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Ministry of the Environment
Ministère de l’Environnement

ENVIRONMENTAL COMPLIANCE APPROVAL
NUMBER 9879-8P6Q2S

Issue Date: February 16, 2012

Sequoia (Walnut Grove) Ltd.
8611 Weston Road, Suite 18
Vaughan, Ontario
L4L 9P1

Site Location: Sequoia Grove Homes
Lot 2, Concession 3
City of Brampton, Regional Municipality of Peel

You have applied under section 20.2 of Part II.1 of the Environmental Protection Act, R.S.O. 1990, c. E. 19
(Environmental Protection Act) for approval of:

establishment of stormwater management Works to serve the 5.67 hectare Walnut Grove low impact development
residential subdivision located between Walnut Road and the Orangeville Railway Development Corporation rail line,
opposite Upper Churchville Road in the City of Brampton, for the collection, transmission, treatment and disposal of
stormwater run-off, to provide enhanced level water quality control and erosion protection, and to attenuate post-
development peak flows to pre-development levels for all storm events up to and including the 100-year storm event,
consisting of the following;

Bioswale: - receiving and storing run-off from the eastern portion of the site of approximately 2.28 hectares, a 6 m wide
bioswale located along the east side of the development immediately adjacent to the Orangeville Railway Development
Corporation rail line, having a total storage volume of approximately 703 m3, with overland flow from the major storm
event captured and directed via the storm sewers on Honour Oak Crescent and Upper Churchill Road to the Credit River to
the west, complete with:
- a 250 m long and 6 m wide infiltration trench under the bioswale, having an infiltration storage volume of 80 m3,
complete with 375 mm diameter to 525 mm diameter perforated pipes surrounded with clear stone wrapped on all sides
with non-woven geotextile filter fabric, discharging via manhole catchbasin 9 (CBMH9) complete with a 140 mm diameter
orifice plate to manhole 104 (MH104) on Honour Oak Crescent;

Oil and Grit Separators: seven (7) oil and grit separators (Stormceptor Model Number STC 300, or Approved
Equivalent), each having a sediment storage capacity of 1.435 m3, an oil storage capacity of 420 Litres (L), and a total
storage volume of 1.756 m3, discharging to the perforated storm sewers on Fairmont Close and Honour Oak Crescent;

Grass Swales: - five (5) segments of enhanced dry grassed swales, 2.2 m wide by 150 mm deep, of length 46.8 m and
17.5 m on Honour Oak Crescent, and of length 45.5 m, 18.0 m and 22.0 m on Fairmont Close; each underlain by 500 mm
filter media over an infiltration trench system; each swale discharging through a roof drain (Zurn Model Number Z121 or
Approved Equivalent), to the perforated storm sewers on Fairmont Close and Honour Oak Crescent;

Rain Gardens: - two (2) 4 m long by 1.2 m wide by 1.4 m deep stone or precast rain garden boxes, each containing 500
mm thick filter media over an infiltration trench system; each rain garden discharging through an overflow roof drain (Zurn
Model Number Z121 or Approved Equivalent), to the perforated storm sewers on Fairmont Close and Coach House Court;

Perforated Storm Sewers and Infiltration Trenches: - receiving and storing run-off from the western portion of the
site of approximately 2.57 hectares via the oil and grit separators, grass swales and rain gardens identified above, and from
the 525 mm diameter perforated pipe from CBMH9 identified above, sections of 450 mm diameter to 600 mm diameter
perforated pipe on Fairmont Close and Honour Oak Crescent with a granular 'A' type bedding and 2" clear stone by 2.2 m
wide infiltration trenches, having a cumulative infiltration storage volume of 191 m3, wrapped on all sides with non-woven
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geotextile filter fabric, discharging via manhole 106 (MH106) complete with a 163 mm diameter orifice plate, and/or
manhole 105 (MH105) complete with a 239 mm diameter orifice plate, and/or manhole 103 (MH103), complete with a 214
mm diameter orifice plate, all discharging via a 900 mm diameter pipe on Upper Churchville Road and a rip rap protected
outfall to the Credit River, with overland flow from the major storm event for the western area of the site directed
westward along Upper Churchville Road and Creditview Road to the Credit River approximately 0.4 km distant;

Permeable Pavement: - permeable pavement sub-base depth of 83 mm for all driveways to capture the 25 mm rainfall;

Extra Topsoil in Landscaped Areas: - increased depth of topsoil by 21 mm on all right-of-way and buffer landscaped
areas and increased depth of topsoil by 123 mm on all lot landscaped areas to capture the 25 mm rainfall;

including erosion/sedimentation control measures during construction and all other controls and appurtenances essential for
the proper operation of the aforementioned Works;

all in accordance with the following submitted supporting documents:

1. Application for Approval of Sewage Works, submitted by The Municipal Infrastructure Group Ltd., dated August 11,
2011 and received on October 14, 2011;

2. Stormwater Management Design Brief for Walnut Grove Proposed Low Impact Residential Subdivision, City of
Brampton, prepared by The Municipal Infrastructure Group Ltd., dated February 2012;

3. Stormwater Management / Low Impact Development Operations and Maintenance Report, City of Brampton, prepared
by The Municipal Infrastructure Group Ltd., dated May, 2011;

4. Engineering Construction Drawings GN01, AGP1, BGP1, WGP1, MN01, STM01, STC01, FDC01, SAN01, RGB01,
DS01, ES01 to 03, GR01 & 02, P01 to P08, DE01 to DE07, TC01, prepared by The Municipal Infrastructure Group Ltd.,
all dated January 9, 2012;

5. Engineering Construction Drawing DE05, prepared by The Municipal Infrastructure Group Ltd., dated February 4,
2012; and

6. E-mails from Amit Modi of The Municipal Infrastructure Group Ltd. to the Ministry dated January 27, 2012, February
9, 2012 and February 14, 2012.

For the purpose of this environmental compliance approval, the following definitions apply:

"Approval" means this entire document including the application and the supporting documents listed in this Approval;

"Approved Equivalent" means a substituted product that meets the required quality and performance standards of a named
product and has been approved for substitution in writing by the District Manager or the Director;

"Director" means a person appointed by the Minister pursuant to section 5 of the Environmental Protection Act for the
purposes of Part II.1 of the Environmental Protection Act;

"District Manager" means the District Manager of the Halton Peel District Office of the Ministry;

"Ministry" means the ministry of the government of Ontario responsible for the Environmental Protection Act and the
Ontario Water Resources Act and includes all officials, employees or other persons acting on its behalf;

"Owner" means Sequoia (Walnut Grove) Ltd. and includes its successors and assignees;

"Works" means the sewage works described in the Owner's application(s) and this Approval.

You are hereby notified that this environmental compliance approval is issued to you subject to the terms and conditions
outlined below:

TERMS AND CONDITIONS
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1. GENERAL PROVISIONS

(1) The Owner shall ensure that any person authorized to carry out work on or operate any aspect of the Works is notified
of this Approval and the Conditions herein and shall take all reasonable measures to ensure any such person complies with
the same.

(2) Except as otherwise provided by these Conditions, the Owner shall design, build, install, operate and maintain the
Works in accordance with the description given in this Approval, and the application for approval of the Works.

(3) The designation of the City of Brampton as the operating authority of the site on the application for approval of the
Works does not relieve the Owner from the responsibility of complying with any and all of the Conditions of this Approval.

(4) Where there is a conflict between a provision of any submitted document referred to in this Approval and the
Conditions of this Approval, the Conditions of this Approval shall take precedence, and where there is a conflict between
the listed submitted documents, the document bearing the most recent date shall prevail.

(5) Where there is a conflict between the listed submitted documents, and the application, the application shall take
precedence unless it is clear that the purpose of the document was to amend the application.

(6) The Conditions of this Approval are severable. If any Condition of this Approval, or the application of any requirement
of this Approval to any circumstance, is held invalid or unenforceable, the application of such Condition to other
circumstances and the remainder of this Approval shall not be affected thereby.

(7) The issuance of and compliance with the Conditions of this Approval does not:

a) relieve any person of any obligation to comply with any provision of any applicable statute, regulation or other legal
requirement, including, but not limited to, the obligation to obtain approval from the local conservation authority necessary
to construct or operate the sewage Works; or

b) limit in any way the authority of the Ministry to require certain steps be taken to require the Owner to furnish any
further information related to compliance with this Approval.

2. EXPIRY OF APPROVAL

This Approval will cease to apply to those parts of the Works which have not been constructed within five (5) years of
the date of this Approval.

3. CHANGE OF OWNER

The Owner shall notify the District Manager and the Director, in writing, of any of the following changes within thirty
(30) days of the change occurring:

(a) change of Owner;

(b) change of address of the Owner;

(c) change of partners where the Owner is or at any time becomes a partnership, and a copy of the most recent
declaration filed under the Business Names Act, R.S.O. 1990, c.B17 shall be included in the notification to the District
Manager; and

(d) change of name of the corporation where the Owner is or at any time becomes a corporation, and a copy of the most
current information filed under the Corporations Information Act, R.S.O. 1990, c. C39 shall be included in the notification
to the District Manager.

4. OPERATION AND MAINTENANCE
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(1) The Owner shall inspect the Works at least once a year and, if necessary, clean and maintain the Works to prevent the
excessive build-up of sediments, oil/grit, and/or vegetation.

(2) The Owner shall prepare an operations manual, complete with a monitoring program, prior to commencement of
operation of the stormwater management Works, based on the recommendations of the Stormwater Management / Low
Impact Development Operations and Maintenance Report prepared by The Municipal Infrastructure Group Ltd., dated
May, 2011, for the Walnut Grove proposed low impact development residential subdivision and retain a copy at the
Owner's office, and, upon request, make the operations manual available to Ministry staff.

(3) The Owner shall maintain a logbook to record the results of these inspections and any cleaning and maintenance
operations undertaken, and shall keep the logbook at the Owner's office for inspection by the Ministry. The logbook shall
include the following:

(a) the name of the Works; and

(b) the date and results of each inspection, maintenance and cleaning, including an estimate of the quantity of any materials
removed.

5. MONITORING AND REPORTING

(1) The Owner shall carry out a monitoring program and evaluate the performance of the stormwater management Works
commencing at the initial completion of construction of the Works and continuing for a minimum of two (2) years after
90% of the homes in the Walnut Grove proposed low impact development residential subdivision have been occupied.

(2) The monitoring program shall include obtaining grab samples from manhole 101 (MH101) located at the intersection of
Honour Oak Crescent and Churchville Road for at least two (2) rainfall wet events per year (a wet event is defined as a
minimum of 15 mm of rain in the previous 24 hours). One of the events must occur within the May to September time
period.

(3) Samples should be tested for Total Suspended Solids (mg/L) and results recorded.

(4) The methods and protocols for sampling, analysis and recording shall conform, in order of precedence, to the methods
and protocols specified in the following:

(a) the Ministry's Procedure F-10-1, "Procedures for Sampling and Analysis Requirements for Municipal and Private
Sewage Treatment Works (Liquid Waste Streams Only)", as amended from time to time by more recently published
editions;

(b) the Ministry's publication "Protocol for the Sampling and Analysis of Industrial/Municipal Wastewater" (January 1999),
ISBN 0-7778-1880-9, as amended from time to time by more recently published editions;

(c) the publication "Standard Methods for the Examination of Water and Wastewater" (21st edition), as amended from time
to time by more recently published editions.

(5) The Owner shall submit to the District Manager, every year, a copy of the test results as per Condition 5, Subsection
(3), above.

(6) The Owner shall submit to the District Manager, every five (5) years, a Performance Assessment Report addressing
the following:

(a) a description of any operating problems encountered and corrective actions taken during the reporting period and the
need for further investigations in the following reporting period for system refinements or ways of improving the
performance of the Works;

(b) measurement of the mass of accumulated sediment removed when undertaking maintenance of the Works as per
Condition 4, Subsection (3), above;
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(7) The measurement frequency specified in Condition 5, Subsection (2) and reporting frequency specified in Condition 5,
Subsections (5) and (6), above, may, after five (5) years of monitoring in accordance with this Condition, be modified by
the District Manager in writing from time to time.

6. RECORD KEEPING

The Owner shall retain for a minimum of five (5) years from the date of their creation, all records and information related
to or resulting from the operation and maintenance activities required by this Approval.

The reasons for the imposition of these terms and conditions are as follows:

1. Condition 1 is imposed to ensure that the Works are built and operated in the manner in which they were described for
review and upon which approval was granted. This Condition is also included to emphasize the precedence of the
Conditions in the Approval and the practice that the Approval is based on the most current document, if several conflicting
documents are submitted for review.

2. Condition 2 is included to ensure that, when the Works are constructed, the Works will meet the standards that apply at
the time of construction to ensure the ongoing protection of the environment.

3. Condition 3 is included to ensure that the Ministry records are kept accurate and current with respect to approved
Works and to ensure that any subsequent Owner of the Works is made aware of the Approval and continues to operate the
Works in compliance with it.

4. Condition 4 is included to require that the Works be properly operated and maintained such that the environment is
protected.

5. Condition 5 is included to ensure that the Ministry is made aware of problems as they arise, and to provide a
performance record of the Works.

6. Condition 6 is included to require that all records are retained for a sufficient time period to adequately evaluate the long-
term operation and maintenance of the Works.

In accordance with Section 139 of the Environmental Protection Act, you may by written Notice served upon me and the
Environmental Review Tribunal within 15 days after receipt of this Notice, require a hearing by the Tribunal. Section 142
of the Environmental Protection Act provides that the Notice requiring the hearing shall state:

1. The portions of the environmental compliance approval or each term or condition in the environmental compliance approval in respect of
which the hearing is required, and;
2. The grounds on which you intend to rely at the hearing in relation to each portion appealed.

The Notice should also include:

3. The name of the appellant;
4. The address of the appellant;
5. The environmental compliance approval number;
6. The date of the environmental compliance approval;
7. The name of the Director, and;
8. The municipality or municipalities within which the project is to be engaged in.

And the Notice should be signed and dated by the appellant.

This Notice must be served upon:
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The Secretary*
Environmental Review Tribunal
655 Bay Street, Suite 1500
Toronto, Ontario
M5G 1E5

AND

The Director appointed for the purposes of Part II.1 of
the Environmental Protection Act
Ministry of the Environment
2 St. Clair Avenue West, Floor 12A
Toronto, Ontario
M4V 1L5

* Further information on the Environmental Review Tribunal’s requirements for an appeal can be obtained directly from the Tribunal at:
Tel: (416) 212-6349, Fax: (416) 314-4506 or www.ert.gov.on.ca

The above noted activity is approved under s.20.3 of Part II.1 of the Environmental Protection Act.

DATED AT TORONTO this 16th day of February, 2012
Ian Parrott, P.Eng.
Director
appointed for the purposes of Part II.1 of the
Environmental Protection Act

DC/
c: District Manager, MOE Halton-Peel
Chris Ewen, The Municipal Infrastructure Group Limited
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This section of the document presents the monitoring protocol prepared by CVC. The section also 
includes information relevant to potential monitoring refinements on the site.  

1.1 Hydrology 

Outflow from the low impact development features in the Wychwood Neighbourhood is monitored at two 
stations, WW-1 and WW-2, located in manholes. To determine the volume of water being discharged 
from the subdivision, each station manhole is equipped with an ISCO 2150 area velocity level and flow 
module (level logger) with a pressure transducer probe, and a compound weir. The probe is secured to 
the bottom of each manhole upstream of the weir to ensure accurate water level measurements. The flow 
module records water level at 1-minute intervals and is summarized in 5-minute intervals. Flow data is 
acquired from the level logger by using the recorded level data and the weir rating curve. The monitoring 
station is also equipped with an ISCO 6712 automatic sampler for collection of water quality samples.  

A heated tipping bucket rain gauge was installed on the roof of Churchville Public School, located 1.3 km 
from the Wychwood neighbourhood, to provide precipitation data. Since the rain gauge has been installed 
on a rooftop the likelihood that the gauge will be subjected to higher winds during more severe storm 
events is greater. This could potentially cause the rain gauge to “undercatch” rainfall. Precipitation data 
collected during more severe storm events will be more closely examined for accuracy.  A precipitation 
event is considered to occur when 2 mm or more precipitation is recorded.  If more than 6 hours elapse 
between precipitation or flow events, they are considered to be separate events. 

1.2 Surface Water Quality 

CVC’s surface water quality sampling goal is to sample a minimum of five precipitation events per year 
from each monitoring location (WW-1 and WW-2) with an ISCO 6712 automatic sampler. The 
autosampler is connected to the level logger and is triggered to collect a water quality sample when the 
logger records a predetermined level.  

The automatic sampler is programmed to collect samples that will allow for a composite sample to be 
compiled for water quality analysis for each event at each outflow monitoring station. The autosampler 
holds 24 1-litre bottles.  When the sampler is triggered, all bottles are filled provided sufficient runoff is 
generated and outflow observed. Bottles that were filled while outflow was observed are used to generate 
a flow-weighted composite sample. A flow weighted sample contains representative amounts of water 
according to the volume of flow collected during an event; periods of lower flows constitute a smaller 
portion of the overall sample, while periods of higher flows constitute a representatively larger portion of 
the overall sample. 
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Figure B-1: Example of an automatic sampler base with 24 1-litre sampling bottles 
 

Currently the autosampler is programmed to collect samples at a fixed time interval, such as every 10 
minutes. CVC has developed various program lengths ranging from 6 to 48 hours, which may be 
shortened or lengthened depending on the expected duration of the storm event forecasted to ensure the 
water quality sample is representative of the entire storm hydrograph.  Once the sampling program is 
complete, the water level data is converted to flow data by using a rating curve. The flow data is 
downloaded and pasted into a flow weighting Excel spreadsheet to determine the volume of water 
needed from each autosampler bottle for the composite sample. This type of sampling allows for event 
mean concentration (EMC) and load analysis. 

All water quality samples were taken to the Ministry of Environment and Climate Change lab, for analysis.  

Table B-1 summarizes water quality parameters and associated analytical methods. 

Table B1: Quality parameters of interest1 and MOECC method number 
Water Quality Parameter Units MOECC Method Number2 

Total Cadmium (Cd) ug/L E3497 

Total Copper (Cu) ug/L E3497 

Total Iron (Fe) ug/L E3497 

Total Lead (Pb) ug/L E3497 

Total Nickel (Ni) ug/L E3497 

Total Zinc (Zn) ug/L E3497  

Chloride (Cl) mg/L E3016A 

Nitrate + Nitrite (NO3 + (NO2) mg/L E3364A 

Phosphate (PO4) mg/L E3364A  
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Total Phosphorus (TP) mg/L E3516 

Total Suspended Solids (TSS) mg/L E3188B 

1 The water quality parameters listed are recommended parameters of interest; CVC has performed a broad screening of 
over 27 parameters. 

2 Method numbers are dated to time of lab analysis (2016) 

1.3 Surface Water Infiltration 

Infiltration testing was completed in September 2014 across the length of the bioswale, using a double 
ring infiltrometer. The tests where preformed to determine if the bioswale, which had been heavily 
impacted by adjacent residential construction, needed to be remediated. A clay based sod was used 
within the invert section of the bioswale and the curbside inlets into the bioswale had not been managed 
by appropriate erosion and sediment control measures to protect the feature during construction. Two 
tests were performed adjacent to the curb inlets from the cul de sac and an additional measurement was 
taken near the catchbasin at the downstream end of the bioswale. The minimum infiltration rate 
requirement for bioretention soil is reported to be 25 mm/hr. However, a safety of factor of 2 is generally 
accounted for when designing LID sites which results in an infiltration rate to 50 mm/hr. Studies show that 
in-field measured infiltration rates for bioretention soil range from 80-120 mm/hr. For an application such 
as Wychwood where there is no stormwater management pond, the bioswale should have an infiltration 
rate in the higher ranges to ensure adequate drainage of the site. Further discussion and summary tables 
can be found in Appendix F.  

Double ring infiltration tests are conducted by hammering the rings into the soil to an equal depth. Water 
is poured into both the inner and outer rings, and the rate at which the water level in the inner ring 
decreases is tracked (such as every 30 seconds, or several minutes, depending on soil type). This 
continues until the infiltration rate has reached a constant value, which is calculated as the difference in 
water level between a given time interval.  

1.4 Soil Sampling 

The LID approach at Wychwood aims to minimize runoff and pollutants though the combination of 
permeable pavement, bioswales and rain gardens. The rain gardens and bioswales use plants and 
engineered filter media to chemically, physically and biologically treat pollutants. Soil sampling will help 
track contaminants and aid in evaluating the frequency of maintenance activities such as filter media 
replacement. 
 
Initial sampling occurred December 2, 2016 after summer precipitation events but prior to the ground 
freezing. Soil (filter media) sampling was conducted at two depths. Samples were analyzed by Maxxam 
Analytics for inorganics, metals and polyaromatic hydrocarbons (PAHs). 
 
Two composite soil samples were collected from four locations: two from the large bioswale, one from a 
grass bioswale, and one from a rain garden, tallying 8 samples in total. The shallow and deep samples 
were collected at approximately 5 cm and 40 cm below the filter media surface, respectively. In the 
sampled locations, three subsamples from each depth were combined to produce one composite sample. 
Comparison between two sampling depths provides information regarding the depth at which pollutant 
removal occurs for different parameters. In addition, sampling at two depths helps determine whether or 
not pollutants are migrating through the soil column over time. Collecting samples from multiple 
bioretention cells will provide insight on pollutant removal for different plant combinations and how 
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parameter concentrations vary depending bioretention cell location (i.e different water volume inputs and 
sources depending on the cell). Moving forward soil sampling for contaminant tracking will occur in 2018 
as a mid-project sample, and again in 2020 as an end of project sample.  
 
Soil quality results were compared to CCME Soil Quality Guidelines for the Protection of Environmental 
and Human Health (CCME, 2014) and to the Ministry of Environment and Climate Change Environmental 
Protection Act, Ontario Reg. 153/04 Table 7: Generic Site Condition Standards for Shallow Soils in a 
Non-Potable Ground Water Condition Soil - Coarse Texture (MOECC, 2016) for the appropriate land use. 
A summary is found in the report, with additional tables in Appendix F. 

1.5 Site Visits 

CVC staff visit the site at least once every other week to check battery power, inspect equipment, and 
make sure the site is operating properly. Data is downloaded either remotely or in person from each piece 
of equipment bi-weekly or more frequently using ISCO Flowlink 5 or Hoboware. The software will 
automatically summarize and plot the data graphically, which can then easily be exported to a program 
like Microsoft Excel. During site visits, CVC staff also note any changes that have occurred on the site, 
any equipment adjustments/maintenance, LID maintenance activities that have occurred and any other 
unusual or changed circumstances at the site. Water level probe calibration is checked and adjusted as 
needed during each field visit.  

1.6 Site Maintenance 

The stormwater facilities at Wychwood are designed to provide runoff storage and water quality treatment 
by trapping pollutants. Understanding the maintenance needs of these systems is a priority to assess if 
these technologies are feasible from a wide-scale perspective. Maintenance activities are shared 
between individual homeowners and the City of Brampton, with homeowners taking responsibility for 
features on their property, and the City maintaining the oil and grit separators and the large bioswale. 

CVC monitoring staff complete inspection checklists during routine site visits documenting information 
such as trash/debris accumulation, inlet/outlet conditions, vegetation conditions etc.  Separate winter 
maintenance inspections are also conducted to document snow/ice cover, road salt use, and general site 
conditions.  Although this information is being collected now, meaningful interpretation can only be made 
with additional years of monitoring. A description of typical maintenance procedures is included in 
Appendix E.  

Long-term infrastructure assessment is needed for both quality and quantity performance to capture when 
a drop in performance occurs and how performance is restored once maintenance work has been done.  
Therefore maintenance documentation in combination with long term performance assessment is 
required in order to link maintenance activities to changes in performance. Some maintenance 
requirements may only be detectable through long-term performance such as filter media reaching 
saturation. This information alongside cost tracking will benefit asset management information. 
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CVC compiled monitoring data consisting of water level, flow and water quality at two stations in the 
Wychwood subdivision. The processes for the collection of water level, flow, precipitation and water 
quality data are laid out in Appendix B.  Provided here is a description on the data management and 
analysis activities for this site. 

Analyses for these stations summarize available performance data and compare these data to other 
applicable BMP performance data sources. These analyses summarize the water quantity and quality 
effectiveness of the implemented BMPs, which can be used to guide CVC and municipal decision-making 
processes with respect to stormwater management and LID design. 

1.1 Data Management 

The collected site data includes time series of precipitation and flow, and composite water quality sample 
data. Data management includes initial processing and organizing, including identifying the site and 
reference input data to be analyzed and organization of the site data for event-based analysis. 

1.1.1 Input Data Processing 

The data analyses were completed with the Wychwood monitoring data set collected by CVC. Hydrologic 
and water quality data dates from 2016 and 2017. 

Reference data included the following data sources: 

• Lakeview neighbourhood residential curb and gutter and grass swale sites (CVC) 
• National Stormwater Quality Database (NSQD) 

• Ontario Provincial Water Quality Objectives (PWQO) or Canadian Councils of Ministers of the 
Environment (CCME) Canadian Water Quality Guidelines for the Protection of Aquatic Life, 
whichever is more restrictive. 

1.1.2 Input Data Organization 

The flow and precipitation data were divided into hydrologic events associated with the collected water 
quality samples to provide meaningful, event-based analyses. Hydrologic events were defined using the 
time series of both flow and precipitation as defined in Table C-1. 

Table C-1:  Hydrologic Event Definition for CVC Data Analyses 

Event Type Beginning End 
Hydrologic Event Precipitation > 2 mm Stormflow and Precipitation = 0 for 6 consecutive hours 

1.2 Data Analysis 

Data analysis involved identifying appropriate evaluation and presentation (graphical) methods, and the 
data analysis tools and work flow as described in the following sections. 

1.2.1 Data Analysis Evaluation Methods 

The Wychwood dataset was evaluated using event-based analysis, with the event defined as previously 
indicated in Table C-1. Both stations were evaluated for both water quantity and water quality 
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performance. The site was not monitored for inflow; it receives inflow as infiltration from the permeable 
pavement driveways, rain gardens and bioswale, making it difficult to measure inflow directly. Because of 
this, the Simple Method1 was selected to estimate influent volume as a product of a calculated runoff 
coefficient, the drainage area, and the event precipitation. Estimated influent volume was compared to 
actual effluent volume to evaluate BMP estimated volume reduction. It is recommended that this method 
for calculating runoff could be improved through the development of a calibrated SWMM model2. 
Substantial existing flow and rainfall monitoring data could be used to calibrate and verify a hydrologic 
model. 

Simple Method 

The standard method for evaluating stormwater BMPs is to compare untreated inflows to treated 
outflows. This method is used in comparing both water quality and quantity parameters such as volume 
reduction, peak flow or contaminate loading. Using water quality and quantity monitoring equipment can 
be useful for monitoring inflows however; it can be impractical due to possible disruption in the intended 
design of the practice in diverting runoff into the LID. Additionally, many BMPs have multiple inflow points 
into the practice making inflow monitoring expensive and complex and may still require some form of flow 
estimation.   

The Simple Method is a spreadsheet based runoff estimation procedure that is used for determining 
stormwater runoff and pollutant loading for urban areas. The Simple Method determines estimated inflow 
based on drainage area, amount of precipitation, and a runoff coefficient. This information is used to 
determine a runoff coefficient1. While the Simple Method is typically used to calculate annual runoff, CVC 
has modified the formula to determine runoff on an event-by-event basis. CVC has also added a BMP 
component to account for LID areas. Note that the BMP area is not considered in the runoff coefficient 
calculation since complete infiltration into the practice is assumed for BMP areas.  

The drainage area for Wychwood was derived using orthographic imagery and site visits. This process 
allows the catchment area to be divided into impervious, pervious and BMP surfaces, which are used in 
the equation below to determine the runoff coefficient. Precipitation data was obtained from the rain 
gauge on the roof of nearby Churchville Public School, maintained by CVC. This data is used with the 
drainage area to determine event inflow runoff volume. Table C-2 and Table C-3 present the drainage 
area and use of the Simple Method at Wychwood for stations WW-1 (Eastern catchment) and WW-2 
(Eastern and Western catchments), respectively. 

The runoff coefficient is defined as:  

laRv *9.005.0 +=    

Where: 

Rv is the runoff coefficient 

0.9 is the fraction of rainfall events that produce runoff 
 

1 Schueler, T. 1987. Controlling Urban Runoff: A Practical Manual for Planning and Designing Urban BMPs. 
Metropolitan Washington Council of Governments. Washington, DC 
2 EPA. (2010). "Storm Water Management Model (SWMM)." Water Supply and Water Resources Division, National 
Risk Management Research Laboratory, CDM. 
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la is the impervious fraction (Impervious Area/Drainage Area to the BMP) 
 

The modified Simple Method formula used is: 

Event inflow volume (L): Drainage Area to the BMP (m2) * Rv + BMP area (m2) * Event 
Precipitation (mm) 

Note: the BMP area is added since precipitation on the BMP area is considered to fully infiltrate 
into the practice. 

Table C-2: Drainage area and application of the Simple Method in the Eastern catchment at Wychwood (WW-1) 

Land Use Area (m2) 

Road 3190 

Building 4058 

Total impervious area 7249 

  

Pervious to OGS7 1205 

Total pervious to bioswale 7454 

Total pervious area 8660 

  

Total drainage area to the BMP (impervious area + pervious area) 15909 

  

BMP Area  

Total bioswale 1518 

Permeable pavement 1143 

Total BMP area 2661 

  

Ia=  impervious fraction (total impervious area/total drainage area to the BMP) 0.456 

Rv= 0.05 + 0.9 * Ia 0.460 

Total drainage area to the BMP * Rv + total BMP area: 
Multiply this number by event precipitation (mm) to get event inflow volume (L) 

9980 
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Table C-3: Drainage area and application of the Simple Method in the Eastern and Western catchment at Wychwood 
(WW-2) 

Land Use Area (m2) 

Road 7561 

Building 9768 

Total impervious area 17329 

  

Pervious to OGS 4071 

Pervious to rain gardens 2071 

Pervious to infiltration trench 4588 

Total pervious to bioswale 7454 

Total pervious area 18184 

  

Total drainage area to the BMP (impervious area + pervious area) 35513 

  

BMP Area  

Infiltration trench/swale 244 

Rain garden 6 

Bioswale 1518 

Permeable pavement 3625 

Total BMP area 5393 

  

Ia=  impervious fraction (total impervious area/total drainage area to the BMP) 0.488 

Rv= 0.05 + 0.9 * Ia 0.489 

Total drainage area to the BMP * Rv + total BMP area: 
Multiply this number by event precipitation (mm) to get event inflow volume (L) 

22765 

 

 

Best results are produced when the method is used for smaller catchments at a development site scale. 
Further modeling would be required for determining runoff for a large watershed. Additionally, the Simple 
Method only provides estimates for the storm event itself and does not consider pollutant contribution 
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from baseflow generated within the catchment.3  Baseflow separation is further described in the following 
section.  

Lastly, the Simple Method can overestimate inflow volume for smaller events where rainfall depths would 
be used up by catchment wetting and surface depression storage. This occurs because the Simple 
Method applies the same runoff coefficient to storms of all magnitudes. The simple method using the 
same runoff coefficient was also used for inflow estimations to evaluate the performance of CVCs 
Lakeview neighborhood. Performance results from Lakeview are used as a comparison with resutls 
collected from the Wychwood study.  

Baseflow Separation 

Due to a high groundwater table in the Western portion of the Wychwood subdivision as determined from 
pre-development groundwater monitoring reports (Terraprobe, 20104) baseflow has been observed at the 
WW-2 monitoring location at the outflow of the infiltration trenches and rain gardens. In order to do event 
by event analysis, a baseflow separation method must be utilized to separate pre-event water from event 
water. There are several empirical methods to estimate the end of direct runoff stormflow and return to 
baseflow, such as the one derived by Linsley et al (1975)5. However, these are based on aggregated 
observations from various watersheds, and are designed for overland stream systems and not stormwater 
measurement. At Wychwood, it is difficult to determine the appropriate catchment area draining to WW-2. 
The use of an empirical approach is further complicated by the fact these methods were developed for 
streamflow, and are therefore not necessarily appropriate for use while monitoring flows from a storm 
sewer at the outlet of an infiltration trench. 

Graphical approaches to baseflow separation are arbitrary in terms of how they distinguish stormflow from 
baseflow, because they are not physically based. It would be preferable to directly measure groundwater 
contributions. However, in the absence of additional groundwater data or geochemical tracers, using 
simple graphical methods allows for an approximation of stormflow. While the lack of physical basis may 
introduce a certain degree of error to the estimates, graphical methods have the benefit of producing 
consistent results (Nejadhashemi et al., 20096). These methods are also designed for overland streams, 
however they will still give an adequate approximation. For these reasons it was thought that a purely 
graphical based method might be more appropriate at Wychwood. 

The concave method is a commonly used baseflow separation method that approximates baseflow using 
an extrapolation of the pre-event baseflow trendline, which is extended to under the peak of the event. 
This line is then intersected by a line that connects to the total flow hydrograph at the defined end point 
for direct runoff (Figure C-1). This end point may be determined either by an empirical method such as 
that proposed by Linsley et al (1975), or by using a graphical method. One purely graphical approach is to 
define the end of direct runoff (stormflow) as the inflection point where the second derivative of the 
hydrograph passes through zero, and the graph goes from concave downwards to concave upwards 

 

3 Centre for Watershed Protection, (2010). Stormwater Management Design Manual. New York State Department of Environmental 
Conservation. Albany New York  
4 Terraprobe, 2010. Hydrogeologic investigation Sub-Area 6 (Walnut Grove) Credit Valley Secondary Plan Ciy of Brampton, Ontario. 
Prepared for: The Municipal Infrastructure Group, 2300 Steeles Ave W, Suite 120, Vaughan Ontario L4K 5X6 
5 Linsley, R. K., Kohler, M. A., and Paulhus, J. L.: Hydrology for Engineers, 2nd ed. McGraw-Hill, New York, 1975 

6 Nejadhashemi, A.P., C.M. Smith, and W.L. Hargrove. 2009. Adaptive watershed modeling and economic analysis for agricultural 
watersheds, Kansas State University Agricultural Experiment Station and Cooperative Extension Service. MF- 2847 
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(Nejadhashemi et al., 20097). This graphical approach is the method that was selected as being 
appropriate for baseflow separation at Wychwood, as it is based on changes in flow rate, rather than on 
catchment properties. However, due to the amount of noise in the flow logger data, it proved impossible 
to identify a singular point this way. Therefore, instead of setting the threshold strictly at when the second 
derivative passes through zero, the end of storm flow was determined to occur when the second 
derivative dropped below a threshold deemed to be close enough to zero to account for noise, and stayed 
there for the following six hours. While this typically picks out a point slightly later than inflection point, this 
is considered an acceptable approximation because it was found to be more likely to slightly 
underestimate baseflow contributions and therefore allow for more conservative water budget 
calculations.  

 

Figure C-1: Baseflow separation techniques (from McCuen, 20048) 
 

Water Quality 

Both contaminant loadings and discharge concentrations have been evaluated for Wychwood. Loading 
reduction is the best way to evaluate water quality performance. However, to understand the filtration 
mechanism only discharge concentration was compared to reference water quality guidelines, runoff 
EMCs from similar land uses, and effluent concentrations for similar BMPs. An estimated total influent 
load was calculated as a product of the estimated influent volume, and the NSQD Zone 1 Residential 

 

7 Ibid. 
8 McCuen, R. H. 2004. Hydrologic Analysis and Design. Prentice Hall, Upper Saddle River, New Jersey, 07458, 3rd edition, 2004.  
ISBN 0-13-142424-6. 
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median EMC, as well as the Lakeview neighbourhood curb and gutter median EMC for evaluation 
purposes. Effluent EMCs are derived from the lab reported value of the flow proportional samples 
collected on site for several parameters listed below. The statistical summaries have been organized by 
pollutant. Data set summary statistics are presented in both tabular and graphical formats. 

The recommended parameters of interest analyzed are: 

• Cadmium 

• Copper 

• Iron 

• Lead 

• Nickel 

• Zinc 

• Dissolved Chloride 

• Nitrate + Nitrite 

• Total Kjeldahl Nitrogen 

• Orthophosphate 

• Total Phosphorus 

• Total Suspended Solids 

1.2.2 Arc hydro Geographical Information software (GIS) and Lidar Catchment Analysis 

The MECP Stormwater Management Planning and Design Manual provides guidance on erosion control 
requirements for sites where infiltration facilities are used for water quality treatment. Site stormwater 
design measures for the Wychwood Subdivision are to detain runoff from a 4-hour 15 mm event.  

Within Wychwood’s Stormwater Management Design Brief (TMIG, 2012), the total estimated catchment 
area of Wychwood was approximately 5.67 hectares; additionally, each land designation was designed to 
capture a different rain fall depth and collectively meet the 15 mm criteria. The sum of the design storage 
for each land designation equates to 1038 m3 with an estimated target rainfall capture volume of 850 m3 
to meet the 15 mm 4hr design storm used to estimate the site erosion control criteria. Table C-4 provides 
an overview of how the design consultant delineated each land designation as well as the volume of 
precipitation that would be managed by each portion of the site.  

Calculation used to determine target rainfall capture volume: 

• Pre-development estimate calculation: 5.67 ha (56700m2) multiplied by 15 mm (0.015m) equates 
to 850.5 m3 target capture volume for 15 mm erosion control. 

• CVC evaluated the full catchment area foot-print of the Wychwood subdivision within the context 
of post development conditions and within the limitation in which outflow performance could be 
measured by monitoring infrastructure installed within the stormwater system. This exercise used 



Wychwood Subdivision Low Impact Development Monitoring Technical Report 
 

Sustainable Technologies Evaluation Program                      Page C-8 

Arc hydro Geographical Information software (GIS) and a detailed Lidar analysis to delineate the 
discrete catchment area for each LID feature. This produced a more accurate total inflow 
catchment area of 4.09 hectares was used for this comparison making the new target rainfall 
capture volume 613 m3. Figure C-2 presents the details results of the catchment delineations. 

• Post-development estimate calculation: 4.09 ha (40915m2) multiplied by 15 mm (0.015m) 
equates to 613 m3 target capture volume for 15 mm erosion control. 

 

Figure C-2: Wychwood site lidar delineations results 

Table C-4: Estimated volume and rain depth captured by land designation from Pre-Development SWM Design Brief 
(TMIG, 2012) 

 Area (ha) 
Captured Rainfall 
Depth (mm) 

Volume (m3) 

Residential Lots 

Landscape  1.49 25.0 372.1 

Roof (Via Landscape 1.82 15.0 272.3 

Permeable 
Driveways 0.33 25.0 81.7 

Buffer Area 0.36 25.0 90.0 
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Walkway 0.02 1.5 0.3 

R.O.W 

Permeable Driveway 0.2 25.0 49.5 

Landscape 0.64 25.0 160.5 

Paved 0.82 1.5 12.3 

Total 5.67  1038.5 

 

Due to the variation in estimated rainfall depth captured from the design compared to the above 
estimations directed to each individual LID catchment, performance assessment is limited to 15 mm or 
613 m3 to focus specially on comparing monitored performance with the design criteria.  

1.2.3 Soil Sampling Methodology 
Soil sampling occurred in the bioretention material that receives runoff from the surrounding catchment 
area. Samples were collected from each feature within the site where bioretention soil is used for storage 
and filtration. Figure C-3 indicates the rain garden, grass swale and bioswale locations where soil 
samples were collected.  Sampling occurred on December 2, 2016 after the summer precipitation events, 
but prior to ground freezing.  Soil (filter media) sampling was conducted at two depths. Samples were 
analyzed by Maxxam Analytics for inorganics, metals, and polyaromatic hydrocarbons (PAHs). 

 

Figure C-3: Bioretention Soil Sampling Locations 
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Eight composite soil samples were collected from three bioretention features. Four samples were 
collected from the bioswale whereas two samples were collected from both the rain garden and grass 
swale.  A shallow and deep interval soil sample was collected at each sampling location.   The shallow 
and deep samples were collected at approximately 5 cm and 40 cm below the top of the filter media 
surface, respectively.  In the samples, three subsamples from each depth were combined to produce one 
composite sample.  Comparison between two sampling depths provides information regarding the depth 
at which pollutant removal occurs for different parameters.  In addition, sampling at two depths helps 
determine whether or not pollutants are migrating through the soil horizon over time. Collecting samples 
from multiple bioretention features will provide insight on pollutant removal for different filter media.  The 
2016 soil quality results represent the baseline condition and the next soil sampling event for Wychwood 
is scheduled for 2018. Soil quality results were compared to CCME Soil Quality Guidelines for the 
Protection of Environmental and Human Health (CCME, 2014) and to the Environmental Protection Act, 
Ontario Reg. 153/04 Table 7: Generic Site Condition Standards for Shallow Soils in a Non-Potable 
Ground Water Condition Soil – Coarse Texture (MOE, 2011) for the appropriate land use.  

1.2.4 Data Analysis Presentation Methods 

The summary tables include both parametric and non-parametric statistics.  Parametric statistics operate 
under the assumption that data arise from a single theoretical statistical distribution that can be described 
mathematically using coefficients, or parameters, of that distribution.  The mean and standard deviation 
are example parameters of the normal, or Gaussian, distribution. Non-parametric statistics, including the 
median, are fundamentally based on the ranks9 of the data with no need to assume an underlying 
distribution.  Non-parametric statistics do not depend on the magnitude of the data and are therefore 
resistant to the occurrence of a few extreme values (i.e., high or low values relative to other data points 
do not significantly alter the statistic).10 Time series plots of the sampled EMC values are also provided. A 
box plot is provided to compare Wychwood TSS values with those from the NSQD sorted by land use.  

1.2.5 Data Analysis  

Most of the data analysis was done using Microsoft Excel. Total influent volumes due to rainfall were 
estimated from a storm event’s total precipitation by using the Simple Method as discussed in Section 
1.2.1 Data Analysis Evaluation Methods. Volume reductions were then computed as the difference 
between the estimated influent volume and measured effluent volume. Influent loads are calculated using 
the estimated influent EMC multiplied by the influent volume. For events sampled for water quality, 
effluent loads are calculated using the measured effluent volume multiplied by the measured EMC, and 
for events that were not sampled for water quality, the median of the sampled EMCs is multiplied by the 
measured effluent volume.  

1.3 Table and Figure Definitions 

Definitions for information found in the tables and figures presented in this report are included below for 
guidance. 

Tables include a combination of the following results, listed in alphabetical order: 

 

9 In this context, ranks refer to the positions of the data after being sorted by magnitude. 
10 Helsel, D.R. and R. M. Hirsch, 2002. Statistical Methods in Water Resources Techniques of Water Resources Investigations, 
Book 4, chapter A3. U.S. Geological Survey. 522 pages. 
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• Antecedent Dry Period - The amount of time with no rain or flow preceding the event.   
• Effluent EMC - The event mean concentration of the effluent for the event. 
• Estimated Pollutant Load Reduction - The estimated mass of a pollutant passing through the 

BMP; what has been removed from the system.  
• Estimated Total Influent Load - The estimated total pollutant load carried by influent for the event, 

as calculated by multiplying the Estimated Total Influent Volume by the NSQD Residential EMC. 
• Estimated Total Influent Volume - The estimated total volume of influent for the event based on 

an application of the Simple Method with the measured rainfall depth. 
• Estimated Volume Reduction - The estimated amount of volume removed as calculated by the 

difference between the Estimated Total Influent Volume and the Total Effluent Volume. 
• Event Duration - The total length of time for the event. 
• Lag Time - The time as calculated from the peak of precipitation event hyetograph to the peak of 

effluent event hydrograph. 
• Peak Effluent Flow - The maximum effluent flow rate for the event based on measured effluent. 
• Peak Precipitation Intensity - The maximum rate of precipitation for the event. 
• Sample Date - The date the water quality sample was collected. 
• Storm Date - The start date of the hydrologic event. 
• Total Effluent Load - The total pollutant load carried by the effluent out of the BMP for the event, 

as calculated by multiplying the Total Effluent Volume by the Effluent EMC. 
• Total Effluent Volume - The total measured volume effluent for the event. 
• Total Precipitation - The total depth of rainfall for the event. 
• WQ Guideline - The applicable PWQO or CCME water quality guideline for the pollutant. 

Hydrologic Summary Figures presented in this report include the following results: 

• Flow - The rate of flow for the estimated influent hydrograph and measured effluent hydrograph 
with corresponding flow rates increasing upwards along the left chart axis. 

• 10-min Precipitation Depth - The depth of precipitation per 10-minute intervals with corresponding 
depths increasing downward along the right chart axis. 

Tables and Comparative BMP Box Plots include the following BMPs represented in the BMPDB: 

• Bioretention - Vegetated, shallow depressions used to temporarily store stormwater prior to 
infiltration, evapotranspiration, or discharge via an underdrain or surface outlet structure. 
Treatment is achieved through filtration, sedimentation, sorption, infiltration, biochemical 
processes and plant uptake. 

• Detention Basin (a.k.a. Dry Pond) - Grass-lined basins that, while fully drainable between storm 
events, temporarily detain water through outlet controls to reduce peak stormwater runoff release 
rates and provide sedimentation treatment. Volume losses and load reductions through infiltration 
may also be significant. 

• Green Roof - Vegetated roofs that provide stormwater treatment via filtration, sorption, 
biochemical processes and plant uptake. 

• Biofilter - Vegetated swales or strips that provide treatment via filtration, sedimentation, infiltration, 
biochemical processes and plant uptake. 

• LID - low-impact development (LID) monitored at a site-scale basis; green infrastructure.  
• Manufactured Device - Devices that are designed to provide various treatment processes such as 

sedimentation, skimming, filtration, sorption, and disinfection. Treatment process subcategories 
within the BMPDP include biological filtration, filtration, inlet insert, multi-process, physical (with 



Wychwood Subdivision Low Impact Development Monitoring Technical Report 
 

Sustainable Technologies Evaluation Program                      Page C-12 

volume control), physical (manufactured device), and oil/grit separators. The last two treatment 
process subcategories, which are of primary interest to CVC, are further described below: 

o Physical (manufactured device) are hydrodynamic devices that provide treatment via 
settling and includes proprietary devices like Stormceptors®. A performance summary11 
found statistically significant reductions for Zn and TP for physical (manufactured device) 
treatment processes. It was hypothesized that TSS results, showing no significant 
reductions, were affected by unusually low influent TSS concentrations. 

o Oil/grit separators are designed for removing floatables and coarse solids. The 
performance summary found statistically significant reductions for only TSS for oil/grit 
separators treatment processes. 

• Media Filter - A constructed bed of filtration media that receives water at the surface and allows it 
to pond on the surface if inflows exceed the rate of percolation through the bed. Outflow from the 
media bed can be through underdrains or infiltration. Depending on the media used, treatment is 
provided via filtration, sorption, precipitation, ion exchange and biochemical processes. 

• Porous Pavement - Pavement that allows for infiltration through surface void spaces into 
underlying material. Subcategories of porous pavement include modular block, pervious concrete, 
porous aggregate, porous asphalt, and porous turf. Treatment is provided via infiltration, filtration, 
sorption, and biodegradation. 

• Retention Pond (a.k.a. Wet Pond) - Basins that feature a permanent pool of water (dead storage) 
below flood control (live storage) that is outlet controlled. Treatment is provided primarily through 
sedimentation; other treatment processes may include sorption and biochemical processes. 

• Wetland Basin - Shallow basins typically designed with inflow energy dissipation and variable 
depths and vegetation types to promote interactions between runoff, aquatic vegetation, and 
wetland soils. Treatment is provided via sedimentation, sorption, biochemical processes, 
coagulation, flocculation, plant uptake and microbial transformations. 

• Wetland Channel - Densely vegetated waterways used to treat and convey runoff. Treatment is 
provided via filtration, sedimentation, microbial transformations and plant uptake. 

1.4 Statistical Significance and Hypothesis Testing Considerations 

Statistical hypothesis testing is a powerful approach for evaluating 
stormwater BMP performance data. The most common type of 
statistical hypothesis testing involves comparisons of paired inflow 
and outflow EMC data to determine if the means significantly differ 
given an acceptable level of statistical confidence. This technique, 
which includes the paired t-Test, is commonly employed as a part of 
the analysis of the International Stormwater BMP Database and is a 
valuable statistical test for large, normally-distributed data sets.  
Nonparametric hypothesis testing, such as the Wilcoxon signed-rank 
test, can also be conducted (on medians rather than means); 
however, the statistical test generally is more powerful for parametric data when the normality 
assumptions hold (rare for stormwater). While statistical hypothesis testing is most commonly used for 
inflow/outflow analysis, it can be applied to any two data sets to determine if there is a statistically 
significant difference between the mean or median values of the two data distributions. In this case, tests 

 

11 Leisenring, M., Clary, J., Hobson, P. 2012. International Stormwater Best Management Practices (BMP) Database, Manufactured 
Devices Performance Summary. Prepared by Geosyntec Consultants, Inc. and Wright Water Engineers, Inc. July.  

At least 35 paired events are 
needed to verify that a 
statistically significant difference 
in concentration of 80% has 
been achieved. Long-term 
assessment is needed to gain 
this confidence. 
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on independent data sets are used (e.g., standard t-Test (parametric) and Mann-Whitney rank-sum test 
(non-parametric)) instead of matched pairs. 

For the Wychwood site, the ability to conduct such testing is limited by the lack of measured inflow data. 
However, even if inflow EMCs had been measured or estimated from the initiation of monitoring, it is 
unlikely that the data set would be large enough for meaningful statistical hypothesis testing. To gain a 
sense of the size of the data set needed, consider hypothesis testing designed to detect a 75% difference 
between inflow and outflow mean EMC values for TSS (see Pitt and Parmer 198512). Assuming a 
coefficient of variation of 1.5 (on the low end of variability for most stormwater parameters), a power of 
80% (standard for this type of analysis) and a confidence level of 90%, more than 35 paired samples 
would need to be collected. 

 
Figure C-4: Statistical Hypothesis testing paired samples required to detect 75% difference in population means for 
power of 80% (Pitt and Parmer 1985) 

 

 

12 R. Pitt and K. Parmer. Quality Assurance Project Plan (QAPP) for EPA Sponsored Study on Control of Stormwater Toxicants. 
Department of Civil and Environmental Engineering, University of Alabama at Birmingham. 1995. Reprinted in Burton, G.A. Jr., 
and R. Pitt. Stormwater Effects Handbook: A Tool Box for Watershed Managers, Scientists, and Engineers. ISBN 0-87371-924-7. 
CRC Press, Inc., Boca Raton, FL. 2002. 911 pages. 
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Therefore, eventually it may be possible for CVC to conduct hypothesis testing if inflow EMCs can be 
estimated and/or measured and paired with outflow data; however, it will take at least several years to 
build a data set that is sizeable enough, and will not be conducted at this stage for the Wychwood site. 
Furthermore, if differences between inflow and outflow EMC distribution means are smaller (e.g. 20% 
reduction or even 50% reduction), greater numbers of paired samples will be needed to detect differences 
with confidence. While a large number of events are needed for statistical hypothesis testing, the site 
nonetheless is currently providing useful data that can be used to calculate annual outflow loads with 
some associated uncertainty. CVC is evaluating methods for estimating inflow loads based on land use 
and EMC data from the NSQD at other monitoring locations. This will permit calculation of an annual load 
reduction for the facility. As the data sets grow and if inflow EMC data can be collected from land uses 
within the watershed or entering the LID features at other sites, the uncertainty of the comparison will 
decrease, permitting more accurate, and eventually statistically meaningful comparison. 

If CVC is able to collect data for and/or estimate inflow EMCs, it should still be feasible to estimate inflow 
and outflow loads and calculate reductions on an annual basis to compare with the MOECC 80% TSS 
removal requirement, whether or not statistical significance holds (for small data sets, the conclusion 
often is that there is not a statistically significant difference; however, this finding may be reflective of the 
limited size of the data set rather than the lack of a true difference in population means/medians. 
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1. HYDROLOGIC ANALYSIS 
Table D-1a: Hydrologic Summary of Rainfall Events for WW-1 

Starting 
Date and Time 

Event 
Duration 

(hrs) 

Precipitation 
Depth 
(mm) 

Antecedent 
Dry Period 

(Days) 

Total 
Inflow 

Volume 
(L) 

Peak 
Inflow 
(L/s) 

Total 
Outflow 
Volume 

(L) 

Peak 
Outflow 

(L/s) 

Peak 
Reduction 

(%) 

Estimated 
Volume Reduction 

(L) (%) 

2016-01-08 20:10 10.4 4.8 2.45 47405 8.32 0 0.00 100% 47405 100% 
2016-01-10 3:20 11.3 5.8 0.86 57385 8.32 13442 1.82 78% 43943 77% 
2016-01-15 21:05 4.1 2.8 5.27 27445 8.32 0 0.00 100% 27445 100% 
2016-01-16 7:20 3.8 2.3 0.26 22455 8.32 0 0.00 100% 22455 100% 
2016-01-18 7:00 5.7 19.3 1.83 192115 33.27 0 0.00 100% 192115 100% 
2016-01-31 16:20 1.9 2.5 13.15 24950 16.63 0 0.00 100% 24950 100% 
2016-02-02 21:00 9.8 8.4 2.11 83832 13.31 1 0.13 99% 83831 100% 
2016-02-16 5:00 7.7 5.0 12.92 49900 8.32 0 0.00 100% 49900 100% 
2016-02-19 22:45 16.0 2.3 3.42 22455 8.32 3930 0.37 96% 18525 82% 
2016-02-24 7:55 17.9 31.5 3.72 314370 24.95 15853 1.30 95% 298517 95% 
2016-03-10 9:10 8.8 4.0 14.31 39920 13.31 0 0.00 100% 39920 100% 
2016-03-14 1:25 3.6 10.2 3.31 101796 19.96 0 0.00 100% 101796 100% 
2016-03-15 1:00 4.0 3.2 0.83 31936 13.31 0 0.00 100% 31936 100% 
2016-03-16 5:00 20.7 3.2 1.00 31936 19.96 0 0.00 100% 31936 100% 
2016-03-22 17:40 1.9 2.6 5.67 25948 13.31 0 0.00 100% 25948 100% 
2016-03-23 15:10 12.6 6.6 0.82 65868 13.31 0 0.00 100% 65868 100% 
2016-03-24 14:20 6.9 17.0 0.44 169660 39.92 0 0.00 100% 169660 100% 
2016-03-28 0:45 4.9 18.0 3.15 179640 39.92 850 0.51 99% 178790 100% 
2016-03-31 2:30 20.0 32.8 2.87 327344 53.23 3899 1.92 96% 323445 99% 
2016-04-03 6:25 2.6 9.2 2.33 91816 19.96 0 0.00 100% 91816 100% 
2016-04-03 17:05 20.1 10.4 0.34 103792 19.96 0 0.00 100% 103792 100% 
2016-04-06 9:15 0.3 3.8 1.84 37924 113.11 1699 2.38 98% 36225 96% 
2016-04-06 17:15 14.8 10.0 0.32 99800 19.96 0 0.00 100% 99800 100% 
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Starting 
Date and Time 

Event 
Duration 

(hrs) 

Precipitation 
Depth 
(mm) 

Antecedent 
Dry Period 

(Days) 

Total 
Inflow 

Volume 
(L) 

Peak 
Inflow 
(L/s) 

Total 
Outflow 
Volume 

(L) 

Peak 
Outflow 

(L/s) 

Peak 
Reduction 

(%) 

Estimated 
Volume Reduction 

(L) (%) 

2016-04-10 20:00 10.7 10.0 3.50 99800 66.53 0 0.00 100% 99800 100% 
2016-04-21 15:25 10.8 3.6 10.36 35928 13.31 0 0.00 100% 35928 100% 
2016-04-25 18:00 10.6 27.4 3.66 273452 73.19 6920 0.00 100% 266532 97% 
2016-05-01 2:55 17.8 5.2 4.93 51896 13.31 0 0.00 100% 51896 100% 
2016-05-12 21:50 8.9 23.2 11.05 231536 179.64 10983 4.11 98% 220553 95% 
2016-05-14 3:45 7.1 5.2 0.88 51896 13.31 336 0.09 99% 51560 99% 
2016-05-16 5:20 3.3 11.4 1.77 113772 73.19 0 0.00 100% 113772 100% 
2016-05-16 15:55 3.5 2.6 0.31 25948 26.61 0 0.00 100% 25948 100% 
2016-05-26 11:10 4.2 7.8 9.66 77844 33.27 0 0.00 100% 77844 100% 
2016-06-02 5:05 3.8 13.4 6.57 133732 46.57 0 0.00 100% 133732 100% 
2016-06-04 22:35 16.7 17.0 2.57 169660 39.92 2038 1.20 97% 167622 99% 
2016-06-11 3:10 1.6 5.2 5.50 51896 93.15 623 1.01 99% 51273 99% 
2016-06-26 20:25 1.8 7.8 15.65 77844 106.45 426 0.44 100% 77418 99% 
2016-06-28 17:10 0.4 5.2 1.79 51896 66.53 0 0.00 100% 51896 100% 
2016-07-01 7:35 1.2 2.0 2.58 19960 13.31 0 0.00 100% 19960 100% 
2016-07-13 23:35 8.4 8.2 5.07 81836 79.84 4445 3.34 96% 77391 95% 
2016-07-14 18:00 4.9 7.4 0.42 73852 66.53 1120 1.01 98% 72732 98% 
2016-07-25 3:30 1.8 10.2 10.19 101796 133.07 1311 1.60 99% 100485 99% 
2016-08-03 5:05 0.7 2.2 8.99 21956 13.31 0 0.00 100% 21956 100% 
2016-08-13 11:30 8.9 19.6 10.24 195608 106.45 3374 0.83 99% 192235 98% 
2016-08-16 1:35 8.1 14.6 2.22 145708 53.23 685 0.37 99% 145023 100% 
2016-08-20 0:55 1.9 2.2 3.64 21956 13.31 0 0.00 100% 21956 100% 
2016-08-25 0:35 1.2 11.0 4.91 109780 93.15 1490 1.92 98% 108291 99% 
2016-08-25 15:50 1.9 15.2 0.58 151696 139.72 1373 1.10 99% 150324 99% 
2016-09-07 21:15 1.5 17.2 13.15 171656 133.07 14477 6.21 95% 157180 92% 
2016-09-17 4:55 11.2 7.0 9.26 69860 26.61 34 0.02 100% 69826 100% 



Wychwood Subdivision Low Impact Development Monitoring Technical Report 
 

Sustainable Technologies Evaluation Program                        Page D-3  

Starting 
Date and Time 

Event 
Duration 

(hrs) 

Precipitation 
Depth 
(mm) 

Antecedent 
Dry Period 

(Days) 

Total 
Inflow 

Volume 
(L) 

Peak 
Inflow 
(L/s) 

Total 
Outflow 
Volume 

(L) 

Peak 
Outflow 

(L/s) 

Peak 
Reduction 

(%) 

Estimated 
Volume Reduction 

(L) (%) 

2016-09-26 10:40 1.8 7.2 8.77 71856 26.61 23 0.05 100% 71833 100% 
2016-09-29 8:40 10.3 11.6 2.84 115768 19.96 83 0.09 100% 115686 100% 
2016-10-01 7:35 2.2 2.0 1.53 19960 13.31 0 0.00 100% 19960 100% 
2016-10-01 16:05 10.4 2.2 0.26 21956 19.96 0 0.00 100% 21956 100% 
2016-10-02 11:05 1.1 2.2 0.36 21956 13.31 263 0.66 95% 21694 99% 
2016-10-08 5:20 1.3 5.4 5.72 53892 33.27 0 0.00 100% 53892 100% 
2016-10-20 2:15 11.8 18.2 11.82 181636 13.31 19 0.02 100% 181617 100% 
2016-10-26 23:50 13.0 8.4 6.41 83832 13.31 0 0.00 100% 83832 100% 
2016-11-02 14:55 16.9 34.6 6.09 345308 46.57 15677 2.73 94% 329631 95% 
2016-11-19 11:00 3.6 4.0 16.13 39920 6.65 0 0.00 100% 39920 100% 
2016-11-23 21:50 15.7 4.8 4.30 47904 13.31 0 0.00 100% 47904 100% 
2016-11-24 23:30 6.4 2.2 0.42 21956 13.31 0 0.00 100% 21956 100% 
2016-11-26 2:10 3.9 2.2 0.84 21956 6.65 0 0.00 100% 21956 100% 
2016-11-28 22:40 4.8 5.6 2.69 55888 19.96 0 0.00 100% 55888 100% 
2016-11-30 19:40 3.8 4.4 1.67 43912 13.31 0 0.00 100% 43912 100% 
2016-12-04 22:35 10.8 8.2 3.96 81836 13.31 0 0.00 100% 81836 100% 
2016-12-06 17:55 10.2 3.4 1.35 33932 6.65 0 0.00 100% 33932 100% 
2016-12-11 12:10 16.7 13.2 4.34 131736 13.31 0 0.00 100% 131736 100% 
2016-12-16 21:20 31.3 8.8 4.69 87824 13.31 0 0.00 100% 87824 100% 
2016-12-19 7:10 1.2 2.8 1.10 27944 13.31 0 0.00 100% 27944 100% 
2016-12-24 1:50 4.9 4.2 4.73 41916 13.31 0 0.00 100% 41916 100% 
2016-12-26 5:55 15.6 21.0 1.97 209580 33.27 0 0.00 100% 209580 100% 
2016-12-29 2:45 9.7 6.8 2.22 67864 6.65 0 0.00 100% 67864 100% 
2017-01-01 5:10 2.9 2.4 0.37 23952 3.33 0 0.00 100% 23952 100% 
2017-01-03 0:45 19.7 18.2 1.69 181636 6.65 0 0.00 100% 181636 100% 
2017-01-10 6:35 23.1 16.4 6.42 163672 13.31 49235 3.22 76% 114437 70% 
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Starting 
Date and Time 

Event 
Duration 

(hrs) 

Precipitation 
Depth 
(mm) 

Antecedent 
Dry Period 

(Days) 

Total 
Inflow 

Volume 
(L) 

Peak 
Inflow 
(L/s) 

Total 
Outflow 
Volume 

(L) 

Peak 
Outflow 

(L/s) 

Peak 
Reduction 

(%) 

Estimated 
Volume Reduction 

(L) (%) 

2017-01-11 22:00 14.6 15.8 0.85 157684 19.96 97276 13.76 31% 60408 38% 
2017-01-13 6:05 2.8 3.2 0.73 31936 6.65 0 0.00 100% 31936 100% 
2017-01-17 2:40 30.4 12.6 3.74 125748 13.31 19720 3.85 71% 106028 84% 
2017-01-23 2:05 6.6 2.8 4.71 27944 3.33 0 0.00 100% 27944 100% 
2017-01-25 18:15 8.4 2.0 2.40 19960 3.33 0 0.00 100% 19960 100% 
2017-02-07 4:55 21.8 17.0 12.09 169660 9.98 3370 0.75 93% 166290 98% 
2017-02-18 12:40 4.9 N/A 10.60 N/A N/A 2064 0.24 N/A N/A N/A 
2017-02-24 6:55 2.0 2.2 16.36 21956 6.65 0 0.00 100% 21956 100% 
2017-02-24 18:45 13.6 12.4 0.41 123752 19.96 1431 1.10 94% 122321 99% 
2017-02-28 20:30 13.6 22.0 3.51 219560 16.63 4968 1.92 88% 214592 98% 
2017-03-07 0:30 21.1 8.4 5.60 83832 6.65 0 0.00 100% 83832 100% 
2017-03-24 4:20 0.6 2.2 16.28 21956 9.98 0 0.00 100% 21956 100% 
2017-03-25 0:20 10.7 4.0 0.81 39920 6.65 0 0.00 100% 39920 100% 
2017-03-26 21:10 16.7 4.8 1.42 47904 3.33 0 0.00 100% 47904 100% 
2017-03-30 15:50 27.9 16.8 3.08 167664 9.98 0 0.00 100% 167664 100% 
2017-04-03 20:50 16.1 19.4 3.05 193612 9.98 667 1.01 90% 192945 100% 
2017-04-06 9:15 17.1 30.8 1.85 307385 9.98 13437 1.50 85% 293948 96% 
2017-04-10 21:10 1.5 3.0 3.78 29940 16.63 0 0.00 100% 29940 100% 
2017-04-15 8:00 6.7 5.0 4.39 49900 6.65 0 0.00 100% 49900 100% 
2017-04-20 8:55 16.4 25.6 4.76 255489 13.31 2906 0.59 96% 252583 99% 
2017-04-27 17:20 1.3 3.4 6.67 33932 9.98 0 0.00 100% 33932 100% 
2017-04-30 16:20 9.8 17.4 2.90 173652 19.96 0 0.00 100% 173652 100% 
2017-05-01 9:20 8.9 14.0 0.30 139720 16.63 15959 3.72 78% 123762 89% 
2017-05-04 12:45 57.2 37.4 2.89 373253 6.65 26116 0.44 93% 347137 93% 
2017-05-21 6:15 16.0 23.0 14.35 229540 33.27 4457 2.61 92% 225083 98% 
2017-05-24 21:20 30.0 39.6 2.96 395208 9.98 9146 1.20 88% 386062 98% 
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Starting 
Date and Time 

Event 
Duration 

(hrs) 

Precipitation 
Depth 
(mm) 

Antecedent 
Dry Period 

(Days) 

Total 
Inflow 

Volume 
(L) 

Peak 
Inflow 
(L/s) 

Total 
Outflow 
Volume 

(L) 

Peak 
Outflow 

(L/s) 

Peak 
Reduction 

(%) 

Estimated 
Volume Reduction 

(L) (%) 

2017-06-04 4:50 3.6 6.4 9.06 63872 6.65 0 0.00 100% 63872 100% 
2017-06-16 19:00 2.9 5.4 12.44 53892 19.96 0 0.00 100% 53892 100% 
2017-06-17 9:30 4.7 6.0 0.48 59880 49.90 0 0.00 100% 59880 100% 
2017-06-18 7:15 5.4 4.0 0.71 39920 36.59 540 1.50 96% 39380 99% 
2017-06-22 10:25 1.0 2.6 3.91 25948 9.98 0 0.00 100% 25948 100% 
2017-06-22 22:45 12.1 37.6 0.47 375248 53.23 28891 5.18 90% 346357 92% 
2017-06-29 0:35 9.9 5.2 5.58 51896 9.98 0 0.00 100% 51896 100% 
2017-06-30 3:45 3.4 7.6 0.72 75848 36.59 2643 2.85 92% 73205 97% 
2017-07-12 12:05 3.2 5.0 12.20 49900 36.59 188 0.37 99% 49712 100% 
2017-07-13 22:50 2.0 13.0 1.32 129740 56.55 124 0.18 100% 129616 100% 
2017-07-20 9:30 2.3 13.4 6.36 133732 56.55 2801 2.73 95% 130931 98% 
2017-07-26 18:30 14.6 6.6 6.32 65868 6.65 0 0.00 100% 65868 100% 
2017-07-31 15:15 0.6 3.6 4.26 35928 33.27 0 0.00 100% 35928 100% 
2017-08-01 13:45 0.8 8.2 0.91 81836 99.80 936 2.15 98% 80900 99% 
2017-08-04 0:20 6.0 3.0 2.43 29940 16.63 0 0.00 100% 29940 100% 
2017-08-04 14:55 2.7 17.8 0.36 177644 83.17 3845 2.85 97% 173799 98% 
2017-08-12 13:20 1.5 3.8 7.86 37924 26.61 0 0.00 100% 37924 100% 
2017-08-17 13:20 7.2 13.6 4.94 135728 23.29 506 0.75 97% 135222 100% 
2017-08-22 8:20 4.8 16.2 4.49 161676 86.49 1415 2.49 97% 160261 99% 
2017-08-31 0:40 1.8 3.8 8.49 37924 9.98 0 0.00 100% 37924 100% 
2017-09-03 2:05 3.2 9.6 2.98 95808 9.98 5 0.02 100% 95803 100% 
2017-09-04 17:50 2.4 10.4 1.52 103792 56.55 380 0.66 99% 103413 100% 
2017-09-05 12:30 0.7 4.2 0.68 41916 59.88 78 0.18 100% 41838 100% 
2017-09-07 13:25 3.3 1.2 2.03 11976 6.65 0 0.00 100% 11976 100% 
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Table D-1b: Hydrologic Summary of Rainfall Events for WW-2 

Starting 
Date and Time 

Event 
Duration 

(hrs) 

Precipitation 
Depth 
(mm) 

Antecedent 
Dry Period 

(Days) 

Total 
Inflow 

Volume 
(L) 

Peak 
Inflow 
(L/s) 

Total 
Outflow 
Volume 

(L) 

Peak 
Outflow 

(L/s) 

 Peak 
Reduction 

 (%) 

Estimated 
Volume Reduction 

(L) (%) 

2016-01-08 20:10 21.1 4.8 2.45 108134 18.97 7529 0.67 96% 100604 93% 
2016-01-10 3:20 36.2 5.8 0.86 130899 18.97 187825 9.69 49% -56926 -43% 
2016-01-15 21:05 6.8 5.0 3.60 113825 18.97 2624 0.47 98% 111201 98% 
2016-01-18 7:00 5.7 19.3 2.13 438226 75.90 0 0.00 100% 438226 100% 
2016-01-31 16:20 2.2 2.5 13.15 56913 37.95 3715 1.60 96% 53198 93% 
2016-02-02 21:00 31.2 8.4 2.10 191226 30.36 26667 1.47 95% 164559 86% 
2016-02-16 5:00 7.7 5.0 12.03 113825 18.97 0 0.00 100% 113825 100% 
2016-02-19 22:45 6.1 2.3 3.42 51221 18.97 16093 2.04 89% 35128 69% 
2016-02-24 7:55 50.3 31.5 4.13 717098 56.92 213208 5.79 90% 503889 70% 
2016-03-10 9:10 12.6 4.0 12.95 91060 30.36 5663 0.68 98% 85397 94% 
2016-03-14 1:25 73.4 17.4 3.15 396111 45.54 88085 5.00 89% 308026 78% 
2016-03-22 17:40 3.2 2.6 5.62 59189 30.36 3604 0.98 97% 55585 94% 
2016-03-23 15:10 70.6 23.8 0.76 541807 91.08 196033 7.07 92% 345774 64% 
2016-03-28 0:45 32.7 18.0 1.46 409770 91.08 132291 9.16 90% 277479 68% 
2016-03-31 2:30 44.2 32.8 1.71 746692 121.44 285617 16.49 86% 461076 62% 
2016-04-03 6:25 2.6 9.2 1.32 209438 45.54 0 0.00 100% 209438 100% 
2016-04-03 17:05 25.8 10.4 1.77 236756 15.18 8497 0.97 94% 228259 96% 
2016-04-06 9:15 57.3 13.8 1.60 314157 258.06 202968 4.15 98% 111189 35% 
2016-04-10 20:00 63.7 11.4 2.06 259521 151.80 95647 4.96 97% 163874 63% 
2016-08-16 1:35 31.2 14.6 20.66 332369 121.44 97248 11.31 91% 235121 71% 
2016-08-20 0:55 11.5 2.2 1.11 50083 30.36 12561 3.38 89% 37522 75% 
2016-08-25 0:35 3.3 11.0 4.51 250415 212.52 45212 37.65 82% 205203 82% 
2016-08-25 15:50 16.8 15.2 0.50 346028 318.78 46399 18.37 94% 299629 87% 
2016-09-07 21:10 33.3 17.2 12.52 391558 303.60 195704 98.61 68% 195854 50% 
2016-09-17 4:55 12.1 7.0 7.94 159355 60.72 25198 8.54 86% 134157 84% 
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Starting 
Date and Time 

Event 
Duration 

(hrs) 

Precipitation 
Depth 
(mm) 

Antecedent 
Dry Period 

(Days) 

Total 
Inflow 

Volume 
(L) 

Peak 
Inflow 
(L/s) 

Total 
Outflow 
Volume 

(L) 

Peak 
Outflow 

(L/s) 

 Peak 
Reduction 

 (%) 

Estimated 
Volume Reduction 

(L) (%) 

2016-09-26 10:40 7.1 7.2 8.74 163908 60.72 38591 12.59 79% 125317 76% 
2016-09-29 8:40 15.4 11.6 2.62 264074 45.54 68608 6.85 85% 195467 74% 
2016-10-01 7:35 19.9 4.2 1.31 95613 45.54 10990 2.08 95% 84623 89% 
2016-10-02 11:05 9.1 2.2 0.32 50083 30.36 21473 15.57 49% 28610 57% 
2016-10-08 5:20 2.9 5.4 5.38 122931 75.90 20728 9.31 88% 102203 83% 
2016-10-20 2:15 40.2 18.2 11.75 414323 30.36 77083 4.21 86% 337240 81% 
2016-10-26 23:50 38.6 8.8 5.23 200332 30.36 36037 4.12 86% 164295 82% 
2016-11-02 14:55 44.3 34.6 5.02 787669 106.26 274017 21.09 80% 513652 65% 
2016-12-06 17:55 11.3 3.4 1.35 77401 15.18 4978 1.12 93% 72423 94% 
2016-12-29 2:45 9.7 6.8 1.59 154802 15.18 0 0.00 100% 154802 100% 
2017-01-16 20:50 49.8 12.6 18.35 286839 30.36 187330 18.42 39% 99509 35% 
2017-04-06 0:40 1.3 0.6 N/A 13659 7.59 565 0.37 95% 13094 96% 
2017-04-06 9:20 48.8 31.0 0.33 705716 22.77 413158 12.93 43% 292558 41% 
2017-06-04 4:55 6.2 6.4 56.99 145696 15.18 17034 3.25 79% 128662 88% 
2017-06-05 2:20 6.3 0.6 0.75 13659 15.18 472 0.44 97% 13187 97% 
2017-06-06 6:15 1.0 0.4 1.06 9106 7.59 403 0.37 95% 8703 96% 
2017-06-06 13:30 5.8 0.8 0.29 18212 15.18 2549 2.64 83% 15663 86% 
2017-06-16 19:05 26.2 11.4 10.01 259521 113.85 21698 11.71 90% 237823 92% 
2017-06-18 7:20 5.6 4.0 0.72 91060 83.49 21611 25.70 69% 69449 76% 
2017-06-19 23:50 3.4 0.8 1.47 18212 15.18 2706 2.52 83% 15506 85% 
2017-06-20 19:35 9.8 1.6 0.68 36424 7.59 3361 1.02 87% 33063 91% 
2017-06-22 10:30 1.2 2.6 1.22 59189 22.77 4337 2.76 88% 54852 93% 
2017-06-22 22:50 35.8 37.6 0.48 855964 121.44 368943 53.61 56% 487021 57% 
2017-06-25 10:40 3.4 0.8 2.00 18212 30.36 5052 7.61 75% 13160 72% 
2017-06-26 13:00 6.5 1.4 1.10 31871 37.95 742 0.13 100% 31129 98% 
2017-06-29 0:40 65.4 14.8 2.42 336922 83.49 120519 67.65 19% 216403 64% 
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Starting 
Date and Time 

Event 
Duration 

(hrs) 

Precipitation 
Depth 
(mm) 

Antecedent 
Dry Period 

(Days) 

Total 
Inflow 

Volume 
(L) 

Peak 
Inflow 
(L/s) 

Total 
Outflow 
Volume 

(L) 

Peak 
Outflow 

(L/s) 

 Peak 
Reduction 

 (%) 

Estimated 
Volume Reduction 

(L) (%) 

2017-07-12 12:05 5.1 5.0 10.91 113825 83.49 28172 17.27 79% 85653 75% 
2017-07-13 7:40 7.6 1.6 0.68 36424 22.77 7771 6.93 70% 28653 79% 
2017-07-13 22:55 6.3 13.0 0.52 295945 129.03 21032 17.95 86% 274913 93% 
2017-07-20 9:35 20.9 13.4 6.37 305051 129.03 89719 47.50 63% 215332 71% 
2017-07-26 18:35 25.3 6.6 6.33 150249 15.18 15880 3.51 77% 134369 89% 
2017-07-31 15:15 5.8 4.0 4.26 91060 75.90 6428 8.31 89% 84632 93% 
2017-08-01 13:50 21.1 8.4 0.92 191226 227.70 53977 59.79 74% 137250 72% 
2017-08-03 14:20 16.1 3.2 1.15 72848 37.95 4672 3.00 92% 68176 94% 
2017-08-04 15:00 24.3 17.8 0.36 405217 189.75 144628 62.51 67% 260589 64% 
2017-08-11 18:30 9.8 1.4 7.08 31871 15.18 2738 1.21 92% 29133 91% 
2017-08-12 13:25 6.1 3.8 0.66 86507 60.72 3434 2.76 95% 83073 96% 
2017-08-15 2:25 2.6 1.8 2.48 40977 15.18 3839 2.17 86% 37139 91% 
2017-08-17 13:25 13.5 13.8 2.42 314157 53.13 59178 25.15 53% 254979 81% 
2017-08-22 8:25 14.7 16.2 4.23 368793 197.34 76719 50.25 75% 292074 79% 
2017-08-31 0:40 4.1 3.8 8.49 86507 22.77 8338 2.88 87% 78169 90% 
2017-09-03 2:05 5.5 9.6 2.99 218544 22.77 36436 6.27 72% 182108 83% 
2017-09-04 17:25 7.7 10.4 1.51 236756 129.03 38854 31.39 76% 197902 84% 
2017-09-05 12:30 3.3 4.2 0.69 95613 121.44 11464 16.15 87% 84149 88% 
2017-09-07 13:25 3.8 1.2 2.03 27318 15.18 1709 1.73 89% 25609 94% 
2017-09-29 8:15 13.4 3.0 21.65 68295 22.77 4375 1.12 95% 63920 94% 
2017-10-04 9:00 8.8 6.6 4.84 150249 75.90 11272 4.97 93% 138977 92% 
2017-10-07 2:20 4.3 1.6 2.38 36424 7.59 540 0.24 97% 35884 99% 
2017-10-07 23:45 5.8 3.0 0.72 68295 22.77 12868 5.38 76% 55427 81% 
2017-10-09 1:50 25.0 14.6 0.98 332369 30.36 98451 11.12 63% 233918 70% 
2017-10-11 7:45 10.2 3.0 1.62 68295 15.18 4489 2.88 81% 63806 93% 
2017-10-14 15:50 34.3 19.2 2.94 437088 113.85 67419 28.58 75% 369669 85% 
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Starting 
Date and Time 

Event 
Duration 

(hrs) 

Precipitation 
Depth 
(mm) 

Antecedent 
Dry Period 

(Days) 

Total 
Inflow 

Volume 
(L) 

Peak 
Inflow 
(L/s) 

Total 
Outflow 
Volume 

(L) 

Peak 
Outflow 

(L/s) 

 Peak 
Reduction 

 (%) 

Estimated 
Volume Reduction 

(L) (%) 

2017-10-23 16:15 13.2 9.2 7.96 209438 37.95 22530 4.16 89% 186908 89% 
2017-10-28 5:55 8.7 4.0 4.06 91060 15.18 2535 0.37 98% 88525 97% 
2017-11-01 15:00 23.8 14.8 4.02 336922 15.18 33366 4.29 72% 303556 90% 
2017-11-02 21:45 26.9 3.4 0.30 77401 15.18 11603 2.29 85% 65798 85% 
2017-11-04 20:10 44.6 16.6 1.62 377899 45.54 174123 19.59 57% 203776 54% 
2017-11-15 18:35 7.5 3.6 9.82 81954 15.18 3245 0.93 94% 78709 96% 
2017-11-18 4:20 46.0 21.6 2.13 491724 30.36 175421 8.31 73% 316303 64% 
2017-11-25 20:05 1.3 0.6 6.59 13659 7.59 1325 1.21 84% 12334 90% 
2017-11-30 12:35 5.8 2.4 4.68 54636 7.59 4041 1.73 77% 50595 93% 
2017-12-04 22:25 24.9 9.0 4.20 204885 22.77 25026 3.13 86% 179859 88% 
2017-12-18 14:15 7.3 6.6 13.22 150249 83.49 0 0.24 100% 150249 100% 
2017-12-24 11:05 2.7 2.6 5.57 59189 7.59 0 0.18 98% 59189 100% 
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2. WATER QUALITY PERFORMANCE 
Table D-2a: EMC Summary for All Events for WW-1 

Starting 
Date and Time 

Precipitation 
Depth 
(mm) 

TSS 
(mg/L) 

TP 
(mg/L) 

PO4 
(mg/L) 

NO2+NO3 
(mg/L) 

Al 
(µg/L) 

Cu 
(µg/L) 

Fe 
(µg/L) 

Zn 
(µg/L) 

Cl- 
(mg/L) 

2016-02-24 7:55 31.5 7.1 0.25 0.195 0.166 132 13.4 222 12.8 68.2 
2016-03-31 2:30 32.8 15.6 0.218 0.213 0.2 245 10.3 309 20 65.9 
2016-06-26 20:25 7.8 39.4 0.274 0.0197 0.12 310 13.1 806 71.1 13.1 
2016-07-13 23:35 8.2 48.8 0.332 0.0198 0.171 449 11.3 627 65.2 12 
2016-07-25 3:30 10.2 41.5 0.232 0.0315 0.438 393 11.6 642 79.6 16 
2016-08-13 11:30 19.6 19.3 0.114 0.052 0.24 186 11.2 344 58.4 6.9 
2016-08-16 1:35 14.6 4.7 0.044 0.0174 0.302 83.3 7.45 76.8 37.8 2.6 
2016-08-25 0:35 11.0 25.6 0.095 0.0192 0.221 183 5.27 389 39.6 4.5 
2016-08-25 15:50 15.2 6.5 0.053 0.0153 0.249 96.4 4.75 137 29.3 2 
2016-09-07 21:15 17.2 37.7 0.515 0.402 0.663 259 19.9 461 48.6 5.2 
2016-10-02 11:05 2.2 18.9 N/A N/A N/A N/A N/A N/A N/A N/A 
2016-11-02 14:55 34.6 16.2 0.254 0.214 0.848 311 14.6 398 17.4 100 
2017-01-10 6:35 16.4 10.1 0.284 0.254 0.599 175 23.6 268 22 522 
2017-01-11 22:00 15.8 27.9 0.38 0.364 0.384 452 25.2 588 24.3 57.9 
2017-01-17 2:40 12.6 12.9 0.3 0.214 0.263 246 14.9 347 18 164 
2017-02-07 4:55 17.0 8.1 0.22 0.13 0.27 150 7.99 164 11.2 214 
2017-02-24 18:45 12.4 41.7 0.288 0.189 0.436 N/A N/A N/A N/A 93.9 
2017-02-28 20:30 22.0 19.9 0.155 0.108 0.221 375 9.15 488 19.3 23 
2017-04-20 8:55 25.6 14.2 0.3 0.253 1.64 296 18.3 337 26.8 31 
2017-05-01 9:20 14.0 19.9 0.224 0.178 0.713 486 20.9 583 22.7 17.2 
2017-05-24 21:20 39.6 9.6 0.186 0.156 0.931 194 8.86 232 24.6 4.9 
2017-08-22 8:20 16.2 114 0.2 0.0803 0.316 951 13.6 1420 93.2 3.7 
Count 22 22 21 21 21 20 20 20 20 21 
Minimum 2.2 4.7 0.044 0.0153 0.12 83.3 4.75 76.8 11.2 2 
25 Percentile 12.5 10.8 0.186 0.0315 0.221 181 9.08 259 19.8 5.2 
Median 16.0 19.1 0.232 0.1560 0.302 253 12.4 368 25.7 17.2 
75 Percentile 21.4 35.3 0.288 0.2140 0.599 380 15.8 584 51.1 68.2 
Maximum 39.6 114 0.515 0.4020 1.64 951 25.2 1420 93.2 522 
Mean 18.0 25.4 0.234 0.1488 0.447 299 13.3 442 37.1 68.0 
Std. Deviation 9.48 23.7 0.109 0.1150 0.359 194 5.78 298 24.1 119 
 

  



Wychwood Subdivision Low Impact Development Monitoring Technical Report 
 

Sustainable Technologies Evaluation Program                     Page D-11 

Table D-2b: EMC Summary for All Events for WW-2   

Starting 
Date and Time 

Precipitatio
n Depth 

(mm) 
TSS 

(mg/L) 
TP 

(mg/L) 
PO4 

(mg/L) 

NO2+NO
3 

(mg/L) 
Al 

(µg/L) 
Cu 

(µg/L) 
Fe 

(µg/L) 
Zn 

(µg/L) 
Cl- 

(mg/L) 
2016-02-24 7:55 31.5 70.7 0.12 0.0377 0.86 423 11.4 521 22.1 440 
2016-03-31 2:30 32.8 19.3 0.163 0.174 0.583 303 14.3 307 22.8 122 
2016-08-16 1:35 14.6 26.5 0.142 0.0764 0.488 358 10.8 386 32.3 9.5 
2016-08-25 0:35 11.0 34.6 0.234 0.106 1.45 316 12.2 378 50.2 40.7 
2016-08-25 15:50 15.2 12.1 0.123 0.0737 0.8 182 20.6 207 34.7 17.2 
2016-09-17 4:55 7.0 14 0.198 0.0989 0.347 174 21.1 236 29.1 15.6 
2016-09-26 10:40 7.2 32.8 0.236 0.0876 0.795 307 13 394 44.5 17.7 
2016-09-29 8:40 11.6 11.8 0.128 0.0328 0.456 168 10.5 223 28.2 6.3 
2016-11-02 14:55 34.6 32.3 0.176 0.213 0.665 347 15.2 411 24.8 26.4 
2017-01-16 20:50 12.6 19.4 0.195 0.162 0.18 304 16.2 393 27.6 239 
2017-06-04 04:55 6.4 14.9 0.11 0.0613 1.26 113 13.9 130 34.3 N/A 
2017-07-20 09:35 13.4 33.9 0.146 0.0696 1.12 313 17.8 416 54.6 20.4 
2017-08-17 13:25 13.8 40.7 0.131 0.0512 0.66 484 14.1 587 61.1 6.4 
2017-08-22 08:25 16.2 50.8 0.15 0.0606 0.893 402 22.8 552 47.2 11.8 
2017-10-04 09:00 6.6 31.3 0.146 0.0538 0.785 322 18 514 49.9 24.3 
2017-10-23 16:15 9.2 12.4 0.108 0.051 0.534 230 9.09 342 29.3 34.5 
2017-11-01 15:00 14.8 12.4 0.087 0.0298 0.948 172 5.68 295 20 10.5 
2017-11-04 20:10 16.6 26 0.14 0.0861 1.77 314 7.94 419 24.3 14.9 
Count 18 18 18 18 18 18 18 18 18 17 
Minimum 6.4 11.8 0.087 0.0298 0.18 113 5.68 130 20 6.3 
25 Percentile 9.7 14.2 0.124 0.0519 0.546 194 11.0 298 25.5 11.8 
Median 13.6 26.3 0.144 0.0717 0.790 310 14.0 390 30.8 17.7 
75 Percentile 16.0 33.6 0.173 0.0961 0.934 341 17.4 418 46.5 34.5 
Maximum 34.6 70.7 0.236 0.213 1.77 484 22.8 587 61.1 440 
Mean 15.3 27.6 0.152 0.0848 0.811 291 14.1 373 35.4 62.2 
Std. Deviation 8.8 15.6 0.042 0.0507 0.396 99 4.67 125 12.6 113 
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Table D-3a: Water Quality Performance for Total Suspended Solids (TSS) for WW-1 

Starting 
Date and Time 

Precipitation 
Depth 
(mm) 

TSS 
EMC 

(mg/L) 

Total 
Estimated 

Influent 
Volume 

(L) 

Total 
Estimated 

Influent 
Load 
(g) 

Total 
Measured 
Effluent 
Volume 

(L) 

Total 
Measured 
Effluent 

Load 
(g) 

 
Estimated 

Pollutant Load 
Reduction 
(g) (%) 

2016-02-24 7:55 31.5 7.1 314370 14461.02 15853 112.56 14348.46 99% 
2016-03-31 2:30 32.8 15.6 327344 15057.82 3899 60.82 14997.00 100% 
2016-06-26 20:25 7.8 39.4 77844 3580.82 426 16.77 3564.05 100% 
2016-07-13 23:35 8.2 48.8 81836 3764.46 4445 216.94 3547.52 94% 
2016-07-25 3:30 10.2 41.5 101796 4682.62 1311 54.42 4628.20 99% 
2016-08-13 11:30 19.6 19.3 195608 8997.97 3374 65.11 8932.86 99% 
2016-08-16 1:35 14.6 4.7 145708 6702.57 685 3.22 6699.35 100% 
2016-08-25 0:35 11.0 25.6 109780 5049.88 1490 38.13 5011.75 99% 
2016-08-25 15:50 15.2 6.5 151696 6978.02 1373 8.92 6969.09 100% 
2016-09-07 21:15 17.2 37.7 171656 7896.18 14477 545.76 7350.41 93% 
2016-10-02 11:05 2.2 18.9 21956 1009.98 263 4.96 1005.01 100% 
2016-11-02 14:55 34.6 16.2 345308 15884.17 15677 253.97 15630.19 98% 
2017-01-10 6:35 16.4 10.1 163672 7528.91 49235 497.27 7031.64 93% 
2017-01-11 22:00 15.8 27.9 157684 7253.46 97276 2714.00 4539.47 63% 
2017-01-17 2:40 12.6 12.9 125748 5784.41 19720 254.38 5530.03 96% 
2017-02-07 4:55 17.0 8.1 169660 7804.36 3370 27.30 7777.06 100% 
2017-02-24 18:45 12.4 41.7 123752 5692.59 1431 59.69 5632.91 99% 
2017-02-28 20:30 22.0 19.9 219560 10099.76 4968 98.86 10000.90 99% 
2017-04-20 8:55 25.6 14.2 255489 11752.47 2906 41.26 11711.21 100% 
2017-05-01 9:20 14.0 19.9 139720 6427.13 15959 317.57 6109.56 95% 
2017-05-24 21:20 39.6 9.6 395208 18179.57 9146 87.81 18091.76 100% 
2017-08-22 8:20 16.2 114 161676 7437.10 1415 161.29 7275.81 98% 
Count 22 22 22 22 22 22 22 22 
Minimum 2.2 4.7 21956 1009.98 263 3.22 1005.01 63% 
25 Percentile 12.5 10.8 124251 5715.55 1419 38.91 5141.32 96% 
Median 16.0 19.1 159680 7345.28 3636 76.46 7000.37 99% 
75 Percentile 21.4 35.3 213572 9824.31 15377 244.71 9733.89 100% 
Maximum 39.6 114 395208 18179.57 97276 2714.00 18091.76 100% 
Mean 18.0 25.4 179867 8273.88 12213 256.41 8017.47 96% 
Std. Deviation 9.5 23.7 94615 4352.31 21974 569.74 4411.22 8% 
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Table D-3b: Water Quality Performance for Total Suspended Solids (TSS) for WW-2 

Starting 
Date and Time 

Precipitation 
Depth 
(mm) 

TSS 
EMC 

(mg/L) 

Total 
Estimated 

Influent 
Volume 

(L) 

Total 
Estimated 

Influent 
Load 
(g) 

Total 
Measured 
Effluent 
Volume 

(L) 

Total 
Measured 
Effluent 

Load 
(g) 

Estimated 
Pollutant Load 

Reduction 
(g) (%) 

2016-02-24 7:55 31.5 70.7 717098 32986.49 213208 15073.82 17912.67 54% 
2016-03-31 2:30 32.8 19.3 746692 34347.84 285617 5512.40 28835.44 84% 
2016-08-16 1:35 14.6 26.5 332369 15288.98 97248 2577.08 12711.90 83% 
2016-08-25 0:35 11.0 34.6 250415 11519.09 45212 1564.35 9954.74 86% 
2016-08-25 15:50 15.2 12.1 346028 15917.29 46399 561.42 15355.86 96% 
2016-09-17 4:55 7.0 14 159355 7330.33 25198 352.77 6977.56 95% 
2016-09-26 10:40 7.2 32.8 163908 7539.77 38591 1265.79 6273.98 83% 
2016-09-29 8:40 11.6 11.8 264074 12147.41 68608 809.57 11337.84 93% 
2016-11-02 14:55 34.6 32.3 787669 36232.78 274017 8850.74 27382.04 76% 
2017-01-16 20:50 12.6 19.4 286839 13194.60 187330 3634.20 9560.40 72% 
2017-06-04 4:55 6.4 14.9 145696 6702.02 17034 253.81 6448.21 96% 
2017-07-20 9:35 13.4 33.9 305051 14032.35 89719 3041.49 10990.86 78% 
2017-08-17 13:25 13.8 40.7 314157 14451.22 59178 2408.56 12042.67 83% 
2017-08-22 8:25 16.2 50.8 368793 16964.48 76719 3897.35 13067.13 77% 
2017-10-04 9:00 6.6 31.3 150249 6911.45 11272 352.81 6558.65 95% 
2017-10-23 16:15 9.2 12.4 209438 9634.15 22530 279.37 9354.78 97% 
2017-11-01 15:00 14.8 12.4 336922 15498.41 33366 413.74 15084.67 97% 
2017-11-04 20:10 16.6 26 377899 17383.36 174123 4527.20 12856.16 74% 
Count 18 18 18 18 18 18 18 18 
Minimum 6.4 11.8 145696 6702.02 11272 253.81 6273.98 54% 
25 Percentile 9.7 14.2 219682 10105.38 34672 450.66 9406.18 77% 
Median 13.6 26.3 309604 14241.79 63893 1986.45 11690.25 84% 
75 Percentile 16.0 33.6 363102 16702.68 154904 3831.56 14580.29 95% 
Maximum 34.6 70.7 787669 36232.78 285617 15073.82 28835.44 97% 
Mean 15.3 27.6 347925 16004.56 98076 3076.47 12928.09 85% 
Std. Deviation 8.8 15.6 200323 9214.87 88899 3770.99 6415.44 12% 
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Table D-4a: Water Quality Performance for Total Phosphorus (TP) for WW-1 

Starting 
Date and Time 

Precipitation 
Depth 
(mm) 

TP 
EMC 

(mg/L) 

Total 
Estimated 

Influent 
Volume 

(L) 

Total 
Estimated 

Influent 
Load 

(g) 

Total 
Measured 
Effluent 
Volume 

(L) 

Total 
Measured 
Effluent 

Load 
(g) 

Estimated 
Pollutant Load 

Reduction 

(g) (%) 
2016-02-24 7:55 31.5 0.25 314370 81.74 15853 3.96 77.77 95% 
2016-03-31 2:30 32.8 0.218 327344 85.11 3899 0.85 84.26 99% 
2016-06-26 20:25 7.8 0.274 77844 20.24 426 0.12 20.12 99% 
2016-07-13 23:35 8.2 0.332 81836 21.28 4445 1.48 19.80 93% 
2016-07-25 3:30 10.2 0.232 101796 26.47 1311 0.30 26.16 99% 
2016-08-13 11:30 19.6 0.114 195608 50.86 3374 0.38 50.47 99% 
2016-08-16 1:35 14.6 0.044 145708 37.88 685 0.03 37.85 100% 
2016-08-25 0:35 11.0 0.095 109780 28.54 1490 0.14 28.40 100% 
2016-08-25 15:50 15.2 0.053 151696 39.44 1373 0.07 39.37 100% 
2016-09-07 21:15 17.2 0.515 171656 44.63 14477 7.46 37.18 83% 
2016-11-02 14:55 34.6 0.254 345308 89.78 15677 3.98 85.80 96% 
2017-01-10 6:35 16.4 0.284 163672 42.55 49235 13.98 28.57 67% 
2017-01-11 22:00 15.8 0.38 157684 41.00 97276 36.96 4.03 10% 
2017-01-17 2:40 12.6 0.3 125748 32.69 19720 5.92 26.78 82% 
2017-02-07 4:55 17.0 0.22 169660 44.11 3370 0.74 43.37 98% 
2017-02-24 18:45 12.4 0.288 123752 32.18 1431 0.41 31.76 99% 
2017-02-28 20:30 22.0 0.155 219560 57.09 4968 0.77 56.32 99% 
2017-04-20 8:55 25.6 0.3 255489 66.43 2906 0.87 65.56 99% 
2017-05-01 9:20 14.0 0.224 139720 36.33 15959 3.57 32.75 90% 
2017-05-24 21:20 39.6 0.186 395208 102.75 9146 1.70 101.05 98% 
2017-08-22 8:20 16.2 0.2 161676 42.04 1415 0.28 41.75 99% 
Count 21 21 21 21 21 21 21 21 
Minimum 7.8 0.044 77844 20.24 426 0.03 4.03 10% 
25 Percentile 12.6 0.186 125748 32.69 1431 0.30 28.40 93% 
Median 16.2 0.232 161676 42.04 3899 0.85 37.85 99% 
75 Percentile 22.0 0.288 219560 57.09 15677 3.96 56.32 99% 
Maximum 39.6 0.515 395208 102.75 97276 36.96 101.05 100% 
Mean 18.8 0.234 187386 48.72 12783 4.00 44.72 91% 
Std. Deviation 9.0 0.109 89964 23.39 22350 8.27 25.15 20% 
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Table D-4b: Water Quality Performance for Total Phosphorus (TP) for WW-2 

Starting 
Date and Time 

Precipitation 
Depth 
(mm) 

TP 
EMC 

(mg/L) 

Total 
Estimated 

Influent 
Volume 

(L) 

Total 
Estimated 

Influent 
Load 
(g) 

Total 
Measured 
Effluent 
Volume 

(L) 

Total 
Measured 
Effluent 

Load 
(g) 

Estimated 
Pollutant Load 

Reduction 
(g) (%) 

2016-02-24 7:55 31.5 0.0377 717098 186.45 213208 25.58 160.86 86% 
2016-03-31 2:30 32.8 0.174 746692 194.14 285617 46.56 147.58 76% 
2016-08-16 1:35 14.6 0.0764 332369 86.42 97248 13.81 72.61 84% 
2016-08-25 0:35 11.0 0.106 250415 65.11 45212 10.58 54.53 84% 
2016-08-25 15:50 15.2 0.0737 346028 89.97 46399 5.71 84.26 94% 
2016-09-17 4:55 7.0 0.0989 159355 41.43 25198 4.99 36.44 88% 
2016-09-26 10:40 7.2 0.0876 163908 42.62 38591 9.11 33.51 79% 
2016-09-29 8:40 11.6 0.0328 264074 68.66 68608 8.78 59.88 87% 
2016-11-02 14:55 34.6 0.213 787669 204.79 274017 48.23 156.57 76% 
2017-01-16 20:50 12.6 0.162 286839 74.58 187330 36.53 38.05 51% 
2017-06-04 4:55 6.4 0.0613 145696 37.88 17034 1.87 36.01 95% 
2017-07-20 9:35 13.4 0.0696 305051 79.31 89719 13.10 66.21 83% 
2017-08-17 13:25 13.8 0.0512 314157 81.68 59178 7.75 73.93 91% 
2017-08-22 8:25 16.2 0.0606 368793 95.89 76719 11.51 84.38 88% 
2017-10-04 9:00 6.6 0.0538 150249 39.06 11272 1.65 37.42 96% 
2017-10-23 16:15 9.2 0.051 209438 54.45 22530 2.43 52.02 96% 
2017-11-01 15:00 14.8 0.0298 336922 87.60 33366 2.90 84.70 97% 
2017-11-04 20:10 16.6 0.0861 377899 98.25 174123 24.38 73.88 75% 
Count 18 18 18 18 18 18 18 18 
Minimum 6.4 0.030 145696 37.88 11272 1.65 33.51 51% 
25 Percentile 9.7 0.052 219682 57.12 34672 5.17 41.54 80% 
Median 13.6 0.072 309604 80.50 63893 9.84 69.41 87% 
75 Percentile 16.0 0.096 363102 94.41 154904 21.74 84.35 93% 
Maximum 34.6 0.213 787669 204.79 285617 48.23 160.86 97% 
Mean 15.3 0.085 347925 90.46 98076 15.30 75.16 85% 
Std. Deviation 8.8 0.051 200323 52.08 88899 14.88 40.82 11% 
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Table D-5a: Water Quality Performance for Phosphate (PO4) for WW-1 

Starting 
Date and Time 

Precipitation 
Depth  
(mm) 

PO4 
EMC 

(mg/L) 

Total 
Estimated 

Influent 
Volume 

(L) 

Total 
Estimated 

Influent 
Load 
(g) 

Total 
Measured 
Effluent 
Volume 

(L) 

Total 
Measured 
Effluent 

Load 
(g) 

Estimated 
Pollutant Load 

Reduction 

(g) (%) 
2016-02-24 7:55 31.5 0.195 314370 37.72 15853 3.09 34.63 92% 
2016-03-31 2:30 32.8 0.213 327344 39.28 3899 0.83 38.45 98% 
2016-06-26 20:25 7.8 0.0197 77844 9.34 426 0.01 9.33 100% 
2016-07-13 23:35 8.2 0.0198 81836 9.82 4445 0.09 9.73 99% 
2016-07-25 3:30 10.2 0.0315 101796 12.22 1311 0.04 12.17 100% 
2016-08-13 11:30 19.6 0.052 195608 23.47 3374 0.18 23.3 99% 
2016-08-16 1:35 14.6 0.0174 145708 17.48 685 0.01 17.47 100% 
2016-08-25 0:35 11.0 0.0192 109780 13.17 1490 0.03 13.15 100% 
2016-08-25 15:50 15.2 0.0153 151696 18.20 1373 0.02 18.18 100% 
2016-09-07 21:15 17.2 0.402 171656 20.60 14477 5.82 14.78 72% 
2016-11-02 14:55 34.6 0.214 345308 41.44 15677 3.35 38.08 92% 
2017-01-10 6:35 16.4 0.254 163672 19.64 49235 12.51 7.14 36% 
2017-01-11 22:00 15.8 0.364 157684 18.92 97276 35.41 -16.49 -87% 
2017-01-17 2:40 12.6 0.214 125748 15.09 19720 4.22 10.87 72% 
2017-02-07 4:55 17.0 0.13 169660 20.36 3370 0.44 19.92 98% 
2017-02-24 18:45 12.4 0.189 123752 14.85 1431 0.27 14.58 98% 
2017-02-28 20:30 22.0 0.108 219560 26.35 4968 0.54 25.81 98% 
2017-04-20 8:55 25.6 0.253 255489 30.66 2906 0.74 29.92 98% 
2017-05-01 9:20 14.0 0.178 139720 16.77 15959 2.84 13.93 83% 
2017-05-24 21:20 39.6 0.156 395208 47.42 9146 1.43 46.00 97% 
2017-08-22 8:20 16.2 0.0803 161676 19.40 1415 0.11 19.29 99% 
Count 21 21 21 21 21 21 21 21 
Minimum 7.8 0.0153 77844 9.34 426 0.01 -16.49 -87% 
25 Percentile 12.6 0.0315 125748 15.09 1431 0.09 12.17 92% 
Median 16.2 0.1560 161676 19.40 3899 0.54 17.47 98% 
75 Percentile 22.0 0.2140 219560 26.35 15677 3.09 25.81 99% 
Maximum 39.6 0.4020 395208 47.42 97276 35.41 46.00 100% 
Mean 18.8 0.1488 187386 22.49 12783 3.43 19.06 83% 
Std. Deviation 9.0 0.1150 89964 10.80 22350 7.90 13.59 42% 
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Table D-5b: Water Quality Performance for Phosphate (PO4) for WW-2 

Starting 
Date and Time 

Precipitation 
Depth  
(mm) 

PO4 
EMC 

(mg/L) 

Total 
Estimated 

Influent 
Volume 

(L) 

Total 
Estimated 

Influent 
Load 
(g) 

Total 
Measured 
Effluent 
Volume 

(L) 

Total 
Measured 
Effluent 

Load 
(g) 

Estimated 
Pollutant Load 

Reduction 
(g) (%) 

2016-02-24 7:55 31.5 0.0377 717098 86.05 213208 8.04 78.01 91% 
2016-03-31 2:30 32.8 0.174 746692 89.60 285617 49.70 39.91 45% 
2016-08-16 1:35 14.6 0.0764 332369 39.88 97248 7.43 32.45 81% 
2016-08-25 0:35 11.0 0.106 250415 30.05 45212 4.79 25.26 84% 
2016-08-25 15:50 15.2 0.0737 346028 41.52 46399 3.42 38.10 92% 
2016-09-17 4:55 7.0 0.0989 159355 19.12 25198 2.49 16.6 87% 
2016-09-26 10:40 7.2 0.0876 163908 19.67 38591 3.38 16.29 83% 
2016-09-29 8:40 11.6 0.0328 264074 31.69 68608 2.25 29.44 93% 
2016-11-02 14:55 34.6 0.213 787669 94.52 274017 58.37 36.15 38% 
2017-01-16 20:50 12.6 0.162 286839 34.42 187330 30.35 4.07 12% 
2017-06-04 4:55 6.4 0.0613 145696 17.48 17034 1.04 16.44 94% 
2017-07-20 9:35 13.4 0.0696 305051 36.61 89719 6.24 30.36 83% 
2017-08-17 13:25 13.8 0.0512 314157 37.70 59178 3.03 34.67 92% 
2017-08-22 8:25 16.2 0.0606 368793 44.26 76719 4.65 39.61 89% 
2017-10-04 9:00 6.6 0.0538 150249 18.03 11272 0.61 17.42 97% 
2017-10-23 16:15 9.2 0.051 209438 25.13 22530 1.15 23.98 95% 
2017-11-01 15:00 14.8 0.0298 336922 40.43 33366 0.99 39.44 98% 
2017-11-04 20:10 16.6 0.0861 377899 45.35 174123 14.99 30.36 67% 
Count 18 18 18 18 18 18 18 18 
Minimum 6.4 0.0298 145696 17.48 11272 0.61 4.07 12% 
25 Percentile 9.7 0.0519 219682 26.36 34672 2.31 19.06 82% 
Median 13.6 0.0717 309604 37.15 63893 4.03 30.36 88% 
75 Percentile 16.0 0.0961 363102 43.57 154904 7.89 37.62 93% 
Maximum 34.6 0.213 787669 94.52 285617 58.37 78.01 98% 
Mean 15.3 0.0848 347925 41.75 98076 11.27 30.48 79% 
Std. Deviation 8.8 0.0507 200323 24.04 88899 17.12 15.63 24% 
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Table D-6a: Water Quality Performance for Nitrite + Nitrate (NO2 + NO3) for WW-1 

Starting  
Date and Time 

Precipitation 
Depth  
(mm) 

NO2+NO
3 

EMC 
(mg/L) 

Total 
Estimated 

Influent 
Volume 

(L) 

Total 
Estimated 

Influent 
Load 

(g) 

Total 
Measured 
Effluent 
Volume 

(L) 

Total 
Measured 
Effluent 

Load 
(g) 

Estimated 
Pollutant Load 

Reduction 

(g) (%) 
2016-02-24 7:55 31.5 0.166 314370 97.45 15853 2.63 94.82 97% 
2016-03-31 2:30 32.8 0.2 327344 101.48 3899 0.78 100.70 99% 
2016-06-26 20:25 7.8 0.12 77844 24.13 426 0.05 24.08 100% 
2016-07-13 23:35 8.2 0.171 81836 25.37 4445 0.76 24.61 97% 
2016-07-25 3:30 10.2 0.438 101796 31.56 1311 0.57 30.98 98% 
2016-08-13 11:30 19.6 0.24 195608 60.64 3374 0.81 59.8 99% 
2016-08-16 1:35 14.6 0.302 145708 45.17 685 0.21 44.96 100% 
2016-08-25 0:35 11.0 0.221 109780 34.03 1490 0.33 33.70 99% 
2016-08-25 15:50 15.2 0.249 151696 47.03 1373 0.34 46.68 99% 
2016-09-07 21:15 17.2 0.663 171656 53.21 14477 9.60 43.62 82% 
2016-11-02 14:55 34.6 0.848 345308 107.05 15677 13.29 93.75 88% 
2017-01-10 6:35 16.4 0.599 163672 50.74 49235 29.49 21.25 42% 
2017-01-11 22:00 15.8 0.384 157684 48.88 97276 37.35 11.53 24% 
2017-01-17 2:40 12.6 0.263 125748 38.98 19720 5.19 33.80 87% 
2017-02-07 4:55 17.0 0.27 169660 52.59 3370 0.91 51.68 98% 
2017-02-24 18:45 12.4 0.436 123752 38.36 1431 0.62 37.74 98% 
2017-02-28 20:30 22.0 0.221 219560 68.06 4968 1.10 66.97 98% 
2017-04-20 8:55 25.6 1.64 255489 79.20 2906 4.77 74.44 94% 
2017-05-01 9:20 14.0 0.713 139720 43.31 15959 11.38 31.93 74% 
2017-05-24 21:20 39.6 0.931 395208 122.51 9146 8.52 114.00 93% 
2017-08-22 8:20 16.2 0.316 161676 50.12 1415 0.45 49.67 99% 
Count 21 21 21 21 21 21 21 21 
Minimum 7.8 0.12 77844 24.13 426 0.05 11.53 24% 
25 Percentile 12.6 0.221 125748 38.98 1431 0.57 31.93 88% 
Median 16.2 0.302 161676 50.12 3899 0.91 44.96 98% 
75 Percentile 22.0 0.599 219560 68.06 15677 8.52 66.97 99% 
Maximum 39.6 1.64 395208 122.51 97276 37.35 114.00 100% 
Mean 18.8 0.447 187386 58.09 12783 6.15 51.94 89% 
Std. Deviation 9.0 0.359 89964 27.89 22350 10.01 28.78 20% 
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Table D-6b: Water Quality Performance for Nitrite + Nitrate (NO2 + NO3) for WW-2 

Starting  
Date and Time 

Precipitatio
n 

Depth  
(mm) 

NO2+NO3 
EMC 

(mg/L) 

Total 
Estimated 

Influent 
Volume 

(L) 

Total 
Estimated 

Influent 
Load 
(g) 

Total 
Measured 
Effluent 
Volume 

(L) 

Total 
Measured 
Effluent 

Load 
(g) 

Estimated 
Pollutant Load 

Reduction 
(g) (%) 

2016-02-24 7:55 31.5 0.86 717098 222.30 213208 183.36 38.94 18% 
2016-03-31 2:30 32.8 0.583 746692 231.47 285617 166.51 64.96 28% 
2016-08-16 1:35 14.6 0.488 332369 103.03 97248 47.46 55.58 54% 
2016-08-25 0:35 11.0 1.45 250415 77.63 45212 65.56 12.07 16% 
2016-08-25 15:50 15.2 0.8 346028 107.27 46399 37.12 70.15 65% 
2016-09-17 4:55 7.0 0.347 159355 49.40 25198 8.74 40.7 82% 
2016-09-26 10:40 7.2 0.795 163908 50.81 38591 30.68 20.13 40% 
2016-09-29 8:40 11.6 0.456 264074 81.86 68608 31.29 50.58 62% 
2016-11-02 14:55 34.6 0.665 787669 244.18 274017 182.22 61.96 25% 
2017-01-16 20:50 12.6 0.18 286839 88.92 187330 33.72 55.20 62% 
2017-06-04 4:55 6.4 1.26 145696 45.17 17034 21.46 23.70 52% 
2017-07-20 9:35 13.4 1.12 305051 94.57 89719 100.49 -5.92 -6% 
2017-08-17 13:25 13.8 0.66 314157 97.39 59178 39.06 58.33 60% 
2017-08-22 8:25 16.2 0.893 368793 114.33 76719 68.51 45.82 40% 
2017-10-04 9:00 6.6 0.785 150249 46.58 11272 8.85 37.73 81% 
2017-10-23 16:15 9.2 0.534 209438 64.93 22530 12.03 52.89 81% 
2017-11-01 15:00 14.8 0.948 336922 104.45 33366 31.63 72.81 70% 
2017-11-04 20:10 16.6 1.77 377899 117.15 174123 308.20 -191.05 -163% 
Count 18 18 18 18 18 18 18 18 
Minimum 6.4 0.18 145696 45.17 11272 8.74 -191.05 -163% 
25 Percentile 9.7 0.546 219682 68.10 34672 30.83 27.21 26% 
Median 13.6 0.790 309604 95.98 63893 38.09 48.20 53% 
75 Percentile 16.0 0.934 363102 112.56 154904 92.49 57.64 65% 
Maximum 34.6 1.77 787669 244.18 285617 308.20 72.81 82% 
Mean 15.3 0.811 347925 107.86 98076 76.49 31.36 37% 
Std. Deviation 8.8 0.396 200323 62.10 88899 81.63 59.31 56% 
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Table D-7a: Water Quality Performance for Aluminum (Al) for WW-1 

Starting  
Date and Time 

Precipitation 
Depth  
(mm) 

Al 
EMC 
(µg/L) 

Total 
Estimated 

Influent 
Volume 

(L) 

Total 
Estimated 

Influent 
Load 

(g) 

Total 
Measured 
Effluent 
Volume 

(L) 

Total 
Measured 
Effluent 

Load 
(g) 

Estimated 
Pollutant Load 

Reduction 
(g) (%) 

2016-02-24 7:55 31.5 132 314370 88.65 15853 2.09 86.56 98% 

2016-03-31 2:30 32.8 245 327344 92.31 3899 0.96 91.36 99% 

2016-06-26 20:25 7.8 310 77844 21.95 426 0.13 21.82 99% 

2016-07-13 23:35 8.2 449 81836 23.08 4445 2.00 21.08 91% 

2016-07-25 3:30 10.2 393 101796 28.71 1311 0.52 28.19 98% 

2016-08-13 11:30 19.6 186 195608 55.16 3374 0.63 54.53 99% 

2016-08-16 1:35 14.6 83.3 145708 41.09 685 0.06 41.03 100% 

2016-08-25 0:35 11.0 183 109780 30.96 1490 0.27 30.69 99% 

2016-08-25 15:50 15.2 96.4 151696 42.78 1373 0.13 42.65 100% 

2016-09-07 21:15 17.2 259 171656 48.41 14477 3.75 44.66 92% 

2016-11-02 14:55 34.6 311 345308 97.38 15677 4.88 92.50 95% 

2017-01-10 6:35 16.4 175 163672 46.16 49235 8.62 37.54 81% 

2017-01-11 22:00 15.8 452 157684 44.47 97276 43.97 0.50 1% 

2017-01-17 2:40 12.6 246 125748 35.46 19720 4.85 30.61 86% 

2017-02-07 4:55 17.0 150 169660 47.84 3370 0.51 47.34 99% 

2017-02-28 20:30 22.0 375 219560 61.92 4968 1.86 60.05 97% 

2017-04-20 8:55 25.6 296 255489 72.05 2906 0.86 71.19 99% 

2017-05-01 9:20 14.0 486 139720 39.40 15959 7.76 31.65 80% 

2017-05-24 21:20 39.6 194 395208 111.45 9146 1.77 109.67 98% 

2017-08-22 8:20 16.2 951 161676 45.59 1415 1.35 44.25 97% 

Count 20 20 20 20 20 20 20 20 
Minimum 7.8 83.3 77844 21.95 425.7 0.06 0.50 1% 
25 Percentile 13.7 181 136227 38.42 1471 0.51 30.67 92% 
Median 16.3 253 162674 45.87 4172 1.56 43.45 98% 
75 Percentile 22.9 380 228542 64.45 15721 4.02 62.84 99% 
Maximum 39.6 951 395208 111.45 97276 43.97 109.67 100% 
Mean 19.1 299 190568 53.74 13350 4.35 49.39 90% 
Std. Deviation 9.1 194 91081 25.68 22775 9.65 28.08 22% 
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Table D-7b: Water Quality Performance for Aluminum (Al) for WW-2 

Starting  
Date and Time 

Precipitation 
Depth  
(mm) 

Al 
EMC 
(µg/L) 

Total 
Estimated 

Influent 
Volume 

(L) 

Total 
Estimated 

Influent 
Load 

(g) 

Total 
Measured 
Effluent 
Volume 

(L) 

Total 
Measured 
Effluent 

Load 
(g) 

Estimated 
Pollutant Load 

Reduction 
(g) (%) 

2016-02-24 7:55 31.5 423 717098 202.22 213208 90.19 112.03 55% 

2016-03-31 2:30 32.8 303 746692 210.57 285617 86.54 124.03 59% 

2016-08-16 1:35 14.6 358 332369 93.73 97248 34.81 58.91 63% 

2016-08-25 0:35 11.0 316 250415 70.62 45212 14.29 56.33 80% 

2016-08-25 15:50 15.2 182 346028 97.58 46399 8.44 89.14 91% 

2016-09-17 4:55 7.0 174 159355 44.94 25198 4.38 40.55 90% 

2016-09-26 10:40 7.2 307 163908 46.22 38591 11.85 34.37 74% 

2016-09-29 8:40 11.6 168 264074 74.47 68608 11.53 62.94 85% 

2016-11-02 14:55 34.6 347 787669 222.12 274017 95.08 127.04 57% 

2017-01-16 20:50 12.6 304 286839 80.89 187330 56.95 23.94 30% 

2017-06-04 4:55 6.4 113 145696 41.09 17034 1.92 39.16 95% 

2017-07-20 9:35 13.4 313 305051 86.02 89719 28.08 57.94 67% 

2017-08-17 13:25 13.8 484 314157 88.59 59178 28.64 59.95 68% 

2017-08-22 8:25 16.2 402 368793 104.00 76719 30.84 73.16 70% 

2017-10-04 9:00 6.6 322 150249 42.37 11272 3.63 38.74 91% 

2017-10-23 16:15 9.2 230 209438 59.06 22530 5.18 53.88 91% 

2017-11-01 15:00 14.8 172 336922 95.01 33366 5.74 89.27 94% 

2017-11-04 20:10 16.6 314 377899 106.57 174123 54.67 51.89 49% 

Count 18 18 18 18 18 18 18 18 
Minimum 6.4 113 145696 41.09 11272 1.92 23.94 30% 
25 Percentile 9.7 194 219682 61.95 34672 6.42 43.39 60% 
Median 13.6 310 309604 87.31 63893 21.18 58.43 72% 
75 Percentile 16.0 341 363102 102.39 154904 49.71 85.14 91% 
Maximum 34.6 484 787669 222.12 285617 95.08 127.04 95% 
Mean 15.3 291 347925 98.11 98076 31.82 66.29 73% 
Std. Deviation 8.8 99 200323 56.49 88899 31.70 30.50 19% 
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Table D-8a: Water Quality Performance for Copper (Cu) for WW-1 

Starting  
Date and Time 

Precipitation 
Depth  
(mm) 

Cu 
EMC 
(µg/L) 

Total 
Estimated 

Influent 
Volume 

(L) 

Total 
Estimated 

Influent Load 
(g) 

Total 
Measured 
Effluent 
Volume 

(L) 

Total 
Measured 
Effluent 

Load 
(g) 

Estimated 
Pollutant Load 

Reduction 

(g) (%) 
2016-02-24 7:55 31.5 13.4 314370 5.03 15853 0.21 4.82 96% 

2016-03-31 2:30 32.8 10.3 327344 5.24 3899 0.04 5.20 99% 

2016-06-26 20:25 7.8 13.1 77844 1.25 426 0.01 1.24 100% 

2016-07-13 23:35 8.2 11.3 81836 1.31 4445 0.05 1.26 96% 

2016-07-25 3:30 10.2 11.6 101796 1.63 1311 0.02 1.61 99% 

2016-08-13 11:30 19.6 11.2 195608 3.13 3374 0.04 3.09 99% 

2016-08-16 1:35 14.6 7.45 145708 2.33 685 0.01 2.33 100% 

2016-08-25 0:35 11.0 5.27 109780 1.76 1490 0.01 1.75 100% 

2016-08-25 15:50 15.2 4.75 151696 2.43 1373 0.01 2.42 100% 

2016-09-07 21:15 17.2 19.9 171656 2.75 14477 0.29 2.46 90% 

2016-11-02 14:55 34.6 14.6 345308 5.52 15677 0.23 5.30 96% 

2017-01-10 6:35 16.4 23.6 163672 2.62 49235 1.16 1.46 56% 

2017-01-11 22:00 15.8 25.2 157684 2.52 97276 2.45 0.07 3% 

2017-01-17 2:40 12.6 14.9 125748 2.01 19720 0.29 1.72 85% 

2017-02-07 4:55 17.0 7.99 169660 2.71 3370 0.03 2.69 99% 

2017-02-28 20:30 22.0 9.15 219560 3.51 4968 0.05 3.47 99% 

2017-04-20 8:55 25.6 18.3 255489 4.09 2906 0.05 4.03 99% 

2017-05-01 9:20 14.0 20.9 139720 2.24 15959 0.33 1.90 85% 

2017-05-24 21:20 39.6 8.86 395208 6.32 9146 0.08 6.24 99% 

2017-08-22 8:20 16.2 13.6 161676 2.59 1415 0.02 2.57 99% 

Count 20 20 20 20 20 20 20 20 
Minimum 7.8 4.75 77844 1.25 426 0.01 0.07 3% 
25 Percentile 13.7 9.08 136227 2.18 1471 0.02 1.69 94% 
Median 16.3 12.4 162674 2.60 4172 0.05 2.44 99% 
75 Percentile 22.9 15.8 228542 3.66 15721 0.24 3.61 99% 
Maximum 39.6 25.2 395208 6.32 97276 2.45 6.24 100% 
Mean 19.1 13.3 190568 3.05 13350 0.27 2.78 90% 
Std. Deviation 9.1 5.78 91081 1.46 22775 0.58 1.61 23% 
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Table D-8b: Water Quality Performance for Copper (Cu) for WW-2 

Starting  
Date and Time 

Precipitation 
Depth  
(mm) 

Cu 
EMC 
(µg/L) 

Total 
Estimated 

Influent 
Volume 

(L) 

Total 
Estimated 

Influent 
Load 
(g) 

Total 
Measured 
Effluent 
Volume 

(L) 

Total 
Measured 
Effluent 

Load 
(g) 

Estimated 
Pollutant Load 

Reduction 
(g) (%) 

2016-02-24 7:55 31.5 11.4 717098 11.47 213208 2.43 9.04 79% 
2016-03-31 2:30 32.8 14.3 746692 11.95 285617 4.08 7.86 66% 
2016-08-16 1:35 14.6 10.8 332369 5.32 97248 1.05 4.27 80% 
2016-08-25 0:35 11.0 12.2 250415 4.01 45212 0.55 3.46 86% 
2016-08-25 15:50 15.2 20.6 346028 5.54 46399 0.96 4.58 83% 
2016-09-17 4:55 7.0 21.1 159355 2.55 25198 0.53 2.02 79% 
2016-09-26 10:40 7.2 13 163908 2.62 38591 0.50 2.12 81% 
2016-09-29 8:40 11.6 10.5 264074 4.23 68608 0.72 3.50 83% 
2016-11-02 14:55 34.6 15.2 787669 12.60 274017 4.17 8.44 67% 
2017-01-16 20:50 12.6 16.2 286839 4.59 187330 3.03 1.55 34% 
2017-06-04 4:55 6.4 13.9 145696 2.33 17034 0.24 2.09 90% 
2017-07-20 9:35 13.4 17.8 305051 4.88 89719 1.60 3.28 67% 
2017-08-17 13:25 13.8 14.1 314157 5.03 59178 0.83 4.19 83% 
2017-08-22 8:25 16.2 22.8 368793 5.90 76719 1.75 4.15 70% 
2017-10-04 9:00 6.6 18 150249 2.40 11272 0.20 2.20 92% 
2017-10-23 16:15 9.2 9.09 209438 3.35 22530 0.20 3.15 94% 
2017-11-01 15:00 14.8 5.68 336922 5.39 33366 0.19 5.20 96% 
2017-11-04 20:10 16.6 7.94 377899 6.05 174123 1.38 4.66 77% 
Count 18 18 18 18 18 18 18 18 
Minimum 6.4 5.68 145696 2.33 11272 0.19 1.55 34% 
25 Percentile 9.7 11.0 219682 3.51 34672 0.51 2.44 72% 
Median 13.6 14.0 309604 4.95 63893 0.90 3.83 81% 
75 Percentile 16.0 17.4 363102 5.81 154904 1.71 4.64 86% 
Maximum 34.6 22.8 787669 12.60 285617 4.17 9.04 96% 
Mean 15.3 14.1 347925 5.57 98076 1.36 4.21 78% 
Std. Deviation 8.8 4.67 200323 3.21 88899 1.28 2.22 14% 
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Table D-9a: Water Quality Performance for Iron (Fe) for WW-1 

Starting  
Date and Time 

Precipitation 
Depth  
(mm) 

Fe 
EMC 
(µg/L) 

Total 
Estimated 

Influent 
Volume 

(L) 

Total 
Estimated 

Influent 
Load 
(g) 

Total 
Measured 
Effluent 
Volume 

(L) 

Total 
Measured 
Effluent 

Load 
(g) 

Estimated 
Pollutant Load 

Reduction 

(g) (%) 
2016-02-24 7:55 31.5 222 314370 170.39 15853 3.52 166.87 98% 
2016-03-31 2:30 32.8 309 327344 177.42 3899 1.20 176.22 99% 
2016-06-26 20:25 7.8 806 77844 42.19 426 0.34 41.85 99% 
2016-07-13 23:35 8.2 627 81836 44.36 4445 2.79 41.57 94% 
2016-07-25 3:30 10.2 642 101796 55.17 1311 0.84 54.33 98% 
2016-08-13 11:30 19.6 344 195608 106.02 3374 1.16 104.86 99% 
2016-08-16 1:35 14.6 76.8 145708 78.97 685 0.05 78.92 100% 
2016-08-25 0:35 11.0 389 109780 59.50 1490 0.58 58.92 99% 
2016-08-25 15:50 15.2 137 151696 82.22 1373 0.19 82.03 100% 
2016-09-07 21:15 17.2 461 171656 93.04 14477 6.67 86.36 93% 
2016-11-02 14:55 34.6 398 345308 187.16 15677 6.24 180.92 97% 
2017-01-10 6:35 16.4 268 163672 88.71 49235 13.19 75.52 85% 
2017-01-11 22:00 15.8 588 157684 85.46 97276 57.20 28.27 33% 
2017-01-17 2:40 12.6 347 125748 68.16 19720 6.84 61.31 90% 
2017-02-07 4:55 17.0 164 169660 91.96 3370 0.55 91.40 99% 
2017-02-28 20:30 22.0 488 219560 119.00 4968 2.42 116.58 98% 
2017-04-20 8:55 25.6 337 255489 138.47 2906 0.98 137.50 99% 
2017-05-01 9:20 14.0 583 139720 75.73 15959 9.30 66.42 88% 
2017-05-24 21:20 39.6 232 395208 214.20 9146 2.12 212.08 99% 
2017-08-22 8:20 16.2 1420 161676 87.63 1415 2.01 85.62 98% 
Count 20 20 20 20 20 20 20 20 
Minimum 7.8 76.8 77844 42.19 426 0.05 28.27 33% 
25 Percentile 13.7 259 136227 73.84 1471 0.78 60.71 93% 
Median 16.3 368 162674 88.17 4172 2.07 83.83 98% 
75 Percentile 22.9 584 228542 123.87 15721 6.35 121.81 99% 
Maximum 39.6 1420 395208 214.20 97276 57.20 212.08 100% 
Mean 19.1 442 190568 103.29 13350 5.91 97.38 93% 
Std. Deviation 9.1 298 91081 49.37 22775 12.57 51.87 15% 
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Table D-9b: Water Quality Performance for Iron (Fe) for WW-2 

Starting  
Date and Time 

Precipitation 
Depth  
(mm) 

Fe 
EMC 
(µg/L) 

Total 
Estimated 

Influent 
Volume 

(L) 

Total 
Estimated 

Influent 
Load 
(g) 

Total 
Measured 
Effluent 
Volume 

(L) 

Total 
Measured 
Effluent 

Load 
(g) 

Estimated 
Pollutant Load 

Reduction 
(g) (%) 

2016-02-24 7:55 31.5 521 717098 388.67 213208 111.08 277.59 71% 
2016-03-31 2:30 32.8 307 746692 404.71 285617 87.68 317.02 78% 
2016-08-16 1:35 14.6 386 332369 180.14 97248 37.54 142.61 79% 
2016-08-25 0:35 11.0 378 250415 135.72 45212 17.09 118.63 87% 
2016-08-25 15:50 15.2 207 346028 187.55 46399 9.60 177.94 95% 
2016-09-17 4:55 7.0 236 159355 86.37 25198 5.95 80.42 93% 
2016-09-26 10:40 7.2 394 163908 88.84 38591 15.20 73.63 83% 
2016-09-29 8:40 11.6 223 264074 143.13 68608 15.30 127.83 89% 
2016-11-02 14:55 34.6 411 787669 426.92 274017 112.62 314.30 74% 
2017-01-16 20:50 12.6 393 286839 155.47 187330 73.62 81.85 53% 
2017-06-04 4:55 6.4 130 145696 78.97 17034 2.21 76.75 97% 
2017-07-20 9:35 13.4 416 305051 165.34 89719 37.32 128.01 77% 
2017-08-17 13:25 13.8 587 314157 170.27 59178 34.74 135.54 80% 
2017-08-22 8:25 16.2 552 368793 199.89 76719 42.35 157.54 79% 
2017-10-04 9:00 6.6 514 150249 81.43 11272 5.79 75.64 93% 
2017-10-23 16:15 9.2 342 209438 113.52 22530 7.71 105.81 93% 
2017-11-01 15:00 14.8 295 336922 182.61 33366 9.84 172.77 95% 
2017-11-04 20:10 16.6 419 377899 204.82 174123 72.96 131.86 64% 
Count 18 18 18 18 18 18 18 18 
Minimum 6.4 130 145696 78.97 11272 2.21 73.63 53% 
25 Percentile 9.7 298 219682 119.07 34672 9.66 87.84 78% 
Median 13.6 390 309604 167.81 63893 25.91 129.94 81% 
75 Percentile 16.0 418 363102 196.80 154904 65.31 168.96 93% 
Maximum 34.6 587 787669 426.92 285617 112.62 317.02 97% 
Mean 15.3 373 347925 188.58 98076 38.81 149.76 82% 
Std. Deviation 8.8 125 200323 108.58 88899 36.96 77.93 12% 
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Table D-10a: Water Quality Performance for Zinc (Zn) for WW-1 

Starting 
Date and Time 

Precipitation 
Depth 
(mm) 

Zn 
EMC 
(µg/L) 

Total 
Estimated 

Influent 
Volume 

(L) 

Total 
Estimated 

Influent 
Load 

(g) 

Total 
Measured 
Effluent 
Volume 

(L) 

Total 
Measured 
Effluent 

Load 
(g) 

Estimated 
Pollutant Load 

Reduction 

(g) (%) 
2016-02-24 7:55 31.5 12.8 314370 21.66 15853 0.20 21.46 99% 
2016-03-31 2:30 32.8 20 327344 22.55 3899 0.08 22.48 100% 
2016-06-26 20:25 7.8 71.1 77844 5.36 426 0.03 5.33 99% 
2016-07-13 23:35 8.2 65.2 81836 5.64 4445 0.29 5.35 95% 
2016-07-25 3:30 10.2 79.6 101796 7.01 1311 0.10 6.91 99% 
2016-08-13 11:30 19.6 58.4 195608 13.48 3374 0.20 13.28 99% 
2016-08-16 1:35 14.6 37.8 145708 10.04 685 0.03 10.01 100% 
2016-08-25 0:35 11.0 39.6 109780 7.56 1490 0.06 7.50 99% 
2016-08-25 15:50 15.2 29.3 151696 10.45 1373 0.04 10.41 100% 
2016-09-07 21:15 17.2 48.6 171656 11.83 14477 0.70 11.12 94% 
2016-11-02 14:55 34.6 17.4 345308 23.79 15677 0.27 23.52 99% 
2017-01-10 6:35 16.4 22 163672 11.28 49235 1.08 10.19 90% 
2017-01-11 22:00 15.8 24.3 157684 10.86 97276 2.36 8.50 78% 
2017-01-17 2:40 12.6 18 125748 8.66 19720 0.35 8.31 96% 
2017-02-07 4:55 17.0 11.2 169660 11.69 3370 0.04 11.65 100% 
2017-02-28 20:30 22.0 19.3 219560 15.13 4968 0.10 15.03 99% 
2017-04-20 8:55 25.6 26.8 255489 17.60 2906 0.08 17.53 100% 
2017-05-01 9:20 14.0 22.7 139720 9.63 15959 0.36 9.26 96% 
2017-05-24 21:20 39.6 24.6 395208 27.23 9146 0.23 27.00 99% 
2017-08-22 8:20 16.2 93.2 161676 11.14 1415 0.13 11.01 99% 
Count 20 20 20 20 20 20 20 20 
Minimum 7.8 11.2 77844 5.36 426 0.03 5.33 78% 
25 Percentile 13.7 19.8 136227 9.39 1471 0.07 8.45 96% 
Median 16.3 25.7 162674 11.21 4172 0.16 10.71 99% 
75 Percentile 22.9 51.1 228542 15.75 15721 0.31 15.66 99% 
Maximum 39.6 93.2 395208 27.23 97276 2.36 27.00 100% 
Mean 19.1 37.1 190568 13.13 13350 0.34 12.79 97% 
Std. Deviation 9.1 24.1 91081 6.28 22775 0.54 6.35 5% 
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Table D-10b: Water Quality Performance for Zinc (Zn) for WW-2 

Starting 
Date and Time 

Precipitation 
Depth 
(mm) 

Zn 
EMC 
(µg/L) 

Total 
Estimated 

Influent 
Volume 

(L) 

Total 
Estimated 

Influent 
Load 
(g) 

Total 
Measured 
Effluent 
Volume 

(L) 

Total 
Measured 
Effluent 

Load 
(g) 

Estimated 
Pollutant Load 

Reduction 
(g) (%) 

2016-02-24 7:55 31.5 22.1 717098 49.41 213208 4.71 44.70 90% 
2016-03-31 2:30 32.8 22.8 746692 51.45 285617 6.51 44.94 87% 
2016-08-16 1:35 14.6 32.3 332369 22.90 97248 3.14 19.76 86% 
2016-08-25 0:35 11.0 50.2 250415 17.25 45212 2.27 14.98 87% 
2016-08-25 15:50 15.2 34.7 346028 23.84 46399 1.61 22.23 93% 
2016-09-17 4:55 7.0 29.1 159355 10.98 25198 0.73 10.25 93% 
2016-09-26 10:40 7.2 44.5 163908 11.29 38591 1.72 9.58 85% 
2016-09-29 8:40 11.6 28.2 264074 18.19 68608 1.93 16.26 89% 
2016-11-02 14:55 34.6 24.8 787669 54.27 274017 6.80 47.47 87% 
2017-01-16 20:50 12.6 27.6 286839 19.76 187330 5.17 14.59 74% 
2017-06-04 4:55 6.4 34.3 145696 10.04 17034 0.58 9.45 94% 
2017-07-20 9:35 13.4 54.6 305051 21.02 89719 4.90 16.12 77% 
2017-08-17 13:25 13.8 61.1 314157 21.65 59178 3.62 18.03 83% 
2017-08-22 8:25 16.2 47.2 368793 25.41 76719 3.62 21.79 86% 
2017-10-04 9:00 6.6 49.9 150249 10.35 11272 0.56 9.79 95% 
2017-10-23 16:15 9.2 29.3 209438 14.43 22530 0.66 13.77 95% 
2017-11-01 15:00 14.8 20 336922 23.21 33366 0.67 22.55 97% 
2017-11-04 20:10 16.6 24.3 377899 26.04 174123 4.23 21.81 84% 
Count 18 18 18 18 18 18 18 18 
Minimum 6.4 20 145696 10.04 11272 0.56 9.45 74% 
25 Percentile 9.7 25.5 219682 15.14 34672 0.95 13.98 85% 
Median 13.6 30.8 309604 21.33 63893 2.71 17.14 87% 
75 Percentile 16.0 46.5 363102 25.02 154904 4.59 22.12 93% 
Maximum 34.6 61.1 787669 54.27 285617 6.80 47.47 97% 
Mean 15.3 35.4 347925 23.97 98076 2.97 21.00 88% 
Std. Deviation 8.8 12.6 200323 13.80 88899 2.08 12.20 6% 
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Table D-11a: Water Quality Performance for Chloride (Cl-) for WW-1 

Starting 
Date and Time 

Precipitation 
Depth 
(mm) 

Cl- 
EMC 
(µg/L) 

Total 
Estimated 

Influent 
Volume 

(L) 

Total 
Estimated 

Influent 
Load 
(g) 

Total 
Measured 
Effluent 
Volume 

(L) 

Total 
Measured 
Effluent 

Load 
(g) 

Estimated  
Pollutant Load 

Reduction 

(g) (%) 
2016-02-24 7:55 31.5 68.2 314370 3772.44 15853 1081.19 2691.25 71% 
2016-03-31 2:30 32.8 65.9 327344 3928.13 3899 256.93 3671.20 93% 
2016-06-26 20:25 7.8 13.1 77844 934.13 426 5.58 928.55 99% 
2016-07-13 23:35 8.2 12 81836 982.03 4445 53.34 928.69 95% 
2016-07-25 3:30 10.2 16 101796 1221.55 1311 20.98 1200.57 98% 
2016-08-13 11:30 19.6 6.9 195608 2347.30 3374 23.28 2324.02 99% 
2016-08-16 1:35 14.6 2.6 145708 1748.50 685 1.78 1746.71 100% 
2016-08-25 0:35 11.0 4.5 109780 1317.36 1490 6.70 1310.66 99% 
2016-08-25 15:50 15.2 2 151696 1820.35 1373 2.75 1817.61 100% 
2016-09-07 21:15 17.2 5.2 171656 2059.87 14477 75.28 1984.59 96% 
2016-11-02 14:55 34.6 100 345308 4143.70 15677 1567.74 2575.96 62% 
2017-01-10 6:35 16.4 522 163672 1964.06 49235 25700.57 -23736.50 -1209% 
2017-01-11 22:00 15.8 57.9 157684 1892.21 97276 5632.27 -3740.07 -198% 
2017-01-17 2:40 12.6 164 125748 1508.98 19720 3234.01 -1725.04 -114% 
2017-02-07 4:55 17.0 214 169660 2035.92 3370 721.22 1314.70 65% 
2017-02-24 18:45 12.4 93.9 123752 1485.02 1431 134.40 1350.62 91% 
2017-02-28 20:30 22.0 23 219560 2634.72 4968 114.26 2520.46 96% 
2017-04-20 8:55 25.6 31 255489 3065.86 2906 90.07 2975.79 97% 
2017-05-01 9:20 14.0 17.2 139720 1676.64 15959 274.49 1402.16 84% 
2017-05-24 21:20 39.6 4.9 395208 4742.50 9146 44.82 4697.68 99% 
2017-08-22 8:20 16.2 3.7 161676 1940.11 1415 5.23 1934.88 100% 
Count 21 21 21 21 21 21 21 21 
Minimum 7.8 2 77844 934.13 426 1.78 -23736.50 -1209% 
25 Percentile 12.6 5.2 125748 1508.98 1431 20.98 1200.57 71% 
Median 16.2 17.2 161676 1940.11 3899 90.07 1746.71 96% 
75 Percentile 22.0 68.2 219560 2634.72 15677 721.22 2520.46 99% 
Maximum 39.6 522 395208 4742.50 97276 25700.57 4697.68 100% 
Mean 18.8 68.0 187386 2248.64 12783 1859.38 389.26 6% 
Std. Deviation 9.0 119 89964 1079.57 22350 5632.21 5795.15 289% 
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Table D-11b: Water Quality Performance for Chloride (Cl-) for WW-2 

Starting 
Date and Time 

Precipitation 
Depth 
(mm) 

Cl- 
EMC 
(µg/L) 

Total 
Estimated 

Influent 
Volume 

(L) 

Total 
Estimated 

Influent 
Load 

(g) 

Total 
Measured 
Effluent 
Volume 

(L) 

Total 
Measured 
Effluent 

Load 
(g) 

Estimated  
Pollutant Load 

Reduction 
(g) (%) 

2016-02-24 7:55 31.5 440 717098 8605.17 213208 93811.61 -85206.44 -990% 
2016-03-31 2:30 32.8 122 746692 8960.31 285617 34845.21 -25884.91 -289% 
2016-08-16 1:35 14.6 9.5 332369 3988.43 97248 923.86 3064.57 77% 
2016-08-25 0:35 11.0 40.7 250415 3004.98 45212 1840.15 1164.83 39% 
2016-08-25 15:50 15.2 17.2 346028 4152.34 46399 798.06 3354.28 81% 
2016-09-17 4:55 7.0 15.6 159355 1912.26 25198 393.09 1519.17 79% 
2016-09-26 10:40 7.2 17.7 163908 1966.90 38591 683.06 1283.83 65% 
2016-09-29 8:40 11.6 6.3 264074 3168.89 68608 432.23 2736.66 86% 
2016-11-02 14:55 34.6 26.4 787669 9452.03 274017 7234.04 2217.99 23% 
2017-01-16 20:50 12.6 239 286839 3442.07 187330 44771.81 -41329.74 -1201% 
2017-07-20 9:35 13.4 20.4 305051 3660.61 89719 1830.27 1830.34 50% 
2017-08-17 13:25 13.8 6.4 314157 3769.88 59178 378.74 3391.14 90% 
2017-08-22 8:25 16.2 11.8 368793 4425.52 76719 905.29 3520.23 80% 
2017-10-04 9:00 6.6 24.3 150249 1802.99 11272 273.90 1529.08 85% 
2017-10-23 16:15 9.2 34.5 209438 2513.26 22530 777.28 1735.98 69% 
2017-11-01 15:00 14.8 10.5 336922 4043.06 33366 350.35 3692.72 91% 
2017-11-04 20:10 16.6 14.9 377899 4534.79 174123 2594.43 1940.36 43% 
Count 17 17 17 17 17 17 17 17 
Minimum 6.6 6.3 150249 1802.99 11272 273.90 -85206.44 -1201% 
25 Percentile 11.0 11.8 250415 3004.98 38591 432.23 1283.83 39% 
Median 13.8 17.7 314157 3769.88 68608 905.29 1830.34 69% 
75 Percentile 16.2 34.5 368793 4425.52 174123 2594.43 3064.57 81% 
Maximum 34.6 440 787669 9452.03 285617 93811.61 3692.72 91% 
Mean 15.8 62.2 359821 4317.85 102843 11343.73 -7025.88 -89% 
Std. Deviation 8.8 113 199828 2397.93 89232 24876.72 23568.39 391% 
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A brief description of maintenance activities for Wychwood is provided along with the inspection logs used 
by CVC monitoring staff for site inspections.  

1.  BIORETENTION MAINTENANCE 

The primary maintenance objective for bioretention practices is to keep vegetation healthy, remove 
sediments and trash, and ensure that the facility is draining properly (i.e. inlets and outlets can accept 
flow).  The growing medium may need to be replaced to maintain performance.  Typical recommended 
maintenance activities for bioretention cells include the following1: 

• Inspect the infiltrating surface at least twice annually following precipitation events to determine if 
the bioretention area is providing acceptable infiltration.  If standing water persists for more than 
24 hours after runoff has ceased, clogging should be further investigated and remedied.  
Additionally, check for erosion and repair as necessary. 

• Remove debris and litter from the infiltrating surface to minimize clogging of the media. Remove 
debris and litter from the overflow structure.  

• Maintain healthy, weed-free vegetation.  Weeds should be removed before they flower.  The 
frequency of weeding will depend on the planting scheme and cover.  When the growing media is 
covered with mulch or densely vegetated, less frequent weeding will be required. 

• Replace mulch (wood recommended) only when needed to maintain a mulch depth of up to 
approximately 75 mm.  

• If ponded water is observed in a bioretention cell more than 24 hours after the end of a runoff 
event, check underdrain outfall locations and clean-outs for blockages.  Maintenance activities to 
restore infiltration capacity of bioretention facilities will vary with the degree and nature of the 
clogging.  

o If clogging is primarily related to sediment accumulation on the filter surface, infiltration 
may be improved by removing excess accumulated sediment and scarifying the surface 
of the filter with a rake. 

If clogging is due to migration of sediments deeper into the pore space of the media, removal, safe 
disposal and replacement of all or a portion of the media may be required.  The frequency of media 
replacement will depend on site-specific pollutant loading characteristics.  Since bioretention technologies 
have only recently seen more widespread application, the frequency of media replacement has not yet 
been well established.  Although the surface clogging of the media is expected over time, established root 
systems promote infiltration.  This means that mature vegetation that covers the filter surface should 
increase the span of the growing media, serving to promote infiltration even as the media surface clogs. 

 

1 Urban Drainage and Flood Control District (UDFCD). 2010. Urban Storm Drainage Criteria Manual, Volume 3. 
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2. PERMEABLE PAVEMENT MAINTENANCE 
The key maintenance objective for a permeable pavement system is to know when runoff is no longer 
rapidly infiltrating into the surface, which is typically due to void spaces becoming clogged and requiring 
sediment removal.  Inspect pavement condition and observe infiltration at least annually, either during a 
rain event or with a garden hose to ensure that water infiltrates into the surface.  Video, photographs, or 
notes can be helpful in measuring loss of infiltration over time.  Typical recommended maintenance 
activities for permeable pavement include: 

• Debris should be removed, routinely, as a source control measure, and sweeping is 
recommended as a part of an ongoing maintenance program.  This is frequently performed with a 
broom sweeper.  Although this type of sweeper can be effective at removing solids and debris 
from the surface, it will not remove solids from the void space of permeable pavement.  Use a 
vacuum or regenerative air sweeper to help maintain or restore infiltration.  If the pavement has 
not been properly maintained, a vacuum sweeper will likely be needed.   

• Use a regenerative air or vacuum sweeper after any significant site work (e.g., landscaping) and 
approximately twice per year to maintain infiltration rates.  This should be done on a warm dry 
day for best results.  Do not use water with the sweeper.  The frequency is site specific and 
inspections of the pavement may show that biannual vacuuming is more frequent than necessary. 

• In general, permeable pavements do not form ice to the same extent as conventional pavements.  
Because of this and the character of water drainage from permeable pavement surfaces, much 
less salt is required compared to asphalt surfaces.  Simply stated, when water drains off of 
asphalt, salt can dissolve and become part of the solution and little to no residual salt granules 
remain.  When water drains off of permeable pavement, it drains to the nearest permeable 
pavement joint, therefore there is less of an opportunity for the salt to dissolve, increasing the 
potential for salt granules to remain on the permeable pavement surface after the water has 
drained.  Similarly conventional liquid treatments (deicers) will not stay at the surface of a 
permeable pavement as it can reduce infiltration.  Plowing is the recommended snow removal 
process.  Conventional plowing operations should not cause damage to the pavements.  Deicers 
may be used; however, they may not be effective for the reason stated above.  Sand should not 
be used.  If sand is accidently used, use a vacuum sweeper to remove the sand. 

• Permeable pavers, when installed correctly, should have a long service life.  If a repair is 
required, it is frequently due to poor placement of the paver blocks.  Follow industry guidelines for 
installation and replacement after underground repairs.  If surface is completely clogged and 
rendering a minimal surface infiltration rate, restoration of surface infiltration can be achieved by 
removing the first 12-25 mm of soiled aggregate infill material with a vacuum sweeper.  After 
cleaning, the openings between the pavers will need to be refilled with clean aggregate infill 
materials.  Replacement of the infill is best accomplished with push brooms.  

 

3. OIL AND GRIT SEPARATOR MAINTENANCE  
The Wychwood neighbourhood uses several oil and grit separators (OGS) to treat stormwater by using 
gravity to remove particles that may settle and phase separator to remove buoyant materials. These 
features are not designed to provide quantity control, and as such are used in combination with other LID 
features at Wychwood that provide quantity control.  
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Due to their design and purpose, these sorts of features may require more frequent maintenance to 
ensure they are functioning optimally. Maintenance for OGS units may include the following: 

• Inspection of the unit, looking for clogging and structural integrity 

o Routine inspections are suggested to assess sediment accumulation from the site. A 
maintenance plan should be developed to future inspect the feature to ensure 
performance. 

• Cleanout of the feature; this is completed from the ground surface by using a vacuum truck to 
remove sediment. 

For detailed procedure explanations, refer to the manufactuer’s instructions, such as Imbrium’s 
Stormceptor Owner’s Manual, and the Stormceptor Technical Manual. 

4. DOCUMENTATION OF MAINTENANCE ACTIVITIES AND COSTS  
Because of the significance of maintenance over the life of a facility, in terms of performance, appearance 
and cost, and the fact that documentation of actual maintenance costs for bioretention facilities is lacking 
in the region (and across most of North America), documentation of maintenance is a critical component 
of the stormwater monitoring that is being conducted at Wychwood.  To document maintenance, CVC will 
evaluate and note maintenance needs during site visits and will coordinate with those responsible for 
performing maintenance and repair to maintain a record of maintenance activities and costs.  The 
following data collection efforts will aid in characterizing maintenance requirements and costs: 

• Take photos from reference locations every time an inspection checklist is completed (biweekly in 
the spring, summer, and fall, monthly in winter) and before and after maintenance. 

• Keep logs of site visits, inspections and maintenance dates, activities performed, observations 
and associated costs. 

• Look for common issues and maintenance tasks associated with LID such as trash accumulation, 
sediment deposition, erosion, and vegetation health to watch for changes over time. 

• Inspect different areas of the LID feature such as the drainage area, inlets, outlets, and 
vegetation, to ensure nothing is overlooked and that the site can perform optimally. 

• Outline any maintenance issues that need to be addressed and whether they are urgent or 
routine so that the appropriate actions can take place. 

• Monitor the duration of standing water in the bioswale periodically.  As the duration of standing 
water grows longer, it will be a sign that infiltration capacity is reduced and maintenance may be 
needed.  
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5. SITE MAINTENANCE AND INSPECTION LOG 

Below is the checklist templates used by monitoring staff to note maintenance needs during routine site 
visits.  A photo log is also kept to supplement this information. 

 

LID Inspection Checklist 

 

Site:  Wychwood 

Inspector:      

Date:       

 

Site Characteristics: 

Wychwood 
Drainage Area Wychwood-Eastern Drainage Area 
LID Features Permeable Pavers, Bioswale, CB OGS 

Date and Type of Last Precipitation Date:_______________    Type:_________ 
  

 

Bioswale Facility: 

 

Fairmount close inlet -
Coach Horse Court 
inlet 
 

 Category:      Notes: 

% of Trash/Debris 
Present 

 

0% --- 5% --- 10% --- 15% --- 20% +   

% of Sediment 
Accumulation 

 

% of Erosion 

 

% Exposed Soil 

0% --- 5% --- 10% --- 15% --- 20% + 
 

 

0% --- 5% --- 10% --- 15% --- 20% + 

 
 
0% --- 5% --- 10% --- 15% --- 20% + 
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Bypass CB 
Is outlet clear and able to 
accept overflow? 
 
Coach Horse Court 
inlet-Rolled Curb 
 
% of Trash/Debris 
Present 
 

 
Yes or No   (if No Explain) 
 
 
 
 
 
0% --- 5% --- 10% --- 15% --- 20% + 

  

% of Sediment 
Accumulation 

 
0% --- 5% --- 10% --- 15% --- 20% + 

  

    
% of Erosion 
 
% Exposed Soil 
 
 
Bypass CB 
 
Is outlet clear and able to 
accept overflow? 
 

0% --- 5% --- 10% --- 15% --- 20% + 
 
0% --- 5% --- 10% --- 15% --- 20% + 
 
 
 
 
 
Yes or No   (if No Explain) 
 

  

 
Rolled Curb Section 
 
% of Trash/Debris 
Present          
 
% of Sediment 
Accumulation 
 
% of Erosion  
 
% Exposed Soil 
 
 
Vegetation (changes 
seasonally): 
 
% Vegetation Cover: 
 
% Dead Vegetation: 
 
 
 
Inlets: 

 
 
 
 
0% --- 5% --- 10% --- 15% --- 20% + 
 
 
0% --- 5% --- 10% --- 15% --- 20% + 
 
0% --- 5% --- 10% --- 15% --- 20% + 
 
0% --- 5% --- 10% --- 15% --- 20% + 
 
 
 
 
0% --- 25% --- 50% --- 75% --- 100% 
 
0% --- 5% --- 10% --- 15% --- 20% + 
 
 

  

 
Inlets (Fairmount Close 
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Inlet): 
 
% of Trash/Debris 
Present 
 

0% --- 5% --- 10% --- 15% --- 20% +   

% of Sediment 
Accumulation 
 

0% --- 5% --- 10% --- 15% --- 20% +   

% of Erosion 
 

0% --- 5% --- 10% --- 15% --- 20% +   

Approx. depth of Ponding 
 
Structural damage? 
 

  
 
Yes or No 

  

 
Inlets (Coach Horse 
Court Inlet): 
 

   

% of Trash/Debris 
Present 
 

0% --- 5% --- 10% --- 15% --- 20% +   

% of Sediment 
Accumulation 
 

0% --- 5% --- 10% --- 15% --- 20% +   

% of Erosion 
 
Approx. depth of Ponding 
 

0% --- 5% --- 10% --- 15% --- 20% +   

 
Structural damage? 
 

 
Yes or No 
 

  

 
Rolled Curb Inlet 
 
% of Trash/Debris 
Present               
 
% Sediment 
Accumulation 
 
% of Erosion 
 
Approx. depth of Ponding 
 
Structural Damage 
 
 
 
 

 
 
 
 
0% --- 5% --- 10% --- 15% --- 20% + 
 
0% --- 5% --- 10% --- 15% --- 20% + 
 
0% --- 5% --- 10% --- 15% --- 20% + 
 
 
 
 
Yes or No 
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Rolled Curb Section 
Overflow: 
 
% of Trash/Debris 
Present 
 

0% --- 5% --- 10% --- 15% --- 20% +   

% of Erosion 
 

0% --- 5% --- 10% --- 15% --- 20% +   

% of Sediment 
Accumulation 
 

0% --- 5% --- 10% --- 15% --- 20% +   

Structural damage? 
 

Yes or No   

Is outlet clear and able to 
accept overflow? 
 

Yes or No 
 
 
 

  

PERMEABLE PAVERS: 
 
Permanent Stations 
(Driveways): 
 
1) Honour Oak Cres#5 
 
% vegetation in gaps 
 
Area of 
broken/cracked/heaving 
pavers or curbs 
 
% of Sediment 
Accumulation 
 
Structural damage? 
 
Evidence of Clogging 
 
 
2) Coach House Court 
#16 
% vegetation in gaps 
 
Area of 
broken/cracked/heaving 
pavers or curbs 
 
% of Sediment 
Accumulation 

 
 
 
 
 
 
 
0% --- 5% --- 10% --- 15% --- 20% + 
 
 
 
0% --- 5% --- 10% --- 15% --- 20% + 
 
 
0% --- 5% --- 10% --- 15% --- 20% + 
 
Yes or No 
 
Yes or No 
 
 
 
 
0% --- 5% --- 10% --- 15% --- 20% + 
 
 
0% --- 5% --- 10% --- 15% --- 20% + 
 
 
0% --- 5% --- 10% --- 15% --- 20% + 
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Structural damage? 
 
Evidence of Clogging 
 
 
3) Fairmount Close #40 
 
% vegetation in gaps 
 
Area of 
broken/cracked/heaving 
pavers or curbs 
 
% of Sediment 
Accumulation 
 
Structural damage? 
 
Evidence of Clogging 
 
 
 
B) Rotating Stations: 
Driveways  
 
Temporary 1: Address 
 
% vegetation in gaps 
 
Area of 
broken/cracked/heaving 
pavers or curbs 
 
% of Sediment 
Accumulation 
 
Structural damage? 
 
Evidence of Clogging 
 
Temporary 2: Address 
 
% vegetation in gaps 
 
Area of 
broken/cracked/heaving 
pavers or curbs 
 

 
Yes or No 
 
Yes or No 
 
 
 
 
0% --- 5% --- 10% --- 15% --- 20% + 
 
 
0% --- 5% --- 10% --- 15% --- 20% + 
 
 
0% --- 5% --- 10% --- 15% --- 20% + 
 
 
Yes or No 
 
Yes or No 
 
 
 
 
 
 
 
 
0% --- 5% --- 10% --- 15% --- 20% + 
 
 
0% --- 5% --- 10% --- 15% --- 20% + 
 
 
0% --- 5% --- 10% --- 15% --- 20% + 
 
 
Yes or No 
 
Yes or No 
 
 
 
0% --- 5% --- 10% --- 15% --- 20% + 
 
 
0% --- 5% --- 10% --- 15% --- 20% + 
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% of Sediment 
Accumulation 
 
Structural damage? 
 
Evidence of Clogging 
 
Temporary 3: Address 
 
% vegetation in gaps 
 
Area of 
broken/cracked/heaving 
pavers or curbs 
 
% of Sediment 
Accumulation 
 
Structural damage? 
 
Evidence of Clogging 
 
CB OGS ISTC 7 
 
% of Trash/Debris 
Present 
 
% of Sediment 
Accumulation 
 
Structural damage? 
 
Non-LID Feature: 
 

 
0% --- 5% --- 10% --- 15% --- 20% + 
 
Yes or No 
 
Yes or No 
 
 
 
 
0% --- 5% --- 10% --- 15% --- 20% + 
 
 
0% --- 5% --- 10% --- 15% --- 20% + 
 
 
0% --- 5% --- 10% --- 15% --- 20% + 
 
Yes            or            No 
 
Yes            or            No 
 
 
 
0% --- 5% --- 10% --- 15% --- 20% + 
 
 
0% --- 5% --- 10% --- 15% --- 20% + 
 
  
Yes          or             No 
 
 

Sign on Site 
 

Yes or No   

Damage to Sign 
 

Yes or No   

Maintenance: 
 

   

Is maintenance required? 
 

Yes or No   

What needs to be done? 
 

___________________   

How much time was 
spent on maintenance? 
 

 
____________________ 

  

Regular maintenance, 
long-term maintenance 

 
____________________ 
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or emergency 
maintenance? 

 
 

 
Who is responsible? 
 

____________________   

How often is regular 
maintenance done? 

 
____________________ 

  

 
Site Comments: 

 
 

6. ADDITIONAL MAINTENANCE AND INSPECTION RESULTS 
Below are the additional results from the maintenance and inspection results for the 2016-2017 inspection 
period discussed in section 5. 
 
Table E-1: Permeable Pavement Maintenance Survey Results  

Feature Attribute Average 
Category 

% Good %Mil
d 

%Moderat
e 

%Sever
e 

Rotating Permeable 
Pavement - 
Driveways 
  
  

Broken/Cracked/Heavi
ng 

Good 81% 17% 0% 2% 

Sediment Mild 75% 23% 2% 0% 

Vegetation in Gaps Good 85% 15% 0% 0% 

Permanent 
Permeable Pavement 
- Driveways 

  

  

Broken/Cracked/Heavi
ng 

Mild 69% 16% 0% 16% 

Sediment Mild 66% 29% 5% 0% 

Vegetation in Gaps Mild 72% 26% 2% 0% 

*Examples for each ranking; a visual legend is included at the end of this Appendix.  
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Table E-2: Bioswale Maintenance Survey Results  

Feature Attribute Average 
Category % Good %Mild %Moderate %Severe 

Bioswale section 
1 

Bare Soil Mild 40% 20% 40% 0% 

  Erosion Mild 20% 70% 10% 0% 

  Sediment Good 90% 10% 0% 0% 

  Trash/Debris Good 50% 50% 0% 0% 

Bioswale section 
2 Bare Soil Mild 30% 60% 10% 0% 

  Erosion Mild 40% 40% 20% 0% 

  Sediment Mild 60% 30% 10% 0% 

  Trash/Debris Good 70% 30% 0% 0% 

Bioswale section 
3 

Bare Soil Good 100% 0% 0% 0% 

  Erosion Mild 70% 30% 0% 0% 

  Sediment Mild 60% 40% 0% 0% 

  Trash/Debris Mild 50% 50% 0% 0% 

Bioswale Inlet 1 Erosion Mild 40% 60% 0% 0% 

  Sediment Severe 0% 50% 50% 0% 

  Trash/Debris Mild 50% 50% 0% 0% 

Bioswale Inlet 2 Erosion Mild 40% 60% 0% 0% 

  Sediment Moderate 0% 0% 20% 80% 

  Trash/Debris Mild 60% 30% 10% 0% 

Bioswale Inlet 3 Erosion Mild 60% 20% 20% 0% 

  Sediment Moderate 0% 40% 30% 30% 

 
Trash/Debris Good 90% 10% 0% 0% 

Vegetation 
Dead 
Vegetation 

Mild 67% 22% 11% 0% 

  Vegetation 
Cover 

Good 11% 89% 0% 0% 

*Examples for each ranking; a visual legend is included at the end of this Appendix.  
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Table E-3: Grass Swale Maintenance Survey Results  

Feature Attribute Average 
Category % Good %Mild %Moderate %Severe 

Grass Swale Section 1 Dead/Damaged Sod Good 100% 0% 0% 0% 

  Erosion Good 100% 0% 0% 0% 

  Sediment Mild 60% 30% 0% 10% 

  Trash/Debris Good 100% 0% 0% 0% 

Grass Swale Section 2 Dead/Damaged Sod Good 90% 0% 0% 10% 

  Erosion Good 100% 0% 0% 0% 

  Sediment Mild 80% 20% 0% 0% 

  Trash/Debris Good 100% 0% 0% 0% 

Grass Swale Section 3 Dead/Damaged Sod Good 100% 0% 0% 0% 

  Erosion Good 100% 0% 0% 0% 

  Sediment Mild 70% 30% 0% 0% 

  Trash/Debris Good 90% 10% 0% 0% 

*Examples for each ranking; a visual legend is included at the end of this Appendix.  
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Table E-4: Rain Gardens Maintenance Survey Results  

Feature Component Attribute Average 
Category % Good %Mild %Moderate %Severe 

Rain Garden 1 Facility Erosion Mild 60% 10% 20% 10% 

  
 

Sediment Mild 70% 10% 10% 10% 

  
 

Trash/Debris Good 90% 10% 0% 0% 

  Vegetation Dead Vegetation Good 90% 0% 10% 0% 

  
 

Invasives/Weeds Good 90% 10% 0% 0% 

  
 

Vegetation Cover Good 60% 30% 0% 10% 

  Overflow Sediment Moderate 10% 70% 10% 10% 

  
 

Trash/Debris Mild 80% 10% 10% 0% 

Rain Garden 2 Facility Erosion Moderate 40% 10% 10% 0% 

  
 

Sediment Moderate 60% 0% 10% 30% 

  
 

Trash/Debris Good 90% 10% 0% 0% 

  Vegetation Dead Vegetation Good 90% 10% 0% 0% 

  
 

Invasives/Weeds Mild 40% 20% 40% 0% 

  
 

Vegetation Cover Moderate 10% 10% 50% 30% 

  Overflow Sediment Moderate 20% 50% 10% 20% 

    Trash/Debris Mild 70% 20% 0% 10% 

*Examples for each ranking; a visual legend is included at the end of this Appendix.  
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Table E-5: OGS Maintenance Survey Results 

Feature Attribute Average 
Category % Good %Mild %Moderate %Severe 

OGS 2 Sediment Moderate 20% 40% 20% 20% 

  Trash/Debris Mild 60% 20% 0% 20% 

OGS 3 Sediment Mild 60% 30% 10% 0% 

  Trash/Debris Good 90% 10% 0% 0% 

OGS 4 Sediment Mild 56% 33% 0% 11% 

  Trash/Debris Good 89% 0% 0% 11% 

OGS 5 

  

Sediment Moderate 0% 67% 0% 33% 

Trash/Debris 
Mild 67% 0% 0% 33% 

OGS 6 Sediment Moderate 0% 0% 67% 33% 

  Trash/Debris Mild 33% 0% 33% 33% 

OGS 7 Sediment Mild 40% 60% 0% 0% 

  Trash/Debris Good 100% 0% 0% 0% 

*Examples for each ranking; a visual legend is included at the end of this Appendix.  

 

 



 LID Inspection Checklist Legend 
 

Trash and Debris 

Good (0-5%) Mild (5-10%) Moderate (10-15%) Severe (+ 20%) 

    
Inlet Blockage 

Good (0-5%) Mild (5-10%) Moderate (10-15%) Severe (+ 20%) 

    



Erosion 

Good (0-5%) Mild (5-10%) Moderate (10-20%) Severe (+ 20%) 

    
Sediment Accumulation 

Good (0-5%) Mild (5-10%) Moderate (10-15%) Severe (+ 20%) 

    



Vegetation (Invasive/Weeds) 

Good (0-5%) Mild (5-10%) Moderate (10-15%) Severe (+ 20%) 

    
Vegetation Cover 

Good (>75%) Mild (65-75%) Moderate (50-65%) Severe (0-50%) 

    



Ponding Area 

Good (0-5%) Mild (5-10%) Moderate (10-15%) Severe (+ 20%) 

    
Structural Damage 

Good (0%) Mild (5-10%) Moderate (10-15%) Severe (+20%) 

    



Outlet Blockage 

Good (0-5%) Mild (5-10%) Moderate (10-15%) Severe (+ 20%) 
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1.0 INFILTRATION ANALYSIS  

1.1 Filter Media 
Infiltration testing was completed in September 2014 across the length of the bioswale, using a double 
ring infiltrometer. The tests where preformed to determine if the bioswale, which had been heavily 
impacted by adjacent residential construction, needed to be remediated. A clay based sod was used 
within the invert section of the bioswale and the curbside inlets into the bioswale had not been managed 
by appropriate erosion and sediment control measures to protect the feature during construction. Two 
tests were performed adjacent to the curb inlets from the cul de sac and an additional measurement was 
taken near the catchbasin at the downstream end of the bioswale. The minimum infiltration rate 
requirement for bioretention soil is reported to be 25 mm/hr. However, a safety of factor of 2 is generally 
accounted for when designing LID sites which results in an infiltration rate to 50 mm/hr. Studies show that 
in-field measured infiltration rates for bioretention soil range from 80-120 mm/hr. For an application such 
as Wychwood where there is no stormwater management pond, the bioswale should have an infiltration 
rate in the higher ranges to ensure adequate drainage of the site 

Double ring infiltration tests are conducted by hammering the rings into the soil to an equal depth. Water 
is poured into both the inner and outer rings, and the rate at which the water level in the inner ring 
decreases is tracked (such as every 30 seconds, or several minutes, depending on soil type). This 
continues until the infiltration rate has reached a constant value, which is calculated as the difference in 
water level between a given time interval.  

1.2 Results 
The results from the three infiltration tests are summarized in the table below. A fourth test was 
conducted, however it was not included as there was a major leak around the double ring. Infiltration tests 
confirmed the belief that the bioswale had not been protected during construction due to the infiltration 
rates. As a result of the infiltration tests, some sections of the bioswale were remediated by the 
developer.  

 

Table F-1: Infiltration Testing Summary 

 

 

 

 

 

  

 

Material Threshold 
(mm/hr) 

Average 
Rate 

(mm/hr) 

Range 
(mm/hr) Number of Tests 

Bioretention filter media > 25 44 12 – 60 3 
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2.0 Soil Analysis  
Presented below are the tabular results for soil samples collecte din 2016. Refer to the report for discussion. 

Table F-2: Bioretention inorganics soil sampling results, 2016 

 

 

 

 

 

 

 

 

 

 

 

 

  

Rain 
Garden 

Rain 
Garden 

Grass 
Swale 

Grass 
Swale 

Bioswale 1 
(Shallow)

Bioswale 1 
(Deep)

Bioswale 2 
(Shallow)

Bioswale 2 
(Deep)

WW-RG-1-S WW-RG-1-D WW-GS-1-S WW-GS-1-D WW-BS-1-S WW-BS-1-D WW-BS-2-S WW-BS-2-D

Nitrite (N) ug/g 0.5 * * 0.6 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Orthophosphate (P) ug/g 0.2 * * 18 6.9 7.5 8.8 3/3.2 a 1.2 6.5 7.9

Total Organic Carbon mg/kg 500 * * 22000 17000 17000 32000 25000 7100 13000 26000
Available (CaCl2) pH pH 0 * * 7/6.96 a 7.38 7.11 7.18 7.4 7.84 7.32 7.28

Conductivity umho/cm 2 * 700 250 170 248 258 180/184 a 133 219 179
Moisture % 1 * * 21 18 20 24 12 9.5 18 20

Total Ammonia-N ug/g 20 * * <20 <20 <20 36 <20 <20 <20 <20
Soluble (20:1) Chloride (Cl) ug/g 20 * * 36 32 70 83 <20 <20 51 <20

Nitrate + Nitrite (N) ug/g 3 * * <3 <3 <3 <3 <3 <3 <3 <3
Nitrate (N) ug/g 2 * * <2 <2 <2 <2 <2 <2 <2 <2

Total Kjeldahl Nitrogen ug/g 10 * * 1650 1950 2800 2700 1090 190 1960 2010
a Lab duplicate for specific parameter

CCME Guideline 
(Residential/Parkland)

MOE Guideline (Shallow soil, Not 
Potable, 

Residential/Parkland/Institutional
/Coarse Texture)

Units Detection LimitParameter
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Table F-3: Bioretention metals soil sampling results, 2016 

 

 

 

 

 

  

Rain 
Garden 

Rain 
Garden 

Grass 
Swale 

Grass 
Swale 

Bioswale 1 
(Shallow)

Bioswale 1 
(Deep)

Bioswale 2 
(Shallow)

Bioswale 2 
(Deep)

WW-RG-1-S WW-RG-1-D WW-GS-1-S WW-GS-1-D WW-BS-1-S WW-BS-1-D WW-BS-2-S WW-BS-2-D

Acid Extractable Aluminum (Al) ug/g 50 * * 1900 1700 2000 1800 7400 4300 1900 1700
Acid Extractable Chromium (Cr) ug/g 1 64 160 4.5 4.1 4.2 4.6 12 7 4.4 4.5

Acid Extractable Cobalt (Co) ug/g 2 50 22 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
Acid Extractable Copper (Cu) ug/g 2 63 140 8.5 6.8 7.5 11 20 14 8.9 11

Acid Extractable Iron (Fe) ug/g 50 * * 4800 4600 5300 4500 12000 9100 4800 4700
Acid Extractable Lead (Pb) ug/g 5 140 120 <5.0 <5.0 <5.0 <5.0 12 5.6 <5.0 <5.0
Soluble Magnesium (Mg) mg/L 0.5 * * 5.5 2 2.1 1.9 1.7/1.7 a 1.3 1.4 1.2

Acid Extractable Magnesium (Mg) ug/g 50 * * 3300 3200 3400 3200 5800 6600 3100 3200
Acid Extractable Manganese (Mn) ug/g 1 * * 150 130 140 140 440 310 140 140
Acid Extractable Molybdenum (Mo) ug/g 2.0 10 6.9 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0

Acid Extractable Nickel (Ni) ug/g 5.0 45 100 <5.0 <5.0 <5.0 <5.0 11 6.8 <5.0 <5.0
Acid Extractable Phosphorus (P) ug/g 20 * * 530 530 650 680 720 390 490 610
Acid Extractable Potassium (K) ug/g 200 * * 440 340 320 350 1100 710 360 360

Acid Extractable Silver (Ag) ug/g 1 20 20 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
Soluble Sodium (Na) mg/L 5 * * 6 5 8 <5.0 11/12 a 15 11 <5.0

Acid Extractable Sodium (Na) ug/g 100 * * 110 110 110 110 150 170 110 110
Acid Extractable Strontium (Sr) ug/g 1 * * 140 140 150 140 89 98 140 150

Acid Extractable Sulphur (S) ug/g 50 * * 310 280 290 390 320 140 240 360
Acid Extractable Tin (Sn) ug/g 20 50 * <20 <20 <20 <20 <20 <20 <20 <20

Acid Extractable Vanadium (V) ug/g 5 130 86 7.9 8.1 9.1 7.3 19 14 8.5 7.9
Acid Extractable Zinc (Zn) ug/g 5 200 340 17 14 17 21 43 20 15 20

Acid Extractable Barium (Ba) ug/g 2 500 390 15 13 12 15 42 25 12 15
Acid Extractable Beryllium (Be) ug/g 0.5 4 4 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
Acid Extractable Cadmium (Cd) ug/g 0.5 10 1.2 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

Soluble Calcium (Ca) mg/L 0.5 * * 32.7 26.7 36.5 43.6 24.8/25.1 a 15.8 28.3 34
Acid Extractable Calcium (Ca) ug/g 50 * * 99000 100000 100000 100000 63000 79000 97000 100000

Sodium Adsorption Ratio N/A 0 * 5 0.26 0.26 0.34 0.2 0.59 0.97 0.56 0.23
a Lab duplicate for specific parameter

CCME Guideline 
(Residential/Parkland)

MOE Guideline (Shallow soil, Not 
Potable, 

Residential/Parkland/Institutional
/Coarse Texture)

Parameter Units Detection Limit
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Table F-4: Bioretention PAHs soil sampling results, 2016 

 

 

 

 

 

 

 

 

 

 

 

 

 

Rain 
Garden 

Rain 
Garden 

Grass 
Swale 

Grass 
Swale 

Bioswale 1 
(Shallow)

Bioswale 1 
(Deep)

Bioswale 2 
(Shallow)

Bioswale 2 
(Deep)

WW-RG-1-S WW-RG-1-D WW-GS-1-S WW-GS-1-D WW-BS-1-S WW-BS-1-D WW-BS-2-S WW-BS-2-D

D10-Anthracene % - * * 101 104 100 99 101 102 100 101
D14-Terphenyl (FS) % - * * 99 105 102 98 103 109 104 102
D8-Acenaphthylene % - * * 101 104 100 99 101 99 101 100

Naphthalene ug/g 0.005 0.6 0.6 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050
Chrysene ug/g 0.005 * 7 0.0073 0.017 0.015 0.016 <0.0050 <0.0050 0.007 0.016

Benzo(k)fluoranthene ug/g 0.005 * 0.78 0.0058 0.012 0.013 0.012 <0.0050 <0.0050 0.0051 0.0079
Benzo(a)pyrene ug/g 0.005 0.7 0.3 0.011 0.02 0.019 0.015 <0.0050 <0.0050 0.0086 0.012
Acenaphthylene ug/g 0.005 * 0.15 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050

Indeno(1,2,3-cd)pyrene ug/g 0.005 * 0.38 0.016 0.026 0.025 0.022 0.0078 <0.0050 0.014 0.018
Dibenz(a,h)anthracene ug/g 0.005 * 0.1 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050
Benzo(g,h,i)perylene ug/g 0.005 * 6.6 0.017 0.025 0.025 0.023 0.011 <0.0050 0.016 0.019
2-Methylnaphthalene ug/g 0.005 * 0.99 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050

Acenaphthene ug/g 0.005 * 7.9 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050
Benzo(b/j)fluoranthene ug/g 0.005 * 0.78 0.027 0.042 0.046 0.044 0.014 <0.0050 0.026 0.036

Fluorene ug/g 0.005 * 62 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050
1-Methylnaphthalene ug/g 0.005 * 0.99 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050
Benzo(a)anthracene ug/g 0.005 * 0.5 <0.0050 0.011 0.011 0.0077 <0.0050 <0.0050 <0.0050 0.0075

Phenanthrene ug/g 0.005 * 6.2 <0.0050 0.0061 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050
Anthracene ug/g 0.005 * 0.67 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050 <0.0050

Fluoranthene ug/g 0.005 * 0.69 0.0061 0.02 0.015 0.01 0.0059 <0.0050 0.007 0.017
Pyrene ug/g 0.005 * 78 0.0067 0.019 0.014 0.011 0.0059 <0.0050 0.0079 0.018

Parameter Units Detection Limit CCME Guideline 
(Residential/Parkland)

MOE Guideline (Shallow soil, Not 
Potable, 

Residential/Parkland/Institutional
/Coarse Texture)
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The following methodology is an example step-by-step calculation used to determine thermal loading 
performance at the Wychwood LID performance site. Please note, data within the methodology is from 
the 2013 Elm Drive LID Treatment Train analysis. 

Impervious surfaces such as parking lots, roads and rooftops represent a large portion of land cover in 
urbanized areas. The materials used in building these areas have a very high thermal capacity and 
readily absorb solar radiation. When precipitation events occur on warm sunny days, the stormwater flows 
along these surfaces and absorbs the heat stored within the impervious surface through conduction. This 
stormwater becomes warmer and in most cases flows into the nearest stormwater sewer system where it 
flows into the local stream and river catchments. 
 
1.0 METHODOLOGY 

The bioretention cells at Elm Drive are being evaluated for thermal mitigation potential by developing 
event mean temperatures and thermal loads of inflows and outflows. In order to assess thermal mitigation 
and calculate event mean temperatures, HOBO pendent temperature loggers were deployed at the inflow 
catch basin and at the outflow manhole. Both loggers are set to record temperatures at ten minute 
intervals and are downloaded every two weeks.  

The catchment runoff flowing into the LID practices was not measured directly, however, calculated using 
the runoff method suggested in the Elm Drive Monitoring Report1 and by Schueler2. Outflows were 
monitored using an ISCO 4150 logger and level probe with a compound weir.  

1.1 Calculation Steps 

The following steps were taken to estimate thermal mitigation and EMTs. Sample calculations are 
presented in Table G-1.  

 

Step 1: Inflow Estimate 

The flow entering the LID treatment train (Qin) was estimated using Equation (1) suggested in the Elm 
Drive Monitoring Report3.  

FactorConversionRvPAQin ***=
(1) 

Where:  

A is the Total catchment area (m2) = ---- m2 

P is Precipitation (mm) 

Rv is Runoff Coefficient (unitless) = ---- 

Conversion Factor is 1.0 

 
1 Credit Valley Conservation Watershed Protection and Restoration Team, Wright Water Engineers, Inc, Geosyntec Consultants. 2013.  
Elm Drive City of Mississauga, Low Impact Development Infrastructure Performance and Risk Assessment. Interim Technical Report 
2011-2013 
2 Schueler, T. 1987. Controlling Urban Runoff: A Practical Manual for Planning and Designing Urban BMPs. Metropolitan Washington 
Council of Governments. Washington, DC 
3 CVC et. al., 2013 
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Finally, 

 Qin = insert site catchment in m2 * P 

Table G-1 provides precipitation data in column 2 and the results of the inflow estimation in column 4. 

 
Step 2: Inflow Event Mean Temperature (EMTin) Calculation 

Inflow EMT is the event mean temperature of the runoff entering treatment train. The EMT was calculated 
using equation (2)4, 5: 

∑
∑=

dtQ
dtQT

EMT
in

inin
in  (2) 

Where: 

Qin is the measured stormwater flow rate  

Tin is water temperature 

dt is the time duration of the event.  

Column 5 of Table G-1 shows the calculations of numerator of equation (2) which is then summed for one 
event and then divided by total flow estimated for that event (EMT row of Table G-1)  

 
Step 3: Inflow Thermal Loading (TLin) Calculations 

The TLin is calculated using equation (3)6: 

 

tCTpQTL ininin ∗∗∗∗=  (3) 

Where:  

Qin is the flow rate in (m³/s)  

p is the density of water (assumed constant at 1000 kg/m³) 

Tin is inflow water temperature (ºC)  

C is the heat capacity of water (assumed constant at 4186 J/kg/ºC)  

t is time(s)  

The TLin calculations are shown in column 6 of Table G-1 and an example is given below: 
 

4 Sabouri, F & Gharabagi, B & Mahboubu, A.A, McBean, E.A. 2013. Impervious surfaces and sewer pipe effects on stormwater runoff 
temperature. Journal of Hydrology, 2013. 502: 10-17 
5 Natarajan, P & Davis, A.P. 2010. Thermal Reduction by an Underground Storm-Water Detention System. Journal of Environmental 
Engineering, 2010.136:520-526. 
6 Winston, R.J. & Hunt, W.F. & Lord, W.G. 2011. Thermal Mitigation of Urban Storm Water by Level Spreader-Vegetative Filter Strips. 
Journal of Environmental Engineering, 2011.137:707-716 
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Example:  Thermal Load Inflows 

• Unit conversion from litres to m3: 581.73/1000 ( column 4) 
• Multiply by constants 4186 J/kg/ºC and 1000 kg/m³, EMTin = 22.52oC, and divide by 106 to 

convert Joules to Mega Joules (Column 6) 
• Sum the product in column 6 for total inflow TLin. 

 

Step 4: Outflow Estimates 

The out flows are collected at the bioretention outlet. A level sensor and a compound weir is used to 
measure flows. The flows are then corrected for drainage area (the drainage area of the site is larger than 
that draining into the catch basins on the northern side of the LID practices) using an area proportion 
factor. The contributing area on the north side of the LID is approximately 75% of the total catchment. 
Therefore the area factor is 0.75.  

Step 5: Outflow Event Mean Temperature EMTout Calculation 

The outlet is the event mean temperature leaving the treatment train. The EMT was calculated using 
equation (2) (Sabouri et al., 2013; Natatajan et al., 2012): 

Where: 

Qout is the measured stormwater flow rate  

Tout is water temperature 

dt is the time duration of the event.  

Column 9 shows the calculation of numerator of equation 2 which is then summed for one event and then 
divided by total out flow estimated for that event (EMT row of Table G-1).  

Step 6: Outflow Thermal Loading TLout Calculation 

The TLout is calculated using equation (3)7: 

Where:  

Qout is the outflow rate in (m³/s)  

p is the density of water (assumed constant at 1000 kg/m³) 

Tout is outflow water temperature (ºC)  

C is the heat capacity of water (assumed constant at 4186 J/kg/ºC)  

t is time(s) 

The TLout calculations are shown in column 10 for Table G-1 and an example is given below  

Example: Thermal Load Outlet 

• Unit Conversions from liters to m³: 0.518 l/s/1000 for m3 (column 8) 
• 0.000518*catchment factor of 0.75 **if applicable to site (this is a function of the number of 

potential inlets and where inlet temperature is collected) 

 
7 Winston et. al., 2011 
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• Multiply by constants 4186 J/kg/ºC and 1000 kg/m³, EMTout = 18.31oC, and divide by 106 to 
convert Joules to Mega Joules (Column 6) 

• Sum the product in column 10 for total outflow TLout. 
 

Step 7: Thermal Mitigation 

To calculate the total thermal mitigation from inflow to outflow of the LID, column 6 and column 10 are 
totalled and subtracted. The thermal mitigation is given in the TL reduction row of Table G-1. 

Table G-1: EMT and thermal loading calculation summary for July 27th, 2013 event 

 

 

2.0 RESULTS AND DISCUSSION  
This section discusses the thermal analysis from the 2016 - 2017 study period at Wychwood. Table G-2 is 
a summary of all 35 precipitation events analyzed at WW-1 for thermal reduction potential at the 
Wychwood LID subdivision during the 2016 and 2017 monitoring period. 22 of the events in Table G-2 
generated outflows, indicated by check marks and 82 percent of the events were 20 mm or less.  

Inflow Inflow Temp Thermal Load Outflow 
(l/s)

Precipitation 
(mm) Tin TLin (MJ) Qout 

1 2 3 4 5 6 7 8 9 10
2013-07-27 13:00 0.2 22.525 581.73 13103.46825 54.83 18.521 0 0 0
2013-07-27 13:10 0 22.525 0 0 0 18.521 0 0 0
2013-07-27 13:20 0 22.525 0 0 0 18.521 0 0 0
2013-07-27 13:30 0 22.525 0 0 0 18.521 0 0 0
2013-07-27 13:40 0 22.525 0 0 0 18.521 0 0 0
2013-07-27 13:50 0 22.525 0 0 0 18.521 0 0 0
2013-07-27 14:00 0.2 22.525 581.73 13103.46825 54.83 18.521 0 0 0
2013-07-27 14:10 0 22.525 0 0 0 18.521 0 0 0
2013-07-27 14:20 0 22.525 0 0 0 18.521 0 0 0
2013-07-27 14:30 0 22.525 0 0 0 18.521 0 0 0
2013-07-27 14:40 0 22.525 0 0 0 18.616 0 0 0
2013-07-27 14:50 0 22.525 0 0 0 18.616 0 0 0
2013-07-27 15:00 0.8 22.621 2326.92 52637.25732 219.32 18.616 0 0 0
2013-07-27 15:10 0.2 22.525 581.73 13103.46825 54.83 18.616 0 0 0
2013-07-27 15:20 13 22.621 37812.45 855355.4315 3563.94 18.616 0 0 0
2013-07-27 15:30 3.2 21.664 9307.68 201641.5795 877.28 18.901 0 0 0
2013-07-27 15:40 0.4 25.708 1163.46 29910.22968 109.66 19.282 0 0 0
2013-07-27 15:50 0 27.173 0 0 0 18.901 0 0 0
2013-07-27 16:00 0 27.665 0 0 0 18.711 0 0 0
2013-07-27 16:10 0 27.665 0 0 0 18.521 0.518 9.593878 17.86
2013-07-27 16:20 0 27.567 0 0 0 18.426 0.567 10.447542 19.55
2013-07-27 16:30 0 27.468 0 0 0 18.236 0.518 9.446248 17.86
2013-07-27 16:40 0 27.272 0 0 0 18.236 0.38 6.92968 13.1
2013-07-27 16:50 0 27.173 0 0 0 18.14 0.257 4.66198 8.86
2013-07-27 17:00 0 27.075 0 0 0 18.14 0.185 3.3559 6.38
2013-07-27 17:10 0 27.075 0 0 0 18.14 0.12 2.1768 4.14
2013-07-27 17:20 0 26.977 0 0 0 18.14 0.091 1.65074 3.14
2013-07-27-17:30 0 26.879 0 0 0 18.14 0.023 0.41722 0.79

EMT

Thermal 
Load TLout 
(MJ)

Date/Time Col 2 x
2908.65 Col 4 x Col 3

Outlet Temp
Tout oC Col 7x8

TL Reduction Total
Col 6- Total Col 10

4842.99 MJ

2.659 48.679988 91.7

22.52 In 18.31 Out

Total 52355.7 1178854.903 4934.69
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Table G-2: May to September event precipitation summary for 2016 to 2017 

Beginning of 
Precipitation 

Total Precipitation 
mm 0-10 mm 10-20 mm 20-30 mm >30 mm 

Number of Events 
from each Range   21 10 1 3 

Number of Events 
with Outflow   8 10 1 3 

2016-08-25 15:50 15.2   √     

2016-09-07 18:15 17.2   √     

2016-09-17 4:55 7 √       

2016-09-26 10:40 7.2 √       

2016-09-29 8:40 11.6   √     

2017-05-01 0:10 3.8         
2017-05-01 9:25 14   √     
2017-05-04 12:50 37.4       √ 

2017-05-21 12:20 23     √   
2017-05-24 21:25 39.6       √ 

2017-05-29 19:10 2         

2017-05-30 12:55 3.6         

2017-06-04 4:55 6.4         

2017-06-16 19:05 5.4         

2017-06-17 9:35 6         

2017-06-18 7:20 3.8 √       
2017-06-22 10:30 2.6         
2017-06-22 22:50 37.6       √ 

2017-06-29 0:40 3.8         

2017-06-30 3:50 7.6 √       
2017-07-12 12:10 5 √       
2017-07-13 22:55 13   √     
2017-07-20 9:35 13.4   √     
2017-07-26 18:35 6.6         
2017-07-31 15:15 4         
2017-08-01 13:50 8.2 √       
2017-08-04 0:25 3         
2017-08-04 15:00 17.8   √     
2017-08-12 13:25 3.8         
2017-08-17 13:25 13.8   √     
2017-08-22 8:25 16.2   √     
2017-08-31 0:40 3.8         
2017-09-03 2:05 9.6 √       

2017-09-04 17:50 10.4   √     

2017-09-05 12:30 4.2 √       
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Figure G-1 and Table GO3 show the average EMT reduction for the 35 precipitation events analyzed for 
the 2016 and 2017 monitoring period. 22 of the events generated outflow. The bioswale has a high rate of 
flow retention, resulting in median and maximum EMT reductions. There was an overall 2.4 °C EMT 
reduction for all 35 events. Table G-3 shows that the mean and median for both the EMTin and EMTout 
are approximately equal indicating that the dataset is normally distributed.  

 
 
Figure G-1: Inlet and outlet event mean temperature reduction for 2016 and 2017 events 
Table G-3: Summary of temperature reduction data in Figure G-1 
 
Figure G-2 and Table G-4 show the thermal load reduction for the 35 precipitation events analyzed.  
Median and maximum thermal load reductions for the events analyzed are evident. The average thermal 
load reduction is 7596.61 MJ, or 95.9 percent, for all 35 events combined. Table G-4 shows that the 
mean and median thermal load reduction for both the inlet and outlet are not exactly equal, indicating that 
some level of skewness is present in the dataset. This skewness is likely a result of some outlying data 
points due to the small number of events being analyzed. In addition, the outliers in the dataset may be 
present due to seasonal differences. 2016 was a warmer year compared to 2017, so the air temperatures 
may have contributed to warmer flows through the LID feature in 2016.  

 
 
 

  EMTin EMTout 

Count 35 22 
Min 10.90 9.00 
25th 17.85 17.70 
Median 20.97 18.53 
75th 23.06 19.91 
Max 27.84 24.44 
Mean 20.53 18.14 
SD 4.23 3.90 

Total Average 
Reduction 
(°C) 

2.4 

2.4 °C 
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  TL in TL out 

Count 35 35 
Min 1226.01 0.00 
25th 3192.42 0.00 
Median 5791.05 9.16 
75th 10944.36 261.79 
Max 30712.24 3651.67 
Mean 7921.77 325.16 
SD 6521.28 746.13 

Total Average 
Reduction 
(MJ) 

7596.61 

 

 
Figure G-2: Inlet and outlet thermal load reduction for 2016 and 2017 events 
Table G-4: Summary of thermal load reduction data in Figure G-3 
 
A summary of all of the EMTs and total thermal load data collected from May to September 2016 and 
2017 can be seen in Table G-5. Included is the approximate hourly duration each event occurred. In the 
summer months, the average air temperature is usually lower than the inlet EMT, indicating the ground 
surface is typically warmer than the air. The negative values for % EMT and TL reduction indicate a true 
temperature or loading decrease, while the positive values indicate a temperature or loading increase. 
Due to seasonal temperature variation and the amount of precipitation during any given event the thermal 
load reduction fluctuates throughout the year.  
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Table G- 5: Summary of 2016 and 2017 WW-1 events 

 
 
As seen in Figures G-3 and G-4, a correlation between EMTs and thermal loads exists, where EMT 
reductions are a function of thermal load reductions. A significant reduction in EMTs and thermal loads 
are expected to occur during the summer months of May to September where the potential for thermal 
pollution into fresh water catchments is greater. Once more data becomes available for analysis, looking 
at the reduction potential for more event size ranges throughout the entire summer period will shed more 
light on the ability of Wychwood’s LID features to reduce EMTs and thermal loads.  
 
Figure G-4 depicts the 17.2 mm event that occurred on September 7, 2016. High thermal reductions are 
typically expected to occur for events that are less than 25 mm. This was experienced during the 
September 7th event, where a total thermal load reduction of 12961.8 MJ occurred. In addition, the EMT 
value from the inlet to outlet actually increased by 0.24 °C. The event lasted a duration of 6 hours and 35 
minutes, and was fairly intense with a maximum precipitation value of 4 mm within 5 minutes. In addition, 
the air temperature was 7.8 °C warmer than that of the September 17th event.  
 
Figure G-4 further demonstrates that when intense precipitation events occur and inlet and outlet EMTs 
remain approximately the same, there is still a thermal benefit whereby a portion of the volume is stored 

Beginning of 
Precipitation

End of Precipitation Duration (hours)
Average Air
Temp (C)

Total 
Precipitation 
mm

% EMT 
Reduction

% TL 
Reduction

EMT

Thermal 
Load 
Totals 
(MJ)

EMT

Thermal 
Load 

Totals 
(MJ)

2016-08-25 15:50 2016-08-25 16:55 1:05 26.1 15.2 27.839 15467.803 24.445 210.665 12.2 98.64
2016-09-07 18:15 2016-09-08 0:50 6:35 28.5 17.2 24.141 15177.821 24.379 2216.010 -1.0 85.40
2016-09-17 4:55 2016-09-17 16:20 11:25 20.7 7 21.744 5563.770 19.975 4.214 8.1 99.92
2016-09-26 10:40 2016-09-26 16:10 5:30 14.8 7.2 17.615 4635.990 18.179 2.671 -3.2 99.94
2016-09-29 8:40 2016-09-29 21:50 13:10 15.2 11.6 16.312 6916.700 17.686 9.162 -8.4 99.87
2017-05-01 0:10 2017-05-01 2:05 1:55 4.7 3.8 11.626 1614.871 No Outflow 0.00 N/A 100.00
2017-05-01 9:25 2017-05-01 18:10 8:45 8.4 14 11.606 5939.621 9.555 957.407 17.7 83.88
2017-05-04 12:50 2017-05-06 21:55 9:05 6.9 37.4 10.905 14907.770 8.997 1475.311 17.5 90.10
2017-05-21 6:20 2017-05-21 22:15 15:55 13.0 23 15.436 12977.756 14.312 400.576 7.3 96.91
2017-05-24 21:25 2017-05-26 3:20 5:55 12.4 39.6 16.017 23185.500 12.683 728.413 20.8 96.86
2017-05-29 19:10 2017-05-30 2:40 7:30 13.7 2 16.770 1226.008 No Outflow 0.00 N/A 100.00
2017-05-30 12:55 2017-05-30 21:25 8:30 20.1 3.6 18.589 2446.248 No Outflow 0.00 N/A 100.00
2017-06-04 4:55 2017-06-04 8:25 3:30 12.2 6.4 17.147 4011.512 No Outflow 0.00 N/A 100.00
2017-06-16 19:05 2017-06-16 21:55 2:50 22.2 5.4 26.411 5213.351 No Outflow 0.00 N/A 100.00
2017-06-17 9:35 2017-06-17 14:10 4:35 32.2 6 26.424 5795.361 No Outflow 0.00 N/A 100.00
2017-06-18 7:20 2017-06-18 7:55 0:35 23.9 3.8 22.964 3189.789 17.780 98.110 22.6 96.92
2017-06-22 10:30 2017-06-22 11:25 0:55 19.8 2.6 20.659 1963.423 No Outflow 0.00 N/A 100.00
2017-06-22 22:50 2017-06-23 10:45 11:55 20.2 37.6 22.346 30712.240 20.130 3651.665 9.9 88.11
2017-06-29 0:40 2017-06-29 3:05 2:25 14.9 3.8 20.013 2779.889 No Outflow 0.00 N/A 100.00
2017-06-30 3:50 2017-06-30 7:10 3:20 19.5 7.6 20.845 5791.047 18.856 312.923 9.5 94.60
2017-07-12 12:10 2017-07-12 15:15 3:05 27.7 5 27.021 4938.590 20.988 24.828 22.3 99.50
2017-07-13 22:55 2017-07-14 0:45 1:50 16.7 13 20.345 9667.983 18.202 14.195 10.5 99.85
2017-07-20 9:35 2017-07-20 11:40 2:05 18.2 13.4 21.458 10510.526 19.428 341.669 9.5 96.75
2017-07-26 18:35 2017-07-27 9:05 14:30 18.5 6.6 22.006 5309.151 No Outflow 0.00 N/A 100.00
2017-07-31 15:15 2017-07-31 15:50 0:35 30.1 4 22.449 3282.314 No Outflow 0.00 N/A 100.00
2017-08-01 13:50 2017-08-01 14:30 0:40 29.3 8.2 24.062 7212.523 19.350 113.686 19.6 98.42
2017-08-04 0:25 2017-08-04 6:20 5:55 19.1 3 23.626 2590.833 No Outflow 0.00 N/A 100.00
2017-08-04 15:00 2017-08-04 17:30 2:30 20.4 17.8 24.258 15783.869 21.925 529.346 9.6 96.65
2017-08-12 13:25 2017-08-12 14:50 1:25 25.3 3.8 23.002 3195.046 No Outflow 0.00 N/A 100.00
2017-08-17 13:25 2017-08-18 2:50 13:25 19.5 13.8 22.556 11378.190 19.589 62.285 13.2 99.45
2017-08-22 8:25 2017-08-22 13:05 4:40 24.8 16.2 23.127 13695.322 19.728 175.252 14.7 98.72
2017-08-31 0:40 2017-08-31 2:25 1:45 16.9 3.8 20.449 2840.459 No Outflow 0.00 N/A 100.00
2017-09-03 2:05 2017-09-03 5:15 3:10 14.3 9.6 18.079 6344.209 17.284 0.521 4.4 99.99
2017-09-04 17:50 2017-09-04 20:10 2:20 20.8 10.4 20.974 7973.640 17.985 42.855 14.3 99.46
2017-09-05 12:30 2017-09-05 13:05 0:35 23.6 4.2 19.689 3022.841 17.723 8.680 10.0 99.71

Inlet Outlet
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in the bioswale reducing the thermal load. In addition, this event demonstrates the effectiveness of catch 
basins in relation to directing runoff into the infiltration trench quickly. However, when shorter, more 
intense events like the September 7th event occur, there is not enough time for the runoff to infiltrate 
through the perforated pipe, resulting in EMT inlet and outlet results remaining approximately the same or 
EMT outlet results may even be warmer than the EMT inlet results.   

 

Figure G-3: Thermal loading results from September 7, 2016 event of 17.2mm 

Nearly 100 percent thermal reductions occurred during the smaller events such as the one that took place 
on September 17th, 2016 with a total of 7 mm of rainfall. This event is depicted in Figure G-4. A total 
thermal reduction of 5559.6 MJ occurred and the EMT from inlet to outlet decreased by 1.76 °C. The 
event lasted a duration of 11 hours and 25 minutes, and was much less intense in comparison to the 
larger September 7th event. This longer and less intense event likely provided the runoff with sufficient 
time and opportunity to infiltrate into the perforated pipe and effectively reduce the outlet EMT. In addition, 
compared to the September 7th event, during which the EMT increased, the air temperature on 
September 17th was 7.8 °C cooler.  

Event Size: 17.2 mm 
Event Duration: ~6 hours 
EMTin: 24.14 °C 
EMTout: 24.38 °C 
Thermal Loading in: 15177.8 MJ 
Thermal Loading out: 2216 MJ 
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Figure G-4: Thermal loading results from September 17, 2016 event of 7mm 

Event Size: 7 mm 
Event Duration: ~12 hours 
EMTin: 21.74 °C 
EMTout: 19.98 °C 
Thermal Loading in: 5563.77 MJ 
Thermal Loading out: 4.21 MJ 
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1. INTENSIFICATION OF URBAN WATER CYCLE 
It is expected that the population of the Greater Toronto Area 
(GTA) will grow from 6.4 million in 2012 to 8.9 million by 20361. 
This ongoing urbanization of our environment by increasing 
imperviousness results in a phenomenon commonly known as 
the “urban stream syndrome”2, where hydrographs become 
flashier (i.e., increased flow variability), baseflow decline, water 
quality is degraded, stream channels are eroded, water 
temperatures rise, and biological richness declines. Figure H-1 
shows a hydrograph comparing stream flow rates before, 
during, and after a storm under pre- and post-development 
conditions3. As indicated, streams with developed watersheds 
have substantially higher peak flows, and these peak flows 
occur more quickly than under predevelopment conditions. This 
is reflective of typical urban conditions, where runoff moves 
quickly over impervious surfaces and drains into a channel. 

 

1 Ministry of Finance (MOF). 2013.  Ontario Population Projections Update.  
http://www.fin.gov.on.ca/en/economy/demographics/projections/projections2012-2036.pdf 
2 Walsh CJ, Roy AH, Feminella JW, Cottingham PD, Groffman PM, Morgan RP II. 2005. The urban stream syndrome: Current 
knowledge and the search for a cure. Journal of the North American Benthological Society 24(3):706-723 
3 Schueler, T. 1987. Controlling Urban Runoff: A Practical Manual for Planning and Designing Urban Best Management Practices. 
Metropolitan Washington Council of Governments, Washington, DC. 

Impervious surfaces such as streets, 
sidewalks and driveways contribute 65-
75% of total loadings of suspended 
solids, total phosphorus, and metals to 
our receiving streams and lakes 
(Bannerman et al., 1992).  Furthermore, 
beach closures and reductions in 
recreational fishing due to pollutant 
loading from urban stormwater and 
have resulted in up to $87 million a year 
in lost revenue to local economies 
(Marbek, 2010). 

 

Figure H-1: Changes in stream flow hydrograph as a result of urbanization (adapted from Schueler, 1987) 

 

http://www.fin.gov.on.ca/en/economy/demographics/projections/projections2012-2036.pdf
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Figure H-2a: Hydrologic Cycle: Natural 
ground cover - Predevelopment Conditions    
 

This ongoing urbanization of our environment by increasing imperviousness also corresponds to a 
significant alteration to the water cycle. Continued development with structured conveyance and 
impervious pathways redistributes the water budget to favour runoff over evaporation, infiltration, and 
recharge for streams and groundwater. The figures below illustrate how four important components in the 
water cycle are affected by increasing levels of imperviousness4. 

In natural and rural environments with vegetated soils, surface runoff is generally low and represents a 
low fraction (10 to 20%) of the total fallen precipitation5. Water either percolates into the ground or is 
returned to the atmosphere by evaporation and transpiration. A considerable percentage of the rainfall 
infiltrates into the soil and contributes to the groundwater. The local water table is often connected to 
nearby streams, providing seepage to streams and wetlands during dry periods and maintaining base 
flow essential to the biological and habitat integrity of streams.  Water that is evaporated into the 
atmosphere behaves like an air conditioner for the urban atmosphere, thereby more water in the 
atmosphere reduces the urban heat island effect, mitigating high air temperatures (Figure H-2a). 

  

  
 

 
(Adapted from FIRSWG, 1998)                                          

  

Land development converts permeable land into increasing impermeable surfaces.  During urbanization, 
natural channels are replaced by artificial drainage pipes and channels that decrease the amount of water 
infiltration and storage within the soil column. This alters the hydrologic regime by allowing less rainfall 
infiltration into the ground, and more channeled runoff through the urban infrastructure.  Alterations to site 
runoff characteristics can cause an increase in the volume and frequency of runoff flows (discharge), 
velocities that cause flooding, and accelerated erosion (Figure H-3a).  This also decreases the amount of 
water available for evapotranspiration and infiltration.  Evaporation decreases because there is less time 
for it to occur when runoff moves quickly off impervious surfaces.  Transpiration decreases because 
vegetation has been removed. In addition, urban infrastructure removes water from shallow ponds and 

 

4 Adapted from Federal Interagency Stream Restoration Working Group (FISRWG). 1998. Stream Corridor Restoration: Principles, 
Processes, and Practices. PB98-158348LUW. 
5 Prince George's County, Maryland Department of Environmental Resources Programs and Planning Division. 1999. Low-Impact 
Development Hydrologic Analysis 

Figure 2b:  Hydrologic Cycle: 10-20% 
Impervious cover – Predevelopment 
Conditions 
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wetlands that could have otherwise been used to replenish the water table and maintain low flow 
conditions in local watercourses.  Headwater streams, with small contributing drainage areas, are 
especially sensitive to localized changes in groundwater recharge and base flow. 

As a much larger percentage of rainwater hits impervious surfaces including roofs, sidewalks, parking 
lots, driveways, and streets, it must be controlled through storm water management techniques. 
Traditional approaches have focused on collection and conveyance to quickly transport stormwater to the 
nearest watercourse to prevent property damage (Figure H-3a).  Current stormwater management has 
taken an "end of pipe" approach, using gutters and piping systems to carry rainwater into ponds or 
detention basins (Figure H-3b).  This approach does not mitigate or alter the runoff volume component of 
the water cycle which is the driving force over flood risk and drought due to decreases in subsurface 
flows.   

 

Figure H-3a:  Stormwater Management with no 
water quality control 

 

Figure H-3b: Stormwater management using SWM 
ponds. 

(Adapted from FIRSWG, 1998) 

 

Urban areas are particularly susceptible to flooding 
due to a high concentration of impervious surfaces 
that channel precipitation runoff into the city’s 
underground infrastructure. During rainfall events of 
high intensity, duration and/or frequency, the runoff 
component of the water balance will be overwhelmed 
and not mitigated by infiltration, creating flood-prone 
areas in urbanized zones (Figure H-4).   

As part of adaptive management, stormwater 
management has evolved over time in Ontario, from 
flood control requirements in the 1970s, to water 
quality and erosion requirements in the 1980s, to 
water balance requirements in 2012. The cost and 
complexity of these engineered systems has 
increased.  In light of the current spot light on climate 
change and aging infrastructure there is growing 

Figure H-4: Flood prone area in Cooksville Creek 
watershed      
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awareness that stormwater management has become more than just treating a storm event it’s also 
about maintaining stream flows during dry weather periods for wastewater assimilation, fisheries, and 
water takings.    Through the Great Lakes Protection Act, Water Opportunities Act and Redside Dace 
legislation, stormwater is being recognized as a resource to be treated at source, conveyance and prior to 
entering waterways.  

A robust stormwater management system that meets all environmental and economic goals must include 
both conventional stormwater management facilities and source based Low Impact Development (LID) 
practices. Conventional facilities are typically effective at achieving flood control by providing large 
volumes of stormwater detention. Conventional facilities however lack the ability to provide water balance 
benefits or reduce the volume of runoff from heavily urbanized areas. As a result they offer little benefits 
with respect to infiltration and erosion mitigation. LID practices excel where conventional systems fail by 
allowing for natural hydrologic processes including infiltration and evapotranspiration as close to the 
source as possible.   

LID practices are designed to mitigate the rapidly changing water cycle by mimicking nature within the 
urban environment. LID strategies strive to allow natural infiltration to occur as close as possible to the 
original area of rainfall. By engineering terrain, vegetation, and soil features to perform this function, the 
landscape can retain more of its natural hydrological function (Figure H-5). Although most effective when 
implemented on a community-wide basis, using LID practices on a smaller scale can also have a positive 
impact. 

 

Figure H-5:  Urban water cycle with Low Impact Development stormwater Management - (Adapted from FIRSWG, 
1998) 
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2. UNEXPECTED CONSEQUENCES OF URBAN DEVELOPMENT  
As might be expected, there is a linear relationship between the amount of impervious surfaces in a given 
area and the amount of runoff generated. What is unexpected is what this means in terms of both the 
volume of water generated and the rate at which it exits the surface. Depending on the degree of 
impervious cover, the annual volume of storm water runoff can increase to anywhere from 2 to 16 times 
the predevelopment amount6.  Impervious surface coverage as low as 10% can destabilize a stream 
channel, raise water temperatures, and reduce water quality and biodiversity7. 

The longer duration of higher flows due to 
increased volume combines with that from 
downstream tributaries to increase the downstream 
peaks.  As a result, the portions of Fletchers Creek 
is experiencing extensive bank slumping and 
erosion (Figure H-6).  

In a natural setting, typically 6-9 events per year 
produce runoff that enters the stream. With LID 
stormwater management, very little to no runoff is 
produced during precipitation events less than 25 
mm in depth, that is 90% of all precipitation events. 
What this means is that 69% of all the rain to fall 
will not produce runoff. In fact, LID sites can 
prevent runoff for events up to 25 mm in depth 
(Figure H-7). For rainfall events with a depth 
greater than 25 mm, in which runoff is produced, it 
was previously thought that LID would have little 
effect in mitigating flows. However, monitoring data 
has shown that there is runoff volume reductions 
and peak flow reductions even for large storm 
events. 

 

6 Schueler, T. 1994. The Importance of Imperviousness. Watershed Protection Techniques 1(3):1’00-111. 
7 Schueler, T. 1995. Site Planning for Urban Stream Protection. Metropolitan WashingtonCouncil of Governments, 
Washington, DC. 

Figure H-6: High stream flow in Fletcher’s Creek  
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Figure H-7:  Typical Annual Rainfall Frequency Distribution for Toronto Lester B. Pearson 1960-2012 
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3. CHANGES IN WATER QUALITY 

Pollution from storm water runoff can also 
be a major concern in urban areas. 
Rainwater washing across streets and 
sidewalks can pick up spilled oil, 
detergents, solvents, de-icing salt, 
pesticides, fertilizer, and bacteria from pet 
waste. Carried untreated into streams and 
waterways, these materials become "non-
point source pollutants" which can 
increase water temperature, algae content, 
impact aquatic habitats, cause beach 
closures and require additional costly 
treatment to make the water potable for 
drinking water systems. Beach closures 
and reductions in recreational fishing due 
to pollutant loading from urban stormwater 
and have resulted in up to $87 million a 
year in lost revenue to local economies8. 

During last three decades, Ontario developers and municipalities have constructed end-of-pipe wet 
facilities (i.e. wet ponds, wetlands and hybrid ponds) as standalone stormwater management facilities to 
provide water quality control through the removal of total suspended solids. Conventional end-of-pipe wet 
stormwater management ponds, in which the main treatment mechanism is capture of particulates 
through settling, are not effective in removing the fine particles that carry most of the nutrients as well as 
most of the dissolved pollutants and hydrocarbons.  The increase in water temperature as result of the 
increase in impervious surfaces is also a major water quality concern in urban streams. Retention of 
stormwater in conventional wet ponds allows stormwater to warm up, causing thermal impacts on 
receiving water bodies. Because temperature plays a central role in the rate and timing of instream biotic 
and abiotic reactions, such increases have an adverse impact on streams. In some regions, summer 
stream warming can irreversibly shift a cold-water stream to a cool-water or even warm-water stream, 
resulting in deleterious effects on salmonids and other temperature-sensitive organisms. 

 

8 Marbek (submitted to Ontario Ministry of Environment). 2010. Assessing the Economic Value of Protecting the Great Lakes: Rouge 
River Case Study for Nutrient Reduction and Nearshore Health Protection. 
http://www.greeninfrastructureontario.org/sites/greeninfrastructureontario.org/files/Final%20Rouge%20Report%20Nov%2030.pdf 

Figure H-8: Sediment Plume from Credit River to Lake 
Ontario (Photo Credit: Aquafor Beech, 1990)    

http://www.greeninfrastructureontario.org/sites/greeninfrastructureontario.org/files/Final%20Rouge%20Report%20Nov%2030.pdf
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In the Credit River Watershed, the 
difference in the concentration of total 
suspended solids (TSS) in an urban 
stream that was receiving stormwater from 
upland developments with conventional 
end-of-pipe wet facilities and a rural 
stream with only 10 - 20% impervious 
cover during dry ambient condition is 
shown in Figure H-10. The comparison 
demonstrated that there are higher levels 
of TSS in the stream draining the 
developed area with conventional 
stormwater management wet facilities than 
in the rural area. This is due to the lack of 
runoff volume control in the stormwater 
management ponds. 

There is also significant concern about 
phosphorus loading from urban areas. 
Phosphorus is one of main pollutants of 
concern in urban drainage. Phosphorus and 
other nutrients are transported by runoff in a 
particulate-bound and dissolved phosphorus 
form. 

The Total Phosphorus (TP) concentration in two monitored streams within CVC’s watershed showed 
similar results to those observed for TSS. Higher phosphorous concentrations were observed in the urban 
stream that was receiving stormwater from upland developments into a conventional end-of-pipe SWM 
facility than in the rural stream that had only 10 - 20% impervious cover during the summer months. Peak 
concentrations were seen in the rural stream during the spring season whereas peak concentrations were 
seen in the urban stream during the summer season (Figure H-10). This is due to the greater level of 
impervious surfaces and lack of stormwater volume control in the urban stream. Elevated concentrations 
of nutrients in the summer season is the major factor contributing to excess algae growth and depressed 
dissolved oxygen in receiving streams9.  

 

9 Aquafor Beech (for Conservation Halton). 2005. LOSAAAC Water Quality Study. Aquafor Beech reference 64353. 
https://halton.ca/living_in_halton/water_wastewater/water_quality_protection/lake_ontario/LOSAAAC/  
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Figure H-9:  Monthly 75th Percentile Total Suspended 
Solids concentration compared at an urban vs. rural 

  
 

Note: Different urban/rural stream have unique 
responses to development. The example graphs how 
scenarios observed for one rural and one urban 
watercourse in CVC’s jurisdiction.  

https://halton.ca/living_in_halton/water_wastewater/water_quality_protection/lake_ontario/LOSAAAC/
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Currently there is a significant concern about 
phosphorus loading from urban areas. Phosphorus 
is considered as one of main pollutants of concern in 
urban drainage. Phosphorus and other nutrients are 
transported by runoff in a particulate-bound and 
dissolved phosphorus form. 

New York State SWM Design Manual also states 
that “Based on the best available data, it has been 
observed that particles less than 10 μm tend to have 
substantially higher associated phosphorus 
concentrations than larger particle sizes”. This raises 
concerns with respect to the ability of wet ponds to 
remove particulate phosphorus as they are not 
efficient in removing particles less than 10 μm10. 
Moreover, treatment mechanisms focused on 
capture of particulates does not address dissolved 
phosphorus removal. This is consistent with the 
2003 MOE Stormwater Design Guidelines, which state that while end-of-pipe facilities are typically 
designed to remove 60-80% suspended solids, the typical removal efficiency for total phosphorus is 40-
50%. 

Section 4.4 of the 2003 MOE Stormwater Design Guidelines also recognize that the use of stormwater 
ponds for water quantity and quality control can impair receiving stream habitat because of the heating of 
the discharge water. Because a municipality may have hundreds of wet stormwater management facilities 
within a single watershed, the cumulative impacts on aquatic systems can be significant. 

In streams containing Redside Dace, Ministry 
of Natural Resources requires that there be no 
storm runoff from rainfall events in the range of 
5 to 15 mm, considering the recommendations 
of the subwatershed plans and soil 
permeability11. In such circumstances, low 
impact development strategies to promote 
infiltration and stormwater reuse should be 
utilized to match post development water 
balance with the pre-development condition.  

 

 

 

10 Greb, S. and Bannerman, R. 1997.  Influence of particle size on wet pond effectiveness. Water Environment Research, 69 (6): 
1134-1138. 
11Ministry of Natural Resources (MNR). 2011. DRAFT Guidance for Development Activities in Redside Dace Protected Habitat. 
Ontario Ministry of Natural Resources, Peterborough, Ontario. ii+42 pp  
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Figure H-11: Monthly 75th Percentile Total Phosphorus 
concentration compared at an urban vs. rural catchment 
 

Figure H-12: High TSS from urban runoff in Springbrook 
Creek habitat of Redside Dace  
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4. RESOURCE INFORMATION 

Literature reviews show that LID practices mitigate the impacts of urbanization by mimicking pre-
development hydrology. CVC/TRCA’s Low Impact Development Stormwater Management Planning and 
Design Guide provides planning and design guidance on a wide range of stormwater management 
practices such as bioretention, disconnection of downspouts, rain harvesting, swales, permeable 
pavement, and green roofs. 

Prevention of urban runoff is an effective means to achieve a broad range of stormwater management 
objectives such as maintaining pre-development runoff volume, frequency and duration for frequent storm 
events, reducing runoff temperature, reducing the concentration of TSS and reducing the loading of 
phosphorus into surface waters. Reducing imperviousness and disconnection of impervious areas can be 
achieved through alternative design standards for road widths, road right of ways, minimum numbers of 
parking lot, varied front and rear lots, the use of pervious materials and the use of source controls as 
discussed in the above document.   

For detailed information on preventative and mitigation measures to address thermal impacts of urban 
developments, refer to CVC’s Study Report: Thermal Impacts of Urbanization including Preventative and 
Mitigation Techniques and CVC/TRCA Low Impact Development Stormwater Management Planning and 
Design Guide. 
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CREDIT VALLEY CONSERVATION 
1255 Old Derry Road, 
 Mississauga, Ontario  

L5N 6R4 
        Tel: (905) 670-1615 Fax: (905) 670-

2210 
 1-800-668 5557 

 
  

Date: September, 2015 

To: Giulio Bianchi – Sequoia Grove Homes   

From: Kyle Vander Linden and Jakub Wrobel 

CC: Tim Mereu, Phil James, Christine Zimmer, Amanjot Singh, Gayle Soo-Chan  

RE: Summary of LID remediation and Site Visit on September 16, 2015  

 
Representatives from Credit Valley Conservation visited the site on Wednesday, September 
16th to observe the condition of the LID features at the Sequoia Grove development 
(Wychwood). CVC’s conducts site visits in an aim to ensure proper construction and to 
preserve the infiltration capacity of the LID features (bioswales, rain gardens, permeable 
pavers) by identifying protection measures needed during the construction phase. 
 
CVC and Sequoia Grove Homes have been engaged in ongoing inspection of the site and 
performance monitoring is intended for the future. Based on recommendations from site visits 
and meeting memo’s provided to Sequioa Grove Homes on Oct 10, 2013, May 23, 2014, 
Sept 18, 2014, Oct 9, 2014, May 15, 2015, and now Sept 16, 2015 CVC identified impacts to 
LID features and recommended rehabilitation work and guidance to restore the LID features 
prior to assumption. 
 
Sequoia Grove Homes has completed some restoration work and have responded quickly to 
requests. Sequoia Grove Homes also noted that other restoration activities will take place 
after the installation of the top asphalt layer. The top asphalt coat has now been applied. In 
order to assist Sequoia Grove Homes in the restoration of the LID features, a summary of 
action items identified over the inspection period is described in Table 1. CVC can provide 
guidance to Sequoia Grove Homes for restoration activities and very willing to answer any 
questions that they may have. 
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3. Temporary Mail Box 

1. Rain Garden Soil Height

 Bioswale   

While inspecting site dry weather conditions, CVC monitoring staff have observed the following issues which 
may reduce LID performance. CVC monitoring staff will collect wet weather videos to confirm potential 
concerns listed below: 
 

1. Improper soil height within each rain garden will impede surface flows from entering each garden 
through the curbside inlets. Flows are diverted directly into adjacent catch basin untreated.   

2. Asphalt grading towards catch basin on Honour Oak Crescent near the south end of the bioswale is 
excessive and will significantly reduce flows from entering the bioswale on the opposing side of the 
roadway.  

3. Temporary location of mail box has prompted residents to use east bioswale as a walkway to collect 
their mail. This action may cause compaction from foot traffic decreasing infiltration performance  

  

2. Grading to Catch Basin  

Observed Resident 
Footpath 
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Table 1: Summary of action items for LID features at Wychwood 
LID Feature Action Item Status Implications and remediation 

recommendation 

Entire Site Completion of sod 
placement on front and 
backyards to minimize 
movement of dirt into 
bioswale area.  

Sod placement with back and front 
yards complete.  

N/A 

East Bioswale Completion of the fence to 
completely restrict access to 
public to the bioswale 

Posts and fence installed, task is 
complete. 

N/A 

East Bioswale Restriction of heavy 
equipment and materials 
within the east bioswale 
area to avoid compaction. 
Materials were stored within 
east bioswale noted on May 
15th, 2015 site visit. 

Materials and equipment were 
removed based on email 
correspondence between CVC and 
Sequoia Grove Homes on May 27, 
2015. Routine visit on July 28th, 
2015 had construction equipment 
still in the bioswale. Site visit on 
September 16th, 2015 confirmed 
that all materials and equipment 
have been removed. However a 
sod waste bin was present during 
the site visit. 

 If bioswale is compacted, 
infiltration performance could 
be reduced. 

 Infiltration tests recommended 
along length of east bioswale 

 Removal of sod, sediment and 
tilling of bioretention media in 
compacted areas. 

 Relaying of RPF sod 

East Bioswale Clean up of sediment and 
garbage at and around 
inlets within the bioswale 
and extension of curb inlet 
into bioswale 
 

Incomplete based on May 15th, 
2015 site visit. Past memos have 
identified ponding in around inlet 
areas of bioswale (Oct. 9, 2014). 
Infiltration test from Sept. 5, 2014, 
noted failure at inlets.  
May 15, 2015 site visit notes 

 Ponded water within bioswale 
for more than 24 hours 
indicates failure of the system.  

 Recommend removal of sod 
and sediment and tilling of 
bioretention media. 

 Infiltration test required to verify 
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current construction of curb inlet 
into bioswale. 
September 16, 2015 Site visit notes 
that most garbage and debris have 
been cleaned out. Sediment is 
present in inlets but does not 
appear to be from construction 
practices. 

success of rehabilitation. 
 

East Bioswale Improvement of east 
bioswale infiltration 
 

September 5th, 2014 memo noted 
average infiltration rates of 44 
mm/hr (Range of 12 mm/hr low – 
60 mm/hr). Past LID studies 
indicate an infiltration rate of 80 – 
120 mm/hr is ideal to account for 
decreasing performance through 
operational lifespan 
Bioswale was aerated in September 
2014.  
May 15, 2015 site visit noted 
compacted areas and sediment 
contamination at surface of 
bioswale.  
September 16th, 2015 site visit 
noted that compacted areas and 
sediment is still present. Sediment 
has been minimized. 

 Poor infiltration rates at 
assumption could lead to 
shortened operational lifespan.  

 Future Recommendation – if 
aeration does not improve 
infiltrations, complete  
infiltration tests within 
bioswale, identify problem 
areas, and remove sod, 
sediment, and tilling of 
bioretention media to improve 
infiltration. 

 Re-stabilize with RPF, sod, or 
grass seed  

Bioswale and 
rain gardens 

All construction activities 
are complete 

May 15, 2015 site visit noted the 
removal of curb sections at east 
bioswale. 
September 16, 2015 site visit noted 
the inlets have been constructed. 

 Could result in clogging of the 
bioswale/rain gardens and 
impacting infiltration rates.  

 Sediment removed 
 Infiltration testing to verify 
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Some compaction was noticed 
around the perimeter of the 
installations from construction of the 
inlets. 

infiltration rates are not 
impacted 

 Exposed soils should be 
stabilized as soon as possible 

Bioswale and 
rain gardens 

Video-scoping of perforated 
pipes should be conducted 
to ensure no clogging by 
construction sediment. 

Incomplete or not within CVC 
records – noted on May 23, 2014 
memo 
September 16, 2015 cannot confirm 
whether this was done. 

 Clogged pipes could prevent 
water from flowing through the 
system even if soil infiltration 
rates are satisfactory.  

 If perforated pipes are clogged 
or damaged than removal of 
sediment and possibly their 
replacement is recommended. 

 
 

West Rain 
gardens on  

Ensure as-built grades meet 
design grades for LID 
features.    

Incomplete based on May 15, 2015 
site visit. As noted in the September 
5th memo there should be a 2” (50 
mm) drop from finished curb to sod 
or bioretention media. See photos 
below table. 
September 16, 2015 site visit 
indicated that some rain gardens 
had the correct grade drop however 
some still did not (See photos 
below table). Completing this task 
as soon as possible is 
recommended to ensure drainage 
from the road enters the swale. 

 Final coat of asphalt has been 
applied, verify grade drop from 
finished curb to bioswale.   

 A grade drop will ensure 
positive drainage into the LID 
features. If there is insufficient 
grade drop, by pass or 
blockage could happen.  See 
pictures below. 

 Recommended re-grading if to 
design grades to allow flow of 
runoff into LID feature 
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Site Visit on September 16, 2015 
East Bioswale 
East Bioswale on Honour Oak Cres appears to be in good condition. Grade drop from 
curb to bioswale is present throughout majority of the swale. There was a sod bin with 
some dirt leftover on the road.  

    
Figure 1: Bioswale with sod bin nearby 

 
As CVC inspected along bioswale, large inlet has been constructed with stones at the 
end. No ponding issues currently, however sediment was present within inlet. Soil was 
still heavily compacted around new inlet as result of construction of the feature. As 
noted in previous memo’s from May 23, 2014, Sept 18, 2014, Oct 9, 2014, and May 15, 
2015. It is CVC’s recommendation that the dirt be removed and area aerated to 
encourage proper infiltration. Infiltration testing should be conducted afterwards to verify 
improvement of infiltration rates. 

  
Figure 2 Sediment Buildup within Inlet 

 
The last bioswale on East side also has a newly constructed inlet with stones at the 
end. Much more sediment was present in this inlet than the one on Coach House. It is 
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CVC’s recommendation that the area aerated to encourage proper infiltration. Infiltration 
testing should be conducted afterwards to verify improvement of infiltration rates. 

   
Figure 3: New inlet sediment and view north naturalized area 

 
Rain Gardens 
Upon inspection of the rain gardens within the road right of way, CVC noted that the 
grade of plants within small rain gardens is too high at certain points which will block 
water from entering. Grading of the plants is critical as these features are dependent on 
sheet flow from the roadway. As noted previous memo’s there should be a 2” (50 mm) 
drop from finished curb to sod or bioretention media. It is CVC’s recommendation that 
the landscape company re-grade these features to ensure positive grade from finish 
curb to rain gardens per the design drawings. The additional mulch in the rain gardens 
has added a substantial amount of material above the grade of the inlet that will 
definitely impede flow.  

  

Figure 4: Rain Garden inlets blocked with high soil, plantings, mulch 
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West Bioswales 
CVC also noted that the grade of sod within the large rain gardens is too high at certain 
points which will block water from entering. Grading of the sod is critical as these 
features are dependent on sheet flow from the roadway. As noted previous memo’s 
there should be a 2” (50 mm) drop from finished curb to sod or bioretention media. It is 
CVC’s recommendation that the landscape company re-grade these features to ensure 
positive grade from finish curb to rain gardens per the design drawings. 
 

 
Figure 5: West rain gardens sod height 

 
As noted in the previous memo, there has also been some construction at the adjacent 
property of one of the rain gardens, which may have impacted the rain garden. The 
bioretention media and perforated pipe system could have been affected and could 
impact infiltration rates and flows within the system. The site visit on September 16th, 
2015 noted that a concrete walkway was constructed in this area. Infiltration testing 
should be conducted. 
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Figure 6: New walkway constructed directly in bioswale 
 
Please let me know if you have any questions or concerns. You can reach me at 905 
670 1615 X 279 or kvanderlinden@creditvalleyca.ca 
 
Best Regards. 
 
 
Kyle Vander Linden 
Water Resources Specialist (LID) 
Credit Valley Conservation 

mailto:kvanderlinden@creditvalleyca.ca
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1. Introduction 

The Credit Valley Conservation (CVC) has undertaken this study to develop a 
stormwater management (SWM) model for the Wychwood subdivision (site). This site 
uses low impact development (LID) practices to control stormwater runoff volume 
and quality. The purpose of this study is to develop a representative hydrologic model 
based on monitoring flow and water quality data. Key objectives include: 

• Complement the original design and modeling analysis,  
• Build a robust hydrologic model based on calibration with monitoring data,  
• Estimate stormwater quantity control achieved by LIDs on an event basis, and 

under different return period storms,  
• Estimate water quality control on an annual basis 

The intent is to be able to use the model to estimate stormwater quantity and quality 
performance for the site under different storm events and on a continuous basis in 
the future. 

1.1. Study Area 

The study area is the Wychwood development which is a residential subdivision 
located in Brampton, Ontario and occupies an area of approximately 4.1 hectares 
(ha). The site uses multiple LID features such as permeable pavement, rain gardens 
(RG), swales and bioswale to control stormwater runoff on site. Other stormwater 
Best Management Practices (BMP) such as Oil Grit Separators (OGS) are also used 
on site to provide filtration before runoff enters LID facilities. All roof area in the 
subdivision is disconnected and routed to lawn. All driveways are permeable 
pavement.  

The site has a major drainage divide along the centre which separates surface 
drainage from the east and west areas. Under pre-development conditions, the 
eastern areas drained towards the Orangeville Development Corporation rail line and 
ultimately to Tributary 8b. The western areas drained to the Credit River through 
ditches and overland flow.  

Post development flows from eastern area are routed through a bioswale, while flows 
from western drainage area are routed through a series of swales (also referred to 
as infiltration trenches). Flows leaving the east bioswale are conveyed to the west 
via a storm sewer at which point both east and west flows combine and are conveyed 
through a storm sewer into the Churchville Tributary and eventually to the Credit 
River. For detailed assessment of the study side and flow routing between different 
BMP’s please refer to the drawings in Appendix A. 

The site consists of sand to silt to silty clay type soils as per the Hydrogeologic 
investigation undertaken during the design process. Based on the collected 



 

monitoring well data the water table is 2-3 metres below ground surface with the 
exception of one location where water was contacted at 0.88 metres below ground 
surface. This location is in the northwest area of the site and contributes baseflow to 
the west swales. As a result baseflow separation is performed on monitoring data 
collected from this site to avoid overestimating outflow from these practices during 
storm events. 

1.2. Stormwater Design Criteria 

The site was designed for the following stormwater criteria: 

• Water quality control – Enhanced water quality treatment as per the MOECC 
Stormwater Management Planning and Design Manual, i.e. long term removal 
of 80% suspended solids 

• Erosion control – Manage, detain or reuse all rainfall events up to 15 mm storm 
event over the entire site 

• Water quantity control – Reduce the 2 to 100 year post development flows to 
pre development levels 

• Water balance – Retain the average annual infiltration depth to pre 
development levels. 

1.3. Monitoring locations 

Flow monitoring is being conducted at Wychwood since fall 2015 at two locations – 
one downstream of the west bioswale at Manhole 104 which collects all flow from the 
bioswale and contributing catchment. This location is titled ‘WW-1’.  The other 
monitoring location is downstream of the east swales in manhole 102 and collects all 
runoff from the eastern areas plus flow from manhole 104. This location is called 
‘WW-2’. Baseflow separation is performed at WW-2 only. Water quality samples are 
collected for individual storm events at both locations.  

For the purpose of this study observed and modeled flows are compared at these two 
monitoring locations for calibration and validation of the model. 

2. Hydrologic Model 

The LID Treatment Trail Tool (LID TTT) and EPA’s Stormwater Management Model 
(EPA-SWMM or SWMM5 or SWMM) have been used to develop the model for this site. 
The LID TTT is a conceptual stage model developed by Ontario’s Conservation 
authorities to estimate stormwater quantity and quality control achieved by LIDs. It 
relies on the SWMM model engine for computational output and has the capability to 
generate an input file for SWMM for further detailed modeling and analysis. 

EPA-SWMM is a dynamic hydrology-hydraulic water quality simulation model. It is 
used for single event or long-term (continuous) simulation of runoff quantity and 
quality from primarily urban areas. The runoff component operates on a collection of 



 

sub-catchment areas that receive precipitation and generate runoff and pollutant 
loads. The routing portion transports this runoff through a system of pipes, channels, 
storage/treatment devices, pumps, and regulators. It has the capability to design 
and model LID features. 

Model development began in the LID TTT and the files were exported to EPA-SWMM 
for detailed model set-up. The current study requires the set-up of major and minor 
system components and flow restriction devices which were not possible in the LID 
TTT. The LID TTT is meant to be a conceptual level model and not all detailed design 
capabilities of SWMM have been included in the tool.  

2.1. Model Development 

This section outlines the model set-up under pre development and post development 
conditions for Wychwood. A Visual OTTHYMO (VO2) model was set up for Wychwood 
during the design process and has been briefly discussed in this section as well. Peak 
flow results from VO2 for the 2 to 100 year storm have also been used for calibration 
of the SWMM model. 

2.1.1. Original VISUAL OTTHYMO post development model  

A modeling analysis was undertaken as part of the design process for the current site 
to estimate peak flows for the 2 to 100 year storm under pre and post development 
conditions. The goal is to ensure that post development peak flows match pre 
development peak flows for the site. A VO2 model was set up in order to model the 
hydrology of the site under pre and post development conditions. This section outlines 
the setup of the post development VO2 model. The 2 to 100 year storm used in the 
VO2 model is based on the SCS 24 hour storm distribution.  

Post development VO2 model 

The post development total area of the site modeled in VO2 is 5.47 ha. Out of this 
2.34 ha of area in the west is to be controlled by the swales. In the east 2.35 ha is 
to be controlled by the bioswale. The remaining 0.78 ha from the west is uncontrolled 
flow from the site (Figure 1). 



 

 
Figure 1 Post development VO2 model schematic  

Under post development conditions it has been estimated that 37 – 44% of the site 
is covered by impervious surfaces like roof, driveway and roads. Out of this 13 – 31% 
is assumed to be directly connected impervious area. The central drainage area divide 
separating the western and eastern areas is retained. Average slope of all areas is 
taken as 1%. Depression storage of 1 mm and 5 mm for impervious and pervious 
surfaces, respectively, is assumed. 

The post development model required inclusion of LID measures on site and the 
stormwater control offered by these features. As discussed before these include 
rooftop disconnection and increased topsoil depth, permeable pavement, rain 
gardens, swales, and bioswale. Because setting up LID features is not directly 
possible in VO2, reductions achieved by each of the LID features was estimated 
outside of the model. Certain model parameters were then modified to account for 
the reduction provided by LIDs on site. 

Rooftop disconnection and control provided by increased topsoil depth for the 25 mm 
storm was represented in the model through a modified runoff coefficient. Base runoff 
coefficient for roof runoff (0.90) was modified for each of the design storms to 
represent runoff minus 25 mm retention. Similarly, in order to represent permeable 
pavement capture of 25 mm of runoff on site, runoff coefficient for permeable 
driveway was modified to represent runoff minus 25 mm retention. The limitation of 
using this approach to estimate storage provided by LIDs is that it may underestimate 
the amount of control provided by LIDs. Storage space becomes available within 



 

these features due to seepage from these features into native soils. And since the 
native soils are quite porous at this site that would mean storage becomes available 
more quickly, and therefore there is a greater capacity to retain stormwater on site 
than simply the total volume of the LID.  

Storage features were used to model stormwater control provided by the swales in 
the west and the bioswale in the east. A stage-storage-discharge curve was 
developed separately for each of the features. Storage available at different stages 
was estimated based on geometry of the features. Details of the LID facilities used 
to estimate storage volume in the model are presented in Table 1. The discharge 
from each feature was estimated based on infiltration losses from each of the facilities 
and outlet configuration. An orifice is included at the downstream end of both the 
features. Orifice downstream of the east bioswale is 140 mm. Orifice downstream of 
the west swales is 320 mm. 

Table 1 LID design specifications used in VO2 model 
LID Length 

(m) 
Porosity Width 

(m) 
Depth 
below 

underdrain 
(mm) 

Size of 
underdrain  

(mm) 

Storage 
provided 

(m3) 

Bioswale Not 
specified 

0.4 Not 
specified 

Not 
specified 

Not specified 703 

RG 1 4.00 0.4 2.2 600 Not specified 2 
RG 2 4.00 0.4 2.2 600 Not specified 2 

Swale 1 40.1 0.4 2.2 20 450 54 
Swale 2 45.5 0.4 2.2 650 450 69 
Swale 3 17.6 0.4 2.2 320 525 63 

2.1.2. Post development SWMM model  

In order to model post development conditions at Wychwood a dual drainage model 
was set up for the site. This means that minor flows were routed through 
underground facilities into LID whereas major flows were routed through the road 
surface to the outfall.  

Drainage area discretization  

Drainage area to each LID was delineated using LIDAR data in ArcGIS software. 
Figure 2 shows drainage area plus area of each LID at Wychwood. Table 2 presents 
model input for each catchment for the post development SWMM model. The Green 
and Ampt infiltration method was used to calculate infiltration in SWMM. Choice of 
soils was based on borehole logs and monitoring wells. Based on this information, 
the western area consists of silt and silty clay soils. The eastern area consists of sand 
and silt soils. The lower groundwater loss rate is an input parameter for the aquifer 
associated with each catchment. This was a sensitive parameter and was calibrated 
based on observed flows at WW-1 and 2. 



 

Drainage area to the west bioswale was split into three catchments to better capture 
the catchment area draining to each section of the bioswale. Resultantly the bioswale 
was also split into three catchments. It was also found in an infiltration test conducted 
at the site post construction that the infiltration rate was variable along the length of 
the bioswale. That was likely due to failure to properly construct LID. Splitting the 
bioswale into 3 smaller areas allows this to be built in. 

The drainage area to OGS 7 was split into two catchments: one catchment 
(To_OGS7_1) is routed to the surface of the bioswale and allowed to be filtered 
through the bioswale; the other area (To_OGS7_2) is connected directly to the 
bioswale’s outlet through a leaky pipe (conduit with seepage). This split was based 
on calibration of flows at the outlet of the west bioswale. 

All catchments have slope 1%. Manning’s roughness for impervious surfaces is 
assumed to be 0.013 and for pervious surface is taken as 0.25. Depression storage 
of impervious surfaces is taken as 2 mm and of pervious surfaces is 25 mm due to 
increased topsoil depth. A schematic of the post development SWMM model is shown 
in Figure 3. 

 
Figure 2 Drainage area delineation for post development SWMM model 



 

 

Table 2 Post development SWMM model catchment details 

Catchment 
Area 
(ha) 

Imperviousness Soil saturated 
hydraulic 

conductivity 
(mm/h) 

Lower 
Groundwater loss 

rate 
(mm/h) Total DCIA 

To_Bioswale1 0.499 38% 17% 47 0.5 
To_Bioswale2 0.587 38% 17% 47 0.5 
To_Bioswale3 0.381 38% 17% 60 0.5 

To_OGS1 0.127 34% 25% 0.51 0.1 
To_OGS2 0.158 34% 26% 0.51 0.1 
To_OGS3 0.115 32% 24% 0.51 0.1 
To_OGS4 0.105 35% 26% 0.51 0.1 
To_OGS5 0.149 45% 26% 0.51 0.1 

To_OGS7_1 0.17 43% 17% 60 0.5 
To_OGS7_2 0.069 43% 17% 60 0.5 

To_RG1 0.273 54% 15% 0.51 0.1 
To_RG2 0.261 51% 13% 0.51 0.1 

To_Swale1 0.134 37% 26% 0.51 0.1 
To_Swale2 0.349 48% 17% 0.51 0.1 
To_Swale3 0.536 49% 18% 0.51 0.1 

 
Figure 3 Post development SWMM model schematic 



 

Low Impact Development Treatment Train  

The LIDs on site were modeled using SWMM’s LID control editor. Input parameters 
for each of the LID features at Wychwood are presented in Table 3. The underdrain 
offset height is based on calibration of flows at WW-2. Soil media conductivity for 
bioswales 1 and 2 was dropped based on infiltration tests conducted on site post 
construction. The seepage rate from storage layer is based on native soil infiltration 
rates. All other LID parameters are based on design drawings and typical soil and 
storage media used in infiltration practices.  

Table 3 LID parameteres used in SWMM model 

 
RG 1 and 

2 
Swale 

1 Swale 2 Swale 3 
Bioswale 
1 and 2 

Bioswale 
3 

Surface layer 
Surface berm 

height 150 150 150 150 0 200 
Vegetation 

volume fraction 0.3 0.3 0.3 0.3 0.3 0.3 
Surface 

Roughness 0.25 0.25 0.25 0.25 0.25 0.25 

Surface slope 2 0.5 0.5 1.1 0.5 0.45 

Soil media layer 

Soil thickness 525 525 525 525 525 525 

Soil Porosity 0.453 0.453 0.453 0.453 0.453 0.453 

Field Capacity 0.190 0.190 0.190 0.190 0.190 0.190 

Wilting Point 0.085 0.085 0.085 0.085 0.085 0.085 

Conductivity 60 300 300 300 12 60 
Conductivity 

slope 45 45 45 45 45 45 

Suction head 110 110 110 110 110 110 

Storage media layer 
Storage 

thickness 1925 2075 1975 1675 975 1200 

Void ratio 0.4 0.4 0.4 0.4 0.4 0.4 

Seepage rate 2 6 6 6 43 150 

Clogging factor 0 0 0 0 0 0 

Drain layer 
Drain flow 
coefficient 2 2 2 2 2 2 

Flow exponent 0.5 0.5 0.5 0.5 0.5 0.5 

Offset height 625 240 195 120 0 500 



 

The OGS’s and swales in the east and the OGS and bioswale in the west are set up 
in a treatment train, respectively. It was challenging to set up the routing between 
these features in SWMM because outflow from the OGS features is directly connected 
to the underdrain of the LIDs. SWMM5 does not currently allow flows from catchments 
or nodes to be routed directly to LID underdrain. A workaround for this limitation was 
to connect OGS to nodes separately through conduits while allowing seepage from 
the connecting conduits. The swales in the east are routed to each other with reduced 
storage capacity below the underdrain to account for storage being occupied by inflow 
from OGS features. A simple schematic of the routing of LID elements used in the 
model is presented in Figure 4. 

 
Figure 4 LID treatment train schematic for post development SWMM model  

Water Quality 

The pollutants modeled in the current study are Total Suspended Solids (TSS) and 
Total Phosphorus (TP). To simulate water quality in the SWMM model, land use-based 
event mean concentrations (EMC) and concentration-based removal efficiencies have 
been used. EMC values for TSS and TP are derived from the Lakeview control site. 
Lakeview is a residential subdivision in Mississauga which has been monitored for 
water quantity and quality. EMC values from Lakeview used in the current model are 
46 mg/L for TSS and 0.26 mg/L for TP. These values were selected based on 
calibration of pollutant effluent loading at WW-2, and in consistency with monitoring 
data analysis. 
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The median effluent concentration of TSS at WW-2 is 45 mg/L and for TP is 0.142 
mg/L for January – April based on 2 sampled events.  The median effluent 
concentration of TSS at WW-2 is 26.5 mg/L and for TP is 0.176 mg/L for August – 
December based on 7 sampled events.   

Removal efficiencies used in the model were derived from values currently being used 
by the LID Treatment Train Tool. Removal efficiency of Infiltration systems was used 
for the swales and bioswale, i.e. 75% TSS removal and 60% TP removal. Removal 
efficiency of Enhanced Swales was used for rain gardens, i.e. 40% TSS removal and 
25% TP removal. Removal efficiency of 50% TSS was used for Oil Grit Separators 
and no removal of TP was assigned.  

2.2. Model Calibration and Validation 

Model calibration and validation involved running a continuous simulation from 
September 2015 to December 2016 for the calibration period, and January 2017 to 
August 2017 for validation, and looking at select storm events and periods during 
which monitoring data is expected to be accurate.  

Data for some of the monitoring period is being omitted from the results of this 
analysis due to leakage at the weir during those periods. This calibration exercise 
focused on summer storm events, annual outflow (WW-1 only) as well as the 
following continuous flow periods (for WW-2): 

• January 2016 – April 13, 2016,  
• August 16, 2016 – December 2016 for calibration, and  
• January 2017 – March 16, 2017,  
• June 6, 2017 – August 22, 2017 for validation 

It was important to have a good calibration of peak flows as well as total outflow at 
both monitoring locations but greater focus was on WW-2.  

2.2.1. WW-1 flow calibration 

Storm events with a magnitude of 10-30 mm with reliable flow data, and observed 
peak flows in excess of 1 litre per second (lps) were selected for calibration at the 
WW-1 location. Observed and modeled outflow for the calibration storms is presented 
in Table 4. 

Table 4 Observed and modeled runoff volume and peak flow for storm events at WW-1 
Date Rainfall 

depth 
Observed 

Runoff 
Volume 

(L) 

Modeled 
Runoff 
Volume 

(L) 

Differe
nce 

Observed 
peak flow 

(lps) 

Modeled 
peak 
flow 
(lps) 

Differe
nce 

2016-06-04 
22:35 

17.0 2038 1725 15% 1.20 0.37 69% 



 

2016-07-25 
3:30 

10.2 1311 1614 -23% 1.60 2.92 -83% 

2016-08-13 
11:30 

19.6 3374 3192 5% 1.10 2.52 -129% 

2016-08-25 
0:35 

11.0 1490 1824 -22% 1.92 2.10 -9% 

Average    -6.3%   -38% 

It was not possible to achieve a very good calibration at this location due to 
uncertainty in hydraulic conductivity of soils within the bioswale, as well as due to 
the routing mechanism employed in the model to simulate hydraulic connectivity 
between OGS 7 and bioswale.  

On average the model underestimates performance of the bioswale in capturing 
runoff and controlling peak flows on an event basis. This is largely because the 
catchment of OGS 7, which is connected directly to the bioswale’s underdrain, was 
modeled as going through two different mediums: some area was routed directly to 
the bioswale’s outlet receiving no control; the other was routed onto the bioswale’s 
surface receiving full control before entering the underdrain. The variability in 
difference between modeled and observed flows at WW-1 makes calibration for all 
events difficult at this location.  

Annual modeled outflow for 2016 at WW-1 is approximately 87 m3 whereas observed 
annual outflow is 114 m3, a difference of 24%.  

Adding a component in the SWMM model to allow routing from nodes and catchments 
directly to an LID underdrain would improve the event-based and continuous 
calibration at this location. This recommendation has been made to the development 
team of EPA-SWMM.  

2.2.2. WW-2 flow calibration 

Storm events with a magnitude of 5-30 mm with reliable flow data were selected for 
calibration at the WW-2 location. 

Table 5 Observed and modeled runoff volume and peak flow for storm events at WW-2 

Date 

Rainfall 
depth 
(mm) 

Observed 
Runoff 
Volume 

(L) 

Modeled 
Runoff 
Volume 

(L) 
Differ
ence 

Observed 
peak flow 

(lps) 

Modeled 
peak 
flow 
(lps) 

Differ
ence 

2016-08-16 
1:35 14.6 97248 100536 -3% 11.31 10.96 3% 

2016-08-25 
0:35 11.0 45212 76344 -69% 37.65 42.63 -13% 

2016-09-07 
21:10 17.2 195704 123258 37% 98.60 41.25 58% 



 

2016-09-17 
4:55 7.0 25198 25290 0% 8.54 5.64 34% 

2016-09-26 
10:40 7.2 38591 32079 17% 12.59 7.29 42% 

2016-09-29 
8:40 11.6 68608 61785 10% 6.85 6.55 4% 

2016-10-08 
5:20 5.4 20728 26004 -25% 9.31 8.16 12% 

2016-10-20 
2:15 18.2 77083 127398 -65% 4.21 5.16 -23% 

2016-10-26 
23:50 8.8 36037 47865 -33% 4.12 4.14 0% 

2016-11-02 
14:55 34.6 274017 319602 -17% 21.09 21.82 -3% 

Average    -15%   11% 

On average modeled runoff volume and peak flow compared quite well with observed 
values. The model is generally overestimating runoff volume and underestimating 
peak flow. Figure 5 to Figure 14 show graphs comparing observed and modeled 
outflow at WW-2 for the calibration storm events. Figure 15 and Figure 16 show the 
regression of observed peak flows and runoff volume vs. modeled peak flow and 
runoff volume, respectively, for the calibration events. Linear regression equations 
are also presented in the graph. As illustrated with the R2, good results were achieved 
for the various calibration storms for runoff volume, whereas peak flow calibration 
can be made better. 

For the continuous flow periods, the calibration was not as successful as the model 
seems to be overestimating runoff volume. During January 2016 – April 13, 2016, 
observed outflow at WW-2 was 1478 m3 whereas the model predicts total outflow of 
2128 m3, a difference of -44%. August 16, 2016 – December 2016 observed flow 
was 1211 m3 and modeled flow is 2009 m3, a difference of -66%. However there is 
some uncertainty in the monitored flows at this location due to baseflow separation. 
It is possible that baseflow is being overestimated at the site which may be cutting 
off smaller stormflows between the calibration storms and therefore driving down 
total stormwater outflow. It is recommended that baseflow separation calculations 
for WW-2 be further examined. 

A sensitivity analysis was performed to verify that the poor calibration at WW-1 is 
not affecting flow calibration at WW-2. This was done by adding the observed flow 
time series from WW-1 upstream of WW-2. A visual analysis of the event hydrographs 
indicated no difference in modeled flows at WW-2 with observed versus modeled 
flows from WW-1.  



 

 
Figure 5 Observed and modeled outflow at WW-2 for 2016-08-16 

 
Figure 6 Observed and modeled outflow at WW-2 for 2016-08-25 



 

 
Figure 7 Observed and modeled outflow at WW-2 for 2016-09-07 

 
Figure 8 Observed and modeled outflow at WW-2 for 2016-09-17 



 

 
Figure 9 Observed and modeled outflow at WW-2 for 2016-09-26 

 
Figure 10 Observed and modeled outflow at WW-2 for 2016-09-29 



 

 
Figure 11 Observed and modeled outflow at WW-2 for 2016-10-08 

 
Figure 12 Observed and modeled outflow at WW-2 for 2016-10-20 



 

 
Figure 13 Observed and modeled outflow at WW-2 for 2016-10-26 

 
Figure 14 Observed and modeled outflow at WW-2 for 2016-11-02 



 

 
Figure 15 WW-2 Observed vs Modeled Runoff Volume/ Outflow Regression Plot – calibration 
events 

 
Figure 16 WW-2 Observed vs Modeled peak flow Regression Plot – calibration events 
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2.2.3. WW-2 flow validation 

Since 2016 storm events and continuous flows were used for calibration of the model, 
a different period was selected for validation. 

For the period of January 2017 – March 16, 2017, observed outflow at WW-2 was 
1589 m3 whereas the model predicts total outflow of 1255 m3, a difference of 21%. 
For the summer period of June 6, 2017 – August 22, 2017 observed flow was 1057 
m3 and modeled flow is 1097 m3, a difference of 4%. It is anticipated that these 
results are better than 2016 because there may not have been many smaller events 
between the validation storms. Additionally, it is anticipated that because April could 
not be used in the validation period due to leakage at the weir, flow due to snow melt 
could not be compared between observed and modeled results; the model generally 
does not handle melt periods well, and with baseflow separation it could lead to a 
bigger discrepancy between observed and modeled results. 

Validation results for runoff volume and peak flow for select 2017 storm events are 
presented in Table 6. 

Table 6 Validation of modeled outflow at WW-2 for 2017 storm events 

Date 

Rainfall 
depth 
(mm) 

Observed 
Runoff 
volume 

(L) 

Modeled 
Runoff 
volume 

(L) 
Differ
ence 

Observed 
peak flow 

(lps) 

Modeled 
peak 
flow 
(lps) 

Differ
ence 

2017-06-16 
19:05 5.4 13322 14775 -11% 8.08 9.83 -22% 

2017-06-23 
1:35 36.8 354600 370236 -4% 53.5 52.2 2% 

2017-06-29 
0:40 6.2 14664 9696 34% 4.90 2.43 50% 

2017-07-20 
9:35 13.4 94551 94278 0% 47.4 37.6 21% 

2017-08-01 
13:50 8.2 50472 57132 -13% 59.7 44.7 25% 

2017-08-04 
0:25 20.8 137352 132555 3% 62.3 54.8 12% 

2017-08-17 
13:25 13.6 64701 83391 -29% 25.8 21.7 16% 

2017-08-22 
8:25 16.2 75388 126837 -68% 50.2 38.5 23% 

Average    -11%   16% 



 

 
Figure 17 WW-2 Observed vs Modeled Runoff Volume/ Outflow Regression Plot – validation 
events 

 
Figure 18 WW-2 Observed vs Modeled peak flow Regression Plot – validation events 
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2.2.4. WW-2 water quality control 

Water quality sampling at both monitoring locations allows collection of composite 
samples through which TSS and TP concentrations in the observed outflow during an 
event can be determined. For this study, only TSS and TP load results will be analyzed 
for sampled events and continuous flow period during summer and fall of 2016 at 
WW-2. The pollutant load out can be determined by taking the product of monitored 
runoff volume and effluent concentration. Load in is determined by taking the product 
of Simple Method Inflow volume and influent concentration. Modeled pollutant load 
in and out are direct outputs from SWMM and are calculated at each time step and 
summed over the observed period of flow. Load reduction is calculated by taking the 
difference between load in and load out.  

For continuous flow periods, the median effluent concentration of 9 sampled events 
in 2016 was determined for the winter/spring and summer/fall period. Taking the 
product of the median effluent concentration and the total monitored outflow gives 
the total effluent load for each continuous period.  

For January – April 2016 the TSS loading was estimated to be 66.5 kg and TP loading 
was 0.210 kg. Modeled results estimated TSS loading at 56.7 kg (-17% different from 
observed) and TP loading at 0.321 kg (34% difference). For August – December 
2016, observed effluent TSS loading is 32.1 kg and TP loading is 0.213 kg. Modeled 
estimates are 51.6 kg (38% difference) for TSS and 0.292 kg (21% difference) for 
TP. 

Observed and modeled load results for individual sampled events are presented in 
Table 7. 

 
1 Estimated using Simple Method 
2 Estimated using National Stormwater Quality Database 

Sampled 
event 

Inflow 
Volume
1 (L) 

TSS 
influent 

concentra
tion2 

(mg/L) 

TSS 
load 
in 

(kg) 

Monitored 
Outflow 
Volume 

(L) 

Monitored 
TSS 

effluent 
concentra

tion 
(mg/L) 

TSS 
load 
out 
(kg) 

Estimated 
TSS load 
reduction 

Modeled 
TSS load 
in (kg) 

Modele
d TSS 
load 
out 
(kg) 

Modeled 
TSS load 
reduction 

2016-08-
16 1:35 332369 46 15.3 97248 26.5 2.58 83% 8.20 2.05 75% 

2016-08-
25 0:35 250415 46 11.5 45212 34.6 1.56 86% 16.4 5.47 67% 

2016-09-
17 4:55 159355 46 7.33 25198 14 0.35 95% 2.78 0.51 82% 

2016-09-
26 10:40 163908 46 7.54 38591 32.8 1.27 83% 3.36 0.64 81% 
2016-09-
29 8:40 264074 46 12.1 68608 11.8 0.81 93% 6.63 1.33 80% 

2016-11-
02 14:55 787669 46 36.2 274017 32.3 8.85 76% 24.5 8.02 65% 



 

Table 7 TSS and TP load results at WW-2 for 2016 storm events  

 

Sampled 
event 

Inflow 
Volum
e (L) 

TP 
influent 
concentr

ation 
(mg/L) 

TP 
load 
in 

(kg) 

Monitore
d 

Outflow 
Volume 

(L) 

Monitored 
TP effluent 
concentrat

ion 
(mg/L) 

TP 
load 
out 
(kg) 

Estima
ted TP 
load 

reducti
on 

Modele
d TP 

load in 
(kg) 

Modele
d TP 
load 
out 
(kg) 

Modeled 
TP load 
reductio

n 
2016-08-
16 1:35 

33236
9 0.26 0.086 97248 0.142 0.014 84% 0.046 0.012 74% 

2016-08-
25 0:35 

25041
5 0.26 0.065 45212 0.234 0.011 83% 0.092 0.031 66% 

2016-09-
17 4:55 

15935
5 0.26 0.041 25198 0.198 0.005 88% 0.014 0.003 78% 

2016-09-
26 10:40 

16390
8 0.26 0.043 38591 0.236 0.009 79% 0.021 0.004 81% 

2016-09-
29 8:40 

26407
4 0.26 0.069 68608 0.128 0.009 87% 0.038 0.008 79% 

2016-11-
02 14:55 

78766
9 0.26 0.204 274017 0.176 0.048 77% 0.139 0.045 68% 

For the continuous flow periods the model is generally overestimating TSS and TP 
load out. The modeled outflow is well calibrated; therefore it is anticipated that the 
influent concentration used at this site may be too high, or the removal efficiency of 
BMPs may be underestimated. For the event-based results the model is 
underestimating load reduction mainly because the modeled load in is generally lower 
than estimated load in. Since the concentration used to estimate load in is same for 
both modeled and estimated results, this discrepancy may be due to difference in 
inflow volumes. Because the model is physically-based it is better at estimating inflow 
from the site compared to the Simple method. 

The current model has not been calibrated for water quality and it is recommended 
that removal efficiency be revised in future updates.  

3. Other Modeling Results 

3.1. Design storm performance 

This section outlines peak flow results from the VO2 model and the calibrated SWMM 
model for the 2 to 100 year design storms. Short-duration high-intensity design 
storm events are helpful in estimating performance of these systems during 
convective storm events (thunderstorms). The 24 hour SCS Type II distribution is 
used to be consistent with the original VO2 model. Results are presented in Table 8. 

Table 8 Post development peak flow estimates by VO2 and SWMM models 

Return period 
Rainfall depth 

(mm) 
Peak flow out (cms) 

Difference VO2 SWMM 
2 50 0.14 0.115 18% 
5 68 0.2 0.173 14% 



 

10 83 0.26 0.252 3% 
25 95 0.31 0.336 -8% 
50 107 0.35 0.422 -21% 
100 119 0.38 0.566 -49% 

The original VO2 model overestimates peak flow for the smaller storms and 
underestimates peak flow for larger storms compared to original model predictions. 
Although different calibration techniques were tried for peak flows to match VO2 
model, e.g. revising catchment width to quicken or delay time of concentration, it did 
not change this pattern. Since the SWMM model is calibrated with actual events at 
Wychwood, peak flow values from this model would be more trustable than the 
original design model using VO2. 

3.2. Water balance  

Water balance is another stormwater management criterion that is primary to design 
of stormwater management systems. Typically it has to do with maintenance of pre 
development infiltration rates. Table 9 summarizes water balance estimated for pre 
and post development conditions by the VO2 model and the pre and post 
development water balance estimated by the SWMM model. 

Infiltration and evapotranspiration make up 71% of the total precipitation under pre 
development conditions. The SWMM model estimated 80% of annual precipitation is 
reduced through infiltration and evapotranspiration under post development 
conditions. Therefore the calibrated model predicts the water balance criterion is 
being met at this site. 

Table 9 Post development water balance comparison between original design and SWMM 
model 

Model 
Area 
(ha) 

Precipitation 
(mm) 

Evapotranspiration 
(mm) 

Infiltration 
(mm) 

Runoff 
(mm) 

Original 
design Pre-

Devp 5.67 793 443 (56%) 120 (15%) 230 (29%) 
Original 

design Post 
Devp 5.67 793 335 (42%) 280 (35%) 179 (23%) 

As-built 
calibrated 

SWMM 4.09 753 334 (44%) 274 (36%) 140 (19%) 

4. Conclusion and Recommendation 

This study takes the reader through observed and modeled runoff volume, peak flow, 
TSS and TP load results for observed storm events, as well as design storm and 
annual water balance performance at the Wychwood site. It has been demonstrated 



 

through the calibration and validation exercise that the model is on average doing 
well at estimating stormwater quantity control provided by the LID treatment train 
at this site.  

The following recommendations are being made to improve model calibration and 
confidence in results:  

• Re-coding of the SWMM model to allow routing from nodes and catchments 
directly to LID underdrain would help improve the event-based and continuous 
calibration at this location. This would have to be done by EPA-SWMM 
development team. 

• It is recommended that baseflow separation calculations for WW-2 be further 
examined. The LID Monitoring team would be heavily involved in this. 

• The current model has not been calibrated for water quality and it is 
recommended that removal efficiency be revised in future update.  
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1.0 Stormwater Management Pond Costs 
Since the MECP released the Stormwater Management Practices Planning and Design Planning in 1994, 
municipalities have encouraged the installation of wet ponds (Drake & Guo, 2013).  According to a study 
completed on ponds in Ontario, a typical wet pond has an operational lifecycle between 5 to 15 years; 
therefore, many Ontario ponds will be approaching their expected capacity within 5 years (Drake & Guo, 
2013).  Typically, the local municipality is responsible for the cost of cleaning out the ponds and sediment 
disposal (Drake & Guo, 2013).  Although some municipalities are starting to clean out their stormwater 
ponds, there is no doubt that these activities are associated with large cost constraints due to the quantity 
of stormwater ponds that municipalities own.   

The Wychwood subdivision does not include a traditional stormwater management pond.  Instead, LID 
features were constructed to treat and manage runoff.  Ponds and LID options both require routine 
maintenance throughout their lifecycles to ensure that they are working, however, the routine 
maintenance differs depending on which option is implemented.  

For stormwater ponds, the essential maintenance activities include conducting regular inspections of the 
facility (pond and surrounding area) and sediment removal.  Other general maintenance activities may 
include grass cutting, vegetation maintenance, trash removal as well as potential structural maintenance 
if inlets and outlets show signs of deterioration.  The costliest maintenance requirement for stormwater 
ponds is typically the removal of sediments. Stormwater ponds are designed to collect and store 
sediments which will eventually need to be removed to maintain the design depth of the pond (Drake and 
Guo, 2013). Sediment removal costs can vary depending on site accessibility, extent of site clearing and 
preparation, level of in-situ sediment accumulation, dewatering method/time, bulking method/time, volume 
of sediment to be removed, disposal of re-use options based on sediment contamination level, distance of 
transportation to disposal site, amount of restoration required after completion, and need for retrofit 
elements (TRCA and CH2M, 2016).  

The City of Vaughan released a City-Wide Stormwater Management Plan in 2014, which includes a pond 
maintenance cost estimate of approximately $13,100 - $16,600/year. This cost is based on a sediment 
clean out period of 13 years as well as annual inspection, regular maintenance, and repairs (Cole 
Engineering, 2014). If a site is easy to access, the sediment can be disposed of locally. In addition, if an 
analysis of sediment quality passes current regulated criteria, sediment removal costs can be reasonably 
low at a cost of $100 per cubic metre, according to a 2012 report for the Town of Whitby. If the sediment 
quality exceeds the guidelines and needs to be disposed of in a registered landfill, costs can increase 
more than 30-fold (Town of Whitby, 2012). An additional cost around $25,000 for the development of a 
sediment removal plan may also be added to cover costs for equipment, permits, transportation and 
sampling (Town of Whitby, 2012). For cost comparison, a report in 2016 by TRCA and CH2M on 
stormwater pond maintenance costs stated that maintenance inspections (four per year) would range 
between $713 and $1425 (TRCA and CH2M, 2016).  The cost to remove sediments ranged from $53 to 
$512 per cubic metre of sediment removed (TRCA and CH2M, 2016).   

A report commissioned by the City of Guelph in 2008 prepared an inventory and maintenance needs plan 
for all City owned wet ponds (28), dry ponds (38), and greenways (37) used forsediment removal and 
landfill disposal activities the cost ranged between $68,300 and $227,300.  Most activities required for 
sediment removal were estimated to cost the same and the difference in cost was due to the quantity of 
sediment removed from each pond. Additional pond maintenance costs identified through a literature 
review are outlined in Appendix E.  
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Case Studies 

A local example from the City of Mississauga was the Lake Wabukayne 1.8 hectare man-made in-stream 
storm water retention pond maintenance project.  The sediment removal took over two years to complete 
and cost approximately $1.3 million dollars with 5,613 cubic metres of sediment removed when the 
project finished (City of Mississauga, 2008).         

A review of the City of Vaughan’s approved 2016 Budget and 2017-2018 financial plan indicated that 
three stormwater ponds are to be cleaned for an anticipated cost of $500,000 (City of Vaughan, 2016).  
The City of Vaughan estimates that they have 144 stormwater ponds under their ownership (City of 
Vaughan 2017).   

Although it is yet to be determined if LID features are more cost effective over their life-cycle compared to 
traditional stormwater ponds, these case studies demonstrate that costs can vary depending on methods 
used and the size of the pond being maintained. In an effort to understand the ongoing maintenance 
costs of LID features, CVC is committed to track each site’s maintenance needs over time and how 
maintenance activities impact performance. This data will be used to anticipate maintenance activities, 
budget for them in advanced and attempt to stream line maintenance activities to be part of 
owner/operators regular maintenance activities.    

1.1 LID Facility Costs 
Since Wychwood was recently constructed, the site specific maintenance costs are not known at this 
time. However, the following activities and anticipated costs provide an estimate of the routine 
maintenance activities required for upkeep of the LID features implemented at the site:  

Grass swales 

Based on a review of available literature grass swales have an annual maintenance cost of $500/year 

(TRCA et al., 2013). Some maintenance activities include but are not limited to cutting the grass, 
weeding, re-seeding, sodding, and clearing trash and debris. The grass swales are maintained by the 
residents as they make up a portion of their lawn; therefore, if they opt to maintain the swale themselves, 
not by a paid landscaper, the cost would be the time to complete the maintenance activities.   

Bioswales 

Maintenance of the bioswale includes but is not limited to cutting the grass, weeding, re-seeding or 
sodding, clearing trash and debris. The bioswale media will eventually need to be replaced after it 
deteriorates to a level that no longer provides sufficient infiltration (>25mm/hr).  Based on a review of 
available literature annual maintenance was anticipated to be a maximum of $952/year and would also 
need one major rehabilitation procedure (i.e. replacement) during the 25-year period at an estimated cost 
of $6,345 (TRCA et al., 2013).  The City of Brampton maintains the bioswale and the maintenance cost 
would be how much it costs to send out a landscaping crew to maintain the feature.   

OGS Units 

Maintenance of the OGS units includes but is not limited to a clean out as well as a visual inspection. 
Eventual repairs and potential replacement may be required if the structure deteriorates to a level that it 
can no longer meet its removal efficiencies. The City of Vaughan’s City-Wide Stormwater Management 
Master Plan recommends that the OGS units are cleaned out every 12-15 months at a cost of $12,000 - 
$20,000/year per unit, depending on the condition and size of its catchment area (Cole Engineering, 
2014). Currently, the OGS units are maintained by the developer but the City of Brampton will eventually 
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assume this infrastructure. The cost related to maintaining the infrastructure is the cost for a stormwater 
service contractor to inspect and clean out the units. At Wychwood the estimated cost provided by the 
maintenance contractor is $350.00 for inspection and $3000.00 for cleaning, excluding HST (Personal 
communication, Minotaur Stormwater Services Ltd). These estimates are only for the STC-300 
stormceptor models installed at Wychwood.    

Permeable Pavement 

Minor maintenance activities for the permeable pavement include clearing trash, leaves, debris and 
accumulated sediment on an annual or as needed basis (Cole Engineering, 2014).  Additionally, the 
paving stones may need to be levelled again as the stones can sink or shift with time.  Broken stones 
would also need to be replaced on an ongoing basis.  Based on a review of available literature annual 
maintenance costs were estimated to be a maximum of $436/year (TRCA et al., 2013).The paving stones 
and base material would also need to be replaced in 30 years at an estimated cost of $72,990 for a 1000 
m2 area (TRCA et al., 2013). The driveways at Wychwood are approximately 263 m2 equating to a cost of 
$19,196 for total driveway replacement. The permeable pavement is maintained by the owner therefore 
there may not be a direct cost for maintenance, but it would be a function of the time spent to clear trash 
and debris from the pavement.  More intensive maintenance activities such as levelling and shifting 
stones would most likely be completed by a contractor and paid by the owner. 

Rain Gardens 

Rain garden maintenance activities includes but are not limited to trash and debris removal, as well as 
frequent plant watering during the establishment period, vegetation pruning, and weeding. Mulch may 
need to be re-applied every few years as well, however, these features are not supposed to require as 
much maintenance as other LID features.  Although no specific cost estimates for rain gardens were 
found it is thought that the cost would be similar to the grass swale (~$500/year) as it performs a similar 
function. The cost will still vary however, depending on the level of maintenance the resident intends to 
conduct.   

1.2 Cost Comparison 
Based on a review of the available literature the cost of maintaining LID features are expected to be lower 
than the cost of maintaining stormwater ponds due to the potentially large costs of sediment removal for 
stormwater ponds.  The table below provides a brief summary of the approximate range of maintenance 
costs of LIDS and ponds, however, more detailed costing information is provided in Appendix E.  The 
variability between the costs is be due to numerous factors and the table below is not an exhaustive list of 
maintenance costs (i.e. size of the stormwater management feature, amount of sediment accumulated for 
ponds, ect.).    
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Table K-1: Maintenance cost comparison 
 

LID Feature Anticipated 
Costs 

Pond Feature Anticipated 
Costs 

Bioretention Annual 
Maintenance 
Cost: $436 - 

$4,940 

Wet Pond Annual 
Maintenance 
Cost: $713 - 

$7,830 
Swale 
(Vegetated/Grass) 

Annual 
Maintenance 
Cost: $500 - 

$2,280 

Every 5 Years: 
$4,160 

OGS (Oil & Grit 
Separator) 

Annual 
Maintenance 

Cost: $12,000 - 
$20,000 

Dry Pond Annual 
Maintenance 
Cost: $713 - 

$5,880 
Permeable 
Pavement 

Annual 
Maintenance 
Cost: $436 

Every 5 Years: 
$2,660 

Every 30 Years: 
$72,990 

Sediment Removal $53- $512 /m3 

Sediment Disposal  
(offsite) 

$300/m3 

 

The Municipal Infrastructure Group Ltd. provided anticipated costs for the installation of various LID 
features at the Wychwood subdivision, prior to construction.  The costs for the actual LID features 
implemented at Wychwood are provided below.  

Table K-2: LID Feature Installation Costs 

LID Feature Anticipated Installation Costs 
Permeable Pavement $60 - $2000/m2 
Grass Channel Swale $120 for seed 

$300 for sod 
Soil Amendments $525 - $2625 
Bioretention/Rain Garden $1300/garden 

$195,000 to implement site wide 
Source: (TMIG, 2010)  
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Wychwood is unique as the costs are shared between the City of Brampton and the individual owners 
therefore not all maintenance costs fall on one party. To date the approximate maintenance costs have 
been provided by the developer, home owner surveys and the City of Brampton which includes the 
following: 

• Annual OGS inspection $350 per OGS (plus applicable taxes) (Minotaur, 2017) 
• Clean out an OGS $3,000 per OGS (plus applicable taxes) (Minotaur, 2017) 
• Cutting and trimming of the bioswale $1,732 per year (4 events at $433/event) (City of Brampton, 

2017) 
• Data collected from resident interviews determine approximately $5/year spent on chip stone per 

driveway. However not all residents are maintaining their driveway 

These costs represent the first year of collecting maintenance costs for the Wychwood subdivision.  It is 
expected that these costs will grow as the features require additional maintenance as they age.  It is 
important to note that the actual cost to clean out an OGS is dependent on several factors including 
geographical location, confined space entry requirements and volume of contaminated sludge if present 
in OGS.  
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1.0 ADVANTAGES OF THE LID APPROACH 

In addition to the stormwater design criteria and monitoring objectives, there are added benefits of 
implementing LID stormwater controls as part of a site management system. Urban development 
techniques significantly alter the natural hydrology and impact existing pre-development baseflow 
recharge rates. Additionally, at source stormwater management provided by LIDs will impact the life-span 
and resiliency of existing stormwater infrastructure. These benefits should also be discussed when 
evaluating LID performance.  

There are many questions surrounding the life-cycle costs of LID in comparison to traditional stormwater 
management facilities. However, data collected from the site developer has provided some information on 
the initial cost benefits of using low impact development.  

1.1 Recharge 

In many areas within the watershed, recharge is important to sustain baseflow levels that feed into natural 
heritage systems such as streams and wetlands. Baseflow not only maintains the water levels within 
stream and wetlands but also helps to stabilize the in-stream temperature regime. Collectively, the LID 
features at Wychwood produced a 73 per cent volume reduction for all stormwater events. This reduction 
is achieved partly through infiltration of stored stormwater within the feature into the surrounding soil 
material. Evapotranspiration also contributes to achieving volume reduction, as stored runoff is absorbed 
by vegetation within the feature and released into the atmosphere.     

The bioswale design includes a storage depth of 0.50 m below the invert of the underdrain. Water which 
is not intercepted by the underdrain and enters this storage layer has the potential to infiltrate into the 
underlining soil material. With a porosity of 0.3, a substantial depth of water can still infiltrate over hours 
and days. The observed baseflow at the total site monitoring station between March and January, confirm 
that subsurface water levels are already higher than the base of the infiltration trench. Even if 
groundwater levels remain high for most of the year, recharge occurred when groundwater levels 
decrease and within the other sub-surface infiltration features across the site.  

1.2  Resilience of Stormwater Infrastructure 

Green infrastructure such as permeable pavement and bioretention systems can reduce runoff frequency 
and volume rates. This reduces stress on the downstream stormwater conveyance system which will 
provide a cost benefit over the life-cycle of the system. Although designed for most moderate sized 
events, the detention storage provided by these systems can help to reduce peak flows during large 
events. This can reduce the frequency of surcharging in the downstream storm sewers which can reduce 
the frequency of maintenance activities and extend their lifespan.  

85 events (summarized in Figure 4-9) with magnitudes of 25 mm or less, occurred during the monitoring 
period. For these events, an average peak flow reduction of 82 per cent was provided by the LID 
features. 5 events occurred within the monitoring period with precipitation volumes >30 mm, within this 
range, total peak flow reduction of 74 per cent was observed for these events. 

Infrastructure resiliency is provided by the LID features at Wychwood by reducing the hydrologic 
response of more frequent events and events with high intensities. It is anticipated that due to climate 
change, the frequency of high intensity events will increase, indicting the benefits of volume and peak 
flow reduction provided by green infrastructure will have a lasting positive impact.  
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1.3 Stormwater Management Cost Comparison 

It is yet to be determined if the cost of implementing LID features is more cost effective on a full 
subdivision scale than traditional stormwater management facilities. In both cases within the subdivision, 
valuable developable land is taken up by either stormwater management practices but at very different 
scales. Within the GTA the cost of land is between $2-5 million per acre depending on the municipality.  
Ponds take up significant space within the development block whereas LIDs can utilize limited surface 
space and provide storage volume within the design depth of the feature. In the case of Wychwood, the 
size of the management pond would have taken up 5% of the developable land, which is standard for 
developments less than 50 acres. In the absence of a pond an additional 0.6 acres was available to be 
developed within Wychwood. However, additional revenue generated from the added lots would have 
been invested into the design and installation of the unique LID management features (Personal 
Communication, Giulio Bianchi, 2017). As LID designs become standardized, design costs are 
anticipated to decrease allowing for further financial incentives for developers to use a LID approach. 
Over the process of monitoring the life-cycle of the of the LID features, the total life cycle costs will be 
calculated. 
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SITE VISIT MEMO 

To: Giulio Bianchi 
cc: 
From:  Chris Despins, Water Resources Specialist 

Kyle Vander Linden, Water Resources Specialist 
Date: October 10, 201 3 
Re: Site Visit on October 7, 2013   

Hi Giulio, 

We stopped by and visited the site on October 7th to see if we could be of assistance, while there we 
happened to notice some items we thought we could offer advice on to improve the performance of the 
bioswale and ensure that it does not become clogged.  

We appreciate that you and your staff are busy, so we have provided some recommendations and were 
hoping that perhaps we could come out again and offer you any assistance.  We have learned a lot from 
constructing these techniques in Mississauga so if we can offer you any of our tips or share our lessons 
learned we would be happy to as we want this to be a positive experience for you. 

If you have any questions, please feel free to contact me at 905-670-1615 x.288 or 
cdespins@creditvalleyca.ca or Christine at ex 229 or czimmer@creditvalleyca.ca 

Thanks, 

Chris 



Cul-de-sac inlets to the Bioswale  
 

 
Cul-de-sac on Fairmont Close – there is fine constr uction debris accumulating in front of the 

inlets to the bioswale (this could clog and/or redu ce the performance of the system 
 

    
We observed some ponding at the inlet and in the pu ddle in the background of this photograph.  

Ponding water can mean that the bioretention soil m edia is becoming clogged with fine debris and 
is not draining properly. 

 
At the cul-de-sac inlets to the bioswale it looks like debris is accumulating on the road, and possibly 
entering the bioswale via the inlet.  We’ve provided a few photos above which tries to show this. This 
debris can get washed into the bioswale, which in turn can plug up the sand, preventing it from draining.  
It also looks as though the mulch has been pushed aside from the inlet – this is a sign that the flow of 
water is too strong and is lifting up the mulch and depositing it downstream. 
 
To fix this, we recommend: 
 

• Installing fiber logs at each of the inlets to the bioswale, and on the inlets to the rain gardens on 
the south-western part of the subdivision (the fiber logs should be installed on the ‘road side’). 
This will prevent many of those fines from entering the bioswale. 

• To prevent any of the fine debris from clogging up the bioswale, it is recommended you excavate 
and remove the clogged media. Clogged media would be the soil near the inlets and in the 
section of the bioswale where ponding water was observed – where you see ponding in the 
photos these are sections where you can scrape off this clogged material. 



• At the end of the concrete channel, we recommend you replace the clogged soil that was scraped 
off with river run stone, placed on top of geotextile fabric, as per the design drawings. Extend river 
run stone to the ‘base’ of the bioswale (all of the area where the mulch has been pushed aside) 

 
Downspouts on Houses near the Bioswale  
 
The downspouts of the houses along the swale are pointed towards the bioswale and the flow of water 
from them is causing some washout of the mulch and the bioretention soil media. This is similar to the 
inlets – the flow is too concentrated. The problem is that the mulch and seed isn’t getting a chance to 
become established and help hold together that side slope. Like with the inlets the flow needs to be 
spread out to prevent this issue.  
 

 
Washout of mulch is occurring because the flow from  the downspouts is not being                                         

spread out by a splash pad and by sod. 
 
To fix this, we recommend: 
 

• In the short term, the downspouts can be directed towards the rear lots, and not discharge into to 
the bioswale.   

• While the downspouts aren’t draining to the bioswale, a 1 metre wide sodded filter strip should be 
installed along the houses on the exposed soil (as per the design drawings) 

• Downspout splash pads which ‘fan out’ to spread the flow can be utilized 
• Once the sod is installed and the mulch/seed in the bioswale more established the downspouts 

can be switched back. 
 



Soil stockpiles  
 

 
Soil is being stockpiled adjacent to the bioswale i n multiple spots 

 
There are multiple stockpiles of soil that are just too close to the bioswale. During a rain event this soil 
can be washed into the bioretention media, clogging it. 
 
To fix this, we recommend moving the soil to another location where it cannot run-off into the bioswale. 
 
Construction Traffic Contaminating Permeable Pavers  
 

 
Permeable paver pathway near adjoining subdivision 

 
It looks like construction traffic drove over the permeable paver walkway, this can clog the pavers. To fix 
this we recommend that signage can be installed informing contractors that they should not drive over or 
otherwise track soil onto the permeable pavers to prevent contaminating them. 



Catch Basins  
 

   
Catch basins are missing, or have damaged geotextil e fabric 

 
We noticed that many of the catch basins throughout the Wychwood subdivision were missing geotextile 
filter fabric. This fabric helps to filter out contaminants from getting into the Credit River.   
 
To fix this, we recommend that you check all catch basins within the subdivision, and if geotextile fabric is 
missing or torn, it should be replaced. 
 



 
MEMORANDUM 

 
To: Giulio Bianchi 
Cc: Phil James, Christine Zimmer 
From: Jennifer Dougherty, Robb Lukes, Jordan Wiedrick   
Date: May 23, 2014   
Re: Onsite meeting summary regarding final stages of construction at Wychwood   
 
 
Thank you for taking the time to meet with us and to go over the scheduling for stabilization and landscaping of 
the site.  The following memo provides a summary of our discussion and recommendations on protecting the 
stormwater practices through the final stages of construction and initiating stormwater monitoring.   
 
1. Activities to finish construction will generally follow this schedule:  

• completion of driveway construction - July 2014 
• backyard sod installation – June 
• construction of rain gardens - beginning of July (recommend delaying to August/September) 

o Giulio/Tony will inform CVC (Robb) when the rain gardens are to begin construction 
• Asphalt topcoat laid - end of August 
• front yard sod installation - September 
• completion of cul-de-sac inlet/splash pads - September 
• The warranty and assumption period will begin around September and last 2 years. 

 
2. Monitoring station installation schedule (flexible): 

• Monitoring equipment, including a temporary weir structure, will need to be installed in Manhole104 
and Manhole 102.   

• Manhole assessment/measurements for the weir will be made in August. CVC will inform Giulio 
when contractor is coming to the site. 

• Weir installation which could take 2 to 4 hours and will take place after the stormsewer structures 
are cleaned out, September/early October.   

• A traffic safety/management plan for manhole access will be provided to Giulio for review in 
September. 

• CVC will obtain written confirmation from the City of Brampton that monitoring equipment installed in 
the manholes during the warrantee period will not affect their warrantee 

• Flow monitoring equipment installation and data collection will begin in October  
 
3. At the meeting, Giulio confirmed the following: 

• All groundwater wells were decommissioned and removed. 
• Monitoring funds have been transferred from Sequoia Grove Homes to the City of Brampton. 

 
4. Commissioning and assumption of stormwater practices 

• CVC will coordinate with Brampton staff on expectations for stormwater management assumption 
(e.g. visual inspections, as-built survey requirements, sewer pipe video-scoping, infiltration testing).  



• Flushing storm sewer structures could drive sediment into the perforated pipe openings or down 
sewer to the Credit River and must be avoided.  Vacuum truck removal of sediment from the system 
would be an option. 

• Video-scoping of perforated pipes should be conducted to ensure no clogging by construction 
sediment. 

 
5. Erosion & Sediment Control Recommendations 

• Preserving the infiltration capacity of the bioswale soils and preventing clogging of the perforated 
pipe and gravel trenches by construction sediment is critical to ensuring the practices will function 
and be assumed by the City. 

• Bioswale - 1-2" of fine construction sediment was found in the areas near the cul-de-sac inlet and at 
the downstream end of the bioswale (see pictures). The following approach is recommended: 
o Prevent additional sediment from entering the bioswale with sediment controls at the cul-de-sac 

inlets.  A sediment trap (OPSD 219.220) with a geotextile filter sock in the space between the 
inlet and bioswale could work well.  The high performance bedding used in the permeable 
pavement base would make a good media to fill the filter sock with.   

o After the front yards have been stabilized with sod, the riprap inlet channels can be installed and 
the areas of the bioswale where construction sediment built up can be restored. Construction 
sediment and contaminated sections of sod should be removed (these can be used on other 
areas of the site). A sand based sod should be installed in the restored areas.   

 

  
Coach House Court Cul-de-sac Fairmont Close Cul-de-sac 

 
• Stockpiles - Stockpile (on lot 64&65) is not isolated and stabilized as per the plans. The plan states 

"Stockpiles shall be surrounded with sedimentation control fencing. All piles which are stocked for 
more than 30 days shall be seeded."  

• Perforated Pipes - Ensure that the openings to the perforated pipe system are plugged and 
appropriate sediment control is in place within the catchbasins to prevent sediment from washing 
downpipe to the Credit River. 

 
Again, Giulio, we appreciate you being a flexible partner on this first of its kind project.  Let me know if you have 
any corrections or additions to this meeting summary.  Feel free to contact us to follow-up. 
 
Robb Lukes 
rlukes@creditvalleyca.ca 
905-6701615 x414 
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CREDIT VALLEY CONSERVATION 
1255 Old Derry Road, 
 Mississauga, Ontario  

L5N 6R4 
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Date: September 8th, 2014 

To: Giulio Bianchi – Sequoia Grove Homes , Matthew Gehres,- Strybos Barron 
King, Marc De Leion – Salivan Landscape Ltd   

From: Kyle Vander Linden 

CC: Amna Tariq, Phil James Christine Zimmer, Jennifer Dougherty, Lana Durham, 
Jakub Wrobel, Jordan Wiedrick 

RE: Wychwood Site Meeting on September 5th, 2014 & Infiltration Test Results 

 
Representatives from Sequoia Grove Homes, Strybos Barron King, Salivan Landscaping and 
Credit Valley Conservation met on Friday, September 5th to inspect and discuss the 
condition of the LID features (bioswales and rain gardens) at the Sequoia Grove development 
(Wychwood). CVC and Sequoia have been engaged in ongoing monitoring of the site and 
formal water quantity and quality monitoring will begin in late October/early November. 
Results from monitoring will be shared with professionals and governments across Ontario 
and Canada to advance the use of low impact development. 
Prior to the September 5th meeting, CVC had undergone infiltration testing of the bioswale 
feature to determine infiltration performance and whether rehabilitation is needed. The 
average infiltration rate noted at the meeting for the bioswale was 44 mm/hr (Details can be 
found in Appendix A). However, infiltration rates should be in the range of 80 – 120 mm/hr 
based on existing field studies. Prior to monitoring, CVC wants to ensure that bioswale and 
rain garden infiltration are functioning optimally as reduction in performance is expected over 
the long term. 
During inspection of the bioswale by the group, it was noted that reduction of the bioswales 
infiltration is likely due to the compaction of the sod from foot traffic and heavy equipment 
use, sediment accumulation at the inlets and use of sod with what appears to be a clay base 
soil (see photos below).  
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Compaction in bioswale and blocked inlets due to sediment accumulation

 
Remediation of the bioswale to improve infiltration as discussed by the group will 
include: 

• Completion of the fence to completely restrict access to public to the bioswale 
• Restriction of heavy equipment within the bioswale area to avoid further 

compaction 
• Completion of sod placement on front and backyards to minimize movement of 

dirt into bioswale area 
• Clean up of sediment at inlets and within the bioswale 
• Removal of sod for the entire length of the base of the bioswale 
• After removal of sod, removal of any sediment within the bioswale prior to 

scouring of bioretention media 
• Scouring of bioretention soil media to rehabilitate any compacted media 
• Seeding of bioswale with rpf grass seed and addition of compost on top to 

encourage rapid germination. 
In addition to the above activities, erosion and sediment control logs should be used at 
all bioswale and rain garden inlets and at roll curbs to prevent sediment from entering 
bioswale and rain garden areas. 
The timeline discussed by the group for rehabilitation of bioswale is the last week of 
September/ first week of October.  Matthew Gehres will contact CVC to confirm start of 
bioswale rehabilitation.  
Rain Gardens 
In addition to protecting the infiltration capacity of the newly constructed rain gardens, 
careful attention should be paid to the grading of the rain garden along the road sides 
so that there is appropriate depth to allow for sheet flow off the roadway and ponding at 
the surface during a rain event to give time for infiltration.  Furthermore, there should be 
a 2” (5 cm) drop between the finished roll curb and sod to account for sediment 
accumulation and grass height. 
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Rain garden with finished curb with respect to media grade 

For smaller rain gardens, Matthew Gehres will provide cross section detail to CVC to 
determine if clear stone is placed at the bottom of the rain garden. 
Permeable Paver Driveways 
To ensure the optimal performance of the permeable paver driveways, it is critical that 
roads are swept regularly to clean up loose dirt. On some driveways, dirt was observed 
on top.   
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Appendix A – Infiltration Testing 
Double ring infiltrometer tests were performed in three areas across the length of the 
bioswale. Two tests were performed adjacent to the curb inlets from the cul de sac and 
an additional measurement was taken near the catchbasin at the downstream end of 
the bioswale. Studies show that in-field measured infiltration rates for bioretention soil 
range from 80-120 mm/hr. For an application such as Wychwood where there is no 
stormwater management pond, the bioswale should have an infiltration rate in the 
higher ranges to ensure adequate drainage of the site.  
The average infiltration rate of the bioswale was 44 mm/hr with the highest infiltration 
rate of 60 mm/hr and the lowest infiltration rate of 12 mm/hr. The lowest infiltration rate 
was measured near the curb inlet which had standing water indicating clogging and 
need for remediation. Furthermore, the bioretention soil is buried below the clay based 
sod with holding its true infiltration capacity. At all three test sites, when water was 
poured on the surface, it would travel downstream as opposed to infiltrating into the 
ground (see pictures below). The infiltration tests conclude that the bioswale 
performance is in the lower range earlier in its life as infiltration rates are supposed to 
reduce over time when compaction takes place. For best performance, the clay based 
sod should be removed exposing the bioretention media and the area show be seeded. 
A similar subdivision application in Halton Hills has a bioretention cell with an average 
infiltration rate of 1200 mm/hr 
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Test #1 – Adjacent to 1st curb inlet (upstream end) – Measured infiltration rate of 
60 mm/hr 

 

 

Backup of water at the inlet due to compaction and slow infiltration 
through the clay based sod. A few residents were concerned that the water 
would back up into the cul de sac as opposed to flowing downstream. 

Double ring infiltrometer measures the rate of water level drop over time and 
determines an infiltration rate.  
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Test #2 – Adjacent to 2nd curb inlet (downstream end) –Measured infiltration rate 
of 12 mm/hr 

 

 

Backup of water at the inlet due to compaction and slow infiltration through the 
clay based sod. A few residents were concerned that the water would back up 
into the cul de sac as opposed to flowing downstream. 

The runoff pools at the inlet and does not seem to make it downstream into the 
bioswale or the overflow.  
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Test #3 – Adjacent to 2nd last catchbasin at the downstream end of bioswale – 
Measured infiltration rate of 60 mm/hr

 

 

Water moving toward catchbasin overflow as opposed to infiltrating into the 
ground. The clay based sod slows the infiltration that the water starts to 
travel downstream.  

Double ring infiltrometer test set up. 
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CREDIT VALLEY CONSERVATION 
1255 Old Derry Road, 
 Mississauga, Ontario  

L5N 6R4 
        Tel: (905) 670-1615 Fax: (905) 670-

2210 
 1-800-668 5557 

 
  

Date: October 9th, 2014 

To: Giulio Bianchi – Sequoia Grove Homes , Tony – Sequoia Grove Homes 
Matthew Gehres,- Strybos Barron King,  

From: Kyle Vander Linden 

CC: Amna Tariq, Phil James Christine Zimmer, Jennifer Dougherty, Lana Durham, 
Jakub Wrobel, Jordan Wiedrick 

RE: Wychwood Site Visit on October 9, 2014  

 
Representatives from Credit Valley Conservation visited the site on Thursday, October 9th to 
inspect the condition of the LID features (bioswales and rain gardens) at the Sequoia Grove 
development (Wychwood). CVC and Sequoia have been engaged in ongoing monitoring of 
the site and formal water quantity and quality monitoring will begin in late October/early 
November. Based on recommendations from the September 5th Meeting memo, rehabilitation 
work for the bioswale and construction guidance was provided for the rain gardens.   
 
Below is a table outlining action items for the bioswale based on the September 5 Meeting 
Memo and its status based on CVC’s October 9th visit 
 
Table 1: Rehabilitation Activities 

Action Item Status 

• Completion of the fence to completely 
restrict access to public to the 
bioswale 

Posts installed, but fence still needs to be 
installed entire length of bioswale 

• Restriction of heavy equipment within 
the bioswale area to avoid further 
compaction 

No heavy equipment present in bioswale, 
however tracks still present 

• Completion of sod placement on front 
and backyards to minimize movement 
of dirt into bioswale area 

Complete 
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• Clean up of sediment and garbage at 
and around inlets within the bioswale 

 

Incomplete 

• Removal of sod for the entire length of 
the base of the bioswale 

 

Future Recommendation – if aeration does 
not improve infiltrations 

• After removal of sod, removal of any 
sediment within the bioswale prior to 
scouring of bioretention media 

 

Future Recommendation – if aeration does 
not improve infiltrations 

• Scouring of bioretention soil media to 
rehabilitate any compacted media 

 

Future Recommendation – if aeration does 
not improve infiltrations 

• Seeding of bioswale with rpf grass 
seed and addition of compost on top to 
encourage rapid germination. 

 

Future Recommendation – if aeration does 
not improve infiltrations 

Clean up of the inlets with the extension of the curb is still outstanding.  Please see picture 
pictures below.  CVC recommends that remediation to the inlets and area around the inlet 
with exposed and compacted soil be removed to expose bioretention media.  By cleaning up 
the inlets and removing sediment and garbage, the infiltration of bioswale should improve in 
these areas.   

  
Compaction in bioswale and blocked inlets due to sediment accumulation and garbage 

As CVC inspected downstream from the inlets, piles of dirt and sediment were also 
noted on top of the sod.  It is CVC’s recommendation that the dirt be removed and area 
aerated to encourage proper infiltration. Please see the photos below 
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Sediment Buildup Downstream of Inlets 
 
Rain Gardens 
Upon inspection of the rain gardens within the road right of way, CVC noted that the 
grade of both sod and plants within large and small rain gardens is too high at certain 
points which will block water from entering. Grading of the sod and plants is critical as 
these features are dependent on sheet flow from the roadway. As noted in the 
September 5th memo there should be a 2” (50 mm) drop from finished curb to sod or 
bioretention media. It is CVC’s recommendation that the landscape company regrade 
these features to ensure positive grade from finish curb to rain gardens.   

 
Rain garden with finished curb with respect to media grade 

 
Please let me know if you have any questions or concerns. You can reach me 905 670 
1615 X 279 or kvanderlinden@creditvalleyca.ca 
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CREDIT VALLEY CONSERVATION 
1255 Old Derry Road, 
 Mississauga, Ontario  

L5N 6R4 
        Tel: (905) 670-1615 Fax: (905) 670-
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Date: May 27, 2015 

To: Giulio Bianchi – Sequoia Grove Homes   

From: Kyle Vander Linden and Jakub Wrobel 

CC: Tim Mereu, Phil James, Christine Zimmer, Amanjot Singh, Gayle Soo-Chan  

RE: Summary of LID remediation and Site Visit on May 15, 2015  

 
Representatives from Credit Valley Conservation visited the site on Thursday, May 15th to 
observe the condition of the LID features at the Sequoia Grove development (Wychwood). 
CVC’s conducts site visits in an aim to ensure proper construction and to preserve the 
infiltration capacity of the LID features (bioswales, rain gardens, permeable pavers) by 
identifying protection measures needed during the construction phase. 
 
CVC and Sequoia Grove Homes have been engaged in ongoing inspection of the site and 
performance monitoring is intended for the future. Based on recommendations from site visits 
and meeting memo’s provided to Sequioa Grove Homes on Oct 10, 2013, May 23, 2014, 
Sept 18, 2014, Oct 9, 2014, and now May 15, 2015, CVC identified impacts to LID features 
and recommended rehabilitation work and guidance to restore the LID features prior to 
assumption. 
 
Sequoia Grove Homes has completed some restoration work and have responded quickly to 
requests. Sequoia Grove Homes also noted that other restoration activities will take place 
after the installation of the top asphalt layer. The top asphalt coat is planned for June, 2015. 
In order to assist Sequoia Grove Homes in the restoration of the LID features, a summary of 
action items identified over the inspection period is described in Table 1. CVC can provide 
guidance to Sequoia Grove Homes for restoration activities and very willing to answer any 
questions that they may have 
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Table 1: Summary of action items for LID features at Wychwood 
LID Feature Action Item Status Implications and remediation 

recommendation 

Entire Site  Completion of sod 
placement on front and 
backyards to minimize 
movement of dirt into 
bioswale area.  

Sod placement with back and front 
yards complete.  

N/A 

East Bioswale  Completion of the fence to 
completely restrict access to 
public to the bioswale 

Posts and fence installed N/A 

East Bioswale  Restriction of heavy 
equipment and materials 
within the east bioswale area 
to avoid compaction. 
Materials were stored within 
east bioswale noted on May 
15th, 2015 site visit. 

Materials and equipment were 
removed based on email 
correspondence between CVC and 
Sequoia Grove Homes on May 27, 
2015  

• If bioswale is compacted, 
infiltration performance could be 
reduced. 

• Infiltration tests recommended 
along length of east bioswale 

• Removal of sod, sediment and 
tilling of bioretention media in 
compacted areas. 

• Relaying of RPF sod 

East Bioswale  Clean up of sediment and 
garbage at and around inlets 
within the bioswale and 
extension of curb inlet into 
bioswale 
 

Incomplete based on May 15th, 2015 
site visit. Past memos have 
identified ponding in around inlet 
areas of bioswale (Oct. 9, 2014). I 
Infiltration test from Sept. 5, 2014, 
noted failure at inlets.  
May 15, 2015 site visit notes current 
construction of curb inlet into 
bioswale. 

• Ponded water within bioswale 
for more than 24 hours indicates 
failure of the system.  

• Recommend removal of sod 
and sediment and tilling of 
bioretention media. 

• Infiltration test required to verify 
success of rehabilitation. 
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• Current construction of inlets 
presents opportunity to address 
issue 

East Bioswale  Improvement of east 
bioswale infiltration 
 

September 5th, 2014 memo noted 
average infiltration rates of 44 mm/hr 
(Range of 12 mm/hr low – 60 
mm/hr). Past LID studies indicate an 
infiltration rate of 80 – 120 mm/hr is 
ideal to account for decreasing 
performance through operational 
lifespan 
Bioswale was aerated in September 
2014.  
May 15, 2015 site visit noted 
compacted areas and sediment 
contamination at surface of 
bioswale.  

• Poor infiltration rates at 
assumption could lead to 
shortened operational lifespan.  

• Future Recommendation – if 
aeration does not improve 
infiltrations, complete  
infiltration tests within 
bioswale, identify problem 
areas, and remove sod, 
sediment, and tilling of 
bioretention media to improve 
infiltration. 

• Re-stabilize with ESC, RPF 
sod or grass seed  

Bioswale and 
rain gardens 

 Erosion and sediment 
control to remain in place 
until all construction 
activities are complete to 
protect LID features 

ESC not present at inlets of east 
bioswale.  
May 15, 2015 site visit noted the 
removal of curb sections at east 
bioswale. Sediment can get into LID 
practices (see pictures below table). 
Westside rain gardens impacted by 
construction on adjoining residential 
property (see pictures below table).   

• Could result in clogging of the 
bioswale/rain gardens and 
impacting infiltration rates.  

• ESC should be reinstalled as 
soon as possible 

• Sediment removed 
• Infiltration testing to verify 

infiltration rates are not 
impacted 

• Exposed soils should be 
stabilized as soon as possible 

Bioswale and 
rain gardens 

 Video-scoping of perforated 
pipes should be conducted 

Incomplete or not within CVC 
records – noted on May 23, 2014 
memo 

• Clogged pipes could prevent 
water from flowing through the 
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to ensure no clogging by 
construction sediment. 

system even if soil infiltration 
rates are satisfactory.  

• If perforated pipes are clogged 
or damaged than removal of 
sediment and possibly their 
replacement is recommended. 

 
 

West Rain 
gardens on  

 Ensure as-built grades meet 
design grades for LID 
features.    

Incomplete based on May 15, 2015 
site visit. As noted in the September 
5th memo there should be a 2” (50 
mm) drop from finished curb to sod 
or bioretention media. See photos 
below table. 

• Once final coat of asphalt is 
applied, verify grade drop from 
finished curb to bioswale.   

• A grade drop will ensure 
positive drainage into the LID 
features. If there is insufficient 
grade drop, by pass or blockage 
could happen.  See pictures 
below. 

• Recommended re-grading if to 
design grades to allow flow of 
runoff into LID feature 
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Site Visit on May 15, 2015 
East Bioswale 
East Bioswale was being used as a staging area. Stockpiles, debris, and 
gasoline/oil/chemicals were being stored directly on top of the bioswale. Sequoia Grove 
Homes was made aware of the situation and have removed the materials as 
communicated by Giulio Bianchi on May 27, 2015. As per CVC’s LID Construction Guide, 
good practice of erosion and sediment control is to “identify pollution prevention 
management measures to address proper storage, collection and disposal of solid waste, 
oil, paint, gasoline and other hazardous materials”. 

  
Figure 1: Bioswale used as staging area 

As CVC inspected along bioswale, piles of dirt and sediment were also noted on top of 
the sod close to inlet features.  These have also been identified in previous memo’s from 
May 23, 2014, Sept 18, 2014, Oct 9, 2014. It is CVC’s recommendation that the dirt be 
removed and area aerated to encourage proper infiltration. Infiltration testing should be 
conducted afterwards to verify improvement of infiltration rates.  

 
Figure 2 Sediment Buildup Downstream of Inlets. Oct 9, 2014 Left. May 15, 2015 

Right. 
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Removal of the existing curbs appears to have begun, with extension of inlet being 
constructed in place. At the time of the site visit, only one was under construction. See 
photos below. Removal of sediment from bioswale and stabilizing of exposed soil highly 
recommended. 

  
Figure 3: Replacement of existing inlets 

It appears as though removal of the other inlet will also be taking place, CVC recommends 
cleanup of sediment in and around inlet area. Construction within inlet areas provides 
opportunity to improve infiltration by removing compacted sod, sediment, and tilling soil.  
See photos below. 
 

  
Figure 4: Preparation of inlet for construction 

 
Rain Gardens 
Upon inspection of the rain gardens within the road right of way, CVC noted that the grade 
of both sod and plants within large and small rain gardens is too high at certain points 
which will block water from entering. Grading of the sod and plants is critical as these 
features are dependent on sheet flow from the roadway. As noted in the September 5th 
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memo there should be a 2” (50 mm) drop from finished curb to sod or bioretention media. 
It is CVC’s recommendation that the landscape company re-grade these features to 
ensure positive grade from finish curb to rain gardens per the design drawings. The 
additional mulch in one of the rain gardens has added a substantial amount of material 
above the grade of the inlet that will definitely impede flow.  
There has also been some construction at the adjacent property of one of the rain 
gardens, which may have impacted the rain garden. It would appear that the rain garden 
within the road right of way was impacted by construction at adjacent site. The 
bioretention media and perforated pipe system could have been affected and could 
impact infiltration rates and flows within the system. Infiltration testing should be 
conducted and erosion and sediment control installed to stabilize disturbed area. 

  
Figure 5 Rain garden with finished curb with respect to media grade (left) and 

impacted rain garden due to adjacent construction (right) 
 
Please let me know if you have any questions or concerns. You can reach me at 905 670 
1615 X 279 or kvanderlinden@creditvalleyca.ca 
 
Best Regards. 
 
 
Kyle Vander Linden 
Water Resources Specialist (LID) 
Credit Valley Conservation 

mailto:kvanderlinden@creditvalleyca.ca
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