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Legal Notification
This report was prepared by Robinson Land Development for the account of Barbican
Construction Limited
Any use which a third party makes of this report, or any reliance on or decisions to be made based
on it, are the responsibility of such third parties. Robinson Land Development accepts no
responsibility for damages, if any, suffered by any third party as a result of decisions made or actions
based on this project.
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1.0

INTRODUCTION
Barbican Construction Limited has retained Robinson Land Development to provide
engineering services for the preparation of site grading, servicing and stormwater
management for a proposed commercial redevelopment of the existing site. The site is
located at 1035 Moodie Drive (see Figure1-Key Plan, Appendix A).

2.0

EXISTING CONDITIONS
The entire site is currently completely developed with a 2 storey building, shed, and gravel
parking and storage area. The 0.90 hectare property is zoned RG (Rural General Industrial)
and will permit the redevelopment of the parcel. The property currently drains north easterly
to an existing ditch located between 1035 and 1027 Moodie Drive. It appears that this ditch
also provides a drainage outlet for the eastern roadside ditch of Moodie Drive. Based on
information on the City of Ottawa website (i.e. airphotos, contour lines) and site inspections,
it appears that this ditch drains easterly through 201 Dibblee Road and then under Highway
#416 and ultimately to the O’Keefe Drain (which is tributary to Jock River Reach 1). See
Figure 2 – Off-site Drainage Plan in Appendix A.

3.0

DEVELOPMENT PROPOSAL
The proposed redevelopment will consist of a new approximately 189,900 sq. ft. multi-tenant
building (proposed warehouse and office use). The remainder of the site will be redeveloped
with a new asphalt parking area fronting onto Moodie Drive and loading docks at the rear of
the proposed building. The existing 2 storey building, shed and gravel storage area will
remain after development.

4.0

WATERMAIN AND SANITARY SERVICING
As municipal services are not available to service this site, private services will be required.
The potable water service for the site is to be provided through the use of a newly
constructed on-site drilled well. In addition, an on-site fire suppression tank is required. The
storage volume is to be provided within the new building underneath the floor slab. The
proposed sanitary service for the site will utilize an on-site septic system. The detailed design
of each of these services has been completed by the Paterson Group but, for continuity, has
been conceptually shown on the servicing and grading plan accompanying this submission
(see Dwg. #14007-GR1, Appendix A).

5.0

STORM & STORMWATER MANAGEMENT REQUIREMENTS
This section of the report documents the proposed methods of mitigating the post
development storm water runoff for the subject site. Items that are addressed include:




Calculating pre-development and post-development runoff and the corresponding
storage volume requirements.
Determine the location, sizes and storage volumes of the proposed drainage system
components located within the site.
Identifying the quantity and quality control requirements.
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5.1

Quantity Requirements
In accordance with City of Ottawa requirements, the maximum release rate from the site is
calculated using the following parameters and equations:
Time of Concentration:
Coefficient for impervious (paved, etc.) area
Coefficient for impervious (gravel) area
Coefficient for pervious area

Tc = 20 minutes
C = 0.9
C = 0.7
C = 0.2

5 year Rainfall Intensity:
where Tc = time in minutes

I5 = (998.071)/(( Tc +6.053)0.814)
I5 = 70.25 mm/hr

100 year Rainfall Intensity:
where Tc = time in minutes

I100 = (1735.688)/(( Tc +6.014) 0.82)
I100 = 119.95 mm/hr

In addition to maintaining the pre-development drainage boundaries, the post-development
flows will be controlled to meet the 5 year pre-development flow allowable release rate as per
verbal direction provided by City Of Ottawa Development Review staff. The 5 year allowable
rate (pre-development rate) will be calculated with the actual (based on current site
conditions) pre-development runoff coefficient.
5.1.1

Allowable Release Rate
The corresponding pre-development (i.e. allowable) release rate for this area (see Predevelopment Drainage Plan, Figure 3 in Appendix A), using the runoff coefficients noted
above, is calculated as follows:
Table 1.0
Pre-Development Average Coefficients
Surface
Gravel

Area ‘A’ (m2)
8133.6

Runoff ‘C’
0.7

‘C’x’A’( m2)
5693.5

Grass

549.0

0.2

109.8

Buildings

314.7

0.9

283.2

Total

8997.3

Avg = 0.68

6086.5

Qallow = 2.78 CI5yr A
Qallow = 2.78 (0.68)(70.25)(0.90)
Qallow = 119.5 L/s
Therefore, the allowable release rate for the site is 119.5 L/s for all events up to the 100
year design storm.
5.2

Quality Requirements
At the request of City Staff during the pre-consultation process, we have contacted the
Rideau Valley Conservation Authority (RVCA) to obtain any additional stormwater
management criteria applicable to the site. RVCA’s memo of March 27th, 2014 confirmed
that this development is required to provide enhanced protection (80% T.S.S removal)
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measures for the stormwater in the post development (see Appendix A). These measures
will be provided for all new developed areas on the site except the existing 2 story building
and shed (this area is to remain untouched from current developed state).
6.0

STORMWATER DESIGN

6.1

Quantity Design
The post development runoff is restricted to the pre-development flows as calculated above
which limit the allowable release rate to be 119.5 L/s for both the 5 year and 100 year events.
See Figure 4: Post development Drainage Plan in Appendix A.

6.1.1

Free Flow Area
Table 1
Weighted Runoff Coefficients (Free Flow Area #A1)
Area No.

A1

Surface

Area ‘A’ (m2)

Runoff ‘C’

‘C’x’A’( m2)

Asphalt

44.0

0.9

39.6

Gravel

1083.8

0.7

758.7

Grass

794.6

0.2

158.9

Building

101.0

0.9

90.9

Total

2023.4

Avg = 0.52

1048.1

Post-Development Free Flow Release Rate (5 Year)
Q5yr = 2.78 CI5yr A
Q5yr = 2.78 (0.52)(70.25)(0.20)
Q5yr = 20.3 L/s
Post-Development Free Flow Release Rate (100 Year)
The C-value for the 100 year event is increased by 25% as per section 5.4.5.2.1 of the City
of Ottawa Sewer Design Guidelines (October 2012).
Q100yr = 2.78 CI100yr A
Q100yr = 2.78 (0.52)(119.95)(0.20)(1.25)
Q100yr = 43.3 L/s
6.1.2

Remainder of Site
Therefore the remainder of allowable release rate is summarized as:
Q = Total Site Allowable Release – Post Development Release Rate (Free Flow Areas)
Q100yr = 119.5 – 43.3
Q5yr = 119.5 – 20.3
Q5yr = 99.2 L/s
Q100yr = 76.2 L/s
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Therefore these are the total remaining allowable release rates that must be achieved in the
remainder of the site. The post development flow rates for these areas are calculated as:
Table 1.2
Weighted Runoff Coefficient (Area #A2)
Area No.

A2

Surface

Area ‘A’(m2)

Runoff ‘C’

‘C’x’A’( m2)

Asphalt

3380.9

0.9

3042.8

Grass

1737.4

0.2

347.5

Sidewalk

99.8

0.9

89.8

Building

1755.9

0.9

1580.3

Total

6974.0

Avg = 0.73

5060.4

Post-Development Release Rate (5 Year)
Q5yr = 2.78 CI5yr A
Q5yr = 2.78 (0.73)(70.25)(0.70)
Q5yr = 99.8 L/s
Excess Flow5yr = Post-Development Flow5yr - Remaining Allowable Flow5yr
Excess Flow5yr = 99.8 – 99.2
Excess Flow5yr = 0.6 L/s
Post-Development Release Rate (100 Year)
The C-value for the 100 year event is increased by 25% as per section 5.4.5.2 of the City of
Ottawa Sewer Design Guidelines 2004.
Q100yr = 2.78 CI100yr A
Q100yr = 2.78 (0.73*1.25)(119.95)(0.70)
Q100yr = 213.0 L/s
Excess Flow100yr = Post-Development Flow100yr – Remaining Allowable Flow100yr
Excess Flow100yr = 213.0 – 76.2
Excess Flow100yr = 136.8 L/s
It is evident that area A2 post development flow rate exceeds the remainder of allowable flow
for the entire site. The remaining amount of allowable flow for area A2 is 99.2 L/s for the 5
year event and 76.2 L/s for the 100 year event. These values were exceeded by 0.6 L/s and
136.8 L/s respectively. Therefore this excess flow will need to be controlled so that the post
development rates do not exceed the 5 year predevelopment flow rates for the entire site (i.e.
including free flow area).
6.2

Storage Requirements and Allocation
In this case, the maximum (i.e. critical) storage volume required for the site in the post
development is related to the difference in the actual runoffs and the allowable release rate
for the 100 year event. As detailed in Section 6.1.1, Area A1 of the site is free flowing with a
calculated flow of 43.3 L/s (for the 100 year event) in the post development. The allowable
release rate for the remainder of the site will need to be 76.2 L/s (for the 100 year event) to
achieve the allowable maximum post release rate of 119.5 L/s.
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The required storage volume for A2 is calculated by determining net runoff flow (L/s) over a
period of time. The net runoff flow value is the difference in the actual flow at different
intervals throughout the storm based on the IDF curve for Ottawa and the allowable runoff
(L/s) for that area.
Table 2.0
Area #A2

Return
Period

100 Year

6.3

Time
(min)

Intensity
(mm/hr)

Flow
Q in
L/s

Remaining
Allowable
Runoff in L/s

Net Runoff To
Be Store in
L/s

Storage
3
Req'd m

5

143

203

76.2

268.6

80.6

10

120

170.4

76.2

177.5

106.5

15

104

147.5

76.2

126.8

114.1

20

92

130.5

76.2

94.2

113

25

83

117.3

76.2

71.3

107

30

75

106.7

76.2

54.3

97.8

Summary of Storage Provided
Storm Event

Release Rate

Required Storage

Provided Storage

100 Year

72.5 L/s

114.1 cu.m.

135.7 cu.m.

The volume of the surface storage available is calculated using “Civil 3D” by Autodesk. This
program creates three dimensional models of the proposed pond and of the top of ponded
water surface. It then calculates a volume between these two surfaces, using three different
algorithms, to ensure an accurate result.
6.4

Inlet Control Device Calculations
Inlet controls are calculated based upon a standard orifice equation to achieve the target
release rates as follows:
Q = C(A)(2gh)0.5

Q = 76.2 L/s (see Table 2.0)

A = Q / (C(2gh)0.5)
пr2 = Q / (C(2gh)0.5)
D= 2r=2x (Q / (п (C(2gh)0.5)))0.5
D = 2 x (0.0762 / (п (0.6(2*9.81*0.8)^0.5)))^0.5 =202 mm
A = 0.0762 / (0.6(2*9.81*0.8)^0.5) = 0.032 m2 = 0.179 m x 0.179 m
Where:
C = 0.6 head loss coefficient for an orifice
H = 0.575 m (centroid of orifice)
A= Area of orifice;
r= radius of orifice;
g= acceleration due to gravity
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Table 3.0
Inlet Control Sizing Summary
Area A-2

6.5

ORIFICE

SQUARE

CIRC

Q(L/S)

H(M)

AREA(SQ.M)

(1-side mm)

(DIA-mm)

76.2

0.80

0.032

179

202

200 mm pvc pipe

Quality Design
As outlined in Section 5.2, the site requires enhanced quality measures (80% TSS removal)
to be proposed for the redeveloped areas of the site (remainder of site to remain unchanged
in post development so no quality measures will be proposed). The quality design
component will incorporate a dry vegetated infiltration facility with a mechanical filter (i.e.
geotextile membrane) with imported sand mixture underlain by two perforated subdrains that
will outlet to the existing ditch to meet the quality control objective identified previously in
Section 5.2. More specifically, based on Table 3.2 (Water Quality Storage Requirements) in
the current (2003) Ministry of the Environment Stormwater Planning and Practices Manual
(see Appendix B for excerpt), this development will be required to provide 37 m3/ha of quality
treatment to achieve the enhanced level of control for the ~76% impervious site. The
requirement value was interpolated between the 35 and 40 m3/ha quality storage required
storage value for 70 to 85% imperviousness respectively (see Appendix B for supporting
calculations). The following design guidance parameters for this facility have been selected
from the document entitled “Low Impact Development Stormwater Management Planning
and Design Manual” (full LID guideline excerpt provided in Appendix B):
Table 4.0
Quality Facility Design Guidelines
Guideline

Provided

Bottom width

Between 0.75 and 3 metres

1.0 m

Side slope

Minimum 3:1

3:1

Longitudinal Slope

Between 0.5% and 4%
-5

1%

Soil Infiltration Rate

Minimum 1*10 cm/s (no underdrain
required). If < 1*10-5 cm/s, a 200 mm
diam. underdrain recommended.

2-100 mm diam. perforated
underdrains provided

Topsoil

150 mm minimum

150 mm minimum

Pre-treatment

Gravel Diaphragm

River Stone diaphragm along
entire parking lot length

Depth

Between 1 and 1.25 m. In constrained
applications, can be as shallow as 500
mm

75 micron geotextile filter
and 500 mm sand based
media provided (due to outlet
constraints)
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For this redevelopment, the area to be treated is 0.7 ha in size (excluding rooftops and
existing developed areas that are remaining untouched). Therefore, ~ 26 m3 of runoff will
need to be treated. Storage of the 26 m3 has been provided in the aforementioned infiltration
ditch facility in addition to the required quantity storage. Sheet drainage from the site will
drain through river stone placed along the entire slope of the infiltration facility. The purpose
of the river stone is to provide pre-treatment by removing larger sediment particles as well as
acting as an energy dissipater for flows entering the infiltration facility. Stormwater within the
facility will then infiltrate through the topsoil layer, and then the geotextile fabric. The
geotextile fabric (which will allow the passage of a maximum 75 micron particle size) has
been proposed within the facility in order to filter the 26 m3 of storm flows requiring 80 % TSS
removal. Further filtering of the stormwater will be accomplished by infiltrating through the
sand backfill above the perforated subdrain (subdrain is proposed to be wrapped in a filter
cloth, see Figure 5, Dry Infiltration Ditch Detail in Appendix A). The filtered storm flows can
be captured by the subsurface perforated pipe system (i.e. subdrain) if necessary and
conveyed to the storm sewer outlet. The subdrains will promote a downward movement of
water through the medium above to minimise standing water in the quality control facility and
can convey the treated stormwater to the existing off-site vegetated swale if infiltration into
the native soil is not (i.e. blocked, saturated, etc.). Any treated flows not infiltrated into the
native soil will be conveyed via the existing off-site vegetated swale (~ 340 meters in length)
before entering the receiving watercourse (i.e. the O’Keefe Drain). This vegetated swale will
provide further filtering of any stormwater.
7.0

EROSION AND SEDIMENT CONTROL MEASURES
Temporary erosion and sediment control measures will be implemented during construction.
Erosion and Sediment Control measures are to be installed and maintained during
construction as shown on the Grading Plan (Dwg. #14007-EC1 in Appendix A). Silt fences,
straw bale check dams and sediment traps will be inspected daily, and after every rain event
to determine maintenance, repair or replacement requirements. These measures will be
implemented prior to the commencement of construction and maintained in good order until
vegetation has been established.

8.0

CONCLUSION
The 1035 Moodie Drive site can be adequately serviced to be in conformance with the
current City of Ottawa Design Guidelines. The water service will be provided by a well and
the sanitary service will utilize a septic system. Both these services will be designed and
submitted by others at the appropriate detailed design stage. The following conclusions for
the storm and stormwater management system are provided:


Release of post development stormwater is controlled to the pre development 5 year
design storm for up to and including the 100 year design event.



The site will maintain the current pre-development drainage pattern by continuing to
sheet drain the stormwater runoff towards the existing roadside ditches to the north
and east.



The excess stormwater for the 5-year and 100-year storm event will be stored in an
on-site quantity storage facility.
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Quality treatment of the up to the enhanced level will continue to be provided by an
on-site quality control ditch facility with a geotextile mechanical filter as well the
existing off-site treatment train of shallow graded vegetated swales. The proposed
building rooftop will direct the relatively clean stormwater to grassed areas with no
other quality treatment necessary.



Temporary erosion and sediment control measures for the site have been identified.

Revised By:
ROBINSON LAND DEVELOPMENT

_________________________
Angela Jonkman, P.Eng.
Senior Project Manager
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Sean Czaharynski, P.Eng.
Manager – Land Development
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Figure 1: Key Plan
Figure 2: Off-site Drainage Plan
Site Servicing and Grading Plan –
Dwg. #14007-GR1
Figure 3: Pre-Development Drainage Plan
RVCA memo, dated March 27th, 2014
Figure 4: Post Development Drainage Plan
Figure 5: Dry Infiltration Ditch Detail
Erosion and Sediment Control Plan –
Dwg. #14007-EC1
Servicing Study Checklist

DEVELOPMENT SERVICING STUDY CHECKLIST

4.1

General Content
Executive Summary (for larger reports only).
Comments: N/A due to report length

Date and revision number of the report.
Comments: See title page

Location map and plan showing municipal address, boundary, and layout of
proposed development.
Comments: See Figure 1.0 in report

Plan showing the site and location of all existing services.
Comments: See Grading Plan 14007-GR1 for services within proposed site

Development statistics, land use, density, adherence to zoning and official plan, and
reference to applicable subwatershed and watershed plans that provide context to
which individual developments must adhere.
Comments:

The applicable governing reports are documented in Section 1.0 and 2.0. Adherence
to zoning has been covered in consultation with City staff.

Summary of Pre-consultation Meetings with City and other approval agencies.
Comments: Pre-consultations have taken place between Barbican Construction Limited and City
staff for the site plan configuration

Reference and confirm conformance to higher level studies and reports (Master
Servicing Studies, Environmental Assessments, Community Design Plans), or in the
case where it is not in conformance, the proponent must provide justification and
develop a defendable design criteria.
Comments: N/A

Statement of objectives and servicing criteria.
Comments: Stated throughout the report

Identification of existing and proposed infrastructure available in the immediate
area.
Comments: See Grading Plan 14007-GR1 for services within the site plan and surrounding areas

1

DEVELOPMENT SERVICING STUDY CHECKLIST

Identification of Environmentally Significant Areas, watercourses and Municipal
Drains potentially impacted by the proposed development (Reference can be made
to the Natural Heritage Studies, if available).
Comments: Stated within Servicing Report

Concept level master grading plan to confirm existing and proposed grades in the
development. This is required to confirm the feasibility of proposed stormwater
management and drainage, soil removal and fill constraints, and potential impacts to
neighbouring properties. This is also required to confirm that the proposed grading
will not impede existing major system flow paths.
Comments: See Grading Plan 14007-GR1 in Appendix A.

Identification of potential impacts of proposed piped services on private services
(such as wells and septic fields on adjacent lands) and mitigation required to address
potential impacts.
Comments: N/A

Proposed phasing of the development, if applicable.
Comments: There is no proposed phasing for this development.

Reference to geotechnical studies and recommendations concerning servicing.
Comments: A geotechnical Report as been completed by Paterson Group. No exceptional
geotechnical requirements are required.

All preliminary and formal site plan submissions should have the following
information:
Metric scale
North arrow (including construction North)
Key plan
Name and contact information of applicant and property owner
Property limits including bearings and dimensions
Existing and proposed structures and parking areas
Easements, road widening and rights-of-way
Adjacent street names
Comments:

2

DEVELOPMENT SERVICING STUDY CHECKLIST

4.2

Development Servicing Report: Water
Confirm consistency with Master Servicing Study, if available
Comments: N/A

Availability of public infrastructure to service proposed development
Comments: See section 4.0.

Identification of system constraints
Comments: N/A

Identify boundary conditions
Comments: N/A

Confirmation of adequate domestic supply and pressure
Comments: N/A

Confirmation of adequate fire flow protection and confirmation that fire flow is
calculated as per the Fire Underwriter's Survey. Output should show available fire
flow at locations throughout the development.
Comments: N/A

Provide a check of high pressures. If pressure is found to be high, an assessment is
required to confirm the application of pressure reducing valves.
Comments: N/A

Definition of phasing constraints. Hydraulic modeling is required to confirm
servicing for all defined phases of the project including the ultimate design
Comments: N/A

Address reliability requirements such as appropriate location of shut-off valves
Comments: N/A

Check on the necessity of a pressure zone boundary modification.
Comments: N/A

3

DEVELOPMENT SERVICING STUDY CHECKLIST

Reference to water supply analysis to show that major infrastructure is capable of
delivering sufficient water for the proposed land use. This includes data that shows
that the expected demands under average day, peak hour and fire flow conditions
provide water within the required pressure range
Comments: N/A

Description of the proposed water distribution network, including locations of
proposed connections to the existing system, provisions for necessary looping, and
appurtenances (valves, pressure reducing valves, valve chambers, and fire hydrants)
including special metering provisions.
Comments: See section 4.0.

Description of off-site required feedermains, booster pumping stations, and other
water infrastructure that will be ultimately required to service proposed
development, including financing, interim facilities, and timing of implementation.
Comments: N/A

Confirmation that water demands are calculated based on the City of Ottawa Design
Guidelines.
Comments: N/A

Provision of a model schematic showing the boundary conditions locations, streets,
parcels, and building locations for reference.
Comments: N/A

4

DEVELOPMENT SERVICING STUDY CHECKLIST

4.3

Development Servicing Report: Wastewater
Summary of proposed design criteria (Note: Wet-weather flow criteria should not
deviate from the City of Ottawa Sewer Design Guidelines. Monitored flow data from
relatively new infrastructure cannot be used to justify capacity requirements for
proposed infrastructure).
Comments: N/A

Confirm consistency with Master Servicing Study and/or justifications for
deviations.
Comments: N/A

Consideration of local conditions that may contribute to extraneous flows that are
higher than the recommended flows in the guidelines. This includes groundwater
and soil conditions, and age and condition of sewers.
Comments: N/A

Description of existing sanitary sewer available for discharge of wastewater from
proposed development.
Comments: See Section 4.0.

Verify available capacity in downstream sanitary sewer and/or identification of
upgrades necessary to service the proposed development. (Reference can be made to
previously completed Master Servicing Study if applicable)
Comments: N/A

Identification and implementation of the emergency overflow from sanitary
pumping stations in relation to the hydraulic grade line to protect against basement
flooding.
Comments: N/A

Special considerations such as contamination, corrosive environment etc.
Comments: N/A

5

DEVELOPMENT SERVICING STUDY CHECKLIST

4.4

Development Servicing Report: Stormwater
Description of drainage outlets and downstream constraints including legality of
outlets (i.e. municipal drain, right-of-way, watercourse, or private property)
Comments:

Storm water drains to a new storage infiltration facility at the rear of the property
and outlets to an existing ditch system in the northeast corner of the property.

Analysis of available capacity in existing public infrastructure.
Comments: N/A

A drawing showing the subject lands, its surroundings, the receiving watercourse,
existing drainage patterns, and proposed drainage pattern.
Comments: See drawing 14007-GR1 and SWM1

Water quantity control objective (e.g. controlling post-development peak flows to
pre-development level for storm events ranging from the 2 or 5 year event
(dependent on the receiving sewer design) to 100 year return period); if other
objectives are being applied, a rationale must be included with reference to
hydrologic analyses of the potentially affected subwatersheds, taking into account
long-term cumulative effects.
Comments: See Section 5 and Section 6 and drawings 14007-GR1, SWM1.

Water Quality control objective (basic, normal or enhanced level of protection based
on the sensitivities of the receiving watercourse) and storage requirements.
Comments: N/A

Description of the stormwater management concept with facility locations and
descriptions with references and supporting information.
Comments: N/A

Set-back from private sewage disposal systems.
Comments: N/A

Watercourse and hazard lands setbacks.
Comments: N/A

Record of pre-consultation with the Ontario Ministry of Environment and the
Conservation Authority that has jurisdiction on the affected watershed.
Comments: N/A

6

DEVELOPMENT SERVICING STUDY CHECKLIST

Confirm consistency with sub-watershed and Master Servicing Study, if applicable
study exists.
Comments: N/A

Storage requirements (complete with calculations) and conveyance capacity for
minor events (1:5 year return period) and major events (1:100 year return period).
Comments: See Section 5 and Section 6 and drawings 14007-GR1, SWM1.

Identification of watercourses within the proposed development and how
watercourses will be protected, or, if necessary, altered by the proposed
development with applicable approvals.
Comments: N/A

Calculate pre and post development peak flow rates including a description of
existing site conditions and proposed impervious areas and drainage catchments in
comparison to existing conditions.
Comments: See Section 5 and Section 6 and drawings 14007-GR1, SWM1.

Any proposed diversion of drainage catchment areas from one outlet to another.
Comments: N/A

Proposed minor and major systems including locations and sizes of stormwater
trunk sewers, and stormwater management facilities.
Comments: See Section 5 and Section 6 and drawings 14007-GR1, SWM1.

If quantity control is not proposed, demonstration that downstream system has
adequate capacity for the post-development flows up to and including the 100-year
return period storm event.
Comments: Quantity control is proposed. See Section 5 and Section 6 and drawings 14007-GR1,
SWM1.

Identification of potential impacts to receiving watercourses
Comments: N/A

Identification of municipal drains and related approval requirements.
Comments: N/A

7

DEVELOPMENT SERVICING STUDY CHECKLIST

Descriptions of how the conveyance and storage capacity will be achieved for the
development.
Comments: See Section 5 and Section 6 and drawings 14007-GR1, SWM1.

100 year flood levels and major flow routing to protect proposed development from
flooding for establishing minimum building elevations (MBE) and overall grading.
Comments: See Section 5 and Section 6 and drawings 14007-GR1, SWM1.

Inclusion of hydraulic analysis including hydraulic grade line elevations.
Comments: N/A

Description of approach to erosion and sediment control during construction for the
protection of receiving watercourse or drainage corridors.
Comments: See Section 7.0 and14007-GR1 in Appendix A.

Identification of floodplains - proponent to obtain relevant floodplain information
from the appropriate Conservation Authority. The proponent may be required to
delineate floodplain elevations to the satisfaction of the Conservation Authority if
such information is not available or if information does not match current
conditions.
Comments: N/A

Identification of fill constraints related to floodplain and geotechnical investigation.
Comments: N/A

8

DEVELOPMENT SERVICING STUDY CHECKLIST

4.5

Approval and Permit Requirements: Checklist

The Servicing Study shall provide a list of applicable permits and regulatory approvals
necessary for the proposed development as well as the relevant issues affecting each
approval. The approval and permitting shall include but not be limited to the following:
Conservation Authority as the designated approval agency for modification of
floodplain, potential impact on fish habitat, proposed works in or adjacent to a
watercourse, cut/fill permits and Approval under Lakes and Rivers Improvement
Act. The Conservation Authority is not the approval authority for the Lakes and
Rivers Improvement Act. Where there are Conservation Authority regulations in
place, approval under the Lakes and Rivers Improvement Act is not required, except
in cases of dams as defined in the Act.
Comments: N/A

Application for Certificate of Approval (CofA) under the Ontario Water Resources
Act.
Comments: The development will require an application for the Stormwater Management.

Changes to Municipal Drains.
Comments: N/A

Other permits (National Capital Commission, Parks Canada, Public Works and
Government Services Canada, Ministry of Transportation etc.)
Comments: N/A

4.6

Conclusion Checklist
Clearly stated conclusions and recommendations
Comments: See Section 8.0

Comments received from review agencies including the City of Ottawa and
information on how the comments were addressed. Final sign-off from the
responsible reviewing agency.
Comments: N/A

All draft and final reports shall be signed and stamped by a professional Engineer
registered in Ontario
Comments: Report are signed.
9

Appendix B
Low Impact Development Manual excerpt, Version
1.0, 2010
(prepared jointly by CVC and TRCA)
OPSS 1860
Sewer Capacity Table excerpt,
City of Ottawa Sewer Design Guidelines
Table 3.2: Water Quality Storage Requirements,
2003 MOE SWM Planning and Design Manual
excerpt
Equation 4.9 – 25mm Storm Intensity,
2003 MOE SWM Planning and Design Manual
excerpt
Equation 4.10 – Drawdown Time,
2003 MOE SWM Planning and Design Manual
excerpt
Supporting Calculations
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4.9

Dry Swales

4.9.1 Overview
Description
A dry swale can be thought of as an enhanced grass swale that incorporates an
engineered soil (i.e., filter media or growing media) bed and optional perforated pipe
underdrain or a bioretention cell configured as a linear open channel (Figure 4.9.1).
They can also be referred to as infiltration swales or bio-swales. Dry swales are similar
to enhanced grass swales in terms of the design of their surface geometry, slope, check
dams and pretreatment devices. They are similar to bioretention cells in terms of the
design of the filter media bed, gravel storage layer and optional underdrain components.
In general, they are open channels designed to convey, treat and attenuate stormwater
runoff. Vegetation or aggregate material on the surface of the swale slows the runoff
water to allow sedimentation, filtration through the root zone and engineered soil bed,
evapotranspiration, and infiltration into the underlying native soil. Dry swales may be
planted with grasses or have more elaborate landscaping (Figure 4.9.1).
Figure 4.9.1 Dry swales can be vegetated with turf grass or more elaborate vegetation

Source: SVR Design (left); Seattle Public Utilities (right)

Common Concerns
If properly designed and maintained, dry swales can provide stormwater treatment while
accenting the natural landscape and providing improved site aesthetics. Concerns
associated with their use should be addressed through design and may include:
x

Risk of Groundwater Contamination: Most pollutants in urban runoff are well
retained by infiltration practices and soils and therefore, have a low to moderate
potential for groundwater contamination (Pitt et al., 1999). Chloride and sodium
from de-icing salts applied to roads and parking areas during winter are not well
attenuated in soil and can easily travel to shallow groundwater. Infiltration of de4-149
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icing salt constituents is also known to increase the mobility of certain heavy
metals in soil (e.g., lead, copper and cadmium), thereby raising the potential for
elevated concentrations in underlying groundwater (Amrhein et al., 1992; Bauske
and Goetz, 1993). However, very few studies that have sampled groundwater
below infiltration facilities or roadside ditches receiving de-icing salt laden runoff
have found concentrations of heavy metals that exceed drinking water standards
(e.g., Howard and Beck, 1993; Granato et al., 1995). To minimize risk of
groundwater contamination the following management approaches are
recommended (Pitt et al., 1999; TRCA, 2009b):
o stormwater infiltration practices should not receive runoff from high traffic
areas where large amounts of de-icing salts are applied (e.g., busy
highways), nor from pollution hot spots (e.g., source areas where land
uses or activities have the potential to generate highly contaminated runoff
such as vehicle fuelling, servicing or demolition areas, outdoor storage or
handling areas for hazardous materials and some heavy industry sites);
o prioritize infiltration of runoff from source areas that are comparatively less
contaminated such as roofs, low traffic roads and parking areas; and,
o apply sedimentation pretreatment practices (e.g., vegetated filter strip, pea
gravel diaphragm, sedimentation forebay) before infiltration of road or
parking area runoff.
x

Risk of Soil Contamination: Available evidence from monitoring studies indicates
that small distributed stormwater infiltration practices do not contaminate
underlying soils, even after more than 10 years of operation (TRCA, 2008).

x

On Private Property: If dry swales are installed on private lots, property owners or
managers will need to be educated on their routine maintenance needs,
understand the long-term maintenance plan, and be subject to a legally binding
maintenance agreement. An incentive program such as a storm sewer user fee
based on the area of impervious cover on a property that is directly connected to
a storm sewer (i.e., does not first drain to a pervious area or LID practice) could
be used to encourage property owners or managers to maintain existing
practices. Alternatively, dry swales could be located in an expanded road rightof-way or “stormwater easement” so that municipal staff can access the facility in
the event it fails to function properly.

x

Maintenance: The major maintenance requirement associated with dry swales is
mowing or trimming vegetation. Occasionally, sediment will need to be removed,
although this can be minimized by ensuring that upstream areas are stabilized
and incorporating pretreatment devices (e.g., vegetated filter strips,
sedimentation forebays, gravel diaphragms).

x

Erosion: Erosion can be prevented by limiting the allowable longitudinal slope
and incorporating check dams. Additionally, designers can provide permanent
reinforcement matting for swales with high velocity and temporary matting during
the vegetation establishment period.
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x

Standing Water and Mosquitoes: Properly designed dry swales will not pond
water at the surface for longer than 24 hours following a storm event. However,
poor design, installation, or maintenance can lead to nuisance conditions.

Physical Suitability and Constraints
Dry swales can be implemented on a variety of development sites where development
density, topography and depth to water table permit their application. Some key
constraints for dry swales include:
x

Wellhead Protection: Facilities receiving road or parking lot runoff should not be
located within two (2) year time-of-travel wellhead protection areas.

x

Available Space: Dry swale footprints are approximately 5 to 15% of their
contributing drainage area. When applied to residential areas, the swale
segments between driveways should be at least 5 metres in length.

x

Site Topography: Dry swales should be designed with longitudinal slopes
generally ranging from 0.5 to 4%, and no greater than 6% (PDEP, 2006). On
slopes steeper than 3%, check dams should be used.

x

Water Table: Designers should ensure that the bottom of the swale is separated
from the seasonally high water table or top of bedrock elevation by at least one
(1) metre to prevent groundwater contamination.

x

Soils: Dry swales can be located over any soil type, but hydrologic soil group A
and B soils are best for achieving water balance benefits. Facilities should be
located in portions of the site with the highest native soil infiltration rates. Where
infiltration rates are less than 15 mm/hr (hydraulic conductivity less than 1x10-6
cm/s) an underdrain is required. Native soil infiltration rate at the proposed facility
location and depth should be confirmed through measurement of hydraulic
conductivity under field saturated conditions using the methods described in
Appendix C.

x

Drainage Area and Runoff Volume to Site: Dry swales typically treat drainage
areas of less than two hectares. If dry swales are used to treat larger areas, the
velocity through the swale becomes too great to treat runoff or prevent erosion.
Typical ratios of impervious drainage area to dry swale area range from 5:1 to
15:1.



Pollution Hot Spot Runoff: To protect groundwater from possible contamination,
source areas where land uses or human activities have the potential to generate
highly contaminated runoff (e.g., vehicle fueling, servicing and demolition areas,
outdoor storage and handling areas for hazardous materials and some heavy
industry sites) should not be treated dry swales designed for full or partial
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infiltration. Facilities designed with an impermeable liner (filtration only facilities)
can be used to treat runoff from pollution hot spots.
x

Setbacks from Buildings: Dry swales should be setback four (4) metres from
building foundations. When located within 3 metres of building foundations, an
impermeable liner and perforated pipe underdrain system should be used.

x

Proximity to Underground Utilities: Designers should consult local utility design
guidance for the horizontal and vertical clearance between storm drains, ditches,
and surface water bodies. It is feasible for on-site utilities to cross dry swales;
however, this may require the use of special protection (e.g., double-casing) for
the subject utility line.

Typical Performance
The ability of various dry swale design variations to help meet stormwater management
objectives is summarized in Table 4.9.1.
Table 4.9.1 Ability of dry swales to meet SWM objectives
Water Balance
Benefit

Water Quality
Improvement

Yes

Yes – size for water
quality storage
requirement

Dry swale with
underdrain or partial
infiltration

Partial – based on
available storage
volume beneath the
underdrain and soil
infiltration rate

Yes – size for water
quality storage
requirement

Dry swale with
underdrain and
impermeable liner or
no infiltration

Partial – some volume
reduction through
evapotranspiration

Yes – size for water
quality storage
requirement

BMP
Dry swale with no
underdrain or full
infiltration

Stream Channel
Erosion Control
Benefit
Partial – based on
available storage
volume and infiltration
rates
Partial – based on
available storage
volume beneath the
underdrain and soil
infiltration rate
Partial – some
volume reduction
through
evapotranspiration

Water Balance
Limited data are available to define the typical runoff reduction rate for dry swales.
Since they incorporate many of the same design elements, dry swales can be expected
to perform similar to bioretention cells (Table 4.9.2).
Water Quality - Pollutant Removal Capacity
While few field studies of the pollutant removal capacity of dry swales are available from
cold climate regions like Ontario, it can be assumed that they would perform similar to
bioretention facilities (see Section 4.5.1). Bioretention provides effective removal for
many pollutants as a result of sedimentation, filtering, plant uptake, soil adsorption, and
microbial processes. It is important to note that there is a relationship between the
water balance and water quality functions. If a dry swale infiltrates and evaporates
100% of the flow from a site, then there is essentially no pollution leaving the site in
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surface runoff. Furthermore, treatment of infiltrated runoff will continue to occur as it
moves through the native soils.
Table 4.9.2 Volumetric runoff reduction1 achieved by dry swales
LID Practice
Dry Swale
without
underdrain
Dry Swale with
underdrain
Bioretention
without
underdrain

Bioretention
with underdrain

Runoff Reduction

Washington

98%

Horner et al. (2003)

United Kingdom

94%

Jefferies (2004)

Maryland

46 to 54%

Stagge (2006)

Connecticut

99%

Dietz and Clausen (2006)

Pennsylvania

80%

Ermilio (2005)

Pennsylvania

70%

Emerson and Traver (2004)

Ontario

58%

TRCA (2008b)

North Carolina

40 to 60%

Smith and Hunt (2007)

North Carolina

33 to 50%

Hunt and Lord (2006)

Maryland and North
Carolina

20 to 50%

Li et al. (2009)

Runoff Reduction Estimate
Notes:
1.
2.

1

Location

Reference

85% without underdrain;
45% with underdrain

2

Runoff reduction estimates are based on differences in runoff volume between the practice and a
conventional impervious surface over the period of monitoring.
This estimate is provided only for the purpose of initial screening of LID practices suitable for achieving
stormwater management objectives and targets. Performance of individual facilities will vary depending on
site specific contexts and facility design parameters and should be estimated as part of the design process
and submitted with other documentation for review by the approval authority.

Performance results from both laboratory and field studies indicate that bioretention
systems have the potential to be one of the most effective BMPs for pollutant removal
(TRCA, 2009b). Excellent pollutant removal rates have been observed through field
studies for total suspended solids (Roseen et al., 2009), polycyclic aromatic
hydrocarbons (TRCA, 2008b; Diblasi et al., 2009), and metals (Davis et al., 2003; Hunt
et al., 2006; Roseen et al., 2006; Davis, 2007; TRCA, 2008b). Good removal rates for
metals have even been observed in bioretention facilities receiving snow melt that
contains de-icing salt constituents (Muthanna et al., 2007).
Field investigations of nutrient removal by bioretention facilities have produced more
variable results (TRCA, 2009b). Some facilities have been observed to increase total
phosphorus in infiltrated water (Dietz and Clausen, 2005; Hunt et al., 2006; TRCA,
2008b). These findings have been attributed to leaching from the filter media soil
mixture which contained high phosphorus content. To avoid phosphorus export, the
phosphorus content (i.e., Phosphorus Index) of the filter media soil mixture should be
examined and kept between 10 to 30 ppm (Hunt and Lord, 2006). While moderate
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reductions in total nitrogen and ammonia nitrogen have been observed in laboratory
studies (Davis et al., 2001) and field studies (Dietz and Clausen, 2005), nitrate nitrogen
has consistently observed to be low.
Little data exists on the ability of bioretention to reduce bacteria concentrations, but
preliminary results report good removal rates for fecal coliform bacteria (Rusciano and
Obropta, 2005; Hunt et al., 2008; TRCA, 2008b).
Several factors that can greatly increase or decrease the pollutant removal capacity of
dry swales are provided in Table 4.9.4.
Table 4.9.3 Factors that influence the pollutant removal capacity of dry swales
Factors that Reduce Removal Rates

Factors that Enhance Removal Rates

Longitudinal slope > 3%

Longitudinal slope between 0.5 to 3%

Measured soil infiltration rate is less than 15
mm/hr

Measured soil infiltration rate is 15 mm/hr or
greater

Filter media P-Index values > 30 ppm

1

Filter media P-Index values < 30 ppm

Flow velocity within swale > 0.5 m/s during a 4
hour, 25 mm Chicago storm event
No pretreatment
Swale side slopes steeper than 3:1 (H:V)

1

Flow velocity within swale is 0.5 m/s or less
during a 4 hour, 25 mm Chicago storm event
Pretreatment with vegetated filter strips, gravel
diaphragms and/or sedimentation forebays
Swale side slopes 3:1 (H:V) or less

Notes:
1. P-index values refers to phosphorus soil test index values in parts per million (ppm). See www.omafra.gov.on.ca
for information on soil testing and a list of accredited soil laboratories.

Stream Channel Erosion Control
While most dry swales are not designed to provide channel erosion control storage
volume, the high degree of runoff reduction reported in performance monitoring studies
suggests that they have the potential to protect downstream channels from erosion. If
space is available, they may be designed for extended detention.

4.9.2 Design Template
Applications
The linear nature of dry swales makes them well-suited to treat road runoff as they can
be incorporated into road rights-of-way (see Figure 4.9.2). They are also a suitable
practice for managing runoff from parking lots, roofs and pervious surfaces, such as
yards, parks and landscaped areas. Dry swales can be used for storing and treating
snow from the contributing drainage area.
Dry swales require a considerable amount of space, often making them impractical in
densely developed urban areas. Where development density, topography and depth to
water table permit, dry swales can be used to provide stormwater conveyance in place
of conventional curb and gutter and storm drain systems.
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Dry swales vary in appearance based on the type of vegetation. Swales can be planted
with turf grass, tall meadow grasses, decorative herbaceous cover, or trees (Figure
4.9.2).
Figure 4.9.2 Dry swales are well suited to road rights-of-way and parking lots

Source: City of Portland (left); Lake County Illinois (centre); Portland Public Schools (right)

Design Guidance
Geometry and Site Layout
Design guidance regarding the geometry and layout of dry swales is provided below:
x

x

Shape: A parabolic shape is preferable for aesthetic, maintenance and hydraulic
reasons. However, design may be simplified with a trapezoidal cross section as
long as the engineered soil (filter media) bed boundaries lay in the flat bottom
areas. Swale length between culverts should be 5 metres or greater.
Bottom Width: For the trapezoidal cross section, the bottom width should be
between 0.75 and 3 metres. When greater widths are desired, bioretention cell
designs (Section 4.5) should be used.

x

Side Slopes: The side slopes of the channel should be no steeper than 3:1 for
maintenance considerations (mowing). Flatter slopes are encouraged where
adequate space is available to aid in providing pretreatment for sheet flows
entering the swale.

x

Longitudinal Slope: The slope of the swale should be as gradual as possible to
permit the temporary ponding of the water quality storage requirement. Dry
swales should be designed with longitudinal slopes generally ranging from 0.5 to
4%. On slopes steeper than 3%, check dams should be used. Check dam
spacing should be based on the slope and desired ponding volume. They should
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be spaced far enough apart to allow access for maintenance equipment (e.g.,
mowers).
Typical Details
Figure 4.9.3 Schematic of a dry swale

Also see Figure 4.10 from the OMOE Stormwater Management Planning and Design
Manual (OMOE, 2003).
Pretreatment
Pretreatment devices capture and remove coarse sediment particles before they reach
the engineered soil (i.e., filter media) bed to prevent premature clogging and prolong
effective function of dry swales. A two-cell design that incorporates a sedimentation
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forebay is recommended as it provides the most-effective pretreatment. Several
pretreatment measures are feasible, depending on the method of conveyance and the
drainage area:
x

Sedimentation forebay (two-cell design): Forebay ponding volume should
account for 25% of the water quality storage requirement and be designed with a
2:1 length to width ratio. This pre-treatment device is the most effective and has
the easiest sediment-removal mechanism.

x

Grass filter strip (sheet flow): These grass strips should ideally be a minimum of
three metres in width. However, space constraints at some sites prohibit this
width. If smaller strips are used, more frequent maintenance of the filter bed can
be anticipated.

x

Gravel diaphragm (sheet flow): A gravel diaphragm at the end of pavement
should run perpendicular to the flow path to promote settling. The pea gravel
diaphragm (a small trench running along the top of the dry swale) serves two
purposes. First, it acts as a pretreatment device, settling out sediment particles
before they reach the practice. Second, it acts as a level spreader, maintaining
sheet flow into the dry swale. If the contributing drainage area is steep, then
larger stone should be used in the diaphragm. A 50 to 150 mm drop from a hardedged surface into a gravel or stone diaphragm can be used to dissipate energy
and promote settling.

x

Rip rap and/or dense vegetation (channel flow): These energy dissipation
techniques are acceptable as pre-treatment on small swales with a drainage area
of less than 100 square metres.

Conveyance and Overflow
Dry swales should be designed for a maximum velocity of 0.5 m/s or less for a 4 hour
25 mm Chicago storm event. The swale should also convey the locally required design
storm (usually the 10 year storm) at non-erosive velocities with freeboard provided
above the required design storm water level.
Monitoring Wells
A capped vertical standpipe consisting of an anchored 100 to 150 millimetre diameter
perforated pipe with a lockable cap installed to the bottom of the facility at the furthest
downgradient end is recommended for monitoring the length of time required to fully
drain the facility between storms.
Gravel Storage Layer
x Depth: Should be a minimum of 300 mm deep and sized to provide the required
storage volume. Granular material should be 50 mm diameter clear stone.
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x

Pea gravel choking layer: A 100 mm deep layer of pea gravel (3 to 10 mm
diameter clear stone) should be placed on top of the coarse gravel storage layer
as a choking layer separating it from the overlying filter media bed.

Filter Media
x Composition: The recommended bioretention filter media soil mixture is:
Component
Sand (2.0 to 0.050 mm dia.)
Fines (< 0.050 mm dia.)
Organic matter

Percent by Weight
85 to 88 %
8 to 12 %
3 to 5 %

To ensure a consistent and homogeneous bed, filter media should come premixed from an approved vendor. The filter media soil mixture should have the
following properties:
o The recommended Phosphorus soil test (P- index) value is between 10 to
30 ppm (Hunt and Lord, 2006). Visit the Ontario Ministry of Agriculture,
Food, and Rural Affairs website (www.omafra.gov.on.ca) for information
on soil testing and a list of accredited soil laboratories.
o Soils with cationic exchange capacity (CEC) exceeding 10 milliequivalents
per 100 grams (meq/100 g) are preferred for pollutant removal (Hunt and
Lord, 2006).
o The mixture should be free of stones, stumps, roots, or other similar
objects larger than 50 mm.
o For optimal plant growth, the recommended pH is between 5.5 to 7.5.
Lime can be used to raise the pH, or iron sulphate plus sulphur can be
used to lower the pH. The lime and iron sulphate need to be uniformly
mixed into the soil (Low Impact Development Center, 2003a).
o The media should have an infiltration rate of greater than 25 mm/hr.
One adaptation is to design the media as a sand filter with organic content only
at the top. Leaf compost tilled into the top layers will provide organic content for
the plants. If grass is the only vegetation, the ratio of compost may be reduced
(Hirschman, 2008; Smith and Hunt, 2007).
x

Depth: The recommended filter bed depth is between 1.0 and 1.25 metres.
However, in constrained applications, pollutant removal benefits may be
achieved in filter beds as shallow as 500 millimetres. (Davis et al., 2009; and
Hunt et al., 2006). If trees are included in the bioretention design, then the filter
bed depth must be at least 1.0 metre and have soil volume to accommodate the
root structure of mature trees. A minimum of 12 cubic metres of shared root
space is recommended for healthy canopy trees. Use perennials, shrubs or
grasses instead of trees when landscaping shallower filter beds.
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x

Mulch: A 75 millimetre layer of mulch on the surface of the filter bed enhances
plant survival, suppresses weed growth, and pre-treats runoff before it reaches
the filter bed. Shredded hardwood bark mulch makes a very good surface cover,
as it retains a significant amount of nitrogen and typically will not float away. The
mulch layer also plays a key role in the removal of heavy metals, sediment, and
nutrients (Davis et al., 2001; Davis et al., 2003; Davis et al., 2006; Dietz and
Clausen, 2006; Hunt, 2003; and Hsieh and Davis, 2005). Alternately, temporary
or permanent erosion control matting can be used in lieu of the mulch layer. The
matting should be coconut fiber or another durable material, and should be
installed prior to the landscaping. Matting is recommended where flow velocities
would likely wash the mulch away.

Underdrain
x Only needed where native soil infiltration rate is less than 15 mm/hr (hydraulic
conductivity of less than 1x10-6 cm/s).
x Should consist of a perforated pipe embedded in the coarse gravel storage layer
at least 100 mm above the bottom of the gravel storage layer.
x HDPE or equivalent material perforated pipes with smooth interior walls should
be used. Pipes should be over-sized to accommodate freezing conditions. A
minimum 200 mm diameter underdrain is recommended for this reason (MPCA,
2005). Underdrains should be capped on the upstream end(s).
x A strip of geotextile filter fabric placed between the filter media and pea gravel
choking layer over the perforated pipe is optional to help prevent fine soil
particles from entering the underdrain. Table 4.5.7 provides further detail
regarding geotextile specifications.
x A vertical standpipe connected to the underdrain can be used as a cleanout and
monitoring well.
Landscaping
Designers should choose grasses, herbaceous plants, or trees that can withstand both
wet and dry periods as well as relatively high velocity flows within the swale. Where
possible a combination of native trees, shrubs and perennial herbs should be used in
addition to grasses. For applications along roads and parking lots, where snow may be
plowed or stored, non-woody and salt tolerant species should be chosen. A list of
native plant species suitable for dry swale applications and direction on picking the right
plants is provided in Appendix B.
Other Details
Check dams or weirs may be used to obtain the necessary water quality storage
volume. The check dams should be spaced based on the longitudinal slope and
ponding requirements, while considering the maximum ponding depth. Check dams
should be composed of wood or stone. Alternatively, driveway culverts can be used for
this purpose.
In urban settings, trash accumulation and pedestrian traffic call for special
consideration. Consider the following adaptations:
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x
x

To protect vegetation and prevent soil compaction, fencing (low, wrought iron
fences), low walls, bollards and chains, curbs, and constructed walkways can be
incorporated.
Trash racks can be installed between pretreatment devices and the swale or
across curb cuts.

Other Design Resources
Several other manuals that provide useful design guidance for dry swales are:
Center for Watershed Protection (CWP). 2007b. Urban Stormwater Retrofit
Practices: Manual 3 in the Urban Subwatershed Restoration Manual Series.
Ellicott City, MD.
Claytor, R. and T. Schueler. 1996. Design of Stormwater Filtering Systems.
Center for Watershed Protection. Ellicott City, MD.
Ontario Ministry of the Environment (OMOE). 2003. Stormwater Management
Planning and Design Manual. Ontario, Canada.

BMP Sizing
The surface channel component of dry swales should be designed for a maximum flow
velocity of 0.5 m/sec. during the 25 mm, 4 hour Chicago storm event over the drainage
area.
The sizing methodology for the filter media bed component of dry swales is the same as
that for bioretention practices. The depth of a dry swale filter media bed designed for
full infiltration (i.e., no underdrain) is dependent on the native soil infiltration rate,
porosity (void space ratio) of the filter bed and gravel storage layer media (i.e,
aggregate material used in the stone reservoir) and the targeted time period to achieve
complete drainage between storm events. Assuming a void space ratio of 0.4 for both
the filter bed and gravel storage layer media, the maximum allowable depth of the filter
bed can be calculated using the following equation:
db max = i * (ts –dp / i) / Vr
Where:
db max
i
Vr
ts
dp

= Maximum filter media bed depth (mm)
= Infiltration rate for native soils (mm/hr)
= Void space ratio for filter bed and gravel layer (assume 0.4)
= Time to drain (design for 48 hour time to drain is recommended)
= Maximum surface ponding depth (mm)

For designs that include an underdrain, the filter media bed should be 1 to 1.25 metres
in depth. The following equation can be used to determine the maximum depth of the
stone reservoir below the invert of the underdrain pipe:
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dr max = i * ts / Vr
Where:
dr max = Maximum depth of stone reservoir below the underdrain pipe
The value for native soil infiltration rate (i) used in the above equations should be the
design infiltration rate that incorporates a safety correction factor based on the ratio of
the mean value at the proposed bottom elevation of the practice to the mean value in
the least permeable soil horizon within 1.5 metres of the proposed bottom elevation
(see Appendix C, Table C2). For designs with no underdrain that are located on less
permeable soils, a minimum filter bed depth of 0.5 metres is recommended to ensure
water quality benefits will be achieved. For designs with filter bed depths less than 1
metre, a maximum surface ponding depth of 85 to 100 mm is recommended.
Once the depth of the filter media bed is determined the water quality volume,
computed using the methods in the relevant CVC and TRCA stormwater management
criteria documents (CVC, 2010; TRCA, 2010), can be used to determine the footprint
needed using the following equation:
Af = WQV / (db* Vr)
Where:
Af
WQV
db
Vr

= Footprint surface area (m2)
= Water quality volume (m3)
= Filter media bed depth (m)
= Void space ratio for filter bed and gravel layer (assume 0.4)

The ratio of impervious drainage area to footprint surface area of the practice should be
between 5:1 and 15:1 to limit the rate of accumulation of fine sediments and thereby
prevent clogging.
Design Specifications
Recommended design specifications for dry swales are provided in Table 4.9.4.
Table 4.9.4 Design specifications for dry swales
Component

Specification

Filter Media
Composition

Filter Soil Mixtures to contain:
 85 to 88% sand
 8 to 12% soil fines
 3 to 5% organic matter in form of leaf
compost
Other Criteria:
 Phosphorus soil test (P-Index) value 10 to 30
ppm
 Cationic exchange capacity (CEC) greater
than 10 meq/100 g
 pH between 5.5 to 7.5

Quantity
Recommended depth is
between 1.0 and 1.25 metres.
Alternative depths may be
appropriate in constrained
applications.
Volumetric computation based
on surface area and depth used
in design computations.
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Component
Geotextile

Specification
Material specifications should conform to
Ontario Provincial Standard Specification
(OPSS) 1860 for Class II geotextile fabrics.

Quantity
Between the filter media bed
and gravel storage layer (stone
reservoir).

Should be woven monofilament or non-woven
needle punched fabrics. Woven slit film and
non-woven heat bonded fabrics should not be
used as they are prone to clogging.
Primary considerations are:
- Suitable apparent opening size (AOS) for nonwoven fabrics, or percent open area (POA) for
woven fabrics, to maintain water flow even with
sediment and microbial film build-up;
- Texture (i.e., grain size distribution) of the
overlying native soil, filter media soil or
aggregate material; and
- Permeability of the native soil.
The following geotextile fabric selection criteria
are suggested (adapted from AASHTO, 2002;
Smith, 2006; and U.S. Dept. of Defense, 2004):
Apparent Opening Size (AOS; max. average
roll value) or Percent Open Area (POA)
For fine grained soils with more than 85% of
particles smaller than 0.075 mm (passing a No.
200 sieve):
AOS PP QRQ-woven fabrics)
For fine grained soils with 50 to 85% of particles
smaller than 0.075 mm (passing a No. 200
sieve):
AOS PP QRQ-woven fabrics)
POA  ZRYHQIDEULFV
For coarser grained soils with 5 to 50% of
particles smaller than 0.075 mm (passing a No.
200 sieve):
AOS PP QRQ-woven fabrics)
POA  ZRYHQIDEULFV
For coarse grained soils with less than 5% of
particles smaller than 0.075 mm (passing a No.
200 sieve):
AOS PP QRQ-woven fabrics)
POA  ZRYHQIDErics)
Hydraulic Conductivity (k, in cm/sec)
k (fabric) > k (soil)
-1

Permittivity (in sec )
Where,
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Component

Specification

Quantity

Permittivity = k (fabric)/thickness (fabric):
For fine grained soils with more than 50% of
particles smaller than 0.075 mm (passing a No.
-1
200 sieve), Permittivity should be 0.1 sec
For coarser grained soils with 15 to 50% of
particles smaller than 0.075 mm (passing a No.
-1
200 sieve), Permittivity should be 0.2 sec .

Gravel

Underdrain

Check Dams

For coarse grained soil with less than 15% of
particles smaller than 0.075 mm (passing a No.
-1
200 sieve), Permittivity should be 0.5 sec .
Washed 50 mm diameter clear stone should be
used to surround the underdrain and for the
gravel storage layer
Washed 3 to 10 mm diameter clear stone
should be used for pea gravel choking layer.
Perforated HDPE or equivalent, minimum 100
mm diameter, 200 mm recommended.





Mulch or Matting




Check dams should be constructed of a
non-erosive material such as wood,
gabions, riprap, or concrete. All check dams
should be underlain with filter fabric
conforming to local design standards.
Wood used for check dams should consist
of pressure treated logs or timbers, or
water-resistant tree species such as cedar,
hemlock, swamp oak or locust.
Mulch should be shredded hardwood bark
at least 75 mm deep.
Where flow velocities dictate, use erosion
and sediment control matting – coconut
fiber or equivalent.

Volume based on dimensions,
assuming a void space ratio of
0.4.

 Perforated pipe for length of
swale where required.
 Non-perforated pipe as
needed to connect with storm
drain system.
 One or more caps.
 T’s for underdrain
configuration.
Computation of check dam
material needed based on
surface area and depth used in
design computations.




A 75 mm layer on the
surface of the filter bed.
Matting – based on surface
area of filter bed.

Construction Considerations
Sequencing
Ideally, dry swale sites should remain outside the limit of disturbance until construction
of the swale begins to prevent soil compaction by heavy equipment. Dry swale locations
should never be used as the site of sediment basins during construction, as the
concentration of fines will prevent post-construction infiltration. To prevent sediment
from clogging the surface of a dry swale, stormwater should be diverted away from the
practice until the drainage area is fully stabilized.
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The construction sequence for dry swales is similar to that used for bioretention (for
further details see section 4.5). Three key steps should be emphasized. First, the
contributing drainage area has been fully stabilized prior to dry swale construction.
Second, designers should check elevations at driveway culverts and check dams to
ensure ponding depths are achieved. Lastly, the swale channel and side slopes should
be rapidly stabilized using biodegradable geotextile blankets and seeding before
bringing the swale “on line”.
Construction Inspection
Common construction pitfalls can be avoided by careful construction supervision that
focuses on the following aspects:
Erosion and Sediment Control
x Dry swale locations should be blocked from construction traffic and should not be
used for erosion and sediment control.
x Proper erosion and sediment controls should be in place for the drainage area
during construction, including sediment fencing around the swale.
Materials
x Gravel for the underdrain should be clean and washed; no fines should be
present in the material.
x Underdrain pipe material should be perforated and of the correct size.
x A cap should be placed on the upstream (but not the downstream) end of the
underdrain.
x Filter media should be tested to confirm that it meets specifications.
x Mulch composition should be correct.
x Matting, if used, should be correct specification, and durable enough to last at
least 2 growing seasons.
Elevations
Elevations of the following items should be checked for accuracy:
x Depth of the gravel and invert of the underdrain
x Inverts for inflow and outflow points
x Filter depth after media is placed
x Ponding depth provided between the surface of the filter bed and the overflow
structure
x Mulch depth
Landscaping and Stabilization
x Correct vegetation should be planted.
x Pretreatment area should be stabilized.
x Drainage area should be stabilized prior to directing water to the swale.
The following items should be checked after the first rainfall event, and adjustments
should be made as necessary:
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x
x
x
x

Sheet flow should occur as designed.
Outfall protection/energy dissipation at concentrated inflow should be stable.
Ponded water on the surface of the swale should drain within 24 hours of the end
of the storm event. The filter media bed should fully drain within 72 hours.
Sediment accumulation should not be present.

4.9.3 Maintenance and Construction Costs
Inspection and Maintenance
Maintenance of dry swales mostly involves maintenance of the vegetative cover as well
as periodic inspection for less frequent maintenance needs. Generally, routine
maintenance will be the same for any other landscaped area; weeding, pruning, mowing
and litter removal. Inspections annually and after every major storm event (> 25 mm),
will determine whether corrective action is necessary to address gradual deterioration or
abnormal conditions.
For the first six months following construction, the site should be inspected after each
storm event greater than 10 mm, or a minimum of twice. Subsequently, inspections
should be conducted in the spring of each year and after rainfall events greater than 25
mm. Two or three growing seasons may be required to establish vegetation to the
desired level. During this period, erosion and sediment control practices, such as mats
or blankets, should be used to help protect swale structure.
The expected lifespan of infiltration practices is not well understood, however, it can be
expected that it will vary depending on pretreatment practice maintenance frequency,
and the sediment texture and load coming from the catchment.
Routine Inspection and Maintenance
Routine inspection and maintenance activities, as shown in Table 4.9.5, are necessary
for the continued operation of dry swales. Suggested inspection items and corrective
actions are provided in Table 4.9.6.
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Table 4.9.5 Suggested routine inspection and maintenance activities for dry swales
Activity
Inspect for vegetation density (at least 80% coverage),
damage by foot or vehicular traffic, channelization,
accumulation of debris, trash and sediment, and structural
damage to pretreatment devices.
Regular watering may be required during the first two years
while vegetation is becoming established;

Schedule
After every major storm event
(>25 mm), quarterly for the first
two years, and twice annually
thereafter.
As needed for the first two years
of operation.




Mow grass to maintain height between 75 to 150 mm;
Remove trash and debris from pretreatment devices, the
swale surface and inlet and outlets.

At least twice annually. More
frequently if desired for aesthetic
reasons.



Remove accumulated sediment from pretreatment devices,
inlets and outlets;
Trim trees and shrubs;
Replace dead vegetation, remove invasive growth, dethatch,
remove thatching and aerate (PDEP, 2006;
Repair eroded or sparsely vegetated areas;
Remove accumulated sediment on the swale surface when
dry and exceeds 25 mm depth (PDEP, 2006);
If gullies are observed along the swale, regrading and
revegetating may be required.











Annually or as needed

Table 4.9.6 Suggested inspection items and corrective actions for dry swales
Inspection Item
Vegetation health,
diversity and
density

Sediment build up
and clogging at
inlets

x
x
x
x
x
x
x
x

Ponding for more
than 48 hours

x
x
x
x
x

Corrective Actions
Remove dead and diseased plants.
Add reinforcement planting to maintain desired vegetation density.
Prune woody matter.
Check soil pH for specific vegetation.
Add mulch to maintain 75 mm layer.
Remove sand that may accumulate at the inlets or on the filter bed
surface following snow melt.
Examine drainage area for bare soil and stabilize. Apply erosion control
such as silt fence until the area is stabilized.
Check that pretreatment is properly functioning. For example, inspect
filter strips for erosion or gullies. Reseed as necessary.
Check underdrain for clogging and flush out.
Apply core aeration or deep tilling
Mix amendments into the soil
Remove the top 75 mm of filter media soil
Replace filter media soil

Installation and Operation Costs
Very limited information is available regarding dry swale construction costs. Due to
similarities in design, dry swale construction costs are likely comparable to those for
bioretention. In a study by the Center for Watershed Protection to estimate and
compare construction costs for various stormwater BMPs, the median base construction
cost for bioretention was estimated to be $62,765 (2006 USD) per impervious hectare
treated with estimates ranging from $49,175 to $103,165 (CWP, 2007b). These
estimates do not include design and engineering costs, which could range from 5 to
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40% of the base construction cost (CWP, 2007b). However, since dry swales serve as
a conveyance measure, their cost is offset by the savings in curb and gutter, inlets, and
storm sewer pipe as well as the reduction in other stormwater best management
practices needed downstream.
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1860.01

SCOPE

This specification covers the material requirements for geotextiles.
1860.01.01

Specification Significance and Use

This specification has been developed for use in provincial- and municipal-oriented Contracts. The
administration, testing, and payment policies, procedures, and practices reflected in this specification
correspond to those used by many municipalities and the Ontario Ministry of Transportation.
Use of this specification or any other specification shall be according to the Contract Documents.
1860.01.02

Appendices Significance and Use

Appendices are not for use in provincial contracts as they are developed for municipal use, and then, only
when invoked by the Owner.
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Appendices are developed for the Owner’s use only.
Inclusion of an appendix as part of the Contract Documents is solely at the discretion of the Owner.
Appendices are not a mandatory part of this specification and only become part of the Contract
Documents as the Owner invokes them.
Invoking a particular appendix does not obligate an Owner to use all available appendices. Only invoked
appendices form part of the Contract Documents.
The decision to use any appendix is determined by an Owner after considering their contract
requirements and their administrative, payment, and testing procedures, policies, and practices.
Depending on these considerations, an Owner may not wish to invoke some or any of the available
appendices.

1860.02

REFERENCES

When the Contract Documents indicate that provincial-oriented specifications are to be used and there is
a provincial-oriented specification of the same number as those listed below, references within this
specification to an OPSS shall be deemed to mean OPSS.PROV, unless use of a municipal-oriented
specification is specified in the Contract Documents. When there is not a corresponding provincialoriented specification, the references below shall be considered to be to the OPSS listed, unless use of a
municipal-oriented specification is specified in the Contract Documents.
When the Contract Documents indicate that municipal-oriented specifications are to be used and there is
a municipal-oriented specification of the same number as those listed below, references within this
specification to an OPSS shall be deemed to mean OPSS.MUNI, unless use of a provincial-oriented
specification is specified in the Contract Documents. When there is not a corresponding municipaloriented specification, the references below shall be considered to be the OPSS listed, unless use of a
provincial-oriented specification is specified in the Contract Documents.
This specification refers to the following standards, specifications, or publications:
ASTM International
D 4355-07
D 4873-02 (2009)
D 6241-04

Standard Test Method for Deterioration of Geotextiles by Exposure to Light, Moisture
and Heat in a Xenon Arc Type Apparatus
Standard Guide for Identification, Storage, and Handling of Geosynthetic Rolls and
Samples
Standard Test Method for Static Puncture Strength of Geotextiles and GeotextileRelated Products Using a 50 mm Probe

Canadian General Standards Board (CGSB)
4.2 No. 11.1-94
4.2 No. 12.2-00
148.1 No. 1-94
148.1 No. 4-94
148.1 No. 7.3-92
148.1 No. 10-94

Page 2

Textile Test Methods - Bursting Strength - Diaphragm Pressure Test
Textile Test Methods - Tearing Strength-Trapezoid Method
Methods of Testing Geosynthetics - Geotextiles - Sampling and Preparation of Test
Specimens
Methods of Testing Geosynthetics - Geotextiles - Normal Water Permeability Under
No Compressive Load
Methods of Testing Geotextiles and Geomembranes - Grab Tensile Test for
Geotextiles
Methods of Testing Geosynthetics - Geotextiles - Filtration Opening Size

Rev. Date: 04/2012 OPSS 1860

Bureau De Normalisation Du Québec (BNQ)
BNQ 7009-910

1860.03

Geotextiles - Quality of Geotextiles Used in Road Engineering - Certification Protocol

DEFINITIONS

For the purpose of this specification, the following definitions apply:
Duplicate Samples means two samples taken at the same time and location, one to be used for quality
assurance testing and the other for referee testing.
Filtration Opening Size (FOS) means the opening size of a geotextile in microns corresponding to 95%
by mass particle diameter passing through the geotextile in the hydrodynamic sieving test CAN/CGSB
148.1, Method No. 10.
Geosynthetic means a synthetic material used in geotechnical engineering applications. Geosynthetics
may include such items as geotextiles, geomembranes, geocells, geogrids, geonets, and geocomposites.
Geotextile means a permeable synthetic textile material that is used in association with foundation, soil,
rock, earth, or other geotechnical related material for one or more of the following functions: separation,
filtration, drainage, or protection. They may be woven, non-woven, or knitted.
Minimum Average Roll Value (MARV) means the average value minus two standard deviations of a
given property established by the manufacturer during production. The average roll value for a given
property must meet or exceed this value.
Quality Assurance (QA) means a system or series of activities carried out by the Owner to ensure that
materials received from the Contractor meet the specified requirements.
Quality Control (QC) means a system or series of activities carried out by the Contractor, Subcontractor,
supplier, and manufacturer to ensure that materials supplied to the Owner meet the specified
requirements.
Referee Testing means testing of a material attribute for the purpose of resolving acceptance issues at
the request of the Contractor or the Owner.

1860.04

DESIGN AND SUBMISSION REQUIREMENTS

1860.04.01

Submission Requirements

Prior to the use of geotextile in the Work, a certificate from the manufacturer stating the name of the
manufacturer, product name, style number, chemical composition, and other pertinent information to fully
describe the geotextile as evaluated under the manufacturer's QC program shall be submitted to the
Contract Administrator. The certificate shall identify the name of the supplier of the geotextile covered
pipe or tubing. A person having legal authority to bind the manufacturer or supplier shall attest to this
certificate.
Upon request, documentation describing the manufacturer's QC program shall be made available to the
Contract Administrator.
The above requirements are waived for geotextiles certified according to BNQ 7009-910.

Page 3

Rev. Date: 04/2012 OPSS 1860

1860.05

MATERIALS

Geotextile fibre or yarn shall be composed of at least 95% by mass of polypropylene, polyethylene,
polyester, or other synthetic polymers, excluding polyamides.
Geotextiles shall contain stabilizers or inhibitors, if necessary, to make the filaments resistant to
deterioration by excessive ultraviolet (UV) light and heat exposure. Geotextiles shall be resistant to acid
and alkali action and shall be unaffected by micro-organisms and insects.

1860.07

PRODUCTION

1860.07.01

Woven Geotextiles

Woven geotextiles shall be produced by interlacing two or more sets of filaments, yarns, fibres, film, tape,
or other elements in such a way that the elements pass each other, essentially at right angles and with
one set of elements parallel to the fabric axis. The edge of woven geotextiles shall be finished to prevent
the outer yarn from pulling away.
1860.07.02

Non-Woven Geotextiles

Non-woven geotextiles shall consist of a manufactured sheet, web, or batt of directionally or randomly
oriented fibres, filaments, or other elements produced by bonding or interlocking the elements by
mechanical, thermal, or chemical means.
1860.07.03

Knitted Sock Geotextiles

Knitted sock geotextiles shall be produced by interlooping one or more yarns, fibres, or filaments in a
continuous tube. Knitted sock geotextiles are suitable only for wrapping of subdrain pipe.
1860.07.04

Seams

When sections of geotextile are joined by sewing, the seam strength shall be at least 90% of the
minimum Grab tensile strength requirement for the class of geotextile specified in the Contract
Documents or purchasing order.
Seams of the geotextile shall be sewn with thread meeting the material requirements for the geotextile or
shall be bonded by thermal or chemical means.
1860.07.05

Physical Requirements

1860.07.05.01

Woven and Non-Woven Geotextiles

Woven and non-woven geotextiles are classified as either Class I or Class II and shall meet the physical
requirements shown in Table 1.
1860.07.05.02

Knitted Sock Geotextiles

Knitted sock geotextiles shall meet the physical property requirements shown in Table 2.
1860.07.05.03

Silt Fence

Geotextiles for silt fence shall be woven or non-woven and shall meet the physical property requirements
shown in Table 3.
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1860.07.06

Protection During Shipment and Storage

Geotextiles shall be protected against excessive UV exposure and contamination from dirt, dust,
moisture, and any other deleterious materials, until they are installed. All geotextiles shall be wrapped in
an opaque protective covering from the time of manufacture to the time of installation. The geotextiles
and protective wrapping shall be free of tears and punctures upon delivery to the work.
Geotextiles intended to be covered by soil, rock, earth, or other materials shall not be exposed to direct
sunlight for more than 72 hours following the removal of the protective wrap.
Geotextiles shall be protected from temperatures greater than 60 °C.
1860.07.07

Identification

Each roll of geotextile or geotextile covered pipe or tubing shall be clearly marked according to ASTM
D 4873 with a permanently legible identification tag or label on the protective wrap or the inner core or
affixed to the geotextile covered pipe or tubing. Product labels shall show the name of the manufacturer
or supplier, product number, type, Class, roll number, and date of manufacture. This requirement is
waived for certified geotextiles bearing the distinctive BNQ labels and identification affixed to geotextile
rolls and covering according to BNQ 7009-910.

1860.08

QUALITY ASSURANCE

1860.08.01

General

When the Owner has elected to carry out QA testing to ensure that material used in the Work is in
accordance to the requirements of this specification, the following samples shall be tested according to
the methods identified in Tables 1, 2, or 3, as applicable:
2
a) For Class I or II geotextile, one sample per 10,000 m of installed product.

b) For knitted sock geotextile, one sample per 10,000 m of installed subdrain pipe wrapped with knitted
sock geotextile.
c) For temporary silt fence geotextile, one sample per 10,000 m of silt fence barrier installed.
When the quantity of geotextile is less than the lot size specified above, a minimum of one QA sample
per geotextile type shall be tested to verify the material meets the requirements of this specification.
The Contract Administrator shall be allowed access to all sampling locations and reserves the right to
request a QA sample at any time without notice to the Contractor. Testing shall be carried out at a
laboratory designated by the Owner. The Owner will be responsible for all costs associated with QA
testing.
1860.08.02

Sampling

Sampling shall be according to CAN/CGSB 148.1, Method No. 1. QA sampling shall be carried out by
the Contractor in the presence of the Contract Administrator.
All QA samples shall be duplicate samples. One of the samples shall be randomly selected for testing by
the QA laboratory and the remaining samples shall be retained by the QA laboratory for possible referee
testing.
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Each portion of the duplicate sample shall be full roll width and a minimum of 3 continuous metres in
length in the machine direction. For temporary silt fence geotextile attached to wooden stakes, samples
shall consist of continuous sections including the stakes. The stakes shall be cut flush with the edge of
the silt fence geotextile material.
All geotextiles samples shall be dry, free of damage, dust, or other contamination.
Each portion of the duplicate sample shall be rolled and placed into separate suitable UV-protective
containers (e.g., sealed cardboard box or opaque plastic bag). Wet or moist geotextile samples shall be
allowed to dry completely in a protected place away from direct sunlight prior to packaging. If a rolled
sample is too large to fit within the UV-protective container, it may be folded with a minimum number of
folds. Where security bags and seals are required, each UV-protective container shall fit within a
separate security bag.
Each portion of the duplicate sample shall be accompanied by a copy of the roll label or identification tag,
as well as the appropriate contract-related information and testing requirements. All such information
shall be placed in a moisture-proof envelope directly attached to each UV-protective container. Each
container shall then be placed in a separate security bag and sealed by the Contract Administrator.
1860.08.03

Acceptance

When QA testing has been carried out, QA test results shall be used for acceptance purposes.
1860.08.04

Referee Testing

When QA test results do not meet the requirements of this specification, the Contractor has the option of
invoking referee testing of the test result that failed to meet the requirements. The Contractor shall notify
the Contract Administrator in writing invoking this option within 2 Business Days following notification of
unacceptable material. The notification shall include the material and specific attribute or attributes for
which the referee testing is being requested.
The Owner shall select a referee laboratory within 3 Business Days following the Contractor's notification
to invoke referee testing. The Contract Administrator shall deliver referee samples to the referee
laboratory. If referee materials are not available, the Contractor shall be responsible for obtaining and
submitting new samples to the referee laboratory from a location to be decided by the Contract
Administrator. The Contract Administrator shall be present to witness the sampling.
The Contractor may observe the testing at no cost to the Owner. The Contract Administrator shall notify
the Owner and Contractor a minimum of 3 Business Days in advance of the date of referee testing.
Provided that such notice was given, referee testing shall be carried out regardless of the absence of
observers.
Observers shall follow the referee laboratory protocols for access to the premises and testing equipment
and shall not unnecessarily impede the progress of the testing. Observers shall be permitted to validate
samples identification and view sample condition. Subject to safety requirements, test method, and
equipment limitations, they shall also be permitted to observe test procedures, take notes, view
equipment readings, and review completed work sheets while in attendance.
Concerns with sample condition or sample identification shall be made known prior to commencement of
the referee testing. Comments on deviations from the applicable test method shall be made at the time
of testing. Unresolved concerns shall be specific in nature and submitted in writing to the laboratory's
designated representative and other observers at the time of testing.
Referee test results shall be binding on both the Owner and the Contractor.
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When a referee test result shows that the material does not meet the physical requirements of this
specification, the material represented by the test result, including material in the Work, shall not be
accepted.
When a referee test result shows that the materials are in accordance with the physical requirements of
this specification, the material represented by the sample shall be accepted.
The Owner shall be responsible for the cost of referee testing, provided the referee test results show that
the geotextile meets the applicable requirements of this specification. Otherwise, the Contractor shall be
responsible for the costs.

1860.09

OWNER PURCHASE OF MATERIAL

1860.09.01

General

Geotextiles supplied to the Owner under this specification shall be of the type, Class, and FOS range
specified in the purchasing order. Material not meeting the requirements of the specification may be
rejected by the Owner.
1860.09.02

Measurement and Payment

Payment at the price specified in the purchasing order in square metres shall be for the supply of
geotextiles delivered to the destination on the date and time specified.
Rejected material shall be replaced at no extra cost to the Owner.
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TABLE 1
Physical Requirements for Woven and Non-Woven Geotextiles
Geotextile Class
Class I
Property
Tensile strength,
MARV, minimum
Elongation at
break, typical

Test Method

CAN/CGSB 148.1,
Method No. 7.3

Class II

Unit

Woven

NonWoven

Woven

NonWoven

N

800

330

1100

660

%

<25

>50

<25

>50

Tear strength,
MARV, minimum

CAN/CGSB 4.2,
Method No. 12.2

N

300

180

400

250

Puncture strength,
MARV, minimum

ASTM D 6241

N

1650

990

2200

1375

Permittivity,
minimum

CAN/CGSB 148.1,
Method No. 4

s-1

0.05

Filtration opening
size (FOS), typical

CAN/CGSB 148.1,
Method No. 10

μm

As specified in the Contract Documents
or purchasing order

%

50% retained tensile strength at 500 hours

Ultraviolet stability,
ASTM D 4355
minimum

TABLE 2
Physical Requirements for Knitted Sock Geotextiles
Laboratory Test

Test Method

Acceptance
Requirements

Mullen Diaphragm Burst Strength,
minimum, kPa

CAN/CGSB 4.2, Method No. 11.1

600

FOS, maximum, μm

CAN/CGSB 148.1, Method No. 10

500

Permittivity, minimum, s-1

CAN/CGSB 148.1, Method No. 4

2.75
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TABLE 3
Physical Requirements for Temporary Silt Fence Geotextiles
Property

Maximum post spacing
Tensile strength, MARV,
minimum
Elongation at break,
typical

Test Method

-

Unit

Supported Silt
Fence

m

1.2

N

400

%

--

Unsupported Silt Fence
Woven

Non-Woven

2.0

1.2

500

CAN/CGSB 148.1,
Method No. 7.3
<15

>50

Permittivity, minimum

CAN/CGSB 148.1,
Method No. 4

s

Filtration Opening Size
(FOS), maximum

CAN/CGSB 148.1,
Method No. 10

μm

500

Ultraviolet stability,
minimum

ASTM D 4355

%

70% retained tensile strength at 500 hours
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Appendix 1860-A, April 2012
FOR USE WHILE DESIGNING MUNICIPAL CONTRACTS
Note:

This is a non-mandatory Commentary Appendix intended to provide information to a designer,
during the design stage of a contract, on the use of the OPS specification in a municipal contract.
This appendix does not form part of the standard specification. Actions and considerations
discussed in this appendix are for information purposes only and do not supersede an Owner’s
design decisions and methodology.

Designer Action/Considerations
The Owner should specify the following in the purchasing order:
- Class, type (e.g., woven or non-woven), and FOS range of the geotextile. (1860.09.01)
The designer may consider reducing the sampling frequency for larger quantities of geotextile.
(1860.08.01)
The designer should be aware that higher strength materials than those specified in Table 1 are available
for specific applications.
The designer should ensure that the General Conditions of Contract and the 100 Series General
Specifications are included in the Contract Documents.
Related Ontario Provincial Standard Drawings
No information provided here.
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Ottawa Sewer Design Guidelines
APPENDIX 6-A

City of Ottawa

SEWER CAPACITY TABLES

Appendix 6-A.1

November 2004

3.3.2 Water Quality Sizing Criteria
The volumetric water quality criteria are presented in Table 3.2. The values are based on a
24 hour drawdown time and a design which conforms to the guidance provided in this manual.
Requirements differ with SWMP type to reflect differences in removal efficiencies. Of the
specified storage volume for wet facilities, 40 m³/ha is extended detention, while the remainder
represents the permanent pool.

Table 3.2 Water Quality Storage Requirements based on Receiving Waters¹, ²
Storage Volume (m³/ha) for
Impervious Level
Protection Level

SWMP Type

Enhanced
80% long-term
S.S. removal

Normal
70% long-term
S.S. removal

Basic
60% long-term
S.S. removal

35%

55%

70%

85%

Infiltration

25

30

35

40

Wetlands

80

105

120

140

Hybrid Wet Pond/Wetland

110

150

175

195

Wet Pond

140

190

225

250

Infiltration

20

20

25

30

Wetlands

60

70

80

90

Hybrid Wet Pond/Wetland

75

90

105

120

Wet Pond

90

110

130

150

Infiltration

20

20

20

20

Wetlands

60

60

60

60

Hybrid Wet Pond/Wetland

60

70

75

80

Wet Pond

60

75

85

95

Dry Pond (Continuous Flow)

90

150

200

240

¹Table 3.2 does not include every available SWMP type. Any SWMP type that can be demonstrated to the approval agencies to
meet the required long-term suspended solids removal for the selected protection levels under the conditions of the site is
acceptable for water quality objectives. The sizing for these SWMP types is to be determined based on performance results that
have been peer-reviewed. The designer and those who review the design should be fully aware of the assumptions and sampling
methodologies used in formulating performance predictions and their implications for the design.
²Hybrid Wet Pond/Wetland systems have 50-60% of their permanent pool volume in deeper portions of the facility (e.g., forebay,
wet pond).
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Environmental Design Criteria

If a submerged berm is used, the berm height should be 0.15 metres - 0.30 metres below the
permanent pool elevation. A submerged berm provides additional safety benefits (the public is not
tempted to walk on the berm) and may be planted with emergent vegetation to promote filtration
of water as it passes over the berm.
Detention Time
A detention time of 24 hours should be targeted in all instances, unless the outlet is susceptible to
clogging due to its small size (i.e., drainage areas < 8 ha). If the outlet may be prone to clogging,
the detention time can be reduced to a minimum of 12 hours. The detention time is approximated
by the drawdown time.
The drawdown time in the pond can be estimated using Equation 4.10. Equation 4.10 is the
classic falling head orifice equation which assumes a constant pond surface area. This assumption
is generally not valid, and a more accurate estimation can be made if Equation 4.10 is solved as a
differential equation. This is easily done if the relationship between pond surface area and pond
depth is approximated using a linear regression.
t

=

2 Ap
h 10.5 – h 20.5

C A o  2g  0.5 

Equation 4.10: Drawdown Time

or if a relationship between Ap and h is known (i.e., A = C 2 h + C 3)
t
where t
Ap
C
Ao
g
h1
h2
h
C2
C3

=
=
=
=
=
=
=
=
=
=
=

0.66 C 2 h1.5 + 2 C 3 h 0.5
2.75 A o

Equation 4.11

drawdown time in seconds
surface area of the pond (m²)
discharge coefficient (typically 0.63)
cross-sectional area of the orifice (m²)
gravitational acceleration constant (9.81 m/s²)
starting water elevation above the orifice (m)
ending water elevation above the orifice (m)
maximum water elevation above the orifice (m)
slope coefficient from the area-depth linear regression
intercept from the area-depth linear regression

Minimum Orifice Size
The smallest diameter orifice accepted by most municipalities to ensure that clogging does not
occur in a stormwater system is 75 mm. The preferred minimum orifice size is 100 mm where the
effects of freezing are a concern. It is recommended that this latter size be maintained for exposed
outlet designs (i.e., reverse sloped pipes). In instances where a perforated riser outlet is designed,
the orifice is protected by the smaller perforations in the riser and a minimum orifice size of 50
mm is acceptable. Where small orifices are required, consideration should be given to providing
an overflow outlet which would operate in the event that blockage of the primary orifice occurs.
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Stormwater Management Plan/SWMP Design

Quantity Facility Supporting Calculations
Velocity
where A

=
=

Q/A
cross sectional area of outlet pipe (see dwg. #14007‐GR1)

Q
Velocity

=
=
=

0.03
72.5
2.4

(see calcuation below for Ao)
L/s
m/s

Drawdown Time (in seconds)
=

2Ap

* (sqrt h1 ‐ sqrt h2)

CA0 sqrt(2g)
where
=

surface area of pond

=

235

=

cross‐sectional area of orifice

=

pi r2

=
=

0.03
m2
gravitational constant

=
=
=

9.81
m2/s
discharge coeffcient
0.63

h1

=
=

starting water elevation above orifice in meters
0.675
m

h2

=
=

ending water elevation above orifice in meters
0.1
m

Ap
A0

g
c

Drawdown time
=
=
=

m2

2*235
*
0.63*0.03*(sqrt(2*9.81))
283
seconds
1
hours

(sqrt0.675‐sqrt0.1)

Quality Facility Supporting Calculations
25 mm storm intensity (i)
i
=
43C + 5.9
where
c
=
runoff coefficient
=
0.73
i
A

=
=

37.3
0.7

L/s
Ha

Q 25mm

=
=

2.78ciA
53.0

L/s

=
=
=
=

Q/A
cross‐sectional area of trench (see dwg. #14007‐GR1)
2* 0.5 BH + L*W
2*0.5*(1.5*0.5) + (0.5*1.0)

=

1.25

m

=

0.042

m/s

Velocity
where A

Velocity

2

Water Quality volume (WQV)

WQR

m

3

=

WQR*A

=

water quality storage rate
3

3

=

(6/15)*5 m /Ha + 35 m /ha

=

3
37 m /Ha

where
where % impervious
=
(c‐ 0.05)/0.9
and
c
=
runoff coefficient
therefore % impervious
=
(0.73‐0.05)/0.9 * 100%
=
76

A

=
=

contributing area (Ha)
0.7 Ha

WQV

=

26

m

3

Table 3.2 MOE Manual (based on % imperv.)

