(3)
(GENIVAR 2009)
(2)
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Harbour Point Pond was inspected on December 2, 2008 (four years after expansion in 2004) to survey
sediment depths in the forebay as part of the Investigation and Assessment of Stormwater Systems and
Facilities (GENIVAR 2009). The investigation found that 7% of the forebay had filled with 101 m3 of
sediment that had accumulated at a rate of 25 m3/year. This observed accumulation rate was faster than
expected based on provincial guidelines and was likely accelerated by the lack of erosion and sediment
controls used during construction of the subdivision(GENIVAR 2009). Cleanout of sediment in the storm
sewers, catchbasins, and manholes upstream of the pond was recommended but cleanout of the pond was
not deemed necessary. The report noted that expanding the contributing subdivision beyond 19.5 ha of
developed land would need to be accompanied by expansion of the pond. Anecdotal evidence indicates that
sediment levels have been monitored and some cleanout of sediment from the forebay may have occurred
since 2009, however there are no records of the amount of sediment identified and removed.
Recreational use of Presqu’ile Bay accessed by private docks east of Harbour Street at Cedar Street was
previously identified as being disrupted by accelerated sediment accumulation. Sediment at the storm
sewer outfall into the bay may be from Harbour Point Pond as well as from untreated runoff from Harbour
Street, Raglan Street, and Cedar Street. Monitoring was recommended to assess the treatment efficiency of
the pond and the extent of sediment accumulation at the storm sewer outfall into the bay. In addition, oil
grit separators at storm sewer outfalls along the lakeshore were recommended (GENIVAR 2009). Such
improvements have not been assessed or implemented to capture more sediment before it reaches the bay.
The effectiveness of end-of-pipe stormwater management solutions (e.g. oil grit separators) would be
limited under high lake level conditions. In addition to recreational impacts, high sediment loads are also
affecting Presqu’ile Bay Marsh (a Provincially Significant Wetland) as well as the Species at Risk living in
the wetland (See Section 2.4.5).

B.4.2. Sediment Accumulation Assessment
The height of sediment in Harbour Point Pond was surveyed in the summer of 2018. The extents of the
bathymetric and topographic survey are shown in Figure 26, including points in the forebay (north) and in
the main pond area (south). The top of the sediment was compared to the as-constructed bottom of the
pond using AutoCAD Civil 3D to estimate the sediment accumulation volume. This analysis found that
approximately 213 m3 of sediment has accumulated in Harbour Point Pond, leaving 88% of the original
permanent pool available to continue capturing sediment. The remaining storage is currently providing
69% sediment removal efficiency, well below the allowable reduction from Enhanced Level (80%) to 75%.
Comparing the estimated and observed sediment accumulation rates (13 and 11 m3/year, respectively)
indicate that the sediment load to the pond has been lower than expected based on MOE guidelines. This
may be due to cleanouts that have occurred since 2008 but were not documented. In addition, the limited
efficiency of the pond as constructed may contribute to slow accumulation rates. The estimated historical
and future sediment accumulation in Brighton by the Bay wetland, and annual reduction in treatment
efficiency, is graphed in Figure 24.
The normal water level of the pond was elevated during the inspection in May 2018 that may be due to
debris blocking orifices to the pond outlet and groundwater draining to the pond. High lake levels such as
those in the spring of 2017 are also expected to raise the normal water level (See Section 2.1.4).
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Survey
Elevation (m)
≤75

≥81

50 m

Figure 26. LiDAR, Bathymetric Survey and Topographic Survey of Harbour Point Pond

Cleanout Required

Figure 27. Harbour Point Pond Sediment Accumulation and Resulting Removal Efficiency
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B.4.3. Inspection Report
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B.5.

Roos Pond

B.5.1. Background
Roos Pond is located at the southeast
comer of the Roos subdivision behind
Huron Drive near the eastern intersection
with Iroquois Avenue. The pond was
constructed in 2006 to control the quality
and quantity of runoff from the subdivision
before discharging into a southbound ditch
through wooded wetlands that ultimately
drain to Harbour Point Pond. The location
of the pond is shown in Figure 20 and a
schematic and photographs of the pond are
provided in the inspection report at the
end of this section. The contributing
drainage area shown in Figure 28 includes
some undeveloped land along the east side
of Ontario Street.

150 m

Figure 28. Drainage Area to Roos Pond

Roos Pond was previously assessed as part of the Investigation and Assessment of Stormwater Systems and
Facilities (GENIVAR 2009). Review of other relevant background information on Roos Pond included the
following:




Certificate of Approval Number 3617-6HHNWL for Roos Subdivision Phase V (Issued December 22,
2005)
Stormwater Management Design Brief for Roos Subdivision Phase V (revised December 19, 2005)
prepared by The Greer Galloway Group Inc.
Storm Pond & Drainage Easement Plan & Profile (January 25, 2006 and May 14, 2007)

The characteristics Roos Pond are summarized in Table 42. The drainage area is delineated using current
LiDAR is larger than reported in the design and approval of the pond due to upstream areas northwest of
Roos Subdivision currently being directed into the storm sewer system draining to the pond.
Imperviousness was also updated using the current drainage areas.
Table 42. Summary of Background Information on Roos Pond
Existing Drainage Area (ha)
11.5
Existing Imperviousness (%)
36
Required Protection Level
Enhanced (80%) (1)
3
Required Permanent Pool Storage (m )
1,174 (2)
Constructed Permanent Pool Storage (m3) 684 (3)
Constructed Protection Level
73%
(1)
(Ministry of the Environment 2005)
(2)
Calculated based on applicable guidelines (Ministry of the Environment 2003) however C of A requires 684 m3
(3)
(The Greer Galloway Group Inc. 2005)
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The Certificate of Approval specifies that the owner shall:




Maintain design storage volumes at all times.
Inspect the pond once annually and, if necessary, clean and maintain the pond for excessive buildup
of sediment and/or vegetation.
Maintain a logbook at the site with records of the name of the pond, date and results of each
inspection, maintenance and cleaning performed, and estimated quantity of materials removed.

Two years after construction in 2006, Roos pond was inspected on December 2, 2008 to survey sediment
depths in the forebay as part of the Investigation and Assessment of Stormwater Systems and Facilities
(GENIVAR 2009). The investigation found that 87% of the forebay’s storage capacity was remaining after
sediment had accumulated to a total volume of 13 m3 in the forebay. The accumulation rate appeared to be
high relative to accumulation rates expected using guidelines in the MOE SWMD Manual (2003). The
accelerated accumulation rate was due to the lack of erosion and sediment controls used during
construction of the subdivision. No immediate sediment removal was recommended as part of the
investigation although upstream pollution prevention measures (e.g. erosion control, catchbasin cleanout)
were recommended as a general practice moving forward. Cleanout of sediment from the storm sewers,
catchbasins, manholes, and culverts upstream of the pond was recommended.
There are no records of sediment being removed from Roos Pond since construction in 2006.

B.5.2. Sediment Accumulation Assessment
The height of sediment in Roos pond was surveyed in the summer of 2018. The extents of the bathymetric
and topographic survey is shown in Figure 29, including points in the forebay and in the main pond area.
The top of the sediment was compared to the as-constructed pond bottom using AutoCAD Civil 3D to
estimate the sediment accumulation volume. This analysis found that approximately 306 m3 of sediment
has accumulated in Roos pond, leaving 55% of the original permanent pool available to continue capturing
sediment. The remaining storage is currently providing 66% sediment removal efficiency, well below the
allowable reduction from Enhanced Level (80%) to 75%. Comparing the estimated and observed sediment
accumulation rates (5.6 and 29 m3/year, respectively) indicate that the sediment load to the pond has
continued to be higher than expected based on MOE guidelines. Deficient erosion control practices and
lack of post-construction cleanout of the storm sewer system are likely causes of accelerated sediment
accumulation. In addition, blockage of the pond’s low flow outlet observed during the inspection in May
2018 has raised the normal water level in the pond and required over-use of the emergency overflow. Field
observations and the LiDAR also indicate that the shoreline of the pond is eroding, possibly due to both
elevated water levels and use of the overland flow pathway. Shoreline erosion is also contributing to
sediment accumulation in the pond. The estimated historical and future sediment accumulation in Roos
Pond, and annual reduction in treatment efficiency, is graphed in Figure 30.
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Survey
Elevation (m)
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≥87

40 m

Figure 29. LiDAR, Bathymetric Survey and Topographic Survey of Roos Pond

Cleanout Required

Figure 30. Roos Pond Sediment Accumulation and Resulting Removal Efficiency
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B.5.3. Inspection Report
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B.6.

Lucas Pond

B.6.1. Background
Lucas Pond is located at south of Lucas
Court cul-de-sac. The pond was designed to
control the quality and quantity of runoff
from Lucas Court and Megan Court before
discharging to Butler Creek. The location of
the pond is shown in Figure 20 and a
schematic of the pond is provided in the
inspection report at the end of this section.
The contributing drainage area shown in
Figure 31 also includes the industrial
development north of Butler Street.

100 m

Lucas Pond was previously assessed as
part of the Investigation and Assessment of
Stormwater
Systems
and
Facilities
(GENIVAR 2009). Review of other relevant
background information on Lucas Pond
Figure 31. Drainage Area to Lucas Pond
included the following:



Certificate of Approval Number 3160-57DL8J for Butler Street Subdivision (Issued April 23, 2002)
Stormwater Management Report for Don Henderson Property (October 2001) prepared by D.M.
Wills Associates Ltd.

The current outlet structure (perforated riser) and contributing drainage area to the pond are different
from those presented in the Stormwater Management Report for the subdivision. As-built information was
not available to consider in this review.
The characteristics Lucas Pond are summarized in Table 43. The drainage area delineated using current
LiDAR is larger than reported in the design and approval of the pond due to upstream road right of way
(Butler Street) and an industrial area currently draining to the pond. Imperviousness was also updated
using the current drainage areas. No further development is expected in the contributing drainage area.
Table 43. Summary of Background Information on Lucas Pond
Existing Drainage Area (ha)
7.6
Existing Imperviousness (%)
40.7
Required Protection Level
Enhanced (80%) (1)
3
Required Permanent Pool Storage (m )
866 (2)
Constructed Permanent Pool Storage (m 3) 383 (3)
Constructed Protection Level
69%
(1)
(D.M. Wills Associates Limited 2001)
(2)
Calculated based on applicable guidelines (Ministry of the Environment 2003) however C of A requires 378 m3
(3)
(GENIVAR 2009)
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The CofA specifies that the owner shall remove sediment and vegetation to prevent excessive buildup and
overflow into Butler Creek, in addition to conducting other operation and maintenance activities as needed.
Six years after construction in 2002, Lucas Pond was inspected on December 2, 2008 to survey sediment
depths in the forebay as part of the Investigation and Assessment of Stormwater Systems and Facilities
(GENIVAR 2009). The investigation found that 24% of the forebay had filled with 28 m3 of sediment that
had accumulated at a rate of 4.7 m3/year. The accumulation rate is very close to what is expected using
provincial guidelines and the characteristics of the pond and contributing drainage area. The assessment
found that the pond had insufficient capacity for quantity control. Cleanout of sediment from the storm
sewers, catchbasins, manholes, and culverts upstream of the pond was recommended. Pond cleanout was
deemed unnecessary at the time.
Residents have expressed concerns regarding the prevalence of mosquitos at the pond and if standing
water is supporting the development of mosquito larva. Previously considered options have included
reducing the depth of the pool and installing an aeration device (GENIVAR 2009). There are no records of
the pond being retrofitted or cleaned out since construction in 2002. Guidelines for mitigating mosquito
issues are outlined in Appendix I. These guidelines include the best practice in designing ponds to be at
least 1 m deep since mosquitos prefer areas with shallow water.

B.6.2. Sediment Accumulation Assessment
The height of sediment in Lucas Pond was surveyed in the summer of 2018. The extents of the bathymetric
and topographic survey are shown in Figure 32, including points in the forebay (north end) and in the main
pond area (south end). The top of the sediment was compared to the as-constructed bottom of the pond
using AutoCAD Civil 3D to estimate the sediment accumulation volume. This analysis found that
approximately 137 m3 of sediment has accumulated in Lucas Pond, leaving 64% of the original permanent
pool available to continue capturing sediment. The remaining storage is currently providing 64% sediment
removal efficiency, well below the allowable reduction from Enhanced Level (80%) to 75%. Comparing the
estimated and observed sediment accumulation rates (5.1 and 11 m3/year, respectively) indicate that the
sediment load to the pond has been higher than expected based on MOE guidelines. Deficient erosion
control practices and lack of post-construction cleanout of the storm sewer system are likely causes of
accelerated sediment accumulation. In addition, blockage of the pond’s outlet observed during the
inspection in May 2018 has raised the normal water level in the pond. Field observations and LiDAR also
indicate that the shoreline of the pond is eroding, possibly due to elevated water levels. Shoreline erosion
is likely contributing to sediment accumulation in the pond. The estimated historical and future sediment
accumulation in Lucas Pond, and annual reduction in treatment efficiency, is graphed in Figure 33.
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Survey
Elevation (m)
≥89

≤82

45 m

Figure 32. LiDAR, Bathymetric Survey and Topographic Survey of Lucas Pond

Cleanout Required

Figure 33. Lucas Pond Sediment Accumulation and Resulting Removal Efficiency
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B.7.

Orchard Gate Pond

B.7.1. Background
Orchard Gate Pond is located at southeast
of Royal Gala Drive. The pond was designed
to control the quality and quantity of runoff
from Orchard Gate and Applewood
Meadows Subdivisions before discharging
to Butler Creek. The location of the pond is
shown in Figure 20 and a schematic of the
pond is provided in the inspection report at
the end of this section. The contributing
drainage area shown in Figure 34 also
includes the County Road 2 and
undeveloped lands.

250 m

Relevant background information on
Orchard Gate Pond was reviewed,
including the following:
Figure 34. Drainage Area to Orchard Gate Pond





Certificate of Approval Number 3490-6KWMKD for Orchard Gate Subdivision Phase 1 (Issued April
23, 2002)
Stormwater Management Design Brief (revised March 28, 2006) prepared by The Greer Galloway
Group
Applewood Subdivision Phase 1 Drawing: Proposed Pond A Expansion (September 1, 2014)
prepared by The Greer Galloway Group

The characteristics Orchard Gate Pond are summarized in Table 44. The drainage area was delineated using
current LiDAR and is consistent with the modeling used to design the pond (The Greer Galloway Group Inc.
2006). The pond was constructed with a bypass structure that directs major flows into the second cell of
the pond. The entire drainage area is considered in this assessment of water quality treatment efficiency
because all low flows are directed into the permanent pool storage provided in both cells of the pond and
because the opening of the bypass structure is larger that the pond outlet. As such, pond performance needs
to be assessed with consideration for the full drainage area. Imperviousness was estimated using current
land uses. Future development is expected for the lands south of County Road 2 that are within the
contributing drainage area. Phase 1 of the Applewood Meadows Subdivision is currently under
construction at the southwest corner of the contributing drainage area and includes a moderate expansion
of the first cell of Orchard Gate Pond that has not yet been constructed. An amended ECA for the expansion
was not found during this assessment.
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Table 44. Summary of Background Information on Orchard Gate Pond
Existing Drainage Area (ha)
27.3
Existing Imperviousness (%)
28.7
Required Protection Level
Enhanced (80%) (1)
3
Required Permanent Pool Storage (m )
2,303 (2)
3
Constructed Permanent Pool Storage (m ) 2,330 (3)
Constructed Protection Level
80%
(1)
(The Greer Galloway Group Inc. 2006)
(2)
Calculated based on applicable guidelines (Ministry of the Environment 2003) however CofA requires 1,680 m3
(3)
Calculated using as-built topography shown in LiDAR and the permanent pool design (1)

The Certificate of Approval specifies that the owner shall:




Maintain design storage volumes at all times.
Inspect the pond once annually and, if necessary, clean and maintain the pond for excessive buildup
of sediment, oil and/or vegetation.
Maintain a logbook with records of the name of the pond, date and results of each inspection,
maintenance and cleaning performed, and estimated quantity of materials removed.

B.7.2. Sediment Accumulation Assessment
The height of sediment in Orchard Gate Pond was surveyed in the summer of 2018. The extents of the
bathymetric and topographic survey are shown in Figure 35. The top of the sediment was compared to the
as-constructed bottom of the pond using AutoCAD Civil 3D to estimate the sediment accumulation volume.
This analysis found that approximately 516 m3 of sediment has accumulated in Orchard Gate Pond, leaving
78% of the original permanent pool available to continue capturing sediment. The remaining storage is
currently providing 77% sediment removal efficiency, which is acceptable based on provincial standards.
At the current rate of sediment loads, the maximum allowable reduction from Enhanced Level (80%) to
75% is anticipated to occur by 2023 at which point cleanout will be necessary. The estimated historical and
future sediment accumulation in Orchard Gate Pond, and annual reduction in treatment efficiency, is
graphed in Figure 36.
Comparing the estimated and observed sediment accumulation rates (9.3 and 52 m3/year, respectively)
indicate that the sediment load to the pond has been higher than expected based on provincial guidelines.
Deficient erosion control practices and lack of post-construction cleanout of the storm sewer system are
likely causes of accelerated sediment accumulation. Allowing sediment to continue accumulating at this
rate in Orchard Gate Pond would necessitate cleanout every 15 years that is more often than is reasonable
to expect for urban stormwater management ponds in Ontario.
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Elevation (m)
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≥97
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Figure 35. LiDAR, Bathymetric Survey and Topographic Survey of Orchard Gate Pond

Cleanout Required

Figure 36. Orchard Gate Pond Sediment Accumulation and Resulting Removal Efficiency
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B.8.

Tackaberry Ridge Pond

B.8.1. Background
Tackaberry Ridge Pond is located
northeast of the Singleton Street and
Pinnacle Street North intersection. The
pond was designed to control the quality
and quantity of runoff from Tackaberry
Ridge Subdivision before discharging to
the Pinnacle Street storm sewer that
conveys runoff to Arena Creek near the
railway. The location of the pond is shown
in Figure 20 and a schematic of the pond is
provided in the inspection report at the
end of this section. The first phase of
Tackaberry Ridge Subdivision west of the
pond has been constructed and was
previously referred to as Orchard View
Park. Construction of Tackaberry Ridge
East Phase I has begun. The existing
contributing drainage area as of May 2018 Figure 37. Drainage Area to Tackaberry Ridge Pond
are shown in Figure 37.

100 m

Relevant background information on Tackaberry Ridge Pond was reviewed, including the following:








Amended ECA Number 5510-AQGKHS for Tackaberry Ridge East (Issued August 31, 2017)
Certificate of Approval Number 0328-782HGX for Orchard View Park (Issued October 24, 2007)
Master Drainage Study Northeast Brighton (January 1993) prepared by Totten Sims Hubicki
Associates
Storm Water Management Report for Orchard View Park (September 17, 2007) prepared by The
Greer Galloway Group
Tackaberry Ridge East Subdivision Phase I Preliminary Stormwater Management Report (October
31, 2016) prepared by The Greer Galloway Group
Tackaberry Ridge Subdivision Storm Pond and Cross Section As Constructed Drawing (March 31,
2011) prepared by The Greer Galloway Group
Tackaberry Ridge East Phase I Pond Details Drawing (April 12, 2017) prepared by The Greer
Galloway Group

The characteristics of Tackaberry Ridge Pond are summarized in Table 45. The drainage areas shown in
Figure 37 were delineated using current LiDAR and do not reflect the approved total drainage area that
includes Tackaberry Ridge East Phase I which is currently under construction. Previous discussion of the
necessary level of treatment identified Normal Level as being required (Totten Sims Hubicki Associates
1993; The Greer Galloway Group Inc. 2007) however the current ECA states that Enhanced Level treatment
is required. Enhanced treatment is appropriate for protecting the downstream resources (Arena Creek and
Presqu’ile Bay Marsh) that support coldwater fisheries and provincially significant habitat.
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Table 45. Summary of Background Information on Tackaberry Ridge Pond
Approved Drainage Area (ha)
23.08 (1)
Approved Imperviousness (%)
21 (1)
Required Protection Level
Enhanced (80%) (2)
3
Required Permanent Pool Storage (m )
1,500 (3)
3
Constructed Permanent Pool Storage (m ) 1,740 (4)
Constructed Protection Level
80%
(1)
(The Greer Galloway Group Inc. 2016)
(2)
(Ministry of the Environment and Climate Change 2017)
(3)
Calculated based on applicable guidelines (Ministry of the Environment 2003) however ECA requires 1,880 m3 which was
the designed permanent pool volume (1)
(4)
Calculated using as-built topography shown in LiDAR and the permanent pool design (1)

The ECA amendment specifies that the owner shall:








Not operate proposed stormwater conveyances (e.g. storm sewers) to the pond until the proposed
pond is in operation.
Maintain design storage volumes at all times.
Inspect the pond once annually and, if necessary, clean and maintain the pond (including its inlet
and outlet) for excessive buildup of sediment, debris, oil/grit, and/or decaying vegetation.
Operate the pond such that the quality of discharge does not result in visible film, sheen, foam, or
discolouration of the receiving waters.
Maintain a logbook with records of the name of the pond, date and results of each inspection,
maintenance and cleaning performed, and estimated quantity of materials removed. The logbook
shall be kept at the Owner's administration office for inspection by the Ministry.
Develop an operations manual prior to construction of the pond that includes, maintenance
procedures, frequency of inspection, testing methods, how to detect when maintenance is needed,
frequency of repair/maintenance actions, contingency procedures for dealing with abnormal
situations (including notification of the District Manager), and procedures for receiving, responding
and recording public complaints, including recording any follow-up actions taken. A copy of the
operations manual shall be kept at the pond.

In addition to maintenance, the ECA amendment also specifies requirements for erosion and sediment
control. The owner is required to install erosion and sediment control measures during construction and
inspect them every two weeks and after every rainfall event totalling at least 25 mm over 24 hours.
Inspections records must include the name of the inspector, date of inspection, and remedial measures
taken.
After the pond is constructed, the ECA amendment also requires that the owner monitor the pond effluent.
The monitoring program and reporting requirements are defined in Sections 6 and 7 of the ECA
amendment, including collection of grab samples at the three inlets and of active outlets, protocols for
testing water quality (Total Suspended Solids, Phosphorus, and Temperature), an annual Performance
Assessment Report. Findings from the inspections and monitoring activities shall be summarized in an
annual performance report submitted to the District Manager within 90 days following the end of the
period being reported upon including the information specified in Section 7 of the ECA Amendment.
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B.8.2. Sediment Accumulation Assessment
The height of sediment in Tackaberry Ridge Pond was surveyed in the summer of 2018. The extents of the
bathymetric and topographic survey are shown in Figure 35. The top of the sediment was compared to the
as-constructed bottom of the pond using AutoCAD Civil 3D to estimate the sediment accumulation volume.
This analysis found that approximately 1492 m3 of sediment has accumulated in Tackaberry Ridge Pond,
leaving 14% of the original permanent pool available to continue capturing sediment. The remaining
storage is currently providing approximately 67% sediment removal efficiency, well below the allowable
reduction from Enhanced Level (80%) to 75%. The estimated historical and future sediment accumulation
in Tackaberry Ridge Pond, and annual reduction in treatment efficiency, is graphed in Figure 39.
Comparing the estimated and observed sediment accumulation rates (4.1 and 213 m3/year, respectively)
indicate that the sediment load to the pond has been much higher than expected based on provincial
guidelines. Deficient erosion control practices and lack of post-construction cleanout of the storm sewer
system are likely causes of accelerated sediment accumulation.

Elevation (m)
≥115

≤100

50 m

Figure 38. LiDAR, Bathymetric Survey and Topographic Survey of Tackaberry Ridge Pond
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Cleanout Required

Figure 39. Tackaberry Ridge Pond Sediment Accumulation and Resulting Removal Efficiency
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B.8.3. Inspection Report
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B.9.

Forest Hill Wet Pond

B.9.1. Background
Forest Hill Wet Pond is located north of
Castle Ridge. The pond was designed to
control the quality and quantity of runoff
from Forest Hill Subdivision before
discharging to Butler Creek. The pond was
designed with extra capacity to
compensate for the other areas of the
subdivision that are not being controlled
by a wet pond. The location of the pond is
shown in Figure 20 and a schematic of the
pond is provided in the inspection report
at the end of this section. The contributing
drainage area is shown in Figure 40.

100 m

Relevant background information on
Forest Hill Wet Pond was reviewed, Figure 40. Drainage Area to Forest Hill Wet and Dry Ponds
including the following:




Certificate of Approval Number 4771-8DXL22 for Forest Hill Subdivision (March 31, 2011)
Stormwater Management Report for Forest Hill Subdivision (March 16, 2011) prepared by The
Greer Galloway Group
Forest Hill Subdivision Storm Water Management Pond Details Drawing (March 16, 2011) prepared
by The Greer Galloway Group

The characteristics Forest Hill Wet Pond are summarized in Table 46. The drainage areas shown in Figure
40 were delineated using current LiDAR. The Wet Pond was designed to over-control the quality and
quantity of runoff draining to it in order to compensate for the lower level of treatment provided by the
adjacent dry pond and the lack of treatment provided to the remainder of the development (Ministry of the
Environment 2011; The Greer Galloway Group Inc. 2011). No further development is expected in the
contributing drainage area.
Table 46. Summary of Background Information on Forest Hill Wet Pond
Existing Drainage Area (ha)
6.08 (1)
Existing Imperviousness (%)
35 (1)
Required Protection Level
Enhanced (80%) (2)
Required Permanent Pool Storage (m 3)
608 (3)
3
Constructed Permanent Pool Storage (m ) 1,047 (4)
Constructed Protection Level
86%
(1)
(The Greer Galloway Group Inc. 2011)
(2)
(Ministry of the Environment 2011)
(3)
Calculated based on applicable guidelines (Ministry of the Environment 2003) however CofA requires 1,072 m3 per the
Stormwater Management Report
(4)
Calculated using as-built topography shown in LiDAR and the permanent pool design (1)
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The Certificate of Approval specifies that the owner shall:




Maintain design storage volumes at all times.
Inspect the pond once annually and, if necessary, clean and maintain the pond to prevent excessive
buildup of sediment and/or vegetation.
Maintain a logbook at the administrative office with records of the name of the pond, date and
results of each inspection, maintenance and cleaning performed, and estimated quantity of
materials removed. Retain records for at least five years.

B.9.2. Sediment Accumulation Assessment
The height of sediment in Forest Hill Wet Pond was surveyed in the summer of 2018. The extents of the
bathymetric and topographic survey are shown in Figure 41, including points in the forebay (south end)
and in the main pond area (north end). The top of the sediment was compared to the as-constructed bottom
of the pond using AutoCAD Civil 3D to estimate the sediment accumulation volume. This analysis found that
approximately 186 m3 of sediment has accumulated in Forest Hill Wet Pond, leaving 82% of the original
permanent pool available to continue capturing sediment. The remaining storage is currently providing
84% sediment removal efficiency, which is acceptable based on provincial standards. At the current
sediment load and accumulation rate, the maximum allowable reduction from Enhanced Level (80%) to
75% is anticipated to occur by 2037 at which point cleanout will be necessary. The estimated historical and
future sediment accumulation in Forest Hill Wet Pond, and annual reduction in treatment efficiency, is
graphed in Figure 42.
Comparing the estimated and observed sediment accumulation rates (3.1 and 27 m3/year, respectively)
indicates that the sediment load to the pond has been higher than expected based on provincial guidelines.
Deficient erosion control practices and lack of post-construction cleanout of the storm sewer system are
likely causes of accelerated sediment accumulation. Allowing sediment to continue accumulating at this
rate in Forest Hill Wet Pond would necessitate cleanout every 26 years. The pond was constructed with
extra capacity such that it provides more than 80% TSS removal for over a decade of operation. Once the
performance efficiency is reduced to 80%, it is estimated it will function for another decade before cleanout
is needed. Overall, the additional capacity for sediment removal beyond what is required by provincial
standards is expected to extend the period between which cleanout of Forest Hill Wet Pond is needed and
this somewhat compensates for the accelerated sediment accumulation caused by lack of erosion and
sediment controls during construction.
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Figure 41. LiDAR, Bathymetric Survey and Topographic Survey of Forest Hill Ponds

Cleanout Required

Figure 42. Forest Hill Wet Pond Sediment Accumulation and Resulting Removal Efficiency
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B.9.3. Inspection Report
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B.10. Forest Hill Dry Pond
B.10.1. Background
Forest Hill Dry Pond is located north of Castle Ridge and west of Forest Hill Wet Pond. The pond was
designed to control the quality and quantity of runoff from the west side of Forest Hill Subdivision before
discharging to Butler Creek. The location of the pond is shown in Figure 20 and a schematic of the pond is
provided in the inspection report at the end of this section. The contributing drainage area is shown in
Figure 40. Relevant background information on Forest Hill Wet Pond was reviewed, including the
following:




Certificate of Approval Number 4771-8DXL22 for Forest Hill Subdivision (March 31, 2011)
Stormwater Management Report for Forest Hill Subdivision (March 16, 2011) prepared by The
Greer Galloway Group
Forest Hill Subdivision Storm Water Management Pond Details Drawing (March 16, 2011) prepared
by The Greer Galloway Group

Forest Hill Dry Pond was constructed with sufficient storage volume to provide Basic Level protection (60%
TSS Removal) for the 1.47 ha drainage area with 35.4 % impervious coverage. The dry pond was inspected
as part of this exercise but was not surveyed.
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B.10.2. Inspection Report
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APPENDIX C. HYDROLOGIC AND HYDRAULIC MODEL OF STORM SEWER SYSTEM
C.1.

Background

Pertinent background information for the Study Area was obtained through a review of the following
sources that are discussed in Section 2:








Storm sewer GIS and design/as built drawings
Provincial soils mapping from Land Information Ontario
Provincial Land Cover and the Brighton Official Plan zoning layer
South Central Ontario Orthophotography (Land Information Ontario 2013)
Lidar DTM 2016-17, Peterborough Package C (Airborne Imaging 2018)
Lake Ontario Water Levels at Cobourg, Ontario (Fisheries and Oceans Canada 2018b)
Rainfall Intensity-Duration-Frequency data (R. Soulis 2015)

A site visit was completed in early May 2018 by EOR to confirm existing drainage conditions. IBW surveyed
67 storm sewer structures in the study area in June 2018.

C.2.

Model Selection

The Request for Proposals for the Brighton Stormwater Master Plan requested that the consultant develop
a high-level drainage model using rational method analysis to identify capacity needs for existing and future
development for the next 10 years in the study area. Review of the background information regarding
geography, topography, stormwater management infrastructure components, and extreme lake levels
identified factors that were important to consider in the modelling that could not be assessed using the
rational method. Municipal and Lower Trent Conservation staff agreed that a hydrologic and hydraulic
(H&H) model would be a better approach to facilitate the simulation of features such as pipes with negative
slopes, reverse flow, and tailwater impacts of high lake and pond water levels. The software of choice was
PCSWMM, which is a decision support tool for EPA SWMM developed in Guelph, Ontario. PCSWMM
provides the user with a set of GIS-based tools to simplify and streamline the model construction process.
Although PCSWMM also provides many benefits to the user beyond model construction (related to, for
example, model maintenance and documentation, as well as post-processing of model results), the
deliverable is a model that can be run and maintained in EPA SWMM without the need for a software license
of any kind.

C.3.

Model Development

C.3.1. Model Overview
The H&H model covers much of the study area, focusing on the developed areas and areas with known
issues, as shown in Figure 18. Some low priority areas were left out of the model for this effort, but due to
the spatial explicitness of the model platform these areas and the associated infrastructure could be added
easily at a later date.
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The hydraulics portion of the H&H model consists of 1,841 nodes (1,751 junctions, 41 storages, and 49
outfalls) and 1,638 links (1,612 conduits, 12 orifices, 10 weirs, and 4 outlets). Some of these components
have been left disconnected from the other components (e.g. catchbasin leads) but remain in the model
either for reference or to facilitate future expansion of the model extent. All elevations in the model are in
the Canadian Geodetic Vertical Datum (CGVD2013), which is consistent with the LiDAR available for the
study area but is different from local and outdated vertical datum used by designers. Although the focus of
this exercise was to evaluate storm sewers, some open channels and culverts were modeled where they
connected branches of the storm sewer system. Areas serviced solely by roadside ditches and culverts, such
as Gosport, were not modeled. Similarly, this exercise was not intended to model and assess flows in the
watercourses throughout the study area however, several segments of the Butler Creek tributary north of
Grimes Street were included as they are partially conveyed by on-line storm sewer segments.
The hydrologic portion of the H&H model consists of 611 subcatchments totalling 452.6 ha of drainage area,
resulting in an average catchment size of 0.74 ha. In contrast to the previous study which used a total of 43
subcatchments averaging 14.6 ha in area (GENIVAR 2009), the resulting model contains sufficient detail to
be usable in evaluating minor storm sewer systems, such as at individual manhole structures and clusters
of catch basins. The SWMM hydrology method was used in model development. Impervious areas were
accounted for separately using land use classification based assumptions of the percent impervious area
(see Table 47). For pervious areas, the Green-Ampt infiltration method was used for two primary reasons:
first, it is easy to parameterize since it is based on soil texture alone; second, since it is physically-based it
is more appropriate for use in simulations that will span a wide variety of storm event durations and
intensities. Green-Ampt parameters are defined in Table 48. The Manning’s roughness for overland flow
and the depressional storage depth for pervious areas were also derived from a land use classification
lookup table. Flow lengths were calibrated by running 24-hour design storm events and adjusting the flow
lengths until the runoff coefficients in several “model” residential areas matched typical tabular values.
Table 47. Land Use Parameters
Land Use

Pervious
Manning’s n

Pervious
Depressional Storage
(mm)

Percent
Impervious

Percent of Impervious Area with
No Depression Storage

Percent
Routed to
Outlet

Cultivated

0.1825

0.2

0

0

0

Emergent Wetland

0.1825

0.25

0

0

0

0.0404

0.15

50

0

25

0.0678

0.15

25

0

50

0.0678

0.15

50

0

50

0.186175

0.2

0

0

25

100

100

0

Industrial,
Commercial,
Institutional
Low Density
Residential
Medium Density
Residential
Open Space
Open Water
Right of Way

0.0404

0.15

50

0

0

RR

0.0678

0.15

10

0

100

Woodland

0.37

0.2875

0

0

0

WW

0.086

0.3

0

0

0
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Table 48. Green Ampt Parameters by Soil Type
Soil Type
Sand
Loamy Sand
Sandy Loam
Loam
Silt Loam
Sandy Clay Loam
Clay Loam
Silty Clay Loam
Sandy Clay
Silty Clay
Clay

Conduct (mm/hr)
120.4
29.97
10.92
3.3
6.6
1.52
1.02
1.02
0.51
0.51
0.25

Suction Head (mm)
49.02
60.96
109.98
88.9
169.93
219.96
210.06
270
240.03
290.07
320.04

Initial Deficit (fraction)
0.41
0.39
0.37
0.35
0.37
0.26
0.28
0.26
0.21
0.23
0.21

Initial model runs for the 2-, 5-, and 10-year storm events indicated that simulating a number of overland
flow routes were necessary in order to avoid extensive artificial “flooding” – i.e. simulated but not
necessarily realistic ponding of water – at some hydraulic nodes located upstream of restrictive or capacity
limited links. These “dual drainage” links represent either ditches, gutters along roads, or undefined
overland flow paths. This is yet another capability of an H&H model that would not have been feasible to
assess dynamically using the rational method. Full development of a dual drainage model up to and
including major events was beyond the scope of this exercise but would be helpful to assess trunk sewer
segment capacity in further detail in the future. Depressions in the landscape identified in the overland flow
assessment (Appendix D) were represented using storages.

C.3.2. IDF Curve and Rainfall Distribution Selection
The Intensity-Duration-Frequency (IDF) curve for Brighton (Figure 43) was acquired using the Ministry of
Transportation Ontario (MTO) online IDF Curve Lookup tool (R. Soulis 2015). Multiple rainfall distributions
are used by designers in the study area and the options evaluated for this exercise are summarized in Table
49. Out of the options evaluated, the Symmetric (a.k.a. “Nested”) distribution was chosen for design storm
simulations for several reasons. First, the longer 24-hour duration was deemed important for stormwater
management in Brighton as it allows for delivery of a larger cumulative storm volume, which can be
beneficial when evaluating facilities such as ponds that are impacted more by storm volume than, for
example, storm sewers and culverts. Second, the peak storm intensities – while higher than the obsolete
SCS Type II distribution – are reasonably realistic in contrast to some of the intensities predicted by the
Chicago distribution, which could be considered overly conservative for storm sewer design purposes.
Third, the construction of the Nested distribution is based on the principle of including all peak storm
intensities for a given storm frequency, so that the distribution should still be conservative enough to
inherently provide a factor of safety not just on top of a typical (i.e. actual) 24-hour storm event, but for all
durations less than 24 hours down to the 5-minute duration (USDA-NRCS 2015).
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Figure 43. MTO Intensity-Duration-Frequency (IDF) Curves for Brighton, ON

Table 49. Summary of Rainfall Distributions Evaluated for Modelling
Distribution
AES Southern Ontario
AES Southern Ontario
AES Southern Ontario
Chicago
Chicago
Chicago
Chicago
Chicago
Chicago
Symmetric (Nested)
Symmetric (Nested)
Symmetric (Nested)
Symmetric (Nested)
Symmetric (Nested)
Symmetric (Nested)
SCS Type II
SCS Type II
SCS Type II
SCS Type II
SCS Type II
SCS Type II

Recurrence

Frequency

Duration

IDF Curve

5-year
10-year
100-year
5-year
10-year
100-year
5-year
10-year
100-year
2-year
5-year
10-year
25-year
50-year
100-year
2-year
5-year
10-year
25-year
50-year
100-year

20%
10%
1%
20%
10%
1%
20%
10%
1%
50%
20%
10%
4%
2%
1%
50%
20%
10%
4%
2%
1%

60 minutes
60 minutes
60 minutes
3 hours
3 hours
3 hours
4 hours
4 hours
4 hours
24 hours
24 hours
24 hours
24 hours
24 hours
24 hours
24 hours
24 hours
24 hours
24 hours
24 hours
24 hours

MTO
MTO
MTO
MTO
MTO
MTO
MTO
MTO
MTO
MTO
MTO
MTO
MTO
MTO
MTO
MTO
MTO
MTO
MTO
MTO
MTO

Storm Depth
(mm)
27
32
45
38
44
64
42
49
69
54
72
83
98
108
119
54
72
83
98
108
119

Peak Intensity
(mm/hr)
93
108
154
483
560
802
483
560
802
104
137
158
186
206
227
75
99
114
134
149
163
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C.3.3. Historic Lake Levels and Implications
In order to evaluate the potential impacts of high tailwater on stormwater infrastructure performance,
water surface elevations for Lake Ontario at the nearest gage station (Cobourg) was acquired from
Fisheries and Oceans Canada (Fisheries and Oceans Canada 2016). The period of record available ranged
from 1963 to present day and data was acquired and evaluated through the end of 2017 as shown in Figure
44. Data is provided in the International Great Lakes Datum (IGLD85), which is approximately equal to the
North American Vertical Datum (NAVD88). Although it is difficult to convert between NAVD 88 and the
Canadian Geodetic Vertical Datum (CGVD2013), values were assumed to be close enough to provide useful
information in the model since NAVD88 and CGVD2013 generally do not appear to be drastically different
in southeastern Ontario, and the difference between CGVD2013 and IGLD85 is typically less than 10 cm
(Natural Resources Canada 2012; Véronneau and Huang 2013; NOAA 2017).
The mean lake level during the period of record was 74.806 m IGLD. The peak elevation that occurred on
May 26th, 2017 was 75.883 m IGLD – more than one meter higher than the mean, while the minimum
elevation that occurred on February 4th, 1965 was 73.751 m IGLD – more than one meter lower than the
mean.
Anecdotal evidence was also used to support the assumption that the IGLD85 and CGVD2013 datums are
close enough to be considered equivalent for this modeling exercise. During a field visit on May 11th, 2018,
a resident pointed out a location on Harbour Street that reportedly corresponded to the high water mark
in May of 2017. The LiDAR elevation corresponding to this approximate high water mark was roughly 75.66
m CGVD2013 – 22 cm lower than the peak elevation of 75.883 m IGLD recorded at Cobourg. Although this
discrepancy is large enough to influence modeling results to some extent, in the end it was decided that the
official peak elevation at Cobourg would be used given both the uncertainty surrounding anecdotal
evidence and the fact that the recorded elevation would provide a more conservative (i.e. higher) tailwater
condition.
As shown in Figure 44, the annual maximum elevations can be visually observed to be increasing over the
period of record although it should be noted that no statistical analysis was performed to verify the
existence of a statistically significant trend. Even if the possibility of such a trend is disregarded, the more
than 2-meter range of lake levels over this period strongly implies that lake elevation should be considered
as a matter of course for stormwater management design. This may require that certain models and
methods be required for use near the lake. Further discussion on this topic can be found in the next section.
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Figure 44. Lake Surface Elevation (m) in the IGLD 85 Datum at Cobourg, ON (1963 to 2017)

C.4.

Model Results

C.4.1. Storm Sewer Capacity Evaluation
Storm sewers were evaluated for capacity limitation – a condition that is indicated in SWMM for pipes
where (a) the upstream end of the pipes is full (i.e. surcharged) and (b) the hydraulic grade line is greater
than the water surface slope. These criteria implicitly allow for an exclusion for pipes that are full due to
downstream conditions (e.g. tailwater impacts), thereby flagging only those pipes where pipe capacity is
truly the cause of surcharge. The capacity-limited criteria were combined with information regarding
flooding at upstream and downstream nodes (e.g. catchbasins and manholes) in order to develop an issueclustering prioritization method, wherein higher priority pipes generally have both pipe capacity and node
flooding issues that are more frequent, and lower priority pipes may only exhibit either capacity or flooding
issues. The prioritization schema was based on model results for the 2, 5, and 10-year rainfall events. The
results of this prioritization schema are shown in Figure 45 and Figure 46, and a summary of the logic
behind the issue clustering is shown in Table 50. Overall, a total of 57 and 50 pipes fell into the Very High
and High priority clusters, respectively. Of these 107 pipes, 88 were found to be capacity-limited for the 2year storm event.
After prioritizing storm sewer capacity deficiencies during the 2, 5, and 10-year events, the next step was
mapping and classifying where future retrofits are needed to provide minor and major system capacity.
Storm sewers in the minor system should convey at least the 5 year event, while storm sewers in the major
system should convey the 100-year event without surcharging or flooding. All very high priority pipe
segments were first classified as “Minor System Retrofits” in Figure 19. Next, pipe segments in the major
system were identified as “Major System Retrofits” where the segments were capacity limited during the
minor rainfall events simulated in the Brighton Urban Area Model. These included major systems such as

Page 231

Municipality of Brighton Stormwater Master Plan

the Pinnacle Street trunk sewer and the Butler Street crossing on the Butler Creek tributary. They also
included pipes that act as outlets for topographic depressions that have risk.
There are multiple reasons why such a large number of pipes may be experiencing either capacity limitation
or flooding (See Figure 45 and Figure 46). First, a comprehensive, robust hydrologic and hydraulic model
has not previously been used to evaluate the system, and simpler methods used in previous efforts (e.g. the
Rational Method) may not have adequately accounted for the complex dynamics present in such an
interconnected and heterogeneous storm sewer system. Additionally, new design storm information (e.g.
the MTO IDF curves and the nested rainfall distribution) have introduced more conservative model inputs
than were previously available, partly to account for the changing climate. Finally, previous stormwater
infrastructure design efforts may not have properly accounted for future upstream development that has
since taken place.
Table 50. Issue-Clustering Schema for Storm Sewer Prioritization

Issue Frequency
(Capacity, Flooding)
2-year, 2-year (both nodes)
2-year, 2-year (one node)
2-year, 5-year (both nodes)
2-year, 5-year (one node)
5-year, 2-year (both nodes)
5-year, 2-year (one node)
2-year, 10-year (both nodes)
2-year, 10-year (one node)
2-year, Not Flooded
5-year, 5-year (both nodes)
5-year, 5-year (one node)
5-year, 10-year (both nodes)
5-year, 10-year (one node)
5-year, Not Flooded
10-year, 2-year (both nodes)
10-year, 2-year (one node)
10-year, 5-year (both nodes)
10-year, 5-year (one node)
10-year, 10-year (both nodes)
10-year, 10-year (one node)
10-year, Not Flooded
Not Limited, 2-year (both nodes)
Not Limited, 2-year (one node)
Not Limited, 5-year (both nodes)
Not Limited, 5-year (one node)
Not Limited, 10-year (both nodes)
Not Limited, 10-year (one node)
Not Limited, Not Flooded

Priority
Very High
Very High
High
High
High
High
Moderate
Moderate
Moderate
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Very Low
Very Low
Very Low
Very Low
Very Low
Very Low
No Issues
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Figure 45. Storm Sewer Flooding Priority Map (north zone of the study area)
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Figure 46. Storm Sewer Flooding Priority Map (south zone of the study area)
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C.4.2. Pond Capacity Evaluation
Stormwater management ponds were evaluated for their capacity to contain runoff volumes associated
with design storms. To eliminate the influence of restrictions in the upstream pipe networks for large
storms4, for this analysis runoff from the immediate drainage areas was routed directly to stormwater
ponds. Outlet configurations and other downstream conditions, however, were still taken into account. For
two ponds – Brighton by the Bay and Harbour Point – multiple tailwater conditions were also evaluated in
order to determine the influence of Lake Ontario on high water levels in those ponds.
Figure 47 through Figure 55 summarize the high water levels in each of the stormwater ponds evaluated.
Only three ponds – Harbour Point, Forest Hill (wet pond), and Tackaberry Ridge – had sufficient capacity
under existing conditions5 to contain all storms up to and including the 100-year event without
overflowing. Orchard Gate had sufficient capacity to contain the 50-year storm, but not the 100-year storm.
Brighton by the Bay had sufficient capacity to contain all storms when Lake Ontario was at its mean water
surface elevation, but had insufficient capacity to contain the 25-year event under high lake level
conditions. Roos Pond also had insufficient capacity to contain the 25-year event, while Lucas Pond lacked
the capacity to contain even the 5-year event without overflowing. Both Lucas Pond and Orchard Gate Pond
capture runoff from undeveloped areas upstream of the subject developments that were not accounted for
in the design by either oversizing extended detention in the pond or by bypassing extra flows around the
pond to the site outlet.

Dual drainage components were introduced on systems requiring secondary (i.e. overland) flow routes, but only up
to the 10-year storm event.
4

It is important to note that this capacity evaluation did not account for potential increases in runoff volumes due to
future development in the drainage areas to the ponds.
5
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Figure 47. High water levels in Brighton by the Bay Pond (mean lake level tailwater condition)
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Figure 48. High water levels in Brighton by the Bay Pond (peak lake level tailwater condition)
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Figure 49. High water levels in Harbour Point Pond (mean lake level tailwater condition)
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Figure 50. High water levels in Harbour Point (peak lake level tailwater condition)
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Figure 51. High water levels in Roos Pond
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Figure 52. High water levels in Lucas Pond
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Figure 53. High water levels in Orchard Gate Pond
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Figure 54. High water levels in Forest Hill Ponds
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Figure 55. High water levels in Tackaberry Ridge Pond
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C.4.3. Lake Level Impact Evaluation
As alluded to previously, design storm simulations were run with two tailwater conditions at Lake Ontario.
The first scenario set the water surface elevation to the long-term mean of 74.806 m IGLD, and the second
scenario set the water surface elevation to the long-term peak of 75.883 m IGLD. Model nodes that were
impacted by high lake levels are shown in Figure 56 and in Figure 19 (Appendix A).
Notably, high water levels in both Brighton by the Bay Wetland and Harbour Point Pond were exacerbated
by high lake levels – although (as noted previously) only Brighton by the Bay Wetland was found to
experience capacity issues below the 100-year storm event as a result.
One key takeaway from this analysis is that any modeling of existing or proposed stormwater infrastructure
in the immediate vicinity of Lake Ontario should be performed using appropriate methodologies that take
into account the potential tailwater impacts of the lake. For example, the Rational Method and the kinematic
wave method are both incapable of properly accounting for tailwater impacts, so an assessment method
that uses the dynamic wave equation (e.g. SWMM5) would need to be used instead. Additionally, the
Municipality and Lower Trent Conservation should consider what tailwater condition should be required
for use in these areas.

C.4.4. Storm Sewer Self-Cleaning Velocity Evaluation
Simulated peak pipeflow velocities for the 2-year design storm event were used to classify large (i.e. >30 cm
in diameter and >15 m long) stormwater pipes as either self-cleaning or not self-cleaning, as shown in
Figure 57 and Figure 58. Different criteria have been proposed for determining the threshold for a “selfcleaning” pipe (Montes et al. 2017), but a general rule-of-thumb approach is to consider a peak velocity in
excess of 0.9 m/s for either the 2-year or the 5-year event sufficient to promote self-cleanout of
accumulated sediment (Ministry of Transportation Ontario 1997; Minnesota Department of Transportation
2000; Iowa Department of Transportation 2012; Iowa SUDAS Corporation 2013; Michigan Department of
Transportation 2015). As such, the information contained in these maps may be useful in prioritizing pipe
maintenance since they indicate where sediment may tend to accumulate.

C.5.

Future Conditions

Land development continues in the study area as described in Section 2 of the report. In addition to meeting
standard stormwater requirements recommended as part of this plan (See Section 5), future development
will need to provide additional attenuation and storage capacity when they are located upstream of a
known limitation to capacity. Examples include high lake levels limiting drainage from stormwater
management facilities and storm sewer segments that cannot convey pre-development design flows.
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Figure 56. Lake Level Impacted Areas in the Study Area
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Figure 57. Pipe Velocities for the 2-year Storm, Categorized by Self-Cleaning Threshold (North Zone of the Study Area)
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Figure 58. Pipe Velocities for the 2-year Storm, Categorized by Self-Cleaning Threshold (South Zone of the Study Area)
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C.6.

Future Use of the H&H Model

The Brighton Urban Area H&H model is a valuable tool for the Municipality and its consultants
moving forward to plan, design, and review private development projects and public infrastructure
projects. There are also several ways that additional updates to this model will provide useful
insights into continuing to improve the level of service of stormwater management infrastructure in
the Brighton Urban Area as additional information about the system is collected. Examples include
expanding the model to areas serviced by roadside ditches and culverts and incorporating the
watercourses into the hydraulics of the system. While full development of a dual drainage model up
to and including major events was beyond the scope of this exercise, it would be helpful to assess
trunk sewer capacity in further detail in the future as well as simulating overland flow pathways in
the low-lying areas of the study area. The model could also be used with some modifications to
simulate French drains or other subsurface drains that capture groundwater and direct it into the
stormwater management system.
The model was developed to assist in understanding capacity limitations in the system and prioritize
future infrastructure improvements. The model is a useful starting point to inform the design of
specific capital improvement projects with any necessary refinements identified from detailed site
investigations, such as as-built survey.
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APPENDIX D. DEPRESSION ANALYSIS
A 50-cm resolution digital terrain model derived from LiDAR was acquired through Land Information
Ontario (Airborne Imaging 2018). The terrain model was used to identify landscape “depressions” –
areas that may pond with water during a rain event – which were then categorized according to
whether or not they contained an internal outlet (e.g. a storm sewer inlet or culvert). Key depressions
with and without known internal outlets are shown, separately, in Figure 19 (Appendix A).
Depressions were also categorized according to various criteria for flood risk to aid in prioritization,
including the following:






Roadway adjacent – if the depression overflowed, would a roadway be overtopped?
Structure adjacent – was the top of the depression within 5 meters of a building?
Stormwater management – did the depression correspond to an existing SWM pond?
Rear yard inclusive – was the depression located in the rear yard of a residential lot?
Erroneous – did the depression appear to be an artifact of LiDAR processing?

Major depressions were included explicitly in the model as storage nodes to allow for accurate
accounting of the existing detention present throughout the study area. For depressions where
storage capacity was observed to be exceeded, “dual drainage” elements (e.g. curb/gutter conduits,
overland flow pathways) were added to convey excess runoff volumes to the next downstream model
element. This inclusion of both landscape depressions and dual drainage elements allows the model
to accurately represent runoff distribution as it cascades from one node to another, regardless of
whether the capacity of specific pipes and storage areas are exceeded.
The depressions were then prioritized based on the intersection of various criteria. High-risk
depressions were those that met one of two criteria: (1) they were either road or structure adjacent
and had no internal outlet, or (2) they were either road or structure adjacent and had an internal
outlet, but modeling indicated storage capacity was exceeded for the 10-year event.6 Medium-risk
depressions were those that were either road or structure adjacent and had an internal outlet, and
modeling indicated storage capacity was not exceeded for the 10-year event. All other depressions
were classified as low-risk.
As shown in Figure 19 (Appendix A), 22 depressions were identified as exhibiting High-risk
(including High (potential)) for flooding and 35 depressions were identified as exhibiting medium
risk.

6

Depressions meeting the first criteria that were not explicitly modeled were labeled as High (potential).
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APPENDIX E. MINISTRY OF TOURISM AND CULTURE CHECKLISTS SHEETS
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APPENDIX F. PUBLIC AND INDIGENOUS CONSULTATION
F.1.

Notice of Commencement
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F.2.

Notice of Public Information Centre
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F.3.

Indigenous Community Consultation

Page 276

Municipality of Brighton Stormwater Master Plan

F.4.

Public Information Centre Materials

Page 277

Municipality of Brighton Stormwater Master Plan

Page 278

Municipality of Brighton Stormwater Master Plan

Page 279

Municipality of Brighton Stormwater Master Plan

Page 280

Municipality of Brighton Stormwater Master Plan

Page 281

Municipality of Brighton Stormwater Master Plan

Page 282

Municipality of Brighton Stormwater Master Plan

Page 283

Municipality of Brighton Stormwater Master Plan

Page 284

Municipality of Brighton Stormwater Master Plan

Page 285

Municipality of Brighton Stormwater Master Plan

Page 286

Municipality of Brighton Stormwater Master Plan

F.5.

Notice of Completion

This section will be completed in the final report.
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APPENDIX G. FUNDING STRATEGIES
As part of the Stormwater Master Plan (SMP), Computational Hydraulics International (CHI)
explored funding options for the Municipality to finance its stormwater management program. This
Appendix outlines the issues addressed, and approaches taken, by other Ontario municipalities that
have pursued alternate funding mechanisms to sustainably meet the financial, social, and
environmental needs of their respective stormwater programs. It is intended that this Appendix
provide sufficient information for the Municipality to decide whether to proceed with the
implementation of the stormwater financing mechanism recommended at the end of this review.

G.1.

Municipal Stormwater Programs

This section summarizes municipal stormwater programs in general, highlighting the typical needs
and issues of Ontario communities.

G.1.1. Stormwater Challenges
Municipalities face numerous pressures and challenges to provide a stormwater management
program that achieves regulatory requirements and meets customer service expectations. The SMP
presents an opportunity to apply sound asset management and long-term financial planning to
support future program needs.
Stormwater management involves controlling the quantity and quality of runoff resulting from
rainfall and snowmelt. Urbanization dramatically changes the runoff response characteristics of
natural land surfaces and a variety of problems can result when stormwater infrastructure is not
properly managed. Stormwater problems are most evident in areas that are prone to chronic flooding
or erosion, but less discernible are the long-term impacts to water quality, stream stability, and the
environment in general. All of these challenges, in addition to growth and development pressures,
continue to drive the need for new capital improvement projects as well as operations and
maintenance of publicly-owned facilities after constriction.
Although municipalities continue to make substantial investments in their programs, infrastructure
spending gaps are commonplace in Ontario. Like other public works, stormwater facilities have a
specific design capacity and service life, and therefore performance decreases with age and
additional demands placed on the system. As a result, stormwater facilities and related infrastructure
must be inventoried, assessed, valued, and managed according to sound asset management
principles in order to plan an appropriate schedule for replacement, renewal, and rehabilitation.
Further, regulatory requirements and design standards for stormwater management are rapidly
evolving. This results in infrastructure that does not meet current federal or provincial requirements
for the construction of new or retrofit facilities and the long-term operations and maintenance of
existing facilities. More stringent federal and provincial requirements for water quality and quantity
control are also being proposed, further widening the gap to bring these publicly-owned systems into
compliance.
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G.1.2. Program Components
Municipal stormwater management involves much more than mere drainage. It includes all services
provided by the local government to properly and effectively manage stormwater within the
community (i.e., collect, convey, transport, store, treat, and discharge to downstream receiving
waterbodies). Stormwater management systems represent valuable public assets that provide many
benefits for many users. The municipal stormwater system includes storm sewers, roadside ditches,
watercourses, culverts, bridges, swales, catchbasins, outfalls, ponds and other water quality
treatment facilities.
Programs throughout North America have evolved dramatically in response to the challenges noted
in Section G.1.1. This has resulted in dramatic changes to the ways that municipalities plan, design,
and operate their stormwater systems. A typical municipal stormwater program comprises many
components, including:









G.2.

Design, permitting, and construction of new capital improvement projects;
Operations, maintenance, monitoring, and inspection of existing systems and facilities;
Asset management, valuation, and planning;
Rehabilitation, renewal, retrofit, reconstruction or upgrade of existing systems and facilities;
Emergency response, recovery, and clean-up after flooding events, system failures (e.g., pipe
collapses, streambank slope instabilities, etc.), spills, and other water quality violations;
Engineering and support services for site plan review, environmental compliance, record
maintenance, and document management;
Support for public education and community involvement programs; and
Administration, staffing, computer resources, equipment, etc.

Stormwater Funding Options

This section summarizes the various revenue sources that have been used by Ontario municipalities
to fund all or a portion of their stormwater programs.
There are three general types of funding mechanisms used by Ontario municipalities to generate
revenue for their stormwater programs, including:






Taxes, including general tax levies, which are mandatory levies authorized through provincial
legislation, collected by the local government, and not related to any specific benefit or public
service; and special levies that have specific designations and limitations for use. These levies
are identified on property tax bills.
Fees and charges, which are allocated to offset the cost of a specific service and payable by
those who benefit from the service. These charges are generally identified on utility bills or
as a payment made as part of the land development process.
Other means and financing practices.
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Specific funding options and their corresponding advantages and disadvantages are described in the
remainder of this section. For the purposes of this report, funding options are distinguished by two
types of property uses:



Existing properties that are currently served by publicly-owned assets and infrastructure;
and
Development properties that are planning to modify the existing landscape or otherwise
impact publicly-owned assets and infrastructure. Funding options related to development
are included together in Section G.2.2.

G.2.1. Tax Levies
There is a long history of funding public works and services through taxation based on the assessed
value of the land and buildings that comprise real property. This section describes the common
funding methods that are derived from the assessment base.

G.2.1.1. General Tax Fund
Property taxes are the most significant revenue source to support municipal stormwater programs
in Canada. Property tax funds are determined according to the assessed property value multiplied by
the applicable tax rate, which varies by land use zoning, building type, and taxing status.
Municipalities often collect property tax revenue on behalf of the provincial governments (e.g., for
public school boards) and the upper tier or regional government (e.g., for health services), if
applicable. The municipality’s portion of property tax goes into a general tax fund which covers the
operating and capital expenditures of many public services across several departments.
Property tax rates are established on an annual basis by municipalities to meet their projected
funding needs and in consideration of the total current value assessment of all taxable properties
within their jurisdiction. Provincial legislation defines the permissible exemptions and capping
adjustments that limits tax payments for selected property types or ownership classifications. Taxexempt properties include local government (e.g., municipal, regional, provincial, and federal
buildings) as well as institutions (e.g., public schools, hospitals, and churches) and other charitable
organizations.
While tax-exempt properties generally do not contribute funds to the municipality’s stormwater
program, some municipalities charge a service fee or tax-like payment to exempt properties. For
example, the federal government administers the Payments in Lieu of Taxes (PILT) program which
distributes funds on behalf of eligible tax-exempt institutions to property taxing authorities to
compensate for selected services such as police/fire protection, stormwater, solid waste disposal,
and roads. In Ontario, provincial legislation authorizes a “heads and beds” charge to institutions (e.g.,
hospitals, post-secondary schools, and correctional facilities), where payments of $75 per
person/year or per bed/year are made under this program. For example, a 100-bed hospital would
contribute $7,500 as a payment in lieu of tax to be retained by the municipality.
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With the general tax fund, money to support the stormwater program comes from the municipality’s
overall tax levy and is allocated as an annual budget envelope to each department or service category
according to Council priorities.

G.2.1.2. Dedicated Tax Levy
Special levies allow a portion of property taxes to be allocated for specific public works or services.
A dedicated levy can be administered to build a special purpose fund for stormwater services, with a
distinct tax rate assigned on the annual tax bill. Several Ontario municipalities do this for city-wide
services such as police, paramedic, fire protection, and public transit. A by-law would be required to
dedicate these funds to the stormwater program. With a dedicated tax levy, money to support the
stormwater program is available in a more predictable manner, and on a longer-term basis, than the
general tax fund. Funds are specifically earmarked and therefore not subject to the same level of
negotiation during annual operating budget deliberations.

G.2.1.3. Local Improvement Charges
Special assessments can also be levied as a supplementary charge on the tax bill to properties that
benefit from specific capital improvement projects. The allocation of charges could be based on the
lot frontage dimension of properties rather than assessed value. To enact a local improvement
charge, a petition must be signed by two-thirds of the property owners (i.e., that represent a
cumulative area comprising at least 50 percent of the benefitting lands).
For stormwater purposes, local improvement charges are most suitable for erosion/watercourse
protection works or retrofit applications at a neighbourhood scale such as green infrastructure
projects. While funds may be dedicated solely for stormwater projects, they would not be sufficient
to support the overall stormwater program, as do the previous tax levy options.

G.2.1.4. Advantages and Disadvantages
Funding a municipal stormwater program through tax levies offers several advantages, including:




Property tax-based revenues are already accepted as the primary existing source of revenue
for municipal works and services;
Funds can be used to fund all components of the program (except in the case of local
improvement charges); and
The billing system is well established.
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Funding the stormwater program through property taxes offers several disadvantages, including:







Property taxes based on a property’s assessed value or lot frontage does not correlate with
its runoff contribution, so the fairness and equity of this revenue source is low;
The general tax fund is not a stable and dedicated funding source;
There is an annual competition for general tax funds to support other community services
and can therefore prove difficult to sustain the stormwater program when there are higher
Council priorities;
There is no incentive for property owners to reduce stormwater runoff and pollutant
discharge; and
Tax-exempt properties do not contribute any funding to the stormwater program (or they
contribute very little through payments in lieu of taxes).

G.2.2. Development-Related Charges and Levies
This section presents funding options to recover the stormwater servicing costs that is attributable
to growth and development by private interests, including new development or infill/redevelopment. Servicing costs related to the municipal stormwater program may include oversizing
of existing systems or facilities downstream of the development, or facilities built as part of the
development that will later be owned/operated by the municipality.

G.2.2.1. Development Charges
Development charges are also known as development impact fees in other jurisdictions across North
America. Through the Development Charges Act, 1997, municipalities in Ontario are authorized to
pass by-laws for the recovery of costs incurred to provide services to new and re-development
projects. These charges reflect a one-time cost prior to construction and can only be used to fund
eligible capital costs, and only for the services for which they were collected. Charges can be allocated
either by the number of units built, the amount of impervious surfaces added, or by gross property
area based on zoning and runoff potential (e.g., a single family development would pay less per
hectare than a commercial or industrial development).
Revenue derived from development charges can be applied to projects throughout the municipality
and are intended to help cover the initial capital cost of infrastructure required to service growth
demands. Funds may be used to cover the capital costs of many stormwater systems and facilities
including:





Erosion control and restoration works for watercourses;
Flood control and conveyance works, including channelization, culvert and storm sewer
improvements/oversizing;
Stormwater quality control facilities and retrofits; and
Studies and monitoring.
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The Municipality of Brighton has had a development charges program in place since 2009 when
Council passed By-law 044-2009, which includes recovering stormwater management costs in
municipally serviced areas. The program is regularly updated in accordance with the Development
Charges Act; the most recent background study having been completed in 2014.

G.2.2.2. Other Charges and Levies
Development charges are by far the most popular (and biggest revenue generator) among all the
growth-related funding options available to Ontario municipalities. There are other mechanisms
available to help recover a portion of development impact costs.
Some municipalities in Ontario have adopted a cash-in-lieu program to augment their development
charges program. Contributions to off-site stormwater facilities can be allocated in the form of cashin-lieu fees in infill/re-development areas where on-site facilities are considered infeasible (e.g., by
presenting an undue maintenance burden on the municipality). In some cases, it has been used for
all new development to set up a fund for future development, however this may lead to an inequality
between old and new development.
Like development charges, the rates for cash-in-lieu programs may be based on the area of
development or number of dwelling units, and area-specific rates can be determined for different
geographic locations within the community. Unlike development charges however, revenue derived
from cash-in-lieu charges can be applied to both capital as well as operations and maintenance costs
for stormwater facilities.
Other funding options include:





Special development levies and business improvement districts;
Tax increment financing;
Development application fees, site plan/permit review fees, etc.; and
Development servicing/subdivision agreements or other legal contracts between the
municipality and the developer.

G.2.2.3. Advantages and Disadvantages
Funding a municipal stormwater program through development-related charges and levies offers
several advantages, including:



Acceptance by the development community; and
Charges are based on contributing area, which is more equitable than property value or
frontage.
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Funding the stormwater program through development-related charges and levies offers several
disadvantages, including:




Charges are limited by the amount of developable land within the municipality and funds can
only be used to support growth-related projects, not the entire program;
Dependence on growth and growth rates (i.e., if the growth rate declines, so does the revenue
collected); and
Development charges are limited to the capital costs associated with future development and
cannot be used for operations and maintenance (except in the case of cash-in-lieu charges).

G.2.3. User Fees and Charges
From a legal perspective, fees and charges are separate and distinct from taxes. As noted in
Section G.2.1, property tax is a levy on a property for general services to support the public good.
Property tax is payable by the property owner, even if the owner does not use a certain service that
is funded by the tax levy. Contrarily, a fee is a levy on a person who contributes to, or benefits from,
the use of a specific service. The fee is payable by the service user (i.e., property owner, tenant, or
property manager).
Table 51 highlights the key differences between funds that are generated through property taxes (i.e.,
the general tax fund) and through user fees (i.e., an enterprise fund). The purpose of each fund and
the assignment of who pays the fund charges is compared along with the following items:







Charge allocation: This item identifies the charge basis for individual properties. With a user
fee, charges that generate revenue into an enterprise fund must be allocated based on either
usage/demand (for a consumption service, such as potable water or electricity) or on the
contribution to/burden placed on the system (for a disposal service, such as wastewater or
stormwater) in a fair, proportionate, and consistent manner.
Charge reduction: This item identifies the mechanism by which a property owner or service
user has an opportunity to reduce their charge. With a user fee, the strongest motivation is to
lower their charge by reducing usage, however an additional financial incentive may be
available through a rebate/credit program.
Fund segregation: The money in an enterprise fund must be segregated, accounted, and
reported separately from the monetary contributions of funding sources.
Fund distribution: The money spent from an enterprise fund must be distributed back into
the program that it supports, ideally in proportion to the effort/expense of each of cost center.
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Table 51. Comparison Between Property Taxes and User Fees
Item
Fund
Purpose
Payment
Obligation
Charge
Allocation
Charge
Reduction
Fund
Segregation
Fund
Distribution

Property Taxes
User Fees
To raise revenue for general services, functions, To recover/offset the costs of specific services,
and activities
functions, and activities
Compulsory for taxable property owners

Compulsory for service users

Product of property value assessment and
municipal tax rate

Proportionate to service usage/demand or
contribution
Reduce service usage/demand or contribution;
Qualify for rebates, credits, or other incentives

Property value re-assessment
Not required

Required

Based on priorities;
Proportioned according to Council's discretion

Based on needs;
Proportioned according to service delivery costs

G.2.3.1. Water Rate Surcharge
Historically, the earliest type of user fee for a public works utility was potable water, a consumptionbased service. Stormwater and wastewater were originally plumbed and serviced using the same
collection networks and treatment facilities, although these days sewer separation is the goal for
municipalities with these legacy combined sewerage systems. Not surprisingly, the earliest form of a
user fee for a disposal-based service was wastewater. The basic costing criterion was first expressed
in the Ohio State Law Journal in 1951:
“The needed total annual revenue requirements of …sewage works shall be contributed by users
and non-users (or by users and properties) for whose use, need, and benefit the facilities of the
works are provided, approximately in proportion to the cost of providing the use and the benefits
of the works.”
Many Ontario municipalities fund all or a portion of their wastewater programs through a rate
surcharge added on the water utility bill. One such example is the City of Hamilton, whose
stormwater program is funded through a combination of the water rate, wastewater surcharge,
property taxes, and development charges. In 2010, the City investigated the feasibility of moving its
stormwater services, functions, and activities into a new stormwater user fee. The City has
experienced financial challenges under its present funding system, particularly during wetter than
average years. The cost to convey and treat stormwater and combined sewage flows drastically
increases during wet years due to higher energy, chemical, operations and maintenance costs.
Stormwater revenue drawn from the water rate had to compete with other sanitary sewer related
needs and revenue drawn from the tax levy had to compete with many other City services and was
often inadequate to meet Hamilton’s desired level of service. Given the high treatment costs during
wet periods, the City had a fundamental need for a stable, dedicated, and self-supporting funding
mechanism; one that eliminates the current reliance on volatile metered water revenue.
Tracking revenue transfers can also be complicated for municipalities that use a water rate surcharge
to offset stormwater program costs. In addition, the fairness and equity of allocating stormwater
costs based on water consumption might be challenged as it bears little relation to the amount of
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stormwater runoff generated from a property. Further, since the wastewater charge and any related
surcharges are based on water metering, there may be many properties that do not contribute to
service costs (e.g., un-serviced areas with private wells or even in urban zones but without water
meters).

G.2.3.2. Stormwater User Fees
A stormwater user fee is a financing mechanism that allocates charges to individual properties and
is administered in a similar fashion as a water/wastewater rate. This is also known as a stormwater
utility. The basic calculation is simply the municipal stormwater program expense divided by the
number of billing units within the municipality. Many of the popular billing unit methods use
impervious area as the basis of charge. Before summarizing the billing unit methods, it is instructive
to first define impervious area.

Impervious Area
Several factors influence the amount and quality of stormwater that runs off a parcel, including:
rainfall, impervious area, soil type, topography, and site servicing characteristics. While rainfall is the
most significant factor, the allocation of charges in many stormwater user fees is not based on rainfall
intensity or changes in rainfall patterns attributable to climate change or other future uncertainties.
Rather, it is common in North America to assume that rain falls equally on all properties within the
municipality’s jurisdiction. Of the other factors, impervious area has the strongest correlation to
stormwater runoff, it can also be measured directly, and variations on individual properties can be
tracked and billed accordingly. As a result, impervious area is commonly used to allocate charges in
a variable rate stormwater user fee (described later in this Section).
Impervious area is defined as surface cover materials that are highly resistant to the infiltration or
uptake of water in response to rainfall, snowmelt, or over-irrigation. Impervious surface cover
represents many features of both the natural and built environment. While primarily comprised of
rooftops and paved areas, impervious area is more generally associated with buildings,
infrastructure, and the conveyance or accommodation of vehicular and pedestrian traffic. Impervious
surface cover materials may include concrete, asphalt, stone/brick, and compacted gravel/soils. For
the purposes of a stormwater user fee, the definition of impervious area is limited to land
development that increases the runoff contribution due to any hydrologic change, disruption, or
disturbance of the natural landscape.
The basic objective of municipal stormwater programs is to maintain characteristics of streamflow
and water quality in the receiving watercourses/waterbodies as near as possible to natural,
undisturbed conditions. Regulatory requirements follow this principle by defining a common
baseline which represents undeveloped land. Unaltered receiving watercourses will adapt to achieve
an equilibrium state in response to the runoff from natural, undisturbed lands (e.g., in terms of its
flow carrying capacity, sediment/nutrient transport and deposition characteristics, etc.). Therefore,
if all land in a watershed remains undeveloped, there would not be a need for a municipal stormwater
program to manage the resulting quantity and quality impacts.
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Since impervious area is intended to quantify development that increases runoff potential compared
to natural, undisturbed conditions, there are some exclusions that apply, including:





Impermeable surfaces such as frozen ground, shallow bedrock, or hardpan soil layers on
undeveloped property (however, mining operations that expose natural rock formations or
hardpan soil layers would be included);
Natural or constructed waterbodies, since the impervious area definition comprises surfaces
that are not normally inundated with water; and
Temporary structures, storage containers, or stockpiles, since the impervious area definition
is meant to capture the underlying surface cover material, rather than small/transient
facilities and materials that reside on top of the permanent base.

Stormwater facilities that are specifically designed, constructed, and maintained to reduce runoff
discharged into the municipal stormwater management system may be eligible for a charge
reduction under a stormwater user fee credit policy. One special case for exclusions includes surface
cover materials that have been specifically designed, constructed, and maintained to infiltrate
stormwater runoff (e.g., bioretention cells, rain gardens, porous pavement, etc.). In addition to
qualifying for a stormwater credit (i.e., if the facility captures runoff from upstream impervious
areas), the fee calculation would not include the area of any permeable materials.
Further, it is common for stormwater user fees in North America to exclude certain properties from
paying a stormwater charge, either through a legal or technical exemption. Legal exemptions include
property categories for which the municipality does not have the legislative authority to charge a
user fee. Technical exemptions typically include:



Public transportation rights-of-way that are considered to be part of the municipal
stormwater management system; and
Properties for which the entire drainage area is not connected to the municipal stormwater
management system, either directly through a pipe, swale or ditch, or indirectly through an
overland flow route.

Billing Unit Methods
To determine the billing unit denominator in the basic user fee calculation noted above, there are
many ways to allocate stormwater-related costs to property owners. The following billing unit
methods have been used throughout North America in increasing order of accuracy:





Flat Fee: The charge does not vary according to usage of the property (e.g., a charge of $10
per month per water meter account or per hectare of land)
Tiered Flat Fee: This extends the Flat Fee by offering different ratepayer categories (e.g., $5
per month per residential property, and $1,000 per year per commercial/industrial
property).
Runoff Coefficient: The charge varies by property size and an assumed coefficient that
reflects stormwater runoff potential by property type (e.g., residentially zoned properties are
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assigned a runoff coefficient of 0.35 and industrially zoned properties are assigned a runoff
coefficient of 0.75).
Intensity of Development Factor: Similar to the Runoff Coefficient billing method, however
adjustment factors are applied to account for the property’s development status (e.g., a factor
of 0.0 for undeveloped properties, 1.0 for fully developed properties, and a factor between
0.0 and 1.0 for properties considered to be underdeveloped within their zoning category).
Equivalent Residential Unit (ERU): A statistical sampling of measured impervious area for
residential dwelling units is performed to determine the average ERU size (i.e., square meters
of impervious area). The average impervious area for all types of residential dwelling units
becomes the base billing unit. Charges for residential properties are based on assigning one
stormwater billing unit to each residential dwelling unit, regardless of density. Given the wide
variability in impervious area statistics for non-residential properties, the impervious area
for each non-residential property should be measured. The charge for non-residential
properties is then determined by dividing the measured impervious area by the average ERU
size.
Single Family Unit (SFU): A statistical sampling of measured impervious area for singlefamily detached homes is performed to determine the average SFU size (i.e., square meters
of impervious area). The average impervious area for single-family detached homes becomes
the base billing unit with one stormwater billing unit assigned to each single-family detached
home and fractional billing units assigned to other residential property types. Multi-family
residential properties such as apartments, condominiums, and townhouses have a smaller
SFU size than single-family detached homes. The charge for non-residential properties is
determined by dividing the measured impervious area by the average SFU size.
Tiered Residential Rate (e.g., Tiered SFU): The Tiered SFU billing unit method extends the
SFU method by accounting for the wide variability in impervious area among residential
properties by assigning three tiers to single-family detached homes (e.g., small, medium and
large). The number of categories for multi-family residential properties can also be extended
to distinguish high-rise apartments and condominiums, for example.
Level-of-Service/Geography Base: The ERU and SFU billing unit methods can be extended
to include separate rate structure calculations that vary by service level provided within
distinct geographical boundaries (e.g., a higher rate in urban areas that receive more frequent
operation activities and facilities that provide a higher level of flood protection than in rural
areas). This is a preferred option for regional governments or municipalities that feature
large rural areas.
Impervious Area Measurement: The most accurate of all billing unit methods is to measure
the impervious area of all properties within a given jurisdiction. This replaces the ERU, SFU,
and Tiered SFU methods by measuring all residential properties and charging them
accordingly. This is a preferred option for municipalities that are highly urbanized.

The billing methods above are listed in increasing order of accuracy with respect to allocating charges
among property types based on relative contribution of stormwater runoff and pollutant loading. The
first four methods are the easiest to set up and administer, however they are the least fair and
equitable indicators of the property’s contribution to the municipal stormwater management system.
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The final five methods are based on measured impervious area. The cost to administer and manage
a stormwater user fee increases with increasing billing accuracy. The final two billing unit methods
often feature prohibitively high administration costs and are usually only considered by
municipalities that have had a stormwater user fee program or utility in place for many years.
For the purposes of this report, the phrase “rate structure” refers to the combination of the charge
allocation to individual property owners (i.e., billing unit method) as well as the overall
administration and management of the resulting revenue fund. Common rate structures for Ontario
municipalities are summarized in the remainder of this section.
It should be mentioned that there are many hybrid user fees that have been implemented across
North America, and so the lines can become blurred between the rate structure types defined in this
report. As an example, provincial legislation in British Columbia allows municipalities to charge
properties an ad valorem fee for stormwater (i.e., charge allocation based on property value) in the
same manner as a tax levy, and yet the resulting revenue fund can be administered in the same
manner as an enterprise fund. It is also noteworthy that property types are commonly referred to as
“customer categories” with respect to stormwater user fees, and so the same terminology is used in
this report.

Flat Fee
A flat fee is a type of rate structure in which a base charge is applied uniformly throughout a
municipality without any distinction between property customer categories. That is, all properties
are charged the same fee regardless of zoning/land use, building type, tax-exempt status, assessed
value, frontage, total parcel size, or other distinguishing feature of the property. The base charge
would be determined by calculating the required program revenue, assuming an appropriate
collection rate, and dividing by the total number of billing units. Billing units can be based on the
number of existing tax or utility accounts, such that the base charge is calculated on a per property
or per water meter basis, for example.
The primary advantage of a flat fee compared to a variable rate (described later in this Section) is its
simplicity which allows for lower administration costs and efforts related to billing implementation
and ongoing data management. The primary disadvantage is that in many cases, a flat fee is less fair
and equitable than property tax. For example, with a charge based on the number of water meters, a
large park or conservation area with a single water meter for its restroom facility would be assessed
the same charge as a large retail building development with extensive rooftop and paved parking
areas that is also served by only one meter. With an area-based charge, a 1 ha open park space would
be assessed the same charge as a 1 ha retail building with extensive rooftop and paved parking areas.
Further, although not tested in Canadian courts, U.S. state supreme courts have ruled against some
flat fee stormwater utilities on the basis that there was not adequate justification (i.e., no rational
nexus) for the fee charged in accordance with the service provided.
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Tiered Fee
A tiered fee is a type of rate structure in which a base charge is separately applied to different
customer categories. A separate flat fee could be applied to each customer category (e.g., a residential
flat rate of $5 per property and a non-residential flat rate of $500 per property). A tiered fee could
also be based on a distinguishing feature of the property and vary by customer category (e.g., a
residential flat rate of $5 per dwelling unit and a non-residential flat rate of $500 per water meter).
Further, there may be some variability within a customer category. For example, a stormwater utility
might charge a flat fee for residential properties, but charge a range of fees depending on the water
meter size that services non-residential properties. For the purposes of this report, only impervious
area is considered in the variable rate structure described below.

Variable Rate
A variable rate is a type of rate structure in which the base charge distinguishes individual properties
within a given customer category, and as described at the beginning of this Section, impervious area
is used as the indicator of variability in this report. A variable rate stormwater user fee therefore
allocates municipal stormwater program costs to customers in relation to the amount of impervious
area on individual properties. The fee charged directly correlates to the amount of stormwater runoff
volume and pollutant loading that is contributed to the municipal stormwater management system.
Consequently, this fee directly correlates to the benefit received by using the municipality’s
stormwater services.
To summarize, a stormwater user fee based on impervious area offers a more fair and equitable
funding mechanism than other funding sources because charges allocated to each parcel of land are
based on contribution to, and benefit derived from, the municipal stormwater program. Commercial
and industrial properties typically generate much more runoff and stormwater pollution per square
meter than residential properties, and therefore are charged a proportionally greater fee.
The use of impervious area as the basis for setting a stormwater rate is supported by many standard
manuals of practice issued by local governments, regulatory agencies, and professional organizations
throughout North America. These manuals confirm the use of impervious area as a technically sound,
fair and equitable basis for allocating municipal program costs.
Legal precedents in the U.S. have demonstrated the viability of a variable rate stormwater user fee.
Specific court cases have been decided that reaffirm the use of impervious area as the necessary
variable to allocate system cost to individual properties. However, most court cases have been
brought against local governments with the principal consideration being whether the stormwater
charge is a user fee or a tax. In every example where a governmental entity has delineated the
programmatic nature of the revenue requirements throughout the system and confirmed that those
expenditures were providing nearly uniform service, the court has ruled in support of the
stormwater fee for that jurisdiction. The allocation of system-wide costs based on impervious area
has been supported in each instance. Example court findings include the following:

Page 300

Municipality of Brighton Stormwater Master Plan







Supreme Court of Georgia; Decided- June 28, 2004; S04A0696-McLeod et al. v. Columbia
County;
District Court of Appeal First District, State of Florida; Case No. 1D99-4548; City of
Gainesville, Appellant, v. State of Florida Department of transportation, Appellee; Opinion
filed March 5, 2001;
Supreme Court of Washington; Teter et al v. Clark County; Case No. 51173-0; August 8, 1985;
and
Supreme Court of Colorado; Zellinger et al v. The City and County of Denver; Case No.
84SA508; September 8, 1986.

Canadian Examples
Stormwater user fees are a relatively new concept in Ontario, but they have been successfully
implemented throughout Canada since 1994 and throughout the U.S. since 1974. Recent surveys
estimated that there are currently 30 stormwater user fees in Canada and 1,680 in the U.S. (Campbell
2018). Other municipalities in Ontario are known to be investigating the feasibility of a stormwater
user fee. Canadian stormwater user fees are summarized in Table 52. All municipalities listed are
incorporated as City governments, with the following exceptions:






Regional Municipality of Halifax (Nova Scotia);
Town of Aurora (Ontario);
Municipality of Middlesex Centre (Ontario);
Town of Richmond Hill (Ontario); and
District of West Vancouver (British Columbia).

The start date shown in Table 52 indicates the first year of implementation (i.e., commencement of
billing). The fee type classifications follow the definitions presented earlier in this appendix. For
variable rates, the primary differentiator between properties within the same customer category is
shown in parentheses, including:






Property size: based on gross parcel area;
Impervious area: per square meter of impervious area (or property size × runoff factor);
Equivalent dwelling: based on impervious area per residential dwelling unit;
Equivalent detached: based on impervious area per detached home; or
Ad valorem: based on property value and administered as a user fee.
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Table 52. Stormwater User Fees in Canada
Municipality

Start

Fee Type

Date
Halifax

2013

Aurora
Guelph
Kitchener
London
Markham
Middlesex Centre
Mississauga
Newmarket
Orillia
Ottawa
Richmond Hill
St. Thomas
Vaughan
Waterloo

1998
2017
2011
1996
2015
2017
2016
2017
2017
2017
2013
2000
2017
2011

Regina
Saskatoon

2001
2002

Calgary
Edmonton
Lloydminster
St. Albert
Strathcona County

1994
2003
2017
2003
2007

Langley Township
Pitt Meadows
Richmond
Surrey
Victoria
West Vancouver
White Rock

2003
2009
2006
2002
2016
2007
2004

Nova Scotia
Variable Rate (impervious area)
Ontario
Tiered Fee
Variable Rate (equivalent dwelling)
Tiered Fee
Tiered Fee
Tiered Fee
Tiered Fee
Variable Rate (equivalent detached)
Variable Rate (property size)
Tiered Fee
Tiered Fee
Tiered Fee
Tiered Fee
Tiered Fee
Tiered Fee
Saskatchewan
Tiered Fee
Variable Rate (equivalent detached)
Alberta
Flat Fee
Variable Rate (impervious area)
Tiered Fee
Tiered Fee
Flat Fee
British Columbia
Variable Rate (ad valorem)
Variable Rate (ad valorem)
Tiered Fee
Tiered Fee
Variable Rate (impervious area)
Flat Fee
Variable Rate (impervious area)

Typical Charge
Monthly
Annual
$5.30

$64

$5.28
$4.60
$13.73
$15.83
$3.92
$14.88
$8.67
$3.33
$0.88
$4.44
$5.19
$9.28
$4.17
$11.19

$63
$55
$165
$190
$47
$179
$104
$40
$11
$53
$62
$111
$50
$134

$16.12
$4.40

$193
$53

$15.05
$16.26
$13.00
$16.11
$8.50

$181
$195
$156
$193
$102

$8.34
$8.57
$13.12
$18.58
$20.25
$27.12
$38.83

$100
$103
$157
$223
$243
$325
$466

The final two columns in Table 52 show typical charges for representative or “average” detached
homes (current as of August 2018). Note that user fees in the City of Markham (Ontario), Strathcona
County (Alberta), and the City of Pitt Meadows (British Columbia) do not fully fund their respective
stormwater programs, only certain components. It is also noteworthy that current charges in
Newmarket, Ottawa, and Richmond Hill (all in Ontario) are part of a multi-year phase-in period (i.e.,
user fee revenue does not yet fully fund their respective stormwater programs). All special cases are
shown in bold italics.
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G.2.3.3. Advantages and Disadvantages
Funding a municipal stormwater program through user fees and charges offers several advantages,
including:








Dedicated funding source for all stormwater management program components;
Fair and equitable charge allocation that is based on individual property contributions to
runoff volume and pollutant loading;
Costs for municipal stormwater services are equitably distributed to all privately and
publicly-owned developed properties within the municipality, regardless of tax-exempt
status or utility servicing;
With a credit program, provides a financial incentive for property owners to reduce
stormwater runoff and pollutant discharge;
Stable and self-supporting funding source to allow long-range planning, large-scale capital
improvements, and leverage for debentures or funding partnerships; and
Mechanism to ensure privately-owned stormwater facilities are properly maintained.

Funding the stormwater program through user fees and charges offers some disadvantages:



Additional implementation costs (i.e. the need for a stormwater rate study upfront, database
management, billing and customer service); and
The possibility that a new fee may not be well-received by the public.

Implementation costs for database management are typically less for municipalities that have highquality, established Geographic Information Systems (GIS). Additional billing costs could be
minimized through the use of existing billing systems such as electricity, water/wastewater, etc.
Further, public reception can be enhanced through a structured public consultation and education
program. Typically, these issues are explored in detail during the feasibility or implementation
phases of a stormwater user fee study.

G.2.4. Other Options
This section summarizes funding mechanisms that have traditionally been used to fund a portion of
municipal stormwater programs. That is, these options are typically used to augment the funding
sources described above.

G.2.4.1. Grants
Funding opportunities for stormwater projects are possible through grants to municipalities from a
variety of sources. Grant programs are often very competitive, based on project merits, and in many
cases require matching funds. Grants also tend to be time-limited and not a reliable or sustainable
funding source. To be successful, the municipality must therefore be proactive to take advantage of
the grant program. Communities with an identified revenue stream and implementation plan like the

Page 303

Municipality of Brighton Stormwater Master Plan

one shown in this report will be in a better position to compete for and use the grant funds as they
become available.
The following is a list of examples of the various federal, provincial and private grants available to
Ontario municipalities for infrastructure investment.

Federal Government






Federal Gas Tax Fund: As part of the New Building Canada Plan, the renewed federal Gas
Tax Fund (GTF) provides predictable, long-term, stable funding for Canadian municipalities
to help them build and revitalize their local public infrastructure while creating jobs and longterm prosperity. Originally designed to provide municipalities with $5 billion in predictable
funding over five years, the GTF has been extended, doubled from $1 billion to $2 billion
annually, and legislated as a permanent source of federal infrastructure funding for
municipalities. Communities are using federal GTF for the following types of projects: local
roads and bridges, capacity building, disaster mitigation, and brownfield redevelopment. As
a result of the wide range of projects that qualify, stormwater programs often compete with
other infrastructure development projects of equal or greater priority (Infrastructure Canada
2018 Mar 27).
New Building Canada Fund – Provincial-Territorial Infrastructure Component: The
Provincial – Territorial Infrastructure Component of the New Building Canada Fund provides
$10 billion in support for projects of national, regional, and local significance. The majority
of this dedicated fund is allocated to projects that involve larger communities. Through this
program most qualifying projects will be federally cost-shared by one-third and additional
funding through the GTF (mentioned above) can supplement additional portions of project
costs. In Ontario the primary contact agency for this fund is the Ministry of Economic
Development, Employment and Infrastructure (Infrastructure Canada 2018 Feb 17).
Federation of Canadian Municipalities (FCM) – Green Municipal Fund: The Canadian
government has allocated $550 million to FCM to create a perpetual endowment called the
Green Municipal Fund (GMF), a long-term sustainable source of information and funding for
municipal governments and their partners. The GMF is divided into two different types of
grants. The first type involves approximately $6 million in grants is approved each year to
fund up to 50% of plans, feasibility studies, and field tests. Examples of eligible plans are
neighbourhood action plans and community brownfield action plans. Feasibility plans
revolve around environmental, social, and economic impacts of a potential environmental
project. The second type involves $30 million in below-market loans and $5 million in grants
for funding capital projects. The below-market loans fund up to 80% of project costs,
however, the grant component of this program has typically been about 10% of the approved
loan amount. With a competitive loan and funding approval process for capital projects, this
program has eligibility criteria for water conservation and stormwater management projects.
Rainwater collection, bio-retention facilities, and other infiltration practices are examples of
projects encouraged through this fund. In 2018, two other programs were introduced: the
Municipalities for Climate Innovation Program (MCIP) and the Municipal Asset Management
Program (MAMP).
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EcoAction Community Funding Program: Environment and Climate Change Canada
administers this program to support non-profit and non-governmental groups and
organizations in implementing projects that will divert harmful pollutants from fresh water,
improve aquatic habitat, or help conserve fresh water. Municipalities are encouraged to
partner with non-governmental group to be eligible for this funding. Funding for each project
ranges from $25,000 to $100,000 (Environment and Climate Change Canada 2018 Nov 15).
Habitat Stewardship Program for Species at Risk: Established in 2000, this program
provides funding for projects that conserve and protect species at risk and their habitats.
Environment and Climate Change Canada administers terrestrial stewardship projects
(Environment and Climate Change Canada 2018 Nov 19) while Fisheries and Oceans Canada
administers aquatic stewardship projects (Fisheries and Oceans Canada 2018 Nov 13).
Stormwater improvement projects, including green infrastructure retrofits, are eligible
where they will mitigate the threats to aquatic species at risk and/or their habitat, such as
elevated temperatures and high sediment load.
National Disaster Mitigation Program: This program is administered in Ontario by the
Ministry of Municipal Affairs and Housing to support flood mitigation projects including
urban and riverine flooding. There are four streams that projects typically proceed through
in a sequence: risk assessment, flood mapping, mitigation planning, and investments in nonstructural and small scale structural mitigation projects (Ministry of Municipal Affairs and
Housing 2018 Oct 2).
Clean Water and Wastewater Fund (CWWF): This federal program accelerates short term
municipal and Indigenous community investments in drinking water, wastewater and
stormwater infrastructure, including the planning and design of infrastructure upgrades
(Government of Ontario 2017 Apr 18).

Provincial Government






Great Lakes Guardian Community Fund: The MECP has been supporting grassroots water
quality projects through this fund since 2012. In 2018, the fund invested over $1.5 million on
over 60 local projects through not-for-profit organizations, First Nations and Métis
communities to help keep the Great Lakes fishable, swimmable and drinkable (MECP 2018
Jun 28).
Ontario Community Infrastructure Fund (OCIF): This permanent source of funding,
launched in August 2014, provides predictable and long-term support for infrastructure
projects in small, rural, and northern communities. Half of the annual $100 million of funding
will be allocated annually using a fair and transparent formula, which recognizes that
municipalities have different infrastructure needs. The remaining $50 million will be
distributed through an application-based process. The formula component is $1,416,800
annually for 2015-2017.
Showcasing Water Innovation (SWI) Program: In April 2011 the MOECC introduced the
Showcasing Water Innovation (SWI) program as a complement to the 2010 Ontario Water
Opportunities and Conservation Act. The SWI program was created to encourage the early
adoption of innovative and cost-effective approaches and technologies for advancing
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integrated sustainable water management. The objective of SWI was to fund up to 50% of
eligible project costs (maximum of $1 million) for a small number of projects in a
representative set of Ontario communities. In total, the program invested $17 million in
provincial funding over a several years to assist communities across Ontario to use innovative
practices and new water technologies to manage their water. Thirty-two projects were
chosen to receive funding and each is now well under way. There are plans to call for new
funding applications in the future and specific dates have not yet been announced.
Ontario Trillium Foundation (OTF): The Ontario Trillium Foundation (OTF) is an agency
of the Ontario government that awards more than $110 million annually. The Collective
Impact Grants program requires co-design of solutions through partnerships across multiple
agencies and organizations. Grants amount up to $500,000 per year for a maximum of 5 years
and provide a sustainable source of funding for projects that include multiple phases. OTF
offers a number of other grant programs that would be more amenable to community groups
and organizations interested in initiating water management projects of their own.
Rural Water Quality Program: In collaboration with Conservation Authorities and
municipalities, the MECP provides cost-sharing grants to landowners of rural properties and
farms for practices that improve ground and surface water quality.

Private / Binational Entities
There a number of non-profit organizations and philanthropic foundations that provide grants of
smaller amounts for water conservation, wildlife habitat restoration, and shoreline naturalization.
These programs may prove to be valuable resources for landowners and members of the community
whom express interest in water resources management. Some of these programs include:







RBC Blue Water Project Community Action Grants
Evergreen Canada’s Grants, such as Muskoka Brewery & Evergreen Fresh Water Grant
Program
Watersheds Canada’s Natural Edge cost-share
CN Econnexions: From the Ground Up
Great Lakes and St. Lawrence Cities Initiative (GLSLCI)
Wege Small Cities Sustainability Best Practices Award

G.2.4.2. Penalties and Fines
Some municipalities have a set fee/fine system for permits and infractions relating to stormwater
management, typically codified in municipal by-laws. Similar to permit fees, penalties and fines are
limited in scope and, in most cases, are intended to cover only the cost of administration and
enforcement. Municipalities often place the revenue generated by penalties and fees in the general
tax fund or to complement the stormwater enterprise fund. However, it is more beneficial to use the
fines to correct stormwater management violations and by-law infractions.
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G.2.4.3. Debentures
Debentures are means of borrowing money and are most commonly used by municipalities to pay
for large stormwater capital improvement projects. Ontario municipalities are generally not allowed
to borrow for operation and maintenance purposes. Repayment (including interest and loan
principal) is normally done through the municipal tax levy or user fee enterprise fund. Debentures
allow large-scale stormwater capital improvement projects to be initiated when the stormwater
facilities are needed or opportunities arise, rather than waiting until the funds are accumulated (i.e.,
“pay as you go” financing).
“Green” bonds are a newer source of funding dedicated to environmentally-friendly projects. Like
normal bonds, green bonds can be issued by governments, multi-national banks or corporations. In
Ontario, the Federation of Canadian Municipalities Green Municipal Fund and the Province of Ontario
Green Bonds are examples of issuing entities. Hamilton and Toronto have been able to secure
debentures for environmentally friendly capital projects at preferential financial terms.

G.2.4.4. Public-Private Partnerships
Public-private partnerships continue to evolve as stormwater financing sources for municipalities in
the U.S. Although no such partnerships have yet been formed in Canada, this is an emergent idea that
may affect the implementation of Brighton’s SMP for the next 10 years. This approach engages the
private sector more deeply in funding stormwater infrastructure projects to meet public needs. It
would involve a contractual agreement between the municipality and the private sector entity that
allows for shared involvement in financing, planning, design, construction, operation, maintenance
and rehabilitation of urban stormwater facilities and practices.

G.2.4.5. Credits and Incentive Programs
Although not a direct funding mechanism, stormwater credits and incentive programs are often used
by municipalities to promote and reward developments that go beyond the minimum stormwater
permitting requirements. The most commonly used credit system in Ontario is in the form of a
discount on the stormwater user fee bill. Other credit/incentive programs such as a stormwater user
fee credit exchange, water quality trading or installation financing, are not as common. The Lake
Simcoe Conservation Authority recently began a Phosphorous Offset Program which requires
developers to pay for any phosphorous that cannot be removed from stormwater from their sites.
The program is funding retrofits of existing infrastructure to enhance phosphorous removal. Credits
and incentive programs can be applied to both new and re-development projects.

G.3.

Evaluation of Funding Options

This section outlines the advantages and disadvantages of various mechanisms, considering the
unique needs and issues of the Municipality. When comparing and evaluating funding options there
are many factors to consider. In general, an ideal funding source would have the following
characteristics:
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Consistent with provincial and federal legislation;
Applicable for use across all land use types and customer categories in the municipality;
Provides a sustainable, stable, dedicated and self-supporting funding source to achieve the
municipality’s stormwater program goals and objectives;
Revenue meets the requirements for the desired operational, capital, and customer service
levels;
Program benefits are equitably distributed and program costs are equitably allocated;
Appropriate reserve funding levels are maintained;
Specifically for the case of user fees, sound policies are in place for credits, adjustments and
appeals, and rate study recommendations are publicly supported; and
Reasonable implementation costs (e.g., billing systems and administration).

G.3.1. Evaluation Criteria
The following evaluation criteria are helpful in identifying a preferred funding option:












Municipality-Wide Applicability: This category indicates the geographical extent that a
funding option can be applied. A desirable funding option would apply Municipality-wide. An
undesirable funding option would be restricted to certain locations within the municipality.
Meets Entire Revenue Needs: This category indicates whether or not the funding method
satisfies the revenue requirements of the stormwater program. A desirable funding option
would fully fund the municipality’s priority capital improvement projects, operations and
maintenance activities, engineering/support, and overall administration of the program. An
undesirable funding option would only partially fund the program.
Fair & Equitable Allocation: This category indicates whether or not the funding method
charges the property owner according to individual contribution to the stormwater program
expenditures. A desirable funding option would allocate costs in a systematic and consistent
manner that represents the relative contribution of stormwater runoff and pollutant loading.
An undesirable funding option would allocate costs in a haphazard or inconsistent manner
that does not reflect individual contributions to the municipality’s stormwater management
system.
Dedicated Funding Source: This category identifies those options where funds are
dedicated solely to stormwater program expenditures and in a sustainable manner. A
desirable funding option would be fully dedicated to the needs of the stormwater program,
able to endure highly variable cost fluctuations over a long-term timeframe. An undesirable
funding option would authorize a fixed funding envelope for a single budget year.
Effort to Administrate: This category identifies the relative effort and resources (low,
medium, or high) for municipal staff to administer and manage the funding option. A
desirable funding option would result in low administrative costs. An undesirable funding
option would result in high administrative costs.
Public Accountability: This category helps to define the relative scale to which stormwater
program expenditures and revenue are monitored and communicated. A desirable funding
option would continually monitor its financial position (including costs incurred and income
earned on a frequent basis), and it would also report these at a high level of detail and in a
Page 308

Municipality of Brighton Stormwater Master Plan





transparent and easily accessible manner. An undesirable funding option would only report
the minimum required financial data (e.g., a budget summary table in the appendix of a
Council report).
Environmental Benefits: This category identifies the relative scale of environmental
benefits provided by the funding option. A desirable funding option would offer financial
incentives to those property owners who reduce their stormwater runoff and pollutant loads
on-site, or otherwise promote good housekeeping practices or environmental stewardship
initiatives. An undesirable funding option would not motivate property owners to reduce the
amount of stormwater that they discharge into the municipality’s stormwater management
system.
Social Benefits: This category identifies the relative scale of social benefits provided by the
funding option. This is highly subjective as it is meant to focus on the collective good of the
community rather than individual or private interests and may therefore involve a wide
range of value systems and worldviews. In a general context, socially beneficial options would
inspire citizens and business owners to act in the best interests of society to protect against
risks to public health, safety, and welfare or otherwise have a positive influence on the quality
of life (e.g., developing a reputation as good societal stewards, improving community pride,
or engaging people in awareness/outreach of social causes). One opinion of a funding option
that provides high social benefit is a mechanism that minimizes the use of tax funds for
stormwater services (e.g., moving it off the tax base onto a user fee), thereby leaving more
available tax funds to support health/safety, law enforcement, or other public service needs.

G.3.2. Comparison of Funding Options
Eight funding options comprising the various mechanisms of property tax, development charges, and
stormwater user fees were evaluated with respect to the criteria presented above and are compared
in Table 53.
Table 53. Comparison of Stormwater Funding Options
Funding Option
General Tax Fund
Dedicated Tax Levy
Local Improvement Charges
Development Charges
Water Rate Surcharge
User Fee (Flat Fee)
User Fee (Tiered Fee)
User Fee (Variable Rate)

City -Wide
Applicability
Yes
Yes
No
No
Partly
Yes
Yes
Yes

Meets Entire
Fair & Dedicated
Revenue Equitable Funding
Effort to
Public
Environmental Social
Needs
Allocation Source Administrate Accountability
Benefits
Benefits
Yes
No
No
Low
Low
Low
Low
Yes
No
Yes
Low
Medium
Low
Medium
No
Partly
Yes
Medium
Medium
Low
Medium
No
Partly
Partly
Low
Medium
Low
Medium
No
No
Partly
Medium
Medium
Medium
Medium
Yes
No
Yes
Medium
Medium
High
Low
Yes
Partly
Yes
Medium
Medium
High
Medium
Yes
Yes
Yes
High
High
High
High

For the first criterion, the majority of options collect and apply funds from across the municipality,
without geographic limits. Exceptions include local improvement charges and development charges
which only apply to directly benefitting properties. The water rate surcharge is identified in Table 53
as only partly meeting this criterion, as its geographic limits are defined by the municipality’s
servicing boundary; that is, properties on private wells would not contribute funds.
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The second criterion, meeting revenue needs, is affected in a similar way, since fund expenditures
are limited to directly benefiting properties with local improvement and development charges. With
a water rate surcharge, revenue would primarily be used to fund the wastewater program, leaving
only a portion of the funds for the stormwater program, typically operations or other activities that
share sanitary sewer related work crews and equipment.
Fairness and equity, in terms of fund allocation, is highest with the variable rate user fee, and
moderately so with local improvement and development charges, and a tiered fee. Fairness and
equity is low with taxes, rate surcharge, and a flat fee.
Dedicated funding is provided by a dedicated tax levy, local improvement charges and stormwater
user fees, whereas these are only partly dedicated with development charges and a water rate
surcharge, but not at all with general taxes.
Administration effort is lowest with taxes and development charges, as these funding mechanisms
are already in place in Brighton. A water rate surcharge for sewage use is already in place however,
any modifications (e.g., transferring a portion of the funds into the stormwater program or instituting
a new rate surcharge strictly for stormwater) would involve significant initial and ongoing efforts.
Administration effort would be highest with a variable rate user fee.
The impact on public accountability is closely associated with the administrative effort (i.e., higher
administrative effort is results in higher accountability and vice versa).
The final two columns indicate the relative degree of social and environmental responsibility. It is
common for stormwater user fees of all types to offer credit programs that reward the installation of
green infrastructure and LID facilities that provide direct environmental benefits. It is also common
for water rate surcharge programs to offer rebates and reduced charges through water conservation
initiatives, but these have been assigned a medium benefit given the limited impact on the
stormwater program.
For this evaluation, a high social benefit rating was assigned to the funding options in which there
would be a direct link between the individual contributions from citizens and business owners to the
overall funding used to support and maintain a municipal stormwater program (i.e., when such a
program is fully funded and able to meet the needs, mitigate the risks, and fulfill the service demands
of the community). The highest social benefit was assigned to a variable rate user fee due its ability
to account for variable runoff contributions between properties; that is, giving landowners the ability
and the incentive (i.e., with a reduced charge due to reduced impervious area or with a credit) to
reduce the loading and cost burden on the publicly-owned stormwater management system. In effect,
this directly rewards property owners for being good citizens and community stewards. The lowest
social benefit was assigned to taxes and a flat fee, as neither option is able to quantify individual
contributions to good citizenry or stewardship of the municipality’s stormwater management
program (i.e., with taxes the funds are not distributed in proportion to stormwater program needs,
and with a flat fee all properties are charged the same fee without distinguishing individual
contributions).
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G.3.3. Recommended Funding Option
To identify a preferred funding option, the following scoring system was applied to the criteria and
ratings in Table 53:




Desirable rating (highlighted in green) = +1 point;
Neutral rating (highlighted in yellow) = 0 points; and
Undesirable rating (highlighted in red) = -1 point.

Table 54 shows the resulting scores for each funding option. The options are listed in ranked order,
with the variable rate stormwater user fee option achieving the top score. A variable rate based on
measured impervious area is considered the most fair and equitable funding mechanism, since the
costs are allocated based on the relative amount of stormwater runoff generated by a property. It
also provides a sustainable funding mechanism, a dedicated enterprise fund, in which revenue can
only be spent on stormwater program expenditures. It is the only option that scored high in public
accountability, environmental benefits, and social benefits.
Table 54. Ranking of Stormwater Funding Options
Funding Option
User Fee (Variable Rate)
User Fee (Tiered Fee)
Dedicated Tax Levy
User Fee (Flat Fee)
General Tax Fund
Local Improvement Charges
Development Charges
Water Rate Surcharge

Total
Score

6
4
2
2
-2
-2
-2
-2

A tiered stormwater user fee is the next desirable option. Compared to a variable rate, it has the
advantage of a lower administration cost and effort for billing and ongoing data management.
However, this comes with reduced fairness and equity as the runoff contributions are not
distinguished between properties in the same zoning or land use category.
The third most desirable option is a dedicated tax levy, which sets aside tax revenue specifically for
stormwater management. Compared to current tax funding, this improves funding stability and can
better relate cost of service to individual property charges. However, it does not provide the same
fairness and equity in charge allocation as does a variable rate.
A flat stormwater user fee received the same score as a dedicated tax levy, but for different reasons.
It has the advantage of the lowest administration cost among stormwater user fee options, but with
the least desirability in terms of charge allocation and social benefits.
The fifth most desirable option is to maintain the status quo by continuing to fund the bulk of the
stormwater program with revenue drawn from the general tax fund.
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For the other remaining items at the bottom of Table 54 (i.e., local improvement charges,
development charges, and water rate surcharge), the low scores are largely due to their inability to
support the overall stormwater program. No change to these funding mechanisms is recommended,
as each should be considered as an important revenue stream to reduce the overall cost of the taxsupported stormwater program. It is the currently tax-supported portion of the program for which a
desirable funding option is to be explored, and only the tax and stormwater user fee alternatives
address all aspects of a comprehensive stormwater program on a municipality-wide scale.
In summary, the preferred alternative for funding a comprehensive stormwater program is a variable
rate stormwater user fee. It is therefore recommended that the Municipality of Brighton further
investigate this option.

G.3.4. Recommended Implementation Strategy
Despite the high ranking for a stormwater user fee, as well as their increasing popularity among
Ontario municipalities, there may still be political reasons not to proceed with a change to the current
tax-supported funding system. The next step is to conduct a more detailed investigation of the
preferred funding option; to critically evaluate its feasibility as well as explore the various
implementation issues and concerns, given the unique needs and opportunities within Brighton. The
general process for investigating and implementing a stormwater user fee is summarized below.
Fifteen tasks are presented in three distinct phases, reflecting a common approach taken when there
may be some uncertainty gaging the political will to adopt a new funding mechanism.

G.3.4.1. Phase 1: Feasibility Study
The intent of the feasibility study is to investigate, analyze, and formulate an appropriate rate
structure and ultimately develop a recommended implementation strategy for Council to decide
whether or not to proceed with the next phase. Integral to this is a stakeholder engagement and
public consultation process to solicit feedback that is intended to assist with the decision making.

Task 1: Define Existing Program
Whenever a new revenue source is considered by a municipality, the first phase of the evaluation
must concentrate upon the expenditures that will be supported (either fully or partially) by this
revenue source. Many provincial/state statutes throughout North America require that enterprise
funds collected as part of a user fee can only be used for the services that are performed. Therefore,
the initial activity must involve identifying the existing services, functional activities, and existing
revenue sources associated with the municipal stormwater program.
The process begins by compiling and reviewing all available stormwater asset data and financial
information along with activities that are quantified in the municipality’s capital improvement and
operations programs. Financial information will include budget forecasts over a suitable timeframe
for all stormwater related activities as well as actual expenditures and revenue sources from
previous budget years.
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The compilation of existing mapping data not only serves as the basis for the land use and parcel
analyses in later tasks but also helps to facilitate stakeholder dialog over the course of the study. The
mapping data that is typically used in a feasibility study includes:









Aerial photography;
Road network;
Ward boundaries;
Parcel fabric with unique identification number and land use/zoning attributes;
Property assessment information;
Dwelling unit counts for multi-family residential parcels;
Linear stormwater assets (e.g., pipes, manholes, catchbasins, and outfalls); and
Non-linear stormwater assets (e.g., storage/treatment facilities, and open watercourses).

Task 2: Identify Future Program
After quantifying existing program activities, the next task will identify activities that are not
currently being performed but will likely form part of the future stormwater program. The phrase
“Level of Service” is used to quantify the extent, magnitude, frequency, and/or quality of a
stormwater service that is provided by the municipality. The affordability of stormwater program
expenditures is directly impacted by decisions related to service levels. One of the objectives in a
feasibility study is to define the optimal levels of service that are financially viable and socially
acceptable. Level of service considerations must be flexible to account for different stormwater needs
throughout the community and address desired services to meet future needs for stormwater
management and environmental protection.
Ideally, the future program would support all currently unfunded priority capital projects and
address unfunded operational needs and other pressures. Included in this task will be an
identification of the gap between the stormwater program needs and current funding sources. As a
final step, program components that can be funded through the stormwater user fee are established
along with the corresponding revenue requirements.

Task 3: Develop Rate Structure
The basic calculation for a stormwater rate is simply the annual stormwater program expense
divided by the number of billing units within the municipality. To determine the billing unit
denominator, there are many methods that can be used to allocate stormwater-related costs to
property owners (see details in Section G.2.3.2 under Billing Unit Methods). Typically, the average
impervious area per dwelling unit (in square meters) for residential land use categories is designated
as the base unit for a stormwater rate. The base unit represents the stormwater discharge potential
of the average residential dwelling and its associated lot. This is often based on a statistical sample
of single-family detached homes and the various multi-family residential properties in the
municipality. An average rate is then assigned to each residential dwelling unit and non-residential
properties are charged based on the ratio of the parcel’s impervious area to the base unit. For
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example, if a commercial parcel has four times the impervious area of the base unit, the parcel would
be billed four times the charge of an average residential home or dwelling unit.
Several billing unit methods can be investigated. The total billing units within a municipality will be
the sum of the billing units for all residential parcels, plus the estimated impervious area for nonresidential properties divided by the average impervious area for the base billing unit. With the total
billing units estimated, several revenue scenarios can be generated to quantify the dollars per billing
unit necessary to support the defined stormwater program revenue requirements.

Task 4: Engage Stakeholders and the Public
The general public, businesses, and not-for-profit entities typically have a limited level of
understanding of the municipal stormwater program and how it is financed. It is also common for
people to respond negatively to a proposed new fee unless they clearly understand the rationale and
how it will financially affect them, either personally or corporately. As a result, stakeholder and public
consultation efforts are a critical component of a feasibility study.
The stakeholder and public engagement process is meant to inform members of the community,
provide access to accurate and timely information, as well as solicit feedback and encourage public
and private sector contributions to decisions that will impact property owners throughout the
municipality. A communications plan is commonly developed in the initial stages of a feasibility study
and includes an outline of the goals, objectives and timelines for public consultation, target audiences
to be reached, an identification of key messages and means to convey these messages.
An advisory group of stakeholders has proven to be useful, providing advice and feedback to the
project team about stormwater level of service, affordability, and funding decisions, as well as
developing a broader public education program and garnering support for the study
recommendations. Such a group would be comprised of key stakeholders and representative
ratepayer groups, including members from the business community, development community, taxexempt properties, and the lay public. Members would be asked to represent the views of their
organizations as best as they can and be responsible for providing advice and input to the project
team.
A series of open public information sessions typically complements the stakeholder group meetings
and all such activities are intended to help ensure that the final study recommendations have been
vetted through the key stakeholders and ratepayer groups.

Task 5: Present Implementation Strategy
A detailed implementation strategy will need to be developed that addresses the timelines and
resource requirements for establishing and administering the new funding mechanism, managing
the billing database, adapting or creating the billing system, and any related policy and business
process considerations. This strategy will be included in the final report along with other findings
and recommendations to be presented to Council for a decision on whether or not to proceed with
the implementation phase.
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G.3.4.2. Phase 2: Billing Implementation
The intended outcome of this phase is a new stormwater user fee by-law for Council adoption as well
as the activation of a stormwater billing system.

Task 6: Develop Credit Policy
The development of a credit policy is based upon the premise that property owners may qualify for
a stormwater fee reduction when they can demonstrate that their stormwater facilities reduce the
municipality’s fiscal responsibilities or otherwise results in direct savings to the stormwater
program. The amount of reduction would be determined on a case-by-case basis and typically
rewards property owners with a reduced charge if they do something to benefit the quantity and
quality of runoff discharged into the municipal stormwater management system. As part of a credit
application process, this can also serve as the means for ensuring that private facilities are adequately
designed, operated, and maintained; a key consideration for source controls such as Low Impact
Development.

Task 7: Refine Base Charges
In this task, the preliminary rate structure and base charge recommended in the feasibility study is
revisited and refined, based on new and updated information related to the following:







Rate administration costs: A detailed estimate of costs related to billing, collections, customer
service, and other administrative items needs to be made as this will affect the overall rate.
Total billing units for non-residential properties: Given the labor-intensive nature of
determining the impervious area for all non-residential properties, the total number of nonresidential billing units is typically only estimated in a feasibility study and will need to be
determined during the implementation phase (Task 10) as it directly affects the base charge
calculation.
Billing unit adjustments due to fee-exempt properties: Exemptions include eligible land uses
that are not included in the rate calculation or for properties which the municipality does not
have the legislative authority to charge a user fee. It is common for public transportation
rights-of-way to be excluded from the rate calculation as it is considered a part of the
municipal drainage system. For exemptions, the impervious area of exempt properties would
be removed from the assessable total billing units (i.e., the denominator in the charge
calculation).
Revenue reductions due to credits and grants: Unrecognized revenue resulting from
properties that receive credits will affect the overall base charge calculation (i.e., the total
credit amount would be removed from the rate revenue requirement in the numerator of the
charge calculation). The overall reduction can vary from 2-8% of the total revenue and will
need to be refined pending the outcome of Task 6. Council may also decide to give grants for
select properties (e.g., economically disadvantaged homeowners, charitable organizations, or
places of worship) where tax funds are used to pay the charge on behalf of the property
owners. Although grants would not affect the base charge, it is important to estimate the total
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annual grant amount to help support Council decisions on eligibility requirements for
subsidized properties.

Task 8: Classify Parcels
If there has been a time lag of a year or more since the feasibility study, then the data used to
determine fees needs to be updated with the most up-to-date and accurate parcel, aerial
photography, and utility billing information. Once the database has been updated, it is helpful to
classify each parcel into one of the following categories, as each has a unique fee calculation and basis
of charge:





Residential: This classification will serve as the basis for Task 9.
Non-Residential: This classification will serve as the basis for Task 10.
Mixed Use: These properties represent a hybrid approach to the residential and nonresidential fee calculation and charges will need to be determined on a parcel by parcel basis.
Undeveloped: These properties are typically not be assessed a fee.

In some cases, field verification will need to be undertaken to resolve data discrepancies related to
parcel classifications. In the initial classification, there will likely be an additional category
representing new development that has occurred since the date of the aerial photography. These
parcels will also need to be classified into one of the four categories above.

Task 9: Develop Residential Fee Database
As part of the feasibility study described above, impervious areas for the various residential property
types were measured as part of the statistical analysis used to develop rate categories and therefore
no additional analysis needs to be undertaken. With an ERU rate structure, the basis of charge is
simply the number of dwelling units in each property. With an SFU rate structure, a unique billing
unit factor is associated with each residential property type (i.e., 1.0 for single-family detached
houses, and fractional units for multi-unit/multi-family residential properties). Compilation of the
residential fee database would begin by classifying the various residential property types into the
appropriate rate categories.

Task 10: Develop Non-Residential Fee Database
For parcels classified as non-residential, the basis of charge is the total amount of impervious area
on the property. The corresponding number of billing units for each property is calculated based on
the average ERU or SFU size determined in the feasibility study. As noted earlier, the total nonresidential impervious area was estimated in the feasibility study, and individual measurements will
need to be determined on a parcel by parcel basis for implementation.
Mixed-use parcels for the purposes of a stormwater user fee are defined as properties with both
residential and non-residential uses occurring on the same parcel. Charges need to be determined
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based on the type of residential use, the number of dwelling units, and the impervious area footprint
for the non-residential portion of the site.

Task 11: Create Master Billing File
This task is dependent upon the method used to deliver the assigned parcel fee to the property owner,
occupant, or property management representative. This may include the municipality’s existing
utility billing system, a third-party billing agent, or a standalone stormwater billing system. With an
existing utility billing system, the development of the master billing file would begin with the
association of utility billing information to the parcel-based data attributes, which is done by
matching account service addresses to the parcel site address. The actual fee assignment to individual
properties will be dependent upon existing utility billing options (e.g., charges assigned to individual
meters versus bulk metering). Special consideration should also be given to developed parcels that
do not have an associated utility account (e.g., paved parking lots without water/sewer service would
be assigned a new “stormwater only” account).
After the association of parcels and stormwater billing accounts has been completed, the appropriate
billing information is exported into a single file which is commonly referred to as the master billing
file. The actual composition of this file would be dictated by the specific requirements of the billing
system, incorporating the appropriate residential and non-residential stormwater billing
information from Tasks 9 and 10.

Task 12: Prepare By-Law
A new stormwater user fee by-law needs to be prepared that includes reference to the final rate
schedule that itemizes the basis of charge for each rate category as well as the credit policy, if
applicable. In addition, amendments to existing by-laws which are found to be impacted by the
implementation of a stormwater user fee may be required. These new and amended by-laws are to
be presented to Council for adoption.

Task 13: Reporting
A final report will need to be prepared to support the by-law adoption by Council as well as any
supporting information related to the rate schedule, credit policy, database management, and billing
administration. It is useful to continue the public engagement process begun during the feasibility
study, and this may include development of additional education materials (e.g., on the municipal
website, or in advance bill stuffers) as well as public information meetings.

G.3.4.3. Phase 3: Ongoing Management
After the new stormwater billing system has been implemented, billing data will need to be updated,
managed, and maintained on an ongoing basis.
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Task 14: Adopt Internal Policies and Procedures
Given the dynamic nature of new development and the corresponding change to impervious area, the
municipality will need to adjust its normal operating procedures to track and collect impervious data
from new developments (e.g., through site plan approval or the building permit process). In addition,
the stormwater billing data will need to be maintained to reflect changes to the financing program or
billing account information. For example, changes to the stormwater rate schedule, customer fee
adjustments, credits, exemption or subsidy status of properties will need to be communicated to the
billing agent. Likewise, account changes (e.g., ownership, new accounts) made by the billing agent
will need to be communicated back to the municipality at an agreed frequency and reporting format.
As part of this effort, it is helpful to prepare a policies and procedures manual to facilitate the longterm management and maintenance of stormwater billing data. This may include the development of
training materials as well as an internal organizational chart with suggested roles and
responsibilities for individuals across multiple departments.

Task 15: Adopt External Policies and Procedures
An adjustment and appeals process will need to be developed to allow for cases where the property
owner feels their charge is incorrect (e.g., assigned to the wrong rate category, incorrect impervious
area due to misinterpreted surface cover or newly installed materials). If approved, the base charge
would be adjusted accordingly.
This task would also involve enactment of the credit policy developed during the implementation
phase. Policies and procedures will need to be developed outlining the process for initial and renewal
credit applications including provisions that allow access by municipal staff to inspect and confirm
facilities are acceptable.
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APPENDIX H. MAINTENANCE PROGRAM RECOMMENDATIONS
H.1.

Stormwater Facility Inspection Form
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H.2.

Inspection Recommendations

Table 55. Inspection Recommendations for Municipal Stormwater Infrastructure
Stormwater Asset
Storm Sewers
Culverts

Manholes

Catchbasins

Outfalls

Inspection Tasks



Inspection by Close Circuit TV (CCTV) including Aqua Zooming
Use Water Resource Centre (WRC) rating on a 1-5 scale



Visual inspection for debris, sediment, or vegetation limiting
capacity and any signs of caving, riprap deterioration or corrosion
(Optional for culverts < 450 mm dia.)











Ditches/open channels

Wet Ponds / Constructed
Wetlands






Dry Ponds


Oil Grit Separators




Visual inspection of manholes
Record and monitor debris/sediment levels, blockage and salt
accumulation
Identify structural problems and assess manhole cover
Visual inspection of catchbasins
Record and monitor debris/sediment levels
Identify structural problems and assess catchbasin cover
Visual inspection of outlets to assess structural integrity,
obstructions to trash racks, and erosion
Visual inspection of discharge water quality (e.g. colour, smell,
sediments, debris, oil, etc.)
Visual inspection to identify condition (e.g. erosion, vegetation
overgrowth, soil exposure, etc.)
Visual inspection to assess sediment deposition and change in
design slope
Inspect for sediment accumulation, outlets operation and potential
obstructions, emergent pond vegetation and embankment and
spillway stability
Inspect for sediment accumulation, outlets operation and potential
obstructions, emergent pond vegetation and embankment and
spillway stability
Inspect for sediment accumulation, trash, and oil depth using sludge
judge and oil dip-stick
Inspect for structural failures like leakage, corrosion, or displaced
components
Inspect downstream outfall for oil sheen

Inspection Frequency




CCTV inspection of pipes older than 30 years
over a 10 year period
50% Annually
(culverts 2,000 - 3,000 mm dia.)
20% Annually
(culverts < 2,000 mm dia.)



Inspect manholes older than 30 years over a 10
year period



35% Annually
(once every 3 years)



50% annually
(Outfalls > 900 mm dia.)
20% annually
(Outfalls < 900 mm dia.)
Annually inspect 10 km of large (bottom width >
3 m)
Annually inspect 20% of medium size ditches
(bottom width 2 m to 3 m)
Inspect after storm events during first year after
construction
Once per year during growing season thereafter
Inspect after storm events during first year after
construction
Once per year during growing season thereafter











Inspection twice in first year after installation
and then once annually thereafter
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Stormwater Asset

Inspection Tasks


Inspect pre-treatment devices, water levels after storm events,
vegetation establishment, sediment accumulation, and erosion on
basin floor



Inspect for water levels, accumulated sediment, leaves and debris,
clogged inlet/outlet pipes, and ponded water inside and outside the
trench

Infiltration Basins

Infiltration Trenches

Bioretention Systems and Rain
Gardens

Sand filters

Filter Strips







Inspect for discoloured sand and sediment accumulation
Inspect for strong vegetation establishment
Inspect pre-treatment basin for sediment, trash, and debris



Inspect for: sediment, vegetation establishment, vegetation density,
clogged pea gravel or levels spreader, rills and gullies



Inspect for grass cover establishment and density, clogged pea
gravel, check dams integrity, trash and debris, and sediment buildup



Inspect for: erosion, weeds, sediment/debris, standing water,
outlet/overflow structure, need for irrigation, need for pruning and
overall tree health

Dry Swale

Tree Trenches

Permeable Pavers

Inspect for plant establishment, adequate soil moisture to support
planting, eroded areas, litter and debris, ponded water, sediment
deposition, and the integrity of check dams



Inspect for organic matter clogging, deterioration of pavers, and
signs of long-term water ponding




Inspect for sediment accumulation, trash, and oil retention
Inspect for structural failures like leakage, corrosion, or displaced
components

Inspection Frequency










After every major storm in first few months
Twice per year afterwards




2-3 times after large storm events during initial
months of first establishment
Once per year after vegetation establishment




2-3 times for the first 3-4 months
Once per year after turf establishment



Once per month and after major storm for first
year
Inspect twice per year after first year (Spring and
Fall)
Twice per year immediately before and after
winters
Inspection of all Skimmers in the Municipality
twice per year
Targeted inspection of 3-5 Skimmers per year
before and after a storm event to assess
separation efficiency and proper sizing





Skimmers

Pre-treatment devices inspected twice per year
After every major storm event during initial
months after construction
Twice per year after vegetation establishment
After every significant storm event for a few
months after construction
Twice per year after vegetation establishment
After every significant storm event for a few
months after construction
Three times per year after vegetation
establishment
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H.3.

Maintenance Recommendations

Table 56. Preventative Maintenance, Corrective Actions, and Replacement Recommendations
Stormwater
Asset


Storm Sewers





Culverts

Preventative Maintenance
Action
Frequency
Flushing to

Year-round as
remove/prevent
identified by CCTV
blockages
inspection or visual
observation

At a minimum, all
pipes need to be
flushed once every
10 years

Remove debris and
sediment
Remove blockages
Fix minor corrosion
issues





Once every 2-3
years for culverts
2,000 mm to 3,000
mm
Once every 5 years
for culverts under
2,000 mm











Corrective Measures
Action
Frequency
Planned and urgent

Year round as identified
(unplanned) repairs
by CCTV inspection
replacements like cured in
and/or by functional
place pipe lining methods,
emergency
corrosion reduction, reaming
and sealing and spot repairs
of less than 10 m
Emergency repairs as

At a minimum,
described above using either
rehabilitation to be
dig-up or trenchless methods.
performed once every 10
Action to be taken in less than
years for all inspected
24 hours from notice
sewers over 10 years old.
Priorities are determined
by the results of
regularly scheduled CCTV
inspection
Fix corrosion and

Year round as identified
misalignment
by visual inspection
Replace grates as needed
and/or by functional
Repair caving and partial
emergency
breakdown either by sealing

At minimum, corrective
or replacing (open trench)
measures need to be
Repair/replace riprap
performed once every 20
years. Priorities are
determined by regular
inspection












Replacement
(lifespan)
100 years for
concrete,
brick,
vitrified clay,
and ductile
iron pipes
100 years for
HDPE and
PVC pipes
50 years for
CSP pipes
50 years for
all laterals

100 years for
concrete
culverts
50 for CSP
culverts
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Stormwater
Asset


Manholes






Catchbasins








Outfalls

Preventative Maintenance
Action
Frequency
Remove

10% annually or
debris/sediment and
once every 10
other materials
years. Priorities
Remove obstructions
determined by the
Minor grouting
regular inspection
program

Remove
debris/sediment
Remove obstructions
Minor grouting



Remove debris and
sediment
Remove blockages
Fix minor corrosion
issues









Once every 4 years.
Priorities
determined by the
regular inspection
program




Once every 2 years
for outfalls larger
than 900 mm
Once every 5 years
for outfalls equal to
or less than 900
mm












Corrective Measures
Action
Frequency
Structural rehabilitation

As needed determined
Grouting cracks and
by prioritization of
connections to pipes
inspection results
Replacing covers and

At a minimum, corrective
mechanical elements (e.g.
actions need to be
weirs, splitters, restrictions,
performed every 10
etc.)
years for manholes over
10 years old
Structural rehabilitation

As needed determined
Grouting cracks and pipe
by prioritization of
connections
inspection results
Replacing grates and other

At a minimum, corrective
elements as needed
actions need to be
performed every 10
years for catch basins
over 10 years old
Fix corrosion, misalignment

Year round as identified
and/or overhanging
by inspection and/or by
Replace aprons, grates and
functional emergency
other flow control elements

At a minimum, corrective
as needed
measurements should be
Repair caving and partial
performed every 10-15
breakdown
years, with priorities
Repair/replace/add riprap
being determined by
Repair bank erosion and
regular inspections
stabilize with vegetation
Track potential water quality
discharge issues back in the
system

Replacement
(lifespan)

100 years for
brick and
concrete
manholes



50 years for
brick and
concrete
catchbasins

75 years
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Stormwater
Asset



Ditches/open
channels







Preventative Maintenance
Action
Frequency
Trash/debris removal

Once every 5 years
Remove/cut
for ditches with
overgrown vegetation
bottom width of
Remove other minor
3 m or more
blockages

Once every 10
years for medium
size ditches (2 m - 3
m bottom width)
Remove trash and
debris from side
slops, embankment,
spillways, outlet and
trash gates
Harvest vegetation








Twice a year during
growing season



Repair control structure



As needed or every 20
years



Annually as needed





5 year cycle



Minor repairs to
embankment and side
slopes



5 year cycle





Minor repairs to
outlet structure and
riprap
Minor repairs to the
pilot channel: erosion
and vegetation
reestablishment
Remove trash and
debris from side
slops, embankment,
spillways, outlet and
trash gates



5 year cycle





5 year cycle



Remove accumulated
sediment from forebays or
pre-treatment areas when
60% of the original volume
has been lost
Remove accumulated
sediment from main cells of
pond once 50% of the original
volume has been lost
Major erosion repairs,
vegetation reestablishment
and embankment subsidence
Major repairs to pilot channel



Twice a year during
growing season



Repair control structure

Wet Ponds /
Constructed
Wetlands



Dry Ponds

Corrective Measures
Action
Frequency
Sediment removal and minor

Once every 20 years or
re-grading to preserve design
as determined by regular
slopes
ditch walk outs and
Re-vegetate exposed areas
inspections
Fill and re-vegetate eroded
areas



Replacement
(lifespan)

100 years

Outlet: 50 years
Pond: 100 years


20 year cycle



20 year cycle



20 year cycle



As needed or every 20
years

Outlet: 50 years
Pond: 100 years
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Stormwater
Asset


Infiltration
Basins





Minor repairs to
embankment and side
slopes



5 year cycle





Minor repairs to
outlet structure and
riprap
Remove sediment,
grit, trash, organics
and oil accumulation
Remove flow
obstructions



5 year cycle









Remove debris and
trash



At least once a year
or as often as
recommended by
manufacturer or as
determined by
inspections
Twice a year during
growing season



Clean pre-treatment
devices



Twice a year during
growing season





Mow/maintain upland
vegetated areas
Minor replanting on
eroded or barren
spots
Minor repairs to
outlet structure and
riprap



As needed





Annually as needed



5 year cycle



OGS

Preventative Maintenance
Action
Frequency
Harvest vegetation

Annually as needed












Corrective Measures
Action
Frequency
Remove accumulated

5 year cycle
sediment from forebays or
pre-treatment areas when
60% of the original volume
has been lost
Remove accumulated

20 year cycle
sediment from main cells of
pond once 50% of the original
volume has been lost
Major erosion repairs,

20 year cycle
vegetation reestablishment
and embankment subsidence
Correct structural

Once every 20 years or
displacement and cracks
as determined by
Replace leaking or corroded
inspections
components
Grout as needed
Replace filters
Remove accumulated

3-5 year cycle
sediment from forebays or
sediment storage areas when
50% of the original volume
has been lost
Remove accumulated

15-20 year cycle
sediment (only top layer)
when standing water exceeds
72 hours
Repair outlet control

As needed or every 20
structure
years

Replacement
(lifespan)

50 to 100 years
depending upon
OGS type

30-50 years
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Stormwater
Asset






Remove leaves, grass
clippings, debris and
trash



Twice a year during
growing season





Clean pre-treatment
devices



Twice a year during
growing season



Mow/maintain upland
vegetated areas
Minor replanting on
eroded or barren
spots
Minor repairs to
outlet structure and
riprap



As needed





Annually as needed



5 year cycle



Water plants







Water as necessary
during dry periods





Re-mulch void areas



As necessary during
the first growing
season
As needed for the
next 2 growing
seasons
Annual



Repair eroded areas



Monthly until full
vegetation
establishment



Infiltration
Trenches





Bioretention
Systems and
Rain Gardens

Preventative Maintenance
Action
Frequency
Remove clogging in

Twice a year during
inlet/outlet pipes
growing season





Corrective Measures
Action
Frequency
Replace layers of stone

15-20 year cycle
aggregate, the filter fabric,
drain tile (if present) and
perform bottom
scarification/tilled
Remove accumulated

3-5 year cycle
sediment from forebays or
sediment storage areas when
50% of the original volume
has been lost
Remove accumulated

10 year cycle
sediment (only top layer)
when standing water exceeds
72 hours
Repair outlet control

As needed or every 20
structure
years

Treat or Remove and replace
all dead and diseased
vegetation
Add mulch



As needed or every 2
years



As needed or every 2
years

Remove vegetation and
mulch, and replace with new
layer
Repair check dams (if present)




3-5 year cycle



As needed or 5-10 year
cycle

Replacement
(lifespan)

30-50 years

50+ years
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Stormwater
Asset





Sand filters

Preventative Maintenance
Action
Frequency
Remove litter and

Once a year or
debris
during inspections
Remove trash and

Annual
debris from basin and
control openings
Surficial sand filters
often have a
vegetation
component for soil
stabilization and
erosion reduction. If
that is the case, a
strong vegetation
establishment needs
to be maintained (reseeding, mulching,
etc.)



As needed or
annually

Corrective Measures
Action











Mow grasses (low
pressure equipment)
to about 10 cm high





Trimming, removal of
invasive species and
replanting when
necessary
Remove litter/debris
Manage nutrient and
pesticide use
Aerate soil on the
filter strip



Filter Strips






3-4 times during
growing season
(only once in early
Spring if native
grasses are used)
Annual



Annual
Annual



2-3 year cycle







Frequency

Remove the top few
centimetres of sand, and
vegetation, when filter bed is
clogged
Clean out accumulated
sediment from filter bed
chamber once depth exceeds
approximately 2 – 3 cm, or
when the filter layer will no
longer draw down within 24
hours
Cleaning out accumulated
sediment from pre-treatment
chamber once depth exceeds
30 cm



10-20 year cycle



10 year cycle



3-5 year cycle

Repair leaks from the
sedimentation chamber or
deterioration of structural
components
Repair eroded or sparse grass
areas



10 year cycle



2 year cycle

Sediment removal and
regarding and
reseeding/replanting of
upslope edge
Replace pea gravel diaphragm



5 year cycle

Replacement
(lifespan)

20-40 years

100


5-10 year cycle
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Stormwater
Asset




Dry Swale




Tree
Trenches *

Permeable
Pavers

Preventative Maintenance
Action
Frequency
Mow grasses (low

3-4 times during
pressure equipment)
growing
season
to about 10 cm high
(only once in early
Spring if native
grasses are used)
Trimming, removal of 
Annual
invasive species and
replanting when
necessary
Remove litter/debris

Annual
Manage nutrient and
pesticide use
Aerate soil on the
filter strip





Corrective Measures
Action
Frequency
Stabilize eroded side slopes

As needed
and bottom



Annual



Scrape swale bottom and
remove sediment to restore
original cross section and
infiltration rate
Re-seed or sod to restore
ground cover
Replace pea gravel diaphragm



2-3 year cycle



Repair check dams (if present)





5-10 year cycle
100



5 year cycle



5-10 year cycle



As needed or 5-10 year
cycle

Practice
dependent

Practice
dependent

Practice
dependent

Practice
dependent



Vacuuming





Potholes patching with
standard patching mixes



As needed



Minimizing salt use or
sand for de-icing and
traction in the winter,
keeping the
landscaping areas
well maintained,
pulling out weeds and
preventing soil from
being washed onto
the pavement





Replacing pavers



As needed

As needed or twice
per year (April and
November)
On going

Replacement
(lifespan)

Practice
dependent

20-60 years
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Stormwater
Asset






Skimmers

Preventative Maintenance
Action
Frequency
Maintenance

On going
agreements should
note which
conventional parking
lot or driveway
maintenance tasks
must be avoided (e.g.,
sanding, re-sealing,
re-surfacing, powerwashing, etc.)
Remove sediment,

At least once a year
grit, trash, organics
or more often as
and oil accumulation
determined by
Remove flow
regular inspection
obstructions

Corrective Measures
Action







Replace or reseal leaking
components
Remove sediment
accumulated at the skimmer
that restricts pass through
flows
Correct erosion around
skimmer
Replace boards as needed

Frequency



Replacement
(lifespan)

Once every 15 years or
as determined by regular
inspection
20 to 50 years
depending upon
material used

* Preventative maintenance and corrective action requirements and frequency for Tree Trenches vary significantly with the type of BMP (e.g. Structural cells/ suspended
pavement, rock based structural soil, sand based structural soil, concrete boxes, etc.) and the type of trees.
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H.4.

Invasive Species Management

Invasive species should be identified when maintaining
stormwater facilities and managed based on best practices to
the extent feasible. Phragmites australis (common reed) was
found at several ponds during the pond inspections conducted
for the Stormwater Master Plan and has also been found in
Presqu’ile Bay Marsh along the lakeshore (Snider 2006).
Residents during the study also noted that Invasive Dogstrangling Vine (Vincetoxicum rossicum) had previously been
found and removed from one of the ponds. There are multiple
strategies for managing invasive species, such as herbicide
(which cannot be applied where standing water is present),
prescribed burning, mowing, flooding, and hand or mechanical
harvesting. Management strategies should be selected based on
the location and size of each species population in accordance
with provincial guidelines, such as the invasive phragmites
management guidelines (Ontario Ministry of Natural Resources
Figure 59. Common Reed
2011), and only after the necessary permits have been attained.
It can be very difficult to dig out the entire root system of species such as the common reed and
careful disposal of seeds and root fragments is necessary to prevent reestablishment. Continued
monitoring and repeated maintenance is often necessary to remove the entire root system and seed
bank which would otherwise reestablish up to three years. Additional information on identifying,
managing and controlling invasive species is available through the Invading Species Awareness
Program, Invasive Species Centre, and Ontario Invasive Plants Council.
There are many native plants that flourish along pond and wetland shorelines that could be sown
and/or planted in place of former common reed populations. Such plants include wetland grasses,
sedges, bulrushes (e.g. woolgrass, hard stem or soft stemmed bulrush, lake sedge, tall managrass),
and other emergent species such as blueflag iris, sweet flag, and bur reed. Establishing native buffers
along constructed pond and wetland shorelines offers multiple benefits beyond keeping invasive
species at bay, such as:







Reduced need for mowing turf grass
Evident change in vegetation from turf to native
buffer helps deter the public from walking along
embankments towards the water’s edge, and this
can be reinforced with signage
Stabilizes shoreline and bank, reducing the need
for maintenance where turf banks otherwise
collapse into the pond water
Enhance the amenity of stormwater ponds and
constructed wetlands
Figure 60. Example of Native Pond Buffer
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APPENDIX I. GENERAL LANDSCAPING
MANAGEMENT FACILITIES

GUIDELINES

FOR

STORMWATER

The following guidelines provide consistent approaches to maintaining and designing the
landscaping of stormwater management facilities in Brighton. Landscaping includes establishing
native plant communities, providing safe access for maintenance, and protecting public safety.
These guidelines were developed using the Town of Innisfil’s 2018 Engineering Design Standards
and Specifications for plantings and the City of Toronto’s 2015 Landscape Design Guidelines for
Stormwater Management Ponds.

I.1.

Plant Establishment

Landscaped areas in and around stormwater management facilities should consist of native species
(Riley 1989) such as those listed in Section I.4 within the appropriate planting zones as discussed in
Table 57, Table 58, and Table 59. Non-native species are discouraged due to the negative effect they
can have on the surrounding environment, such as decreasing plant species diversity. Suitable native
species are available for all levels of moisture (upland to aquatic) and for other imposed
environmental conditions, such as road salt exposure.
Table 57. Planting Zone Definitions
Zone
SHORELINE FRINGE
(Extended Detention)
1.0 m (horizontal) from
the permanent pool
elevation
FLOOD FRINGE &
RAINGARDEN BASIN
2.0 m (horizontal) from
the upper shoreline fringe
limit to the 100 year flood
level

UPLAND
includes all areas outside
the flood fringe

Description
 Plantings zone appropriate wetland species must include perennial sedges,
rushes and wild flowers in combination with shrubs and wetland seed mix
 The shoreline fringe is subject to fluctuations in water levels which will result in
regular flooding and therefore plant selections must be flood tolerant
 Plantings must include a diverse variety of no less than five flood tolerant species
each of shrubs, deciduous trees and coniferous trees
 Trees and shrubs within the flood fringe will provide canopy structure to
mitigate thermal effects on water temperature
 Herbaceous plant material may be provided by the use of an approved wet
meadow seed mix which will be applied in combination with an annual rye nurse
crop or suitable equivalent nurse crop
 Tree plantings to have no more than five trees if the same species in a grouping
 Plantings will include a minimum of seven species each of drought tolerant
shrubs, deciduous trees and coniferous trees
 Upland planting is intended to provide visual screening, aesthetic appeal, wind
blockage and shading to mitigate thermal effects on water temperature
 Tree plantings to have no more than five trees if the same species in a grouping
 Provide a minimum 1.5 m buffer between plantings and any structures such as
maintenance roads and drying areas and fencing which abuts residentially zoned
property
 Trees planted along fenced areas, bordering residential properties should be
structurally sound, strong branched so to prevent falling branches into adjoining
residential properties

Source: Town of Innisfil Engineering Standards and Specifications Manual (Revised May 2018)
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Table 58. Guidelines within Planting Zones
Zone

TERRESTRIAL
(Shoreline
Fringe, Flood
Fringe and
Upland)

Description
 Do not utilize plant material that has been removed or harvested from natural wetlands or
roadsides as they may contain invasive or non-native species.
 Plant material must be comprised of 100% native stock from a reputable grower/supplier.
 Plant shrubs in groupings of no less than 15 units and no more than 30 units to promote both
colonization and spreading.
 Shrubs are to be no less than 60 cm height (container grown stock only).
 Deciduous trees within the flood fringe are to be no less than 50 mm caliper stock. Canopy
to be structural sound with strong central leader, no co-dominant leaders will be accepted.
Canopy to be healthy and balanced around main central trunk of tree with no rubbing
branches nor damages/inclusions on bark.
 Deciduous trees within the upland may utilize a combination of caliper material and whip
stock where caliper trees are planted based on a rate of one unit per 25 m2. Whip stock is to
be installed at a rate of 6.25 units per 25 m2.
 Whips and any bare root stock to be planted prior to the third Friday of May in any given
year.
 Coniferous material will be no less than 2000 mm in height where height is measured from
the top of the root ball to the first whorl (does not include the leader).
 Rodent protection will be installed around the base of all deciduous trees. It will be the
installer’s responsibility to remove rodent protection two years prior to accepted/assumed.
Biodegradable options will also be considered.
 Weed abatement measures will be used around trunks of trees using mulch, coco fiber mats
or Municipality approved substitute.
 Bio-engineering (e.g. live staking) should be implemented on steep slopes in conjunction
with other stabilization methods. Live staking will not be considered for use against density
calculations for plant material.

Source: Town of Innisfil Engineering Standards and Specifications Manual (Revised May 2018)

Table 59. Calculation Table for Planting Density
A

B

C

Zone

Area

Water’s
Edge

Quantity of
Aquatic Species
35% Coverage1

SHORELINE
FRINGE

A
(m2)
A
(m2)
A
(m2)

n/a

n/a

D = A*0.05

n/a

n/a

D = A*0.05

n/a

n/a

D = A*0.05

FLOOD FRINGE
UPLAND

D
Quantity of
Terrestrial
Species 50%
Coverage

E

F

Number of
Trees Required2

Number of
Shrubs
Required

n/a

F=D

E=
(A/1000)*25
E=
(A/1000)*25

F = D-(E*15)
F = D-(E*15)

Source: Town of Innisfil Engineering Standards and Specifications Manual (Revised May 2018)
1. Quantities are based on plugs (5 units/m2)
2. Quantities are based on caliper stock (1 unit per 25 m2)

Potential native plants well suited for use in and around stormwater facilities being designed or
maintained in Brighton are listed in Table 60. Additional native species may also be suitable since
this is not a comprehensive list. Species with known salt tolerance are identified. Locations where
salt tolerance is a concern include roadsides receiving frequent winter snowmelt spray, vegetated
swales or basins where snowmelt runoff infiltrates the soil, and water bodies receiving relatively
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large volumes of snowmelt. This discussion is limited to selection of vegetation for constructed
stormwater facilities and vegetated areas receiving runoff from high use transportation routes and
parking lots, wet and dry infiltration basins associated with regional ponding, provincial roadway
swales and filter strips, and winter road snow dumping areas. Salt tolerance is not typically a concern
for stormwater facilities such as rain gardens and infiltration swales in low to moderately used local
streets and catchments with little or no salt-laden snowmelt runoff.
Table 60. Acceptable Plant Species in Stormwater Facilities
TREES
Shoreline Fringe
n/a

SHRUBS

HERBACIOUS

n/a

 spotted Joe-Pye-weed (Eupatoriadelphus
maculatus)
 white turtlehead (Chelone glabra)
 lake sedge (Carex lacustris)
 bluejoint grass (Calamagrostis canadensis)
 pickerelweed (Pontederia cordata)

Flood Fringe and Raingarden Basin
 tamarack (Larix laricina)
 arrowwood (Viburnum
dentatum)*
 hackberry (Celtis
occidentalis)*
 buttonbush (Cephalanthus
occidentalis)
 yellow birch (Betula
alleghaniensis)
 silky dogwood (Cornus
amomum)
 glossy blank chokeberry
(Aronia melanacarpa)














Upland
 basswood (Tilia americans)
 sugar maple (Acer saccharum)
 white ash (Fraxinus
americans)
 red mulberry (Morus rubra)
 white pine (Pinus strobus)
 honey locust (Gleditsia
triacanthos)*
 trembling aspen (Populus
tremuloides)*
 jack pine (Pnus banksiana)*
* Species with known salt tolerance

 american highbush
cranberry (Viburnum
opulus var. americana)
 mountain ash (Sorbus
americana)
 pin cherry (Prunus
pensylvanica)
 serviceberry (Amelanchier
spp.)*
 rugosa rose (Rosa
rugosa)*

big bluestem (Andropogon getardii)
bottle-brush grass (Hystrix patnia)
switchgrass (Panicum virgatum)*
blue flag (Iris versicolor)*
cardinal flower (Lobelia cardinalis)
swamp milkweed (Asclepias incarnata)*
boneset (Eupatorium perfoliatum)
green-headed coneflower (Rudbeckia
laciniata)
blue vervain (Verbena hastate)
fox sedge (Carex vulpinoidea)
soft rush (Juncus effusus)
canada wild rye (Elymus canadensis)*

 little bluestem (Schizachyrium
scoparium)*
 new england aster (Symphyotrichum
novae-angliae)
 wild bergamont (Monarda fistulosa)
 back Eyed Susan (Rudbeckia hirta)
 switch grass (Panicum virgatum)*

I.1.1. Seeding



When establishing vegetative cover via seed, seed mixes are to be exclusively comprised of
native species derived from local sources (ecotypes).
Seed mixes shall be matched to hydrology of proposed location
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In the absence of Provincial and/or local specifications on native seed mixes proposed seed
mixes shall be submitted for review/approval
All seed mixes are to be placed in combination with an annual rye nurse crop or suitable
equivalent nurse crop and applied at suitable rate
Seed application is to follow directly after topsoil placement in order to establish vegetative
cover quickly for stabilization of topsoil. Seed application should be done at a time of year to
ensure the best possible germination and mitigate seed loss
Erosion control blankets are to be placed over top of seeded areas immediately after
application where required
Minimum of a 3-year maintenance plan is required for establishment of vegetation via seed.
Maintenance plan shall address the specific site conditions and industry standard for
establishing cover via native seed.
Contractor will insure 100% coverage and establishment within the stormwater facility
throughout the warranty period

I.1.2. Topsoil






For terrestrial habitats in the upland area, provide 0.20 m of topsoil
For aquatic habitats, provide 0.45 m of topsoil for the first 1 m from the permanent pool
elevation
Stabilize topsoil after placement prior to the installation of woody plant material. In the event
that erosion control blankets are utilized in combination to approved seed mixes for
stabilization purposes, the netting and blanket material will be 100% bio-degradable. Photodegradable plastic or plastic netting is not permitted for ground stabilization.
If topsoil stabilizations cannot be completed within one (1) construction year’s growing
season, the topsoil should not be placed until the following spring. In this event, sediment
controls must be in place to prevent erosion of stockpiled materials.

I.1.3. Guarantee Period



All aquatics, perennials, trees and shrubs are to be guaranteed for a period of not less than
one year from the beginning of the maintenance period.
If aquatics, perennials, trees and/or shrubs are found dead, diseased, missing or are deemed
to be unhealthy within the guarantee period the defective plants are to be replaced and reguaranteed for an additional two (2) years.

I.1.4. Monitoring and Maintenance




Vegetation monitoring plans and schedules are required with all landscape plan submissions
which will include monitoring of the performance and effectiveness of interim measures (e.g.
nurse crops) and monitoring of plant health during droughts
Monitoring reports for will be provided to the Municipality from the time of the initial plant
installations until the end of the guarantee period. Inspections are to take place during
September of each year and are to be provided to the Municipality no later than October 7th
of each year
Page 339

Municipality of Brighton Stormwater Master Plan




I.2.

Mulch saucers should be placed and maintained around the base of trees to retain water
Watering activities should continue for the first two years after planting

Maintenance Access Road

Maintenance access roads are required to provide inspectors and maintenance crew’s safe access to
the pond while also protecting vegetation, pavement, utilities, and signage against damage. Frequent
inspection and maintenance typically involves small equipment (e.g. mowers) while infrequent
dredging involves heavy equipment (e.g. steel track heavy excavator, backhoes, dump trucks, and
vacuum trucks). Maintaining ingress and egress points are also important in the case of emergency
repair or rescue. Access roads shall be concealed from the public using landscaping except for roads
around the pond perimeter that could also be used as trails. Overall, the access road should provide:





Access from the nearest road to the forebay, riser7, and inlet/outlet, as well as to all vegetated
areas, while avoiding overland flow routes
Sufficient width for necessary maintenance vehicles to turn around (4 m minimum)
A maximum slope of 15%
Stable road surface that can support and withstand maintenance equipment and vehicles.

The appropriate road surface should be selected from the three options in Table 61 based on the
configuration of the route and the context of the overall facility landscape.
Table 61. Access Road Surface Options
Option

Description
 Surface treatment: 75 mm of granular, overlain by a surface layer comprised of limestone screenings
mixed with free draining topsoil, with a minimum depth of 500 mm with a sub-base of 200 mm or
greater contingent on sub-soil condition and load bearing requirements.
Concealed
 Surface to be mulched and seeded using appropriate mix for maintenance access route (See
Maintenance
subsequent section “Acceptable Plant Species”).
Access Route
 Alignment to be demarcated using boulders placed along both edges of the route with a minimum
spacing of 15 m in an alternating pattern or trees planted at a 1.5 m offset from the edge of the route.
Demarcation trees should be of a consistent species to aid in identification of the route.
 This option is intended for where the maintenance road is intended to form part of a trail network.
 Base: 50 mm crusher run limestone with a depth of 200 mm or greater as required to address soil
conditions based on the recommendations of a geotechnical engineer.
Hybrid Trail or
 Surface treatment: 75 mm of granular overlaid with a combination of 50 mm of either clear limestone
Maintenance
screenings, to create the trail component, or limestone screenings mixed with sandy topsoil, to conceal
Access Route
the remainder of the roadway.
 Width of the trail portion should be 2.4 m, aligned along the edge of the roadway nearest to the facility.
Demarcate the edge of the concealed portion of the roadway as described in the previous section.
 This option is for ponds situated where high levels of trail use are anticipated.
 Surface treatment: asphalt or another appropriate hard surface material as required by the Parks
High Use or
Department.
Urban Trail
 Design major linkages to the main trail network in accordance with the requirements of the
Accessibility for Ontarians with Disabilities Act, including gradients less than 8 per cent.
Source: (City of Toronto 2015)

Access to riser structures is also necessary via lockable manhole covers and situating manhole steps within
easy reach of valves and other controls.
7
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Barriers are required to restrict unauthorized vehicular access to facilities where maintenance access
roads intersect road right-of-ways. The barrier should consist of metal bollards with a maximum
spacing of 1.5 m. Where vehicle access is required for maintenance purposes, fixed bollards should
be installed at 3 m apart with a removable bollard installed at the mid-point between the two.
Boulders and plantings should also be used to discourage off-road access around the bollards.

I.3.

Public Safety

Consider the following when planning, designing, and maintaining stormwater facilities:











Grade the site with safety in mind, such as mild side slopes (e.g. 5:1 or shallower) around the
pond and safety ledges8 along the perimeter of the permanent pool. Minimize the use of
vertical walls.
Minimize risk of drowning by deterring public access to specific hazard areas using fencing,
barrier plantings and installing safety railings when vertical walls or steep slopes are used.
Where residential lot(s) are adjacent to a stormwater management facility, provide a
minimum 6 m wide landscaping buffer with a maximum slope of 4:1 between the
maintenance access route and the residential lot(s) to provide separation between the
stormwater management facility and private property.
Adequately size the block reserved for the facility to provide the space needed for safety
design features mentioned above.
Integrate the outlet pipe into an outlet structure or install a trash/safety rack at the pipe
entrance with a total open area that is many times larger than the outlet pipe to reduce
entrance velocities (minimizing the risk of a person being pinned against the rack) and to
provide outlet capacity when part of the rack blocked by debris.
Install grates on inlet and outlet structures to restrict access to the storm sewer system.
Outflow grates should be parabolic, not flat, such as OPSD 400.120.
Separate inflow and outflow pipes to avoid the creation of a continuous flow stream or
provide energy dissipator where the inlet discharges into the facility.

I.3.1. Fencing & Barrier Plantings
Fencing around the entire perimeter of stormwater management ponds is generally discouraged
except where necessary to mitigate the hazards of a steeply sloped pond. Instead, fencing should be
primarily used along the property line where the facility block abuts private property. A “living fence”
with boundary delineation markers may be substituted for chain-link fencing where facilities abut
commercial, industrial, institutional or high density residential land uses (Subject to the approval of
the adjacent landowners and the Municipality). Fencing is typically not required along the property
line where the facility abuts a public park, open space, natural area, or road right-of-way. Safety
Also referred to as a safety bench, this recommendation is also consistent with integrating a littoral zone of
emergent vegetation around the perimeter of the permanent pool. Together, the shallow slope and emergent
vegetation will help discourage people from wading into the pond.
8
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barriers should be installed along the top edge of headwalls, retaining walls and other structures
where the change in vertical elevation exceeds 600 mm. Where fencing is necessary, a typical
standard is 1.8 m high continuous black-vinyl-coated chain-link fencing based on OPSD 972.130 (no
gates permitted) with chain-link affixed to the facility side of the posts, and located at an offset
distance of 0.15 m from the property line within the facility block.
Barrier plantings can also be used to deter public access to inlets, outlets and outfalls, plunge pools
and deep water areas.

I.3.2. Signage & Public Awareness
Public awareness signage should be installed at the
entrances to the facility block, maintenance access
route, or prominent locations that are highly visible
to the public. The purpose of this signage is to
identify the site as a stormwater management
facility and raise public awareness of the function
and potential hazards of the facility. Signage should
indicate the name of the facility and include the
Municipality of Brighton’s logo. An example of
signage is shown in Figure 61.
Water level indicators are recommended to raise
public awareness of the extent of area subject to
inundation after storm events. The indicators could
include strategically located trees of a specific
species, boulder clusters, or permanent markings
on inlet and outlet headwalls.

Stormwater Management Facility
This facility has been constructed to treat
stormwater runoff. The plantings in this area
include native trees, shrubs, and grasses that help
prevent erosion and improve water quality.
Prohibited activities include mowing, discarding
yard waste, applying fertilizer, landscaping,
placement of structures, impervious surfaces,
fill/debris, and alterations to vegetation or any
other similar action.

DANGER
DO NOT APPROACH
This facility may flood with stormwater for
extended periods of time after rainfall.
For further information, please contact the
Municipality of Brighton at 613-475-0670. For
emergencies, please call 911.

Figure 61. Example Sign

I.3.3. West Nile & Mosquitoes
Multiple agencies, including Health Canada, Ontario Ministry of Health, Ontario Ministry of
Environment, Conservation and Parks, are in agreement that stormwater management ponds do not
significantly increase the risk of West Nile Virus. Mosquitoes generally require a stable, shallow, and
stagnant water surface for more than seven days to allow larvae to mature. Stormwater management
facilities should be designed to drain captured water within 48 hours of each rainfall event in order
to promote water movement and cause larvae to drown. During dry weather conditions, the water
surface is also exposed to wind turbulence. Where possible, the minimum depth of water within the
permanent pool should be 1.0 m or greater in the center of wet ponds. Shallow stagnant water in the
bottom of dry basins should be eliminated by considering the maximum groundwater table
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elevations prior to design, using of underdrains and avoiding outlet structures that are prone to
plugging.
Once a pond is constructed, mosquitoes can be managed by encouraging a plant-dominated state
rather than an algae-dominated state. A plant-dominated state includes many submerged and
floating-leaved aquatic plants that provide habitat for predators whereas algae dominated state is
more favourable for mosquitoes with increased availability of nutrients and turbidity as a food
source and warmer water. Along with a plant-dominated state, predators can be introduced to feed
on mosquito eggs and larvae. Such predators include grazing invertebrates (e.g. snails, Mayfly larvae,
Chironomids), neustonic insects (e.g., water striders, water boatmen, whirligig beetles), benthic
invertebrates (e.g., flatworms, leeches, Asellus, shrimps), three-spined sticklebacks, fathead
minnows, dragonfly nymphs, water beetles, Alderfly larvae, and frogs and toads. In addition, erecting
bird and bat houses will encourage the nesting of bats and birds such as swallows and purple martin
rely on flying insects including mosquitoes as their primary food source.
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APPENDIX J. DETAILED IMPLEMENTATION SCHEDULE
Line
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51

Year:
Elements & Activities
Maintenance
Inventory
Inspection
CCTV of Storm Sewer
Nuisance Site Inspections before Storms
Pond/SWM Facility Inspection
OGS Inspection
Outfall & Structure Inspection
Ditch/Culvert Inspection
Monitoring
1 Brighton By the Bay Wetland
6 Tackaberry Ridge Pond
Erosion Control Inspections
Preventative Maintenance
CB/Inlet Cleanout
OGS Cleanout
Pond/SWM Facility Maintenance
Corrective Action
Urban Ditching
1 Brighton By the Bay Wetland
2 Harbour Point Pond
3 Roos Pond
4 Lucas Pond
5 Orchard Gate
6 Tackaberry Ridge Pond
7 Forest Hill Wet Pond
8 Forest Hill Dry Pond
Reporting
Infrastructure Retrofit Projects
Subwatershed Improvement Projects
1 Brighton By the Bay Subwatershed
2 Marina at Harbour Subwatershed
3 Harbour Point/Roos/Hamilton Woods Subwatershed (southwest Huron Drive and Iroquois Ave)
4 Cedar at Harbour Subwatershed
5 Prince Edward Subwatershed
6 Butler at Lucas Subwatershed
7 Orchard Gate Subwatershed (by developer)
8 Sanford and Cheer Subwatershed
Storm Sewer Replacement
Policies & Enforcement
Stormwater Management Standards
Erosion & Sediment Control Standards
Assumption Protocol
Education & Outreach
Property Owner Education
Cost‐Share Program
Administration
Stormwater User Fee
Staff Training
SMP Evaluation & Update
TOTAL

1
2019
$401,600
$3,600
$15,100
$5,000
$2,200
$2,400
$2,100
$1,400
$2,000
$15,100
$400
$600
$14,100
$48,300
$18,200
$25,300
$4,800
$317,200
$34,000

2
2020
$164,000
$1,200
$16,000
$5,000
$2,200
$2,900
$2,500
$1,400
$2,000
$15,100
$400
$600
$14,100
$54,200
$18,900
$29,500
$5,800
$75,200
$35,700

3
2021
$218,300
$1,200
$17,000
$5,000
$2,200
$3,400
$2,800
$1,500
$2,100
$15,100
$400
$600
$14,100
$60,200
$19,700
$33,700
$6,800
$122,500
$37,500
$85,000

4
2022
$212,400
$1,200
$17,900
$5,000
$2,200
$3,900
$3,200
$1,500
$2,100
$15,100
$400
$600
$14,100
$66,100
$20,500
$37,900
$7,700
$109,800
$39,400

5
2023
$193,000
$1,200
$18,800
$5,000
$2,200
$4,400
$3,500
$1,600
$2,100
$15,100
$400
$600
$14,100
$72,100
$21,300
$42,100
$8,700
$73,500
$41,400

6
2024
$290,900
$1,200
$19,800
$5,000
$2,200
$4,800
$3,900
$1,700
$2,200
$8,600
$400
$600
$7,600
$78,000
$22,100
$46,300
$9,600
$181,000
$43,400

7
2025
$162,500
$1,200
$20,600
$5,000
$2,200
$5,300
$4,200
$1,700
$2,200
$8,200
$0
$600
$7,600
$84,100
$23,000
$50,500
$10,600
$46,100
$45,600

8
2026
$172,100
$1,200
$21,700
$5,000
$2,200
$5,800
$4,600
$1,800
$2,300
$8,200
$0
$600
$7,600
$90,300
$23,900
$54,800
$11,600
$48,400
$47,900

9
2027
$180,900
$1,200
$22,500
$5,000
$2,200
$6,300
$4,900
$1,800
$2,300
$8,200
$0
$600
$7,600
$96,400
$24,900
$59,000
$12,500
$50,300
$50,300

10
2028
$206,400
$1,200
$23,600
$5,000
$2,200
$6,800
$5,300
$1,900
$2,400
$8,200
$0
$600
$7,600
$102,600
$25,900
$63,200
$13,500
$52,800
$52,800

$500
$2,300
$367,900
$246,900
$58,400

$2,300
$426,300
$305,300
$116,800

$18,000
$259,600
$138,600
$116,800

$59,800
$320,100
$34,500

$119,600

$119,600

$68,900

$68,900

$121,000
$‐
$‐
$‐
$‐
$28,000
$3,000
$25,000
$5,000
$5,000
$‐
$‐
$730,900

$121,000
$‐
$‐
$‐
$‐
$28,000
$3,000
$25,000
$5,000
$5,000
$‐
$‐
$573,000

$121,000
$‐
$‐
$‐
$‐
$28,000
$3,000
$25,000
$5,000
$5,000
$‐
$‐
$640,200

$39,500
$70,400
$32,100
$137,600
$283,200
$500
$2,300
$‐
$‐

$2,300
$‐
$‐

$2,300
$122,400
$122,400

$2,300
$189,900
$66,900

$122,400

$12,300
$338,300
$215,300

$2,300
$254,700
$133,700

$2,300
$535,400
$414,400

$81,600
$21,800

$‐
$15,000
$5,000
$5,000
$5,000
$‐
$‐
$‐
$5,900
$‐
$5,900
$‐
$422,500

$‐
$‐
$‐
$‐
$‐
$3,000
$3,000
$‐
$120,000
$120,000
$‐
$‐
$287,000

$‐
$‐
$‐
$‐
$‐
$3,000
$3,000
$‐
$5,000
$5,000
$‐
$‐
$348,700

$66,900
$123,000
$‐
$‐
$‐
$‐
$3,000
$3,000
$‐
$5,000
$5,000
$‐
$‐
$410,300

$133,700
$123,000
$3,000
$1,000
$1,000
$1,000
$28,000
$3,000
$25,000
$25,000
$5,000
$‐
$20,000
$587,300

$133,700
$121,000
$‐
$‐
$‐
$‐
$28,000
$3,000
$25,000
$10,900
$5,000
$5,900
$‐
$584,500

$121,000
$3,000
$1,000
$1,000
$1,000
$28,000
$3,000
$25,000
$45,000
$5,000
$‐
$40,000
$542,000
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