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1.0 INTRODUCTION

1.1 General

In March 2004, the Toronto and Region Conservation Authority prepared a report entitled York
University Rooftop Garden Stormwater Quantity and Quality Performance Monitoring Report.
This project attempted to quantify the benefit of a roof garden, located on the York University
Computer Science Building. The benefit was measured by evaluating the effectiveness of the

garden roof in removing pollutants and moderating the flow rates from the roof area.

Last summer the Toronto and Region Conservation Authority retained Marshall Macklin
Monaghan Limited to develop a Unit Response Function (a Unit Reponse Function is used as
input to a computer model in order to define the response to rainfall for a given land use type) to
represent a “green roof”, i.e., a rooftop garden based on the monitoring program undertaken by

TRCA.

Aquafor Beech Limited was then subsequently retained by TRCA to determine the effectiveness

ofimplementing Green Roof Technologies within the Highland Creek Watershed (see Figurel.1).

1.2 Study Objective

The study objective may be defined as follows:

“Determine the effectiveness of implementing a Green Roof Technology within the Highland Creek

watershed.” Effectiveness will be assessed by considering the impact of the technology on change

in water quality, flooding, water balance and erosion.

Aquafor Beech Limited 1.1
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1.3 Study Area

Highland Creek is situated within the southeastern limits of the City of Toronto (Scarbrough), as
is illustrated in figure 1.1. The watershed is fully developed and includes considerable commercial
and industrial areas as well as residential landuse. Highland Creek is comprised of the main branch
as well as five main tributaries including:

o Dorset Park Interceptor;

o Bendale Branch;

o Markham Branch;

o Malvern Branch; and

. Centennial Creek

Aquafor Beech Limited 1.2
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2.0 PREVIOUS STUDIES

2.1 General

A considerable amount of work which is of benefit to this study has been undertaken recently .
This includes the Monitoring Report by TRCA (TRCA, 2004). The Technical Memorandum by
Marshall Macklin Monagham (MMM, 2004) and the Technical Memorandum by Aquafor Beech
Limited (Aquafor 2004). Copies of the two Technical Memorandum are provided in Appendix
A and B. In addition a study entitled Wet Weather Flow Management Master Plan - Study Area
5 - Highland Creek, Rouge River and Waterfront Area was completed by Aquafor Beech Limited
in 2003 (Aquafor 2003). An overview of this study is provided in the following section.

2.2 City of Toronto Wet Wether Flow Master Management Plan

The Wet Weather Flow Master Management Plan (WWFMMP) was a city wide initiative which
started in 2001. The City of Toronto initiated the development of a Master Plan to address the

impacts of wet weather flow (WWF).

As part of the study a problem statement was defined as was a vision statement, goal statement
and a series of thirteen technical objectives. The thirteen technical objectives were establised to
ensure that the Plan meets the principles and goals as defined in the study. The technical objective

addressed:

. water quality;

. water quantity;

o natural areas and wildlife; and
* sewer systems.

A comprehensive set of targets were also established for each of the thirteen objectives.

Aquafor Beech Limited 2.1
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A comprehensive computer modelling exercise was also undertaken as part of the process. The
objective of developing the watershed model was to provide a tool that defines existing conditions
and allows for examining the impacts and benefits of individual control measures, combinations
of control measures and overall City-wide pollution control strategies on a number of watershed

response indicators including:

J Streamflow regime in Highland Creek, as well as their tributaries within the City
of Toronto, where streamflow regime is characterized in terms of peak flows
during runoff periods, as well as in terms of low flows or “baseflow” during dry

periods.

. Surface water quality in Highland Creek, as well as tributaries within the City of
Toronto. Surface water quality is characterized in terms of time-varying
concentrations of a set of constituents selected to address the specific objectives
of the WWFMMP. These objectives include protection and enhancement of
aquatic communities and aquatic habitat, as well as achieving water quality needed
to protect public health and safety, and allow for recreational use of local water

bodies.

The required modelling platform for the WWFMMP project was set out in the project’s Terms of
Reference (May 2000) developed by the City. The Terms of Reference required that the
watershed model be developed using the Hydrologic Simulation Program - Fortran (HSPF)

modelling platform.

HSPF is a comprehensive modelling package capable of simulating hydrologic processes as well
as pollutant generation and transport processes within drainage catchment and along watercourse
networks. The HSPF software has been developed over a number of decades and is currently
maintained and supported by the U.S. Environmental Protection Agency. For the WWFMMP,

Version 11 of HSPF was selected for application. Detailed documentation on HSPF is provided

Aquafor Beech Limited 2.2
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by the U.S. EPA (1996).
The HSPF models for the Study Area are structured as follows:

J The watershed is represented as a set of subcatchments. Surface runoff, interflow and
groundwater discharge from each subcatchment discharges into the upstream end of a
watercourse reach. The watercourse reach may, for example, represent a reach of a

tributary of the Highland Creek, or a reach of the Highland Creek itself.

. Each subcatchment is characterized by the land-use, surficial soil types and topography
found within the subcatchment. These characteristics are reflected in specific HSPF model

input parameters.

. The watercourse network is represented as a set of watercourse reaches. Each of these
is characterized using representative stream and valley cross-sections, as well as hydraulic

roughness values and channel slopes.
The watersheds were subdivided into a number of subcatchments as follows:

Within the City of Toronto, GIS mapping layers were provided to ABL that provided information
on the storm drainage network and storm sewer subcatchment areas. This information was used
directly to define 43 urban subcatchments in Highland Creek watershed. Figure 1.1 shows the

subcatchments within the City of Toronto.

The HSP-F model was then calibrated using existing meterorological, Provincial Water Quality
Monitoring Network data (water quality) and Water Survey of Canada data (flow). The years

1994 to 1996 were used for model calibration while 1991-1993 were used for validation.

Ten water quality parameters were included in the calibration/validation process. The parameters

mcluded,
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] Total Phosphorus (TP);

. Total Kjedahl Nitrogen (TKN);
o Nitrate & nitrite (Nox);

o Total suspended solids (TSS);
. Copper (Cu);

J Lead (Pb);

o Zinc (Zn);

o Benzo, G,H,I perylene;

. Dieldrin;

. Escherichai Coil (E. Coli) and
o Water Temperature.

Event Mean Concentrations (EMC’s) were used in the calibration/validation process.

Upon completion of the calibration/validation process a typical year, 1992 was selected and

existing conditions were defined.

The model was also used to evaluate the effectiveness of Five Alternative Strategies. The

strategies are define below:

1. “Maintain Status Quo” - this sets out a strategy to maintain existing conditions and ensure
no further degradation. It is designed to meet the Status Quo targets. This is essentially the

“Do Nothing” alternative of the Class Environmental Assessment.

2. “Opportunistic Best Management Practices” - this sets out a strategy to take adantage of
all opportunities for stormwater control such as voluntary implementation of source

controls by property owners, opportunistic implementation of “leaky sewers” as in the

Aquafor Beech Limited 2.4
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above example and “green” end-of-pipe facilities. It is designed to improve over the Status

Quo but is not specifically targeted at the higher levels of enhancement.

3. “Striving To Meet Moderate Targets - End-of-Pipe Oriented” - this sets out a strategy to
meet the “moderate” targets where feasible using voluntary source controls, opportunistic
conveyance controls and emphasizing end-of-pipe facilities both “green” (e.g. wetlands)

and “aggressive” measure such as underground tanks.

4. “Striving To Meet Moderate Targets - Source Control Oriented” - this sets out a strategy
to meet the “moderate” targets where feasible emphasizing the intensive use of source
controls, using intensive application of conveyance contorls and usin gonly opportunistic

“green” end-of -pipe facilities.

5. “Striving to Meet Significant Enhancement Targets” - this sets out a strategy to meet
“significant” targets and uses intensive levels of source controls, conveyance controls and

end-of-pipe facilities.

Upon completion of the evaluation of the strategies a 25-Year Implementation Plan and Long-
Term Preferred Strategy were established. Both Plans include a variety of measures including
source control measures, conveyance control measures, end of pipe facilities, stream restoration

measures, municipal operations and public education and community outreach programs.

As this study progressed, it was concluded that a standard lumped parameter subcatchment based
modelling approach would not adequately assess the impact of distributed runoff controls. Hence
an innovative “unit response function” method was developed and applied. This was based upon
the concept of identifying a set of representative “test catchments” of approximately ten hectares
in area covering the range of land uses found within the study areas. For each of the test
catchments, a “unit response function” was developed which represented the hydrologic response

and water quality response of the area to a predetermined series of meteorologic inputs. A total
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of sixteen different land use types were identified which when combined with different soil types,
with different types of connection to the storm sewer, etc. required a total of just under 100 “unit

response functions” (URF) to be created.

For each sewershed within the study area, an analysis was completed using GIS data to identify
the proportion of the area covered by each of the URFs. The output from each sewershed was
simulated by combining the outputs from the required URFs in appropriate proportions. The
outputs from each sewershed were then combined and routed through model elements representing
the water courses to simulate the flows and water quality concentrations at points of interest in the

watershed, i.e. at the locations where targets had been established.

The concept of a Unit Response Function is illustrated in the figure 2.1.
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3.0 STUDY APPROACH

3.1 General

The study objective was defined as; determine the effectiveness of implementing a Green Roof
Technology within the Highland Creek Watershed. Effectiveness can be evaluated based on

flooding, water balance, water quality and erosion.

3.2 Study Tasks

The study tasks are outlined below.

The initial step involved the collection of background information which included the HSP-F
model developed by Aquafor Beech Limited as part of the WWFMMP, the Unit Response
Function for the control roof and the URF for the green roof as prepared by MMM.

The existing database was then assessed to define, based on the URFs provided in the WWFMMP,
the percentage of land uses where flat roofs could be implemented in the Highland Creek

Watershed. Table 3.1 summarizes these data on a subwatershed basis.
The next step involved selecting representative sites in order to determine the percentage of roof
area vs. total site area. Eight sites were selected. The results are summarized in Table 3.2. The

findings show that for industrial sites the roof area is approximately 42 percent of the site area

while for condominium sites the value is approximately 10 percent.

Once the above was complete the HSPF model was run for a number of different scenarios for a

Aquafor Beech Limited 3.1



Table 3.1: Flat Roof area ssmulated in Highland Creek Water shed HSP-F model

Subwatershed | Landusewith | Flat Roof

Subwater shed Area Flat Roof * area’
(ha) (ha) (ha)

Dorset Park Branch 1382.5 544.4 1755

Bendale Branch 2534.0 715.9 191.3

Markham Branch 2124.4 719.2 209.2

Malven Branch 1411.0 618.4 227.7
Centenial Branch 519.0 415 9.7
Main Branch 2604.2 446.9 96.8

Whole watershed 10575.1 3086.3 910.1

L Includes total site area
% Includes roof area only



Table 3.2: % of Roof top area for representative 8 sites

Landuse Lot size (m2) Roof top (m2) % Roof top
Industrial 1 84522 22043 26%
Industrial 2 35548 13071 37%
Industrial 3 39595 17759 45%
Industrial 4 23394 8370 36%
Industrial 5 25039 11168 45%
Industrial 6 30711 18729 61%
Average 42%
Apartment 1 16645 1810 11%
Apartment 2 16709 1450 9%
Average 10%
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typical year (1992). The objective was to assess the hydrologic benefit assuming 50 and 100

percent implementation of the green roof technology for suitable land uses (flat roof).

Prior to running the model a couple of adjustments had to made. The percent roof area that was
assumed in the WWFMMP study for the representative land uses was changed to reflect the values
shown in Table 3.2. Futhermore, for a given roof area it was assumed that only 75 percent of the
area would be available for implementing the green roof technology. The minimum size of roof

area where green roofs were applied was 100m”.

33 Study Findings

This section presents the findings of the HSPF modelling analysis by assuming 50% and 100%
implementation of the green roof technology for the suitable land uses (flat roof). The results are
reviewed in terms of flooding, erosion, water quality and water balance.

3.3.1 Reduction of Flow Volume and Peak Flow Rate

Flow Volume Reduction

The monthly and annual runoft volumes at the mouths of'the six different subwatersheds are shown
in Table 3.3. On an annual basis the flow volume reduces from 48,870,000 m® without green roofs
t0 46,920,000 m® with green roofs assuming 100 percent implementation at the mouth of Highland
Creek Watershed. This represents approximately a 4.0 precent reduction in runoff volume. Ifa 50
percent implementation value is assumed then the percent reduction will be 1.7 percent. The
volume reductions vary from a high 7.0 percent (Malven Branch) to a low of 0.9 percent

(Centennial Branch).

Peak Flow Rate Reduction

Aquafor Beech Limited 3.2



Table 3.3: Summary of Montly and Annual runoff volumesfor year 1992

Annual Volume

lAnnual Volume

Annual Volume

Subwater shed With No With 100% | Percentage] With 50% Per centage
Green Roof Green Roof Reduced Green Roof Reduced
m3*10E6 m3*10E6 m3* 10E6

Mouth of Dorset Park Branch 6.69 6.33 5.3% 6.52 2.5%
Mouth of Bendale Branch 12.03 11.63 3.3% 11.87 1.3%
Mouth of Markham Branch 10.34 9.87 4.5% 10.16 1.7%
Mouth of Malven Branch 7.12 6.62 7.0% 6.89 3.3%
Mouth of Centenial Branch 2.31 2.29 0.9% 2.30 0.4%
Mouth of Highland Creek 48.87 46.92 4.0% 48.06 1.7%




Figure 3.1 - Annual Hydrograph - Mouth of Dorest Park - 1992
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Figure 3.2 - Annual Hydrograph - Mouth of Bendale Branch - 1992
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Figure 3.3 - Annual Hydrograph - Mouth of Markham Branch - 1992
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Figure 3.4 - Annual Hydrograph - Mouth of Malvern Branch - 1992

100000

90000

80000

70000
60000
50000
40000
30000

Jy/sw ayey mo|4 AnoH

20000

10000

00:0¢ €¢ ¢ ¢66l
00:0l vl ¢I c66l
00:00 S0 ¢ ¢661
00:vlL GC L1 ¢66l
00:¥0 91 L1 ¢66l
00:81 90 L1 ¢661
00:80 8¢ 01 ¢661
00:¢c¢ 81 0l ¢661
00:¢l 60 0l c661
00:20 0€ 60 c661
00:91 0¢ 60 ¢661
00:90 L1 60 c661
00:0¢ L0 60 ¢661
00:01 €¢ 80 ¢661
00:00 v1 80 ¢661
00:71 0 80 ¢661
00:¥0 9¢ 10 ¢661
00:81 91 10 ¢661
00:80 £0 Z0 ¢661
00:¢¢ £¢ 90 ¢661
00:¢l 81 90 ¢661
00:¢0 60 90 ¢661
00:91 0€ S0 c661
00:90 ¢ S0 ¢661
00:0¢ L1 S0 c66l
00:01 ¢0 S0 ¢66l
00:00 €¢ ¥0 ¢661
00:vl €1 ¥0 c661
00:%0 ¥0 0 ¢661
00:81 G¢ €0 ¢661
00:80 91 €0 ¢661
00:¢¢ 90 €0 ¢661
00:¢l 9¢ ¢0 ¢661
00:¢0 L1 ¢0 ¢66l
00:91 L0 ¢0 ¢661
00:90 6¢ L0 c661
00:0¢ 61 L0 ¢66l
00:01 Ol L0 c66l
00:00 L0 L0 c66l

Year 1992

100% Green Roof uptake ‘

‘— Existing —— 50% Green Roof uptake



Figure 3.5 - Annual Hydrograph - Mouth of Centenial Branch - 1992
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Figure 3.6 - Annual Hydrograph - Mouth of Highland Creek Watershed - 1992
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The hydrographs for six different subwatersheds in the year 1992 are shown in Figures 3.1-3.6.
Table 3.4 summarizes the date, precipitation volume and peak flows (with and without
implementation of the green roof technology) for the six largest events. The results show that the
effectiveness varies from subwatershed to subwatershed (depending upon the percentage of land
where the technology can be applied) and from event to event (depending upon the type of event
and the seasonal effectiveness of the technology). The results show peak flow reductions of
approximately 13% and 6% for 100% and 50% implementation of green roof technology
respectively at the mouth of Highland Creek Watershed. In the Markham and Malvern Branches

peak flow reductions of approximately 21 percent do occur in the summer season.

3.3.2 Flow-duration frequency curves

In order to assess the effectiveness of green roof technology a comprehensive exercise of looking
at existing stream conditions, present (without green roof technology) and future (with green roof

technology) sediment and flow regimes would need to be determined.

A qualitative assessment can be undertaken by looking at the change in the flow duration
frequency curves with and without green roof technology in place. In situations where the stream
has excess energy (a majority of the situations within Highland Creek) then a reduction in the flow
rate for a given frequency would be of benefit. The results of this simplified assessment are

provided below.

The flow duration frequency curves for six different subwatersheds are shown in Figures 3.7-3.12.
In a very general sense the benefits of the green roof technology would be found where there is
separation between the curves (ie: with and without the green roof technology) for flow rates
where the Percent of Time Flow is Exceeded is 10 percent or less. This separation occurs, to a

reasonable degree on the Markham, Bendale and Malvern Branches.
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Table 3.4: Summary of Precipitation volume and Peak Flow Rates at the M outh of Highland Creek

Dorset Park Branch

Date Precipitation Peak Flow Peak Flow % Peak Flow %
Volume No Green Roof 100% Implementation | Reduction | 50% Implementation | Reduction
(mm) (m3/sec) (m3/sec) (m3/sec)
April 11-12, 1992 25.10 9.92 7.89 20% 8.89 10%
April 16-17, 1992 45.70 21.47 2111 2% 21.36 1%
May 2-3, 1992 27.90 12.48 10.77 14% 11.58 %
July 16-17, 1992 24.80 11.39 9.47 17% 10.44 8%
September 18-19,1992 27.70 17.81 14.50 19% 16.03 10%
September 21-22,1992 24.20 14.56 12.11 17% 13.33 8%
Bendale Branch
Date Precipitation Peak Flow Peak Flow % Peak Flow %
Volume No Green Roof 100% Implementation | Reduction | 50% |Implementation | Reduction
(mm) (m3/sec) (m3/sec) (m3/sec)
April 11-12, 1992 25.10 11.78 10.28 13% 11.03 6%
April 16-17, 1992 45.70 40.56 40.00 1% 40.56 0%
May 2-3, 1992 27.90 18.61 16.94 9% 17.83 4%
July 16-17, 1992 24.80 15.86 14.06 11% 14.97 6%
September 18-19,1992 27.70 27.58 23.89 13% 25.72 %
September 21-22,1992 24.20 21.69 18.94 13% 20.33 6%
Markham Branch
Date Precipitation Peak Flow Peak Flow % Peak Flow %
Volume No Green Roof 100% Implementation | Reduction | 50% Implementation | Reduction
(mm) (m3/sec) (m3/sec) (m3/sec)
April 11-12, 1992 25.10 15.53 12.58 19% 14.06 9%
April 16-17, 1992 45.70 36.94 36.39 2% 39.94 -8%
May 2-3, 1992 27.90 20.50 17.78 13% 19.19 6%
July 16-17, 1992 24.80 19.22 15.97 17% 17.61 8%
September 18-19,1992 27.70 3139 24.89 21% 28.33 10%
September 21-22,1992 24.20 27.50 22.17 19% 24.83 10%
Malven Branch
Date Precipitation Peak Flow Peak Flow % Peak Flow %
Volume No Green Roof 100% Implementation | Reduction | 50% Implementation | Reduction
(mm) (m3/sec) (m3/sec) (m3/sec)
April 11-12, 1992 25.10 10.75 7.94 26% 9.33 13%
April 16-17, 1992 45.70 25.61 2511 2% 25.44 1%
May 2-3, 1992 27.90 14.33 11.86 17% 1311 9%
July 16-17, 1992 24.80 1311 10.25 22% 11.69 11%
September 18-19,1992 27.70 19.28 14.58 24% 16.86 13%
September 21-22,1992 24.20 17.50 15.44 12% 13.44 23%
Centenial Branch
Date Precipitation Peak Flow Peak Flow % Peak Flow %
Volume No Green Roof 100% Implementation | Reduction | 50% Implementation | Reduction
(mm) (m3/sec) (m3/sec) (m3/sec)
April 11-12, 1992 25.10 1.83 170 7% 177 3%
April 16-17, 1992 45.70 6.08 6.06 0% 6.08 0%
May 2-3, 1992 27.90 2.92 2.88 1% 2.86 2%
July 16-17, 1992 24.80 2.86 273 5% 2.77 3%
September 18-19,1992 27.70 511 4.86 5% 4.97 3%
September 21-22,1992 24.20 4.39 4.17 5% 4.28 3%
Highland Creek Watershed
Date Precipitation Peak Flow Peak Flow % Peak Flow %
Volume No Green Roof 100% Implementation | Reduction | 50% Implementation | Reduction
(mm) (m3/sec) (m3/sec) (m3/sec)
April 11-12, 1992 25.10 46.17 40.00 13% 44.44 4%
April 16-17, 1992 45.70 155.28 153.33 1% 155.28 0%
May 2-3, 1992 27.90 79.72 70.00 12% 75.00 6%
July 16-17, 1992 24.80 70.00 59.17 15% 64.44 8%
September 18-19,1992 27.70 113.33 92.22 19% 102.78 9%
September 21-22,1992 24.20 95.28 78.33 18% 86.67 9%
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Figure 3.7 - Flow Duration Frequency Curve - Mouth of Dorest Park - 1992
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Figure 3.8 - Flow Duration Frequency Curve - Mouth of Bendale - 1992
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Figure 3.9 - Flow Duration Frequency Curve - Mouth of Markham Branch - 1992
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Figure 3.10: Flow Duration Frequency Curve - Mouth of Malvern Branch - 1992
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Figure 3.11: Flow Duration Frequency Curve - Mouth of Centenial Branch - 1992
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Figure 3.12: Flow Duration Frequency Curve - Mouth of Highland Creek Wastershed - 1992
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3.3.3 Water Quality

Table 3.5a summarizes the Event Mean Concentration (EMCs) for a number of parameters. Values
are provided for a number of conditions as outlined below.

. WWFMMP: These values represent the average conditions for an industrial site as
determined from the WWFMMP study.

. Control Roof: These values represent the average concentration as measured from
the discharge location of the control roof.

. Green Roof: Similar to the control roof, values shown here represent the
concentrations as measured from the discharge location of the green roof.

. Precipitation: The values as shown represent the product of contaminants
atmospherically deposited during dry weather and contaminants in the rain itself.

In order to assess the impact of implementing green roofs on water quality within Highland Creek
the HSPF model was run for baseline conditions and for conditions where green roofs were
implemented for 100 percent of the eligible land uses. Prior to running the HSPF model several
discussions were held with TRCA and City of Toronto staff. Based on these discussions the
following was agreed to:

. The comparison between baseline conditions and conditions where the green roofs
are implemented would be based on the use of the control roof (baseline) EMCs
and green roof (green roofs implemented) EMCs. The precipitation data was not
used as some values were high and the concentrations represent the product of
contaminants atmospherically deposited during dry weather and contaminants in
the rain itself.

. The WWFMMP EMC represents the average concentration from the entire site;
ie: roof, parking lots, grassed area and adjacent public right of way. In order to run
the model where green roofs are implemented an adjustment to reflect the decrease

(or increase) in the site EMC was made. An example of'this calculation is provided
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Table 3.5a: EMC'sfor selected water quality parameters

P o Unit EMCs
arameer nies WWFMMP{ Control Roof | Green Roof |Precipitation

TSS mg/L 467 6.3 2.2 6.93
Nitrate/Nitrite mg/L 1.16 0.52 0.12 0.43
Total Phosphours mg/L 0.5 0.078 0.577 0.01
TKN mg/L 1.06 0.711 161 0.67
Copper ug/L 27 1111 42.9 10.64
Lead ug/L 16 3.8 4.8 347
Zinc ug/L 242 10.8 8.2 14.5
Benzo(g,h,l)perylene ng/L 239 68.4 11.8 10

E-coil #/100L 1138 549 661 19
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in Appendix C.
J The model could not be run for copper as the method as described above resulted

in a negative EMC being generated for the overall site (See Appendix C).
The results for each subwatershed are provided in Appendix C. Provided below is a summary
based on the results as generated at the mouth of Highland Creek. The results at the mouth are

representative of the findings on a subwatershed basis.

Table 3.5b illustrates the change in loadings and concentrations for each of the eight parameters.
The results show that the impact of implementing the green roof technology is mixed. Loadings,
primarily as a result of decreased flow volumes, reduce for all parameters except for Total
Phosphorus and Total Kjeldahl Nitogen. Concentrations of Total Phosphorus and Total Kjeldahl
Nitorgen increased moderately, while concentrations remain virtually unchanged for Total
Suspended Solids, Nitrate/Nitrites, Lead and E-coli. Concentrations reduce for Zinc and

Benzo(g,h,l)perylene.

In reviewing the findings several points should be noted:

1. The results are based on a specific type of green roof technology and may not be
representative of other green roof technologies.

2. For some parameters, for example Total Suspended Solids, the primary source of
the pollutant is from other sources (eg: roads, parking lots). Therefore, even
though the difference between the EMC for the control roof and green roof is
considerable the overall impact is not.

3. Increases in some concentrations may be from internal sources; eg: soils and/or

feces from birds (Total Phosphorus, Total Kjel Nitrogen and E-coli).
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Table 3.5b: Changein Loadings and Concentrations at the mouth of Highland Creek
as a Result of 100 percent Implementation of Green Roofsfor Suitable Land Uses

Parameter Loading Percent Concentrations Percent
Basdine 100% implemention| Difference Basdine 100% implemention| Difference
kg kg mg/L mg/L
Total Suspended Solid 14669900 13789100 -6% 300.18 293.89 -2%
kg kg mg/L mg/L
Nitrate/Nitrite 61020 58200 -5% 1.25 1.24 -1%
kg kg mg/L mg/L
Total Phosphorus 13487 15321 12% 0.28 0.33 15%
kg kg mg/L mg/L
Total Kjedahl Nitrogen 53367 56762 6% 1.09 121 10%
kg kg mg/L mg/L
Lead 22445 2151 -4% 0.05 0.05 0%
kg kg mg/L mg/L
Zinc 5141.3 4771.1 -8% 0.11 0.1 -10%
g g ug/L ug/L
Benzo(g,h,l)perylene 5828.2 5219 -12% 0.12 0.11 -9%
10M11# 10M1# #/100m #/200m
E-coli 60278.5 60270 0% 123.34 128.45 4%
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3.3.4 Water Balance

In order to quantify the extent to which green roofs may reduce the amount of stormwater runoff,
the water balance of the HSP-F model also reviewed. Water balance is a tool often used in water
resources management which sums the various components of the hydrologic cycle for a
watershed by balancing precipitation input, evaporation and evapotranspiration output,

groundwater flow input and output, and surface runoff input and output.

The water balance components employed in the HSP-F concept are presented in Figures 3.14, as

per HSP-F Design Manual. The primary components are defined and summarized as follows:

SUPY The total amount of moisture provided to the land surface (i.e. rain+snowmelt);
SURLI Surface Lateral Inflow from adjacent impervious areas;

TAET The total actual evapotranspiration;

SURO Surface overland runoff to a surface strem;

IFWO Interflow runoff (from the unsaturated soil zone) to a surface stream;

AGWO Groundwater runoff to a surface stream;

Precipitation - Evapotranspiration + Storage - Runoff =0

(SUPY+SURLI) - (TAET+IMPEV) + Storage - (SURO+IFWO+AGWO) = 0

Table 3.6 shows the annual summary ofthe water budget components for different landuse URFs,
including the green roof URF. The results show that the green roof URF has the highest

evapotranspiration and the lowest runoff volume as compared to the other URF’s.
Table 3.7 shows the annual depth of evapotranspiration and surface runoff (with and without

Green Roof applied) at six different locations. The results show that the evapotranspiration has,

at the mouth of Highland Creek, increased by 37% and 18% for 100% and 50% implementation
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Table 3.6 ANNUAL SUMMARY OF WATER BUDGET COMPONENTS

Code* SUPY+SURLI IMPEV + TAET AGWO SURO+IFWO Sum Different
mm mm mm mm
RHRab 38.8 4.3 2.5 30.0 36.8 2.0
RHRbc 39.7 4.3 2.3 31.3 38.0 17
RHRcd 431 4.2 21 35.6 41.9 12
CDTbc 16.4 4.3 2.3 8.2 14.8 17
CBBbc 46.5 4.3 2.3 38.2 44.8 17
CSMbc 36.8 4.3 2.3 28.5 35.1 17
ElSab 25.8 4.3 2.5 17.0 23.7 2.0
ElSbc 27.1 4.3 2.3 18.7 25.3 17
ElScd 31.8 4.2 2.0 244 30.6 12
IPRab 55.6 4.3 2.4 46.8 53.6 2.0
IPRbc 56.4 4.3 2.3 48.1 54.7 17
IPRcd 58.4 4.2 2.0 51.1 57.2 12
IBBbc 61.4 4.3 2.3 53.1 59.7 17
GreenRoof 15.5 5.1 2.1 7.8 15.0 0.5

* Refer table 2.1 For Landuse Code




Table3.7a SUMMARY OF EVAPOTRANSPIRATION WITHIN HIGHLAND GREEK WATERSHED

SUBWATERSHED DORSET PARK | BENDALE| MARKHAM | MALVERN | CENTENNIAL \WHOLE WATERSHED
Evapotranspiration withouF Green Roof 62.1 51.6 52.3 64.6 16.5 283.9
(mm) 50% appllgd Green Roof 74.5 59.1 62.6 80.6 18.5 336.0
100% applied Green Roof 87.0 66.7 72.9 96.6 20.4 388.2
Table3.7b SUMMARY OF SURFACE RUNOFF WITHIN HIGHLAND CREEK WATERSHED
SUBWATERSHED DORSET PARK |BENDALE| MARKHAM | MALVERN | CENTENNIAL (WHOLE WATERSHED
without Green Roof 1524.2 969.5 1240.6 2024.4 250.0 6494.0
Sur face Runoff 0 :
(mm) 50% appll_ed Green Roof 1353.8 878.2 1100.0 1773.3 227.2 5784.7
100% applied Green Roof 1183.4 786.7 959.3 1522.1 204.5 5075.1
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of the green roof technology respectively. The results also show that surface runoft volume has
decreased by 21% and 11% assuming 100% and 50% implementation of green roof technology

respectively at the mouth of Highland Creek watershed.
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4.0 CONCLUSIONS

Aquafor Beech Limited was retained by the Toronto and Region Conservation Authority (TRCA)
to determine the effectiveness of implementing green rooftechnologies within the entire Highland

Creek watershed. Conclusions are summarized in the following section.

4.1 Conclusions

1. A considerable amount of work has been carried out within the Highland Creek
Watershed. More specifically, three submissions; the WWFMMP, a technical memo by
Marshall Macklin Monaghan Limited and a technical memo by Aquafor Beech Limited
provided the basis for undertaking this study.

2. The objective of the study was to determine the effectiveness of implementing a Green
Roof Technology within the Highland Creek Watershed. Effectiveness was assessed by
considering the impact of the technology on the change in flooding, water quality, water

balance and erosion.

3. Highland Creek is a good candidate watershed to consider green roofs as approximately

30 percent of the land uses have flat roofs.
4. The findings, for flooding, water balance and erosion were presented assuming the
technology was implemented on 100 percent and 50 percent of the flat roofs. Only a 100

percent implementation run was used for assessing the impact on water quality.

5. The results show that the impact on the water balance is modest (approximately a 4

percent reduction in volume at the mouth of Highland Creek assuming a 100 percent

Aquafor Beech Limited 4.1
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implementation). The percent reduction does vary on a subwatershed basis depending upon

land use and thus suitability for implementing the green roof technology.

6. The impact on peak flows is more pronounced, with peak flow reductions as high as 21
percent in the summer for branches (Malvern and Markham) where there is a high
percentage of flat roofs. The results show peak flow reductions of approximately 13
percent and 6 percent for 100 and 50 percent implementation at the mouth of Highland
Creek.

7. For water quality the results show that the impact of implementing the green roof
technology is mixed. Loadings, primarily as a result of decreased flow volumes, reduce
for a majority of the parameters which were modelled. Concentrations in the receiving
streams show that some parameters increase moderately, several remain virtually

unchanged and that some reduce moderately.

8. A qualitative assessment of effectiveness was carried out to determine the impact on
erosion. In general, the preliminary results suggest that some benefit may be achieved on

the Markham, Bendale and Malvern branches.

9. For water balance, the model results shown the green roof technology will increase the

evapotranspiration and reduce the surface runoff with the Highland Creek Watershed.

Respectfully Submitted,
AQUAFOR BEECH LIMITED

Dave Maunder, P.Eng.

Project Manager
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Marshall

Macklin Inter-Office Memo
Monaghan

To: Sameer Dhalla Date: November 18, 2004

From: Dipanneeta Banerjee Job No.:  1404091-01-101

Subject:  Technical Memorandum on HSP-F CC: Rob Bishop

Green Roof URF's

BACKGROUND

The Toronto and Region Conservation Authority has retained Marshall Macklin Monaghan Ltd to
develop a HSP-F (Hydrologic Simulation Program — FORTRAN) Unit Response Function (URF) model
representing a “green roof”, i.e., arooftop garden, based on the Y ork University green roof monitoring
undertaken by the TRCA in 2003-2004. The objective of this ongoing monitoring program is to assess
the effectiveness of green roofs in providing stormwater controlsin urban aresas.

The methodology adopted for the monitoring and the flow and water quality data collected in 2003 have
been documented in the York University Rooftop Garden Sormwater Quantity and Quality Performance
Monitoring Report - 2003 Monitoring Season. The Y ork University computer science building has been
selected as the site of the monitoring. As noted in the report, the roof has a 10% dope, and is divided into
two surfaces: shingles (control roof), which represents a normal roof, and garden. The control roof and
garden have areas of 131 m? and 241 m” respectively. The length of overland flow for the control roof is
approximately 26.5 m, and that for the garden is approximately 20.5 m. The flows from the two surfaces
are isolated and drain to separate eves troughs at the end of the sloped roof, and are piped through two
Endress and Hauser Promag 50 flow metres, which determine flow rates and volumes. Detailed
descriptions of the flow metres are provided in the York University Rooftop Garden Stormwater Quantity
and Quality Performance Monitoring Report.

The present memorandum discusses the methodol ogy adopted for developing the HSP-F green roof URF
model and the flow calibration results. EMC’ s for selected water quality parameters are also devel oped
based on the recorded concentrations in 2003.

HSP-F MODEL DEVELOPMENT

Data Collection

The HSP-F (Hydrologic Smulation Program — FORTRAN) model was developed and calibrated using
continuous meteorological data for the calibration period. Since April 2003, the Y ork University roofs
have been monitored continuoudly for runoff quantity, rainfall, ambient air temperature and relative
humidity, soil temperature and moisture. Hence precipitation and air temperature data required as model
input, and the flow data used for model calibration were available from the TRCA. The remaining
meteorological data required as model input were obtained from Environment Canada.

The meteorological data used in the HSP-F URF model, and the respective sources for the data are
summarized below in Table 1:

80 Commerce Valley Drive East ? Thornhill, Ontario, L3T 7N4; Phone: (905) 882-1100; Fax: (905) 882-0055
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TABLE 1: METEOROLOGICAL INPUT DATA

PARAMETER SOURCE TYPE
Precipitation TRCA -York University Rooftop | 15-minute
Temperature TRCA —York University Rooftop | 15-minute
Wind Speed Environment Canada — Pearson Hourly

Airport
Dew Point Temperature Environment Canada — Pearson Hourly
Airport
i Environment Canada — Toronto Hourly based on Monthly
Solar Radiation Centra Normals
. _— Calculated using Penman’'s
Potential Evapo-transpiration Equation Hourly

Please note that even though continuous flow and meteorological data were available for the entire period
from April 15, 2003 -- February 2004 (with a gap from August 26 — September 23, 2003), anomalies
were noted in the precipitation and flow data collected in December 2003 — February 2004. Hence, model
calibration was only undertaken based on the data collected during April — November 2003.

Methodology

Separate URF s representing the control roof and the roof garden were developed using HSP-F,
consistent with the modelling approach adopted for the City of Toronto Wet Weather Flow Master Plan.
The URF or “Unit Response Function” is the hydrological response of a 10 ha test catchment
representing a particular land use type, soil, and connectivity configuration to a set of meteorological
conditions. Schematic representations for the URF s developed for the control roof and the garden are
provided in Figure 1. As shown on Figure 1, the control roof consists of an impervious land segment
represented as an IMPLND in HSP-F. The runoff from the control roof consists entirely of “SURO”,
which is the net overland flow from aland segment generated in HSP-F.

The roof garden is observed to behave partly as an impervious land segment in that the observed
hydrograph shows a very swift response to the rainfall, and has very distinct peaks which clearly follow
the peak rainfall intensities during storm events. As shown in Figure 1, the roof garden was therefore
simulated in HSP-F using a pervious land segment or a PERLND, and an IMPLND. It was further
determined during the calibration procedure (discussed in detail in the following sections), that the best
overall agreement between the observed and the smulated flow volumes, and hydrographs for the
calibration period is obtained by representing the green roof URF as a 75% pervious, and 25%
impervious area. The total runoff from the roof garden consists of SURO, which is the surface runoff,
and AGWO + IFWO, which represents the net outflow from the groundwater reservair, i.e., the net
outflow obtained from the infiltrated portion of the precipitation.

Note that as mentioned in the previous section, the model could not be calibrated for winter or spring
conditions due to unavailability of data. The snowmelt subroutine in the model should therefore be
regarded as uncalibrated.




FIGURE 1: CONNECTIVITY FOR GREEN ROOF URF’s
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MODEL CALIBRATION

Methodology

Model calibration was performed by running the model continuously for April — December 2003 and
comparing flow volumes and duration curves for individual months. Internal time steps of 15 minutes
were used for all model simulations. Flow hydrographs for selected events were a'so compared. Please
note that the continuous flow hydrographs for the entire period were not compared because the time-to-
peak’s for both the control roof and the garden during storm events are so short that the actual shapes of
the hydrographs will not be evident on alarger time scale. However, note that event based simulations
were never performed using the modél, i.e., the comparison of hydrographs for individua events
presented in Figures 2 — 15 are also derived from continuous model simulations.

The calibration was performed based on the outflows from the actual areas of the control roof and the
garden used for the monitoring study, rather than the outflows form the 10 ha URF's. The calibration of
the control roof was achieved by a dight adjustment of the retention storage capacity. The garden was
calibrated using a number of different parameters, which are summarized in Table 2.

TABLE 2. PARAMETERSUSED IN CALIBRATION OF GARDEN URF

PARAMETER DESCRIPTION
CEPSC Interception storage capacity of the pervious land segment
UZSN Upper zone nominal storage of the pervious land segment
LZSN Lower zone nominal storage of the pervious land segment
LZET Lower zone evapo-transpiration demand of the pervious land segment
INTERFLW Interflow inflow parameter of the pervious land segment
RETSC Retention storage capacity of the impervious land segment

Monthly variations in CEPSC, UZSN, INTERFLW, LZET and RETSC were introduced in the model
during calibration based on reasonable seasonal estimates, since significant seasonal variations have been
observed in the performance of the garden in 2003.

Results

The ssimulated flow volumes from the control roof and the garden are compared to the observed volumes
for the calibration period of April — December 2003 in Table 3.
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TABLE 3: COMPARISON OF OBSERVED AND SIMULATED FLOW VOLUMES

Month Pre(é'rﬁlr:gtlon Garden Volumes Control Volumes (L)
. Observed| Simulated | . : Observed | Smulated | .
setell Runoff Runoff DU IRl Runoff Runoff DU
(L) (%) | (L) (%)
(L) (L) (L) (L)

May-03 123.6 29788 | 12113 12700 5 16192 17470 15940 -9
Jun-03 88.4 21304 2967 3630 22 | 11580 12224 11460 -6
Jul-03 44.0 10604 1351 1270 -6 5764 5292 5670 7
26-Aug-03 63.6 15328 3419 3610 6 8332 8442 8280 -2
23-Sep-03 72.6 17497 7194 7300 1 9511 5864 5730 -2
Oct-03 59.9 14436 8850 6620 -25 | 7847 7626 7660 0
Nov-03 149.8 36102 | 18354 19870 8 19624 17848 19430 9
Dec-03 59.0 14219 9060 9080 0 7729 11873 7420 -38

As evident from the results, good agreement between the observed and simulated volumes is obtained for
the control roof for May — November 2003. Further adjustment for December 2003 was not attempted,
since the observed runoff for the month appears to be approximately 1.5 times the rainfall volume, which
isnot redistic. The simulated volume is approximately 96% of the rainfall volume, which isamore
reasonable estimate.

Observed and simulated hydrographs for selected storm events for the control roof are compared in
Figures 2-8. The simulated hydrographs for al of the storm events peak approximately 15-30 minutes
later than the observed hydrographs. However, further adjustments were not attempted since the
simulated hydrographs follow the rainfall peaks (see Figures 2-8).

For the roof garden, good agreement is obtained between the observed and ssmulated flow for the months
of May, July — August 2003, November — December 2003. It was not possible to obtain a better
agreement between the flow volumes for June and October 2003 using expected seasonal values for the
storage parameters and LZET. The difference observed between the flow volumesin October may be
due to the monitored garden reaching its saturation level faster than the modelled garden from irrigation
activities, and consequently yielding more runoff than the modelled garden in fall.

Observed and smulated flow hydrographs for selected storm events for the control roof are compared in
Figures 9-15. Monthly flow duration curves are compared in Figures 16 - 23. As evident from the
figures, the observed and ssimulated hydrographs show similar response to the events and have smilar
timings. However, the smulated flows show significantly higher peaks for the eventsin June, August, and
September. Further calibration was not attempted for August and September since the flow volumes for
these months show good agreement. As stated earlier, a better calibration for June is not possible using
reasonable values of the storage parameters and LZET. The observed and simulated flow duration curves
agree reasonably well, although the curves derived from the observed flows generaly have a steeper
dlope than the simulated curves, again suggesting that the soils of the monitored garden reach their
saturation level faster than the modelled garden.

The calibrated model was then used to ssimulate the average year (1991) used for model simulationsin the
Toronto Wet Weather Flow Study. The flow series generated from this simulation can be obtained from
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Figure 9:
Roof Garden - May 16/17 2003
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Figure 10:
Roof Garden - June 8/9 2003
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Figure 11:
Roof Garden - August 2 2003
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Figure 12:
Roof Garden - September 27 2003
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Figure 13: -
Roof Garden - October 26 2003
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Figure 14:
Roof Garden - November 2 2003
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Figure 15:
Roof Garden - December 10 2003
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Figure 2:
Control Roof - May 16/17 2003
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Figure 3:
Control Roof - June 8/9 2003
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Figure 4.
Control Roof - August 2 2003
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Figure 5:
Control Roof - September 27 2003
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Figure 7:
Control Roof - November 2 2003
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Figure 8:
Control Roof - December 10 2003 _
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Figure 16:
Flow Duration Curves - May 2003
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Figure 17:
Flow Duration Curves - June 2003

Roof Garden
100
----- Observed
—— Simulated
10
1 \
0.1 AN
1.00 10.00 100.00

Flow (L/min)




Time Exceeded (%)

Figure 19:
Flow Duration Curves - August 2003
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Figure 20:

Flow Duration Curves - September 2003
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Figure 21:
Flow Duration Curves - October 2003
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Figure 22:
Flow Duration Curves - November 2003

Simulated

Roof Garden
100
10
N
.
1
N
AN
\ LY
0.1 \ 3
1.00

10.00
Flow (L/min)

100.00




Time Exceeded (%)

' Figure 23:
Flow Duration Curves - December 2003
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the *.wdm resultsfile in the CD enclosed with this memorandum. A summary of al filesin the enclosed
CD isincluded in Appendix A.

WATER QUALITY

Water quality parameters were monitored for ten storm eventsin 2003. The events on September 15, 22,
27, and October 14 and 18 had sufficiently large volumes to be divided into discrete samples for the
monitoring of the water quality parameters. Since the flow data for September 27, October 14 and 18 are
also available, the average concentrations for the events were calculated using flow proportioning based
on the time of collection of each of the discrete samples. Flow datafor the events on September 15 and
22 are not available. Hence, the concentrations of the water quality parameters for these events were
calculated as ssimple averages. The events on September 19, and November 2, 3, 12 and 17 were not
sufficiently large to be divided into discrete samples. Hence, the concentrations of the composite samples
collected during these events represent the average concentrations of the quality constituents for these
events. The EMC’sfor selected water quality parameters calculated based on the average concentrations
for these ten individual events for the control roof and the garden are summarized below in Table 4.
Please note that the parameters selected here are the same as those selected for the City of Toronto Wet
Weather Flow Master Plan.

TABLE 4EMC'SFOR SELECTED WATER QUALITY PARAMETERS

PARAMETER UNITS EMC’s Gl et
from Garden
Control Garden
TSS mg/L 7.23 2.65 63
Nitrate/Nitrite mg/L 0.53 0.11 79
Total Phosphorus mg/L 0.09 0.63 -600
TKN mg/L 0.65 1.48 -128
Copper ug/L 103.28 29.69 71
Lead ug/L 5.46 5.33 2
Zinc ug/L 11.43 9.07 21
Benzo(g,h,i) perylene ng/L 76.79 20.07 74
E-Coli ng/L 440.28 5350.47 -1115

As evident from the EMC’' s summarized in Table 4 and noted in the Monitoring Report that the garden
effluent concentrations are significantly higher for a number of the water quality constituents including
total phosphorus, TKN and E-coli. The garden is also not very effective in reducing concentrations of
lead, zinc, although significant reductions are achieved for TSS, nitrate/nitrite, copper and benzo (g,h,i)

perylene.
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SUMMARY OF DIGITAL FILES

Technical Memo.doc;

Groof27.uci — HSPF User’s Control Input file used for calibration;

Grooff.uci — HSPF User’s Control Input file used for Wet Weather Flow average year
simulation; _

Grmet.wdm — HSPF WDM file containing the meteorological data used for calibration
Groof.wdm — HSPF WDM results file. The following flow series are contained in the file:
2001 — Control roof URF flows for calibration year 2003

2002 — Control roof flows from actual area used for calibration (using 2003 data)

2003 — Roof garden URF flows for calibration year 2003

2004 — Roof garden flows from actual area used for calibration (using 2003 data)

2011 — Control roof URF flows from Wet Weather Flow average year (1991) simulation
2013 — Roof garden URF flows from Wet Weather Flow average year (1991) simulation
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To: Glenn MacMillan Date: December 10, 2004
Sameer Dhalla
From: Dave Maunder Project No: 64351

Subject: Technical Memorandum on HSP-F
Modelling of Green Roofs —
Markham Branch of Highland Creek

BACKGROUND

The Toronto and Region Conservation Authority retained Marshall Macklin Monaghan Ltd to
develop a HSP-F (Hydrologic Simulation Program — FORTRAN) Unit Response Function (URF) model
representing a “green roof”, i.e., a rooftop garden, based on the York University green roof monitoring
undertaken by the TRCA in 2003-2004. The objective of this ongoing monitoring program is to assess
the effectiveness of green roofs in providing stormwater controls in urban areas.

Aquafor Beech Limited was then subsequently retained by TRCA to determine the effectiveness
of implementing Green Roof Technologies within the Markham Branch of Highland Creek (see figure
1). The Markham Branch was selected as this watershed has a relatively large percentage of sites where
green roof technologies may be implemented.

PROJECT APPROACH

The project approach is outlined below.

The initial step involved collection of background information which included the HSP-F model
developed by Aquafor Beech Limited as part of the WWFMMP. The Technical Memorandum as
prepared by MMM was also provided.

The Technical Memorandum provided, among other things, the Event Mean Concentrations (EMCs) for
nine water quality parameters. The EMC’s are summarized in Table 1 and are the same as those selected
for the WWFMMP. Three concentrations are provided for each parameter; these being the EMC as used
in the WWFMMP, the EMC for the control roof and the EMC for the roof garden. The EMC as used in
the WWFMMP represents the average concentration of runoff from an industrial site (i.e.: the
concentration from a combination of grassed areas, parking lots, roads and roof areas). The EMC for the
control area is assumed to represent ambient air quality while the EMC for the roof garden represents the
effluent concentration after being treated by the roof garden.

Also provided in the Technical Memorandum was the Unit Response Function for the control roof (the
typical case where green roofs have not been implemented) and for the green roof.

The next step involved selecting representative sites in order to determine the percentage of roof area vs.
total site area. Eight sites were selected. The results are summarized in Table 2. The findings show that
for industrial sites the roof area is approximately 42 percent of the site area while for condominium sites
the values is approximately 10 percent.

Head Office: Branch Office:
8177 Torbram Road, Brampton, Ontario, L6T 5C5 920 Princess Street, Kingston, Ontario, K7L 1H1
Tel: 905-790-3885 = Fax: 905-790-4090 Tel: 613-542-1312 = Fax: 613-542-6292 www.aguaforbeech.com
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Table 1. EMC's for selected water quality parameters

P ¢ Unit EMCs

arameter 'S [WWFEMMP (Control Roof [Green Roof
TSS mg/L 467 7.23 2.65
Nitrate/Nitrite mg/L 1.16 0.53 0.11
Total Phosphours mg/L 0.5 0.09 0.63
TKN mg/L 1.06 0.65 1.48
Copper ug/L 27 103.28 29.69
Lead ug/L 16 5.46 5.33
Zinc ug/L 242 11.43 9.07
Benzo(g,h,l)perylene ng/L 239 76.79 20.07
E-coil #/100L 1138 440.28 5350.47




Table 2: % of Roof top area for representative 8 sites

Landuse Lot size (m2)! Roof top (m2) % Roof top
Industrial 1 84522 22043 26%
Industrial 2 35548 13071 37%
Industrial 3 39595 17759 45%
Industrial 4 23394 8370 36%
Industrial 5 25039 11168 45%
Industrial 6 30711 18729 61%
Average 42%
Apartment 1 16645 1810 11%
Apartment 2 16709 1450 9%
Average 10%
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The existing database was then assessed to define, based on the URFs provided in the WWFMMP, the
percentage of land uses where flat roofs could be implemented. This data is summarized on a
subwatershed basis in Table 3.

Once the above was complete the HSPF model was run for a number of different scenarios for a typical
year (1991). The objective was to assess the hydrologic benefit assuming 25,50 and 100 percent
implementation of the green roof technology for suitable land uses.

Prior to running the model a couple of adjustments had to be made. The percent roof area that was
assumed in the WWFMMP study for the representative land uses was changed to reflect the values
shown in Table 2. Furthermore, for a given roof area it was assumed that only 75 percent of the area
would be available for implementing the green roof technology.

INITIAL FINDINGS

The initial findings assuming 100, 50 and 25 percent implementation are shown on the
accompanying figures and tables and are summarized below.

Figure 2 shows the monthly and annual runoff volumes at the mouth of the Markham Branch. On an
annual basis the flow volume reduces from 10,200,000 m* without green roofs to 9,570,000 m* with
green roofs assuming 100 percent implementation. This represents approximately a 4 percent reduction
in runoff volume.

Figure 3 illustrates the hydrograph at the mouth of the Markham Branch for the year 1991. Table 4
summarizes the date, precipitation volume and peak flows (with and without implementation of the
green roof technology) for the six largest events. The results show peak flow reductions of
approximately 20%, 12% and 6% for 100%, 50% and 25% implementation of green roof technology
respectively.

Only a general assessment of the benefit of implementing green roofs on water quality conditions was
carried out for the following reasons.

. The data, as shown in Table 1, shows mixed results if green roof technologies are
implemented. While significant reductions in some parameters do occur; for four
of the nine parameters there is no change or an increase in concentrations.

. Comparison of the EMC values shown in Table 1 shows that the EMC’s for the
entire site significantly exceed those for the control roof (which represents
ambient air water quality) and the effluent conditions for the green roof for many
parameters. Therefore, even if significant reductions in concentrations did occur
as a result of implementing the green roof technology there would be nominal
improvement in the water quality levels within the receiving watercourses.



Table 3: Flat Roof area simulated in Markham Branch HSP-F model

Catchment Subcatchment | Landuse with WWEF -
area Flat Roof Flat Roof area

300 429.6 193.7 57.2
301 369.5 180.8 54.3
302 308.5 147.2 45.6
303 280.2 91.6 31
304 367.7 88.3 19.4
305 151.9 8.9 0.9
306 217 8.7 0.8

Total 2124.4 719.2 209.2




Figure 2: Annual and Monthly runoff volume
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Figure 3 - Annual Hydrograph - Mouth of Markham Branch - 1992
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Table 4: Summary of Precipitation volume and Peak Flow Rates at the Mouth of Highland Creek

Date Precipitation Peak Flow Peak Flow % Peak Flow % Peak Flow %
Volume No Green Roof 100% Implementation Reduction 50% Implementation Reduction 25% Implementation Reduction
(mm) (m3/sec) (m3/sec) (m3/sec) (m3/sec)
April 11-12, 1992 25.10 15.50 12.25 21% 13.75 11% 14.50 6%
April 16-17, 1992 45.70 36.67 35.83 2% 36.11 2% 36.39 1%
May 2-3, 1992 27.90 20.50 17.36 15% 18.75 9% 19.47 5%
July 16-17, 1992 24.80 19.28 15.58 19% 16.00 17% 18.08 6%
September 18-19,1992 27.70 31.67 24.13 24% 27.50 13% 29.17 8%
September 21-22,1992 24.20 27.53 21.56 22% 24.25 12% 25.61 7%
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Hourly Flow Rate (m3/sec)
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Hourly Flow Rate (m3/sec)

Event Hydrograph #3 - May 2,1992 to May 3,1992 at mouth of Highland Creek
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Hourly Flow Rate (m3/sec)

Event Hydrograph #4 - July 18,1992 to July 19,1992 at mouth of Highland Creek
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Hourly Flow Rate (m3/sec)

Event Hydrograph #5 - September 18,1992 to September 19,1992 at mouth of Highland Creek
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Hourly Flow Rate (m3/sec)

Event Hydrograph #6 - September 22,1992 to September 23,1992 at mouth of Highland Creek
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APPENDIX C

WATER QUALITY RESULTS FOR SUBCATCHMENTS
AND
GREEN ROOF EMCs CACULATIONS



Changein Loadings and Concentrations at the mouth of five different subwatershed in Highland Creek
asa Result of 100 percent Implementation of Green Roofsfor Suitable Land Uses

Subwater shed - Dor set Park Branch

Parameter L oading Per cent Concentrations Per cent
Baseline 100% implemention | Difference Baseline 100% implemention | Difference
kg kg mg/L mg/L
Total Suspended Solid 2207910 2036210 -8% 330.13 321.63 -3%
kg kg mg/L mg/L
Nitrate/Nitrite 8357 7753 -8% 1.25 1.22 -2%
kg kg mg/L mg/L
Total Phosphorus 2075.9 2396 13% 0.31 0.38 18%
kg kg mg/L mg/L
Total Kjedahl Nitrogen 7408.9 7975.5 7% 111 1.26 12%
kg kg mg/L mg/L
Lead 333.3 313.6 -6% 0.05 0.05 0%
kg kg mg/L mg/L
Zinc 834.8 741.1 -13% 0.12 0.12 0%
g g ug/L ug/L
Benzo(g,h,l)perylene 805.2 9234 13% 0.14 0.13 -8%
10M1# 10M1# #/100ml #/100ml
E-coli 8388.2 8371.3 0% 125.42 132.23 5%
Subwater shed - Bendale Branch
Parameter L oading Per cent Concentrations Per cent
Baseline 100% implemention | Difference Baseline 100% implemention | Difference
kg kg mg/L mg/L
Total Suspended Solid 3744440 3557700 -5% 311.31 305.99 -2%
kg kg mg/L mg/L
Nitrate/Nitrite 15702 15106 -4% 131 13 -1%
kg kg mg/L mg/L
Total Phosphorus 3444.9 3814.7 10% 0.29 0.33 12%
kg kg mg/L mg/L
Total Kjedahl Nitrogen 14162 14794 4% 1.18 1.27 7%
kg kg mg/L mg/L
Lead 578.3 558.3 -4% 0.05 0.05 0%
kg kg mg/L mg/L
Zinc 1226.7 1150.7 -7% 0.1 0.1 0%
g g ug/L ug/L
Benzo(g,h,l)perylene 1466.5 1348.6 -9% 0.12 0.12 0%
10M1# 10M1# #/100ml #/100ml
E-coli 18437 18445.6 0% 153.36 158.57 3%
Subwater shed - Markham Branch
Parameter L oading Per cent Concentrations Per cent
Baseline 100% implemention | Difference Baseline 100% implemention | Difference
kg kg mg/L mg/L
Total Suspended Solid 3255160 3058760 -6% 314.93 309.97 -2%
kg kg mg/L mg/L
Nitrate/Nitrite 12739 12070 -6% 1.23 1.22 -1%
kg kg mg/L mg/L
Total Phosphorus 2974.8 3444.9 14% 0.29 0.35 17%
kg kg mg/L mg/L
Total Kjedahl Nitrogen 11285 12193 7% 1.09 1.24 12%
kg kg mg/L mg/L
Lead 492 470.2 -5% 0.05 0.05 0%
kg kg mg/L mg/L
Zinc 1171.6 1096.8 -7% 0.11 0.11 0%
g g ug/L ug/L
Benzo(g,h,l)perylene 1300.9 1156.7 -12% 0.13 0.12 -8%
10M1# 10M1# #/100ml #/100ml
E-coli 12746.3 12727.2 0% 123.13 129.17 5%




Changein Loadings and Concentrations at the mouth of five different subwatershed in Highland Creek
asa Result of 100 percent Implementation of Green Roofsfor Suitable Land Uses

Subwater shed - Malven Branch

Parameter L oading Per cent Concentrations Per cent
Baseline 100% implemention | Difference Baseline 100% implemention | Difference
kg kg mg/L mg/L
Total Suspended Solid 2375790 2173360 -9% 333.73 328.3 -2%
kg kg mg/L mg/L
Nitrate/Nitrite 8455 7658 -10% 1.19 1.16 -3%
kg kg mg/L mg/L
Total Phosphorus 27385 2295.7 -19% 0.32 0.41 22%
kg kg mg/L mg/L
Total Kjedahl Nitrogen 7350.1 8204.8 10% 1.03 1.24 17%
kg kg mg/L mg/L
Lead 348.9 325.2 -7% 0.05 0.05 0%
kg kg mg/L mg/L
Zinc 1017.4 912.3 -12% 0.14 0.14 0%
g g ug/L ug/L
Benzo(g,h,l)perylene 1042.4 870.6 -20% 0.15 0.13 -15%
10M1# 10M1# #/100m #/100ml
E-coli 5777.6 5772.5 0% 81.09 87.27 7%
Subwater shed - Centenial Branch
Parameter L oading Per cent Concentrations Per cent
Baseline 100% implemention | Difference Baseline 100% implemention | Difference
kg kg mg/L mg/L
Total Suspended Solid 503970 494510 -2% 218.06 215.86 -1%
kg kg mg/L mg/L
Nitrate/Nitrite 8455 7658 -10% 1.19 1.16 -3%
kg kg mg/L mg/L
Total Phosphorus 385.2 403.3 4% 0.17 0.18 6%
kg kg mg/L mg/L
Total Kjedahl Nitrogen 2277 2327.2 2% 0.99 1.02 3%
kg kg mg/L mg/L
Lead 71.1 70.9 0% 0.03 0.03 0%
kg kg mg/L mg/L
Zinc 117.9 116.8 -1% 0.05 0.05 0%
s} s} ug/L ug/L
Benzo(g,h,l)perylene 139.9 142.8 2% 0.06 0.06 0%
10M1# 10M1# #/100ml #/100ml
E-coli 60278.5 60270 0% 116.44 117.84 1%




Examples of Green Roof EM Cs Caculation for Industrial landuses

Equation

Since

EM CWWFMMP =EM CNon—Roof Area * (1'% of Roof Area) +EM CControl Roof Area * % of Roof Area

Therefore, by subituted the EM C:control Roof Area by EM CGreen Roof Area
the EM Cyywimmp-creen Roof COUID be cacul ated

EM CWWFMMP-Green Roof = EM CNon-Roof Area * (1'% Of Roof Area) +EM CGreen Roof Area *

% of Roof

Example, The EM Cywiemmp-creen roof OF TOtal Suspended Solid for Industraial Landuse

1 st Step - Determine EM Cyyon-roof Area

EM CWWFMMP =EM CNon-Roof Area * (1'% of Roof Area) +EM CControl Roof Area * % of Roof Area

467MY/L = EM Chyonroof area* (L - 42%) + 6.2 mg/L * 42%

EM Chyon-roof area = { 467M/L - (6.2mg/L * 42%)}/ (1-42%) = 800.6mg/L

2 nd Step - Determint EM Cypwemmp-reen Roof Area DY Subituted the EM Ce;een-roof Area iNtO the Equation

EM CWWFMMP-Green Roof — EM CNon—Roof Area * (1'% Of ROOf Area) +EM CGreen Roof Area *

Area

EM Covwenp-Green roof = 800.6mg/L * (1 - 42%) + 2.2mg/L * 42% = 465.3mg/L

% of Roof

Resutls
EM CWWFM MP EM CControl Roof EM CGreen Roof EM CNon-Roof Area EM CWWFM M P-Green Roof

TSS 467 6.3 2.2 800.6103448
Nox 1.16 0.52 0.12 1.623448276
TP 0.5 0.078 0.577 0.805586207
TKN 1.06 0.711 161 1.312724138
Cu 27 1111 42.9 -33.9

Pb 16 38 4.8 24.83448276
Zn 242 10.8 8.2 409.4206897
Ben 239 68.4 11.8 362.537931
E.coli 1138 549 661 1564.517241

465.278
0.992
0.70958
1.43758
-1.644
16.42
240.908
215.228
1185.04




