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EOREWORD

This report was prepared by Robert Pitt and Gartner Lee Associates
Limited (GLAL) as part of their contract with the Ontario Ministry
of the Environment (MOE) to conduct the Humber River Pilot
Watershed Study. The Humber River Pilot Watershed Study is part of
the Toronto Area Watershed Management Study (TAWMS). This Pilot
Watershed Report also includes selected summaries of the results of
several related studies conducted for the MOE by the same study
team. Previous reports prepared and submitted to the MOE documented
the modelling procedures used, the land use characteristics for the
study area, and the performance of the candidate control measures.
These reports included:

"particulate Accumulation and Washoff Relationships"”
by Robert Pitt, June 15, 1984.

"Summary of Toronto Area Rainfall Analyses" by Robert
Pitt, June 24, 1984.

"Humber River Pilot Watershed Project, Draft Report"
by Robert Pitt and Jamie McLean, November 16, 1984.

“"Urban Runoff Controls Manual of Practice -
for use with Toronto/SLAMM" by Robert Pitt,
April 19865.

"Toronto / Source Loading and Management Model -
Operations Manual”" by Robert Pitt, June 7, 1985.

"land Use Characteristics for the Humber River
Study Area" by Robert Pitt in conjunction with
Gartner Lee Associates Ltd., September 1985.

"Toronto / Source Loading and Management Model -
Supplement to Operations Manual" by Robert Pitt,
October 7, 1985.

"Toronto / Source Loading and Management Model -
Sensitivity Analysis”" by Robert Pitt, October 13, 1985.

This final Pilot Watershed Study Report therefore relies on many

related efforts. It does not completely summarize these previously
submitted reports. Instead, the interested reader is referred to
the reports listed above for more detailed information.
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ABSTRACT

The Humber River Pilot Watershed Project was part of the Toronto
Watershed Management Study (TAWMS). The objectives of this Pilot
Watershed Project were to:

1) obtain significant outfall characterization data for
stormwater from a variety of land uses in the urban
Humber River catchment,

2) determine the important land surface sources for a
variety of pollutants for each of the land uses studied,
and

3) identify potential stormwater controls that would be

applicable for each land use studied for Toronto
conditions.

4) The scope of the project was later expanded to examine
snowmelt runoff as a potential pollutant source.

The project involved intensive monitoring in two test areas. These
were known as Emery, an industrial catchment of approximately 154
ha, and Thistledown, a mixed residential! and commercial catchment
of approximately 39 ha. Warm weather stormwater runoff quality was
monitored for a total! of approximately 60 storm events between May
and November, 1983. Monitoring included automatic water quality
sampling and continuous flow measurements. Baseflow samples were
obtained on an approximately weekly basis in the industrial
catchment and approximately every two weeks in the residential /
commercial catchment. Many water quality constituents were analysed
for all of the events, including common residue (solid), nutrient,
heavy metal, and bacteria pollutants. Selected samples were also
analysed for major ions, dissolved metals, pesticides and phenols,

and organic "priority" polilutants.

Approximately 70 warm weather sheetflow samples were obtained from
many source areas (e.g. roofs, landscaped areas, paved and unpaved
parking and storage areas, driveways, walkways, streets, and
gutters) during three storms. These sheetflow samples were
supplemented with dry particulate samples obtained from the same
source areas. The particulate samples were analysed for the major
pollutants as a function of particle size.

A series of special paved area washoff tests were conducted to
determine the relationships between the dry particulates found on
the paved areas, the sheetflow runoff quality, and the outfall
stormwater runoff quality.

Special street dirt accumulation measurements were made for a one
month interval on an industrial street and on a residential street.
The street dirt loadings were observed every few days, including

Xii



immediately before and after a series of initial intensive street
cleanings and periodic rain events.

An expansion of the scope of the Pilot Watershed Project to include
snowmelt runoff was added later. The same two study areas were
monitored between January and March, 1984. A total of 33 snowmelt
events and 14 periods of cold weather baseflow were monitored for
water quality with continuous flow monitoring. The same water
quality constituents that were analysed during warm weather samples
were also generally analysed during cold weather periods.
Approximately 100 snowmelt sheetflow samples were also obtained
from the same general locations as the warm weather sheetflow

samples.

These source area and washoff test results were later used (along
with information obtained from earlier urban runoff studies) in
another related study for the Ontario Ministry of the Environment
to prepare the Toronto / Source Loading and Management Model

(Toronto/SLAMM) .

This final report supersedes the draft pilot watershed report
submitted to the MOE in November, 1984. |t also includes
appropriate summaries of several interim technical reports
submitted as part of the project with the MOE to develop and use

Toronto/SLAMM.

Xiii



Recent Ministry of the Environment (MOE) studies of the water
quality in the Humber River and along the Lake Ontario waterfront
within the Regional Municipality of Metropolitan Toronto (Metro)
have shown that the impact of the urban tributary watersheds on
Lake Ontario nearshore water is substantial.

The Toronto Area Watershed Management Study (TAWMS) was initiated
in 1981 to develop a management strategy for pollution control
within the tributary watersheds and along the lakeshore. TAWMS is a
cooperative multidisciplinary study supported by the Ministry of
the Environment, metropolitan and municipal governments, and the
Metropolitan Toronto and Region Conservation Authority (MTRCA).

This Pilot Watershed Project was designed to investigate the
sources of contamination in storm water originating within the
urban landscape. The identification of source areas contributing
potential problem pollutants and flows of storm water was addressed
in detail during this project. The information collected during
this Project specifically addresses three topics that are required
for the design of an urban runoff program. The first topic concerns
the documentation of existing or potential urban runoff problems.
The second topic describes the sources of the problem pollutants.
The third topic identifies potential control measures that can be
used to reduce discharges of probiem pollutants.

Two pilot watersheds were selected for study; one in the industrial
Emery Creek neighbourhood and the other in the predominantly
residential neighbourhood of Thistliedown. The locations of these
catchments are shown on the Key and Site Maps of Figures 1.1

through 1.5.

The study consisted of a series of data gathering activities
designed to investigate the several washoff/runoff subsystems that
can be aggregated together into the hydraulic system of storm water
drainage in an urban watershed.

Dry weather source area particle sampling was conducted to quantify
the potential contaminant load available from the many land
surfaces or source areas within the urban watershed. A large number
of land surfaces were sampled to quantify the quality and magnitude
of source area pollutants available for washoff, and thus, possible
control. These surfaces included different pavement surfaces with a
variety of textures and conditions.

The rate at which dirt particles accumulate on a street surface
affects the load of contaminants in runoff from this source, and
was monitored. The effects of mechanical street cleaning on street
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dirt accumulation rates were also monitored in residential and
industrial Jand uses.

Washoff tests, using artificial rain making equipment, were used to
identify and quantify the factors that govern the physical
mechanisms of the washoff of street dirt from impervious (paved)
surfaces. The mathematical expression of washoff is critical for
the accurate simulation of urban runoff quality.

Sheetflow water samples were collected from many source areas
during runoff events and during periods of snowmelt to verify the

importance of these sources.

The distribution of contaminants in roadside snow accumulations was
also investigated to estimate the extent of snow contamination
related to traffic in urban snow packs.

Water quality and flow rates were monitored at the outfal | during
many storm events, snowmelt events and periods of baseflow as the
final link in the hydraulic system of the two test catchments.

Hydrographs of urban runoff from storm water, snowmelt and
baseflow, and rain hyetographs were analysed in conjunction with
the water quality data to determine overall loads of selected
contaminants to the receiving waters.

1.2 REPORT STRUCTURE

This report is divided into seven sections. Each section has a
selection of tables and figures to illustrate the text. The larger
and / or more detailed tables and figures have been aggregated into

seven technical appendices, in a separate volume.

Section 1 contains an Introduction to the project with the
background to the approach taken by the study team.
Included in this section is a Summary of the results of
the study. The methodology of the study is described
separately in Appendix A.

Section 2 contains the Conclusions and Recommendations that have
been drawn from the study.

Section 3 contains site descriptions of the two watersheds that
were studied. The details of the characteristics of the

individual watersheds are given in Appendix B.

Section 4 describes the analysis of the precipitation and runoff
data for this project. Included is a description of the
statistical development of a hydraulic model to
characterise the response of the watersheds to
precipitation.

Precipitation is a very important independent variable
that is of paramount importance to a water quality study.
During this Project the study team undertook an



exhaustive characterization of the precipitation in the

Toronto area. The description of the rainfall variation
over Toronto and its effect on the raingauge calibration
is8 given in Appendix C. The details of the rainfal!l and

runoff flow data is given in Appendix D.

The results of the hydraulic aspects of the washoff tests
using artificial rain are described in this section.

Section 5 contains the description of the quality of the runoff
sampled during the study. Included are the
characterization of both baseflow and stormwater, during
both cold and warm weather and sheetflow from both
snowmelt and rain events in both watersheds. the results
are described in terms of concentrations of water quality
constituents and yields. A comparison to Ontario
Provincial Water Quality Objectives is given.

The detailed data to support this section are contained
in Appendix E.

Section 6 describes the areas within different fanduses that are
sources of a range of water pollutants. Included is
further discussions of the sheetflow quality, the quality
of dry particulates within the watershed and the
"quality" aspects of the washoff tests.

The detailed data to support this section is contained in
Appendix F.

Section 7 describes some of the potential options that could be
applied to the watersheds to control the contamination of
storm water. Included are the results of the street
cieaning tests. The effects and the relative costs of the
options are briefly described.

This section is supported by Appendix G.
Section 8 contains the references used in this Report.

1.3 BACKGROUND

The underlying structure of this Project has been based on the
three topics of:

1) problem poliutants,
2) sources of problem pollutants, and
3) controls on urban runoff.

The problem pollutant identification process was briefly addressed
during this current project, but was examined in more detail by
other TAWMS projects. Problems with pollutants must be well



described. Which pollutants (or flows) are creating, or have the
potential to create interferences with established or desired
beneficial uses? Where do these problems occur and during what

conditions?

Urban runoff includes warm and cold weather dry weather baseflows,
stormwater runoff, and snowmelt. Warm and cold weather sheetflows
from the source areas defined the runoff conditions. The data were
analysed to identify trends with time, rain characteristics, and
land use. The concentrations observed were compared with Ontario
Provincial Surface Water Objectives to determine if the urban
runoff may contribute to viotations of the objectives in the
receiving waters. Pollutant l1oadings were aiso calculated to aid in
assessing the relative significance of different pollutants.

The identification of source areas contributing potential problem
pollutants and flows of storm water was addressed in detail during

this project.

A thorough discussion of alternative urban runoff controls was
presented in the "Manual of Practice" prepared as part of this
project and the project to develop the Toronto / Source Loading and
Management Model (Toronto / SLAMM). The results of these other
projects are partially summarized in this report.

The analysis of the data was undertaken with the objective of
characterizing the quality of the runoff from the several source
areas within urban watersheds. |t was designed to highlight the
significant variables in the flow system. The outcome of the
analysis is a qualitative description of where the current problems
lie within the two Pilot Watersheds and the quantification of the
yield in terms of the significant hydraulic and contaminant

variables.

The use of mathematical expressions for the yield has allowed the
outcome to be statistically tested against the original field data.
The equations derived from these analyses can be used with other
related projects and the development of a computerized model to
simulate the quality of storm water flowing from urban watersheds.
The model based on this Pilot Watershed Project is the Toronto /
Source Loading and Management Model (Toronto / SLAMM), currently in
preparation.

1.4 TERMINOLOGY

Some of the technical expressions useéin this report have a variety
of synonyms, also used occasionally. This subsection is written to
clarify the extent to which some of the terms can be used as
generic descriptors.

The words "watershed", "catchment", and "sewershed” are considered
to be synonymous, with similar scales of magnitude within this
report. A "drainage basin" is used in a similar sense to the words

listed above, but on a larger scale.



The expressions "total residue", "particulate recsidue" and
"filtrate residue" are defined by the laboratory procedures used,
and replace the older terms "total solids", "suspended solids" and
"dissolved solids", respectively.

Generally, metric units are used. However, readers are cautioned
that some of the figures have been quoted from American
publications and, consequently, may have imperial units.

1.5 SUMMARY

The information colliected during this Pilot Watershed Project
specifically addresses three topics that are required for the
characterization of stormwater quality and the design of an urban
runoff quality programme. The first topic concerns the
documentation of existing or potential urban runoff quality problem
poltutants. The second topic describes the sources of the problem
pollutants. The third topic identifies potential control measures
that can reduce discharges of problem pollutants.

1.5.1 PROBLEM POLLUTANTS

Table 1.1 shows median concentrations of some of the pollutants
monitored in the Thistledown (mixed residential and commercial
catchment) and Emery (industrial) baseflow discharges, stormwater
runoff and snowmelt. The baseflows had surprisingly high
concentrations of several pollutants, e.g. filtrate residue and
fecal coliforms from the residentiai catchment. The concentrations
of some constituents in the stormwater from the industrial
watershed were typically much greater than the concentrations of
the same constituents in the residential stormwater. The industrial
warm weather baseflows were also much cltoser in quality to the
industrial stormwater quality than the residential baseflows were
to the residential stormwater quality. The data collected for
pesticides and PCBs indicate that the industrial stormwater and
baseflows typically contained much greater concentrations of these
pollutants than the residential waters. Similarly, the more
commonly analysed heavy metals were also more prevalent in the
industrial stormwater. Herbicides were only detected in residential

urban runoff.

During cold weather, the increases in filtrate residue were quite
apparent for both study catchments and for both baseflows and
snowmelt. These increases were probably caused by high chlorides
from road salt applications. In contrast, bacteria populations were
noticeably lower in all outfall discharges during cold weather. Few
changes were noted in concentrations of nutrients and heavy metals
at the outfall, between cold and warm weather periods.

Table 1.2 compares the observed urban runoff quality with

the Ontario Provincial Surface Water Quality Objectives. This table
shows the Objectives, and summaries of the observed data. The
number of samples analysed for each water quality constituent is
given for each sampling site and "type" of urban runoff. A weighted



Table 1.1 MEDIAN CONCENTRATIONS OBSERVED (mg/L) FOR SEVERAL CONSTITUENTS
MONTTORED
Warm Weather Warm Weather
Baseflow Stormwater

Constituent Residential | Industrial Residential | Industrial
Total Residue 979 554 256 371
Filterable Residue 973 454 230 208
Particulate Residue {5 43 22 117
Total Phosphorus 0.09 0.73 0.28 0.75
Total Kjeldahl N 0.9 2.4 2.5 2.0
Phenolics (ug/L) £1.5 2.0 1.2 5.1
CoD ' 22 108 55 106
Fecal Coliforms (#/100mL) 33,000 7,000 40,000 49,000
Fecal Strep (#/100mL) 2,300 8,800 20,000 39,000
Chromium <0.06 0.42 <0.06 0.32
Copper 0.02 0.045 0.03 0.06
Lead <0.04 £0.04 <0.06 0.08
Zinc 0.04 0.18 0.06 0.19

Cold Weather Cold Weather

Baseflow Meltine Periods

Constituent Residential 1Industrial Residential Industrial
Total Residue 2,230 1,080 1,580 1,340
Filterable Residue 2,210 1,020 1,530 1,240
Particulate Residue 21 50 30 95
Total Phosphorus 0.18 0.34 0.23 0.50
Total Kjeldahl N 1.4 2.0 1.7 2.5
Phenolics (ug/L) 2.0 7.3 2.5 15.0
CcoD 48 68 40 94
Fecal Coliforms (#/100mL) 9,800 400 2,320 300
Fecal Strep (#/100mL) 1,400 2,400 1,900 2,500
Chromium ) £0.01 0.24 <0.01 0.35
Copper 0.015 0.04 0.04 0.07
Lead £0.06 <0.04 0.09 0.08
Zinc 0.065 0.15 0.12 0.31
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annual condition (by period of occurrence) is included on this
table. A total of ten to 92 analyses were conducted for each of the
listed constituents in the runoff waters from each pilot watershed.
Few cold weather baseflow and snowmelt samples, and few residential
baseflow samples, were analysed for pesticides and PCBs in either
study area. However, the relatively frequent occurrence of high
concentrations of PCBs in the stormwater and snowmelt from the
industrial watershed should be cause for future studies.

Fecal coliforms always exceeded the objective in warm and cold
weather baseflows and stormwater from both watersheds. Fecal
coliform counts in the snowmelt from the industrial watershed
exceeded the objective approximately 70 percent of the time.
Phenolics, zinc, chromium, and copper concentrations nearly always
exceeded the objectives in the warm and cold weather baseflows,
stormwater and snowmelts from the industrial watershed. Phenolics,
copper, lead, and zinc concentrations frequently exceeded the
objectives during all urban runoff flow conditions from the
residential watershed. Potential problems with the concentrations
of chromium were restricted to the industrial watershed, especially
during baseflows. The few samples analysed for Dieldrin indicated a
potential problem in the residential / commercial catchment.

Table 1.3 summarizes similar "exceedance of objective" information
for sheetflows from cold and warm weather source areas from both
watersheds. Almost all constituents compared on this table (for

both land uses) exceeded the objectives frequently. The exception
was chromium which had fewer "exceedances" during both warm and
cold weather conditions and in sheetflow from almost all source
areas. However, chromium frequently exceeded the Objectives in
sheetflow originating on large paved areas. Significant decreases
in the potential for fecal coliform problems were noted in the
industrial watershed during cold weather conditions (compared to
warm weather conditions).

1.5.2 SOURCES OF PROBLEM POLLUTANTS

Table 1.4 compares the estimated annual discharges from the
residential and industrial catchments during the different runoff
periods. The unit area annual yieltds for many of the heavy metals
and nutrients are greater from the industrial catchment. The
industrial catchment monitored corresponds in character to
approximately 25 percent of the urban Humber watershed and the
residential catchment corresponds to approximately 76 percent.
Industrial catchments contribute most of the chromium to the local
receiving waters, and approximately equal amounts with the residen-
tial and commercial catchments for phosphorus, COD, copper, and
zinc. This table also shows the great importance of warm weather
baseflow discharges to the annual urban runoff pollutant yieids,
especially for industrial areas. Cold weather bacteria discharges
are insignificant when compared to the warm weather bacteria
discharges, but chloride (and filtrate residue) loadings are much
more important during cold weather.
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Tables 1.5 and 1.6 summarize the sheetflow concentrations observed

during warm and cold weather. In some cases, the concentrations
observed were not sufficient to account for the concentrations
observed at the outfall. This may be due to significant subsurface

sources of pollutants, such as leaking sanitary sewerage, or
industrial discharges to the storm drainage system. Because Toronto
rain events are of typically short duration, many of the warm
weather manual sheetflow samples were obtained in the later
portions of the runoff events. This may have allowed settleable
poliutants to be reduced in concentration before the sheetflow
samples could be collected. In most cases, the observed trends in
quality between the different areas were typical:

1) roof runoff had generally good water quality (with the
exception of zinc from galvanized roof gutters),

2) parking areas and street sheetflows had poor water
gquality, and

3) bare ground and landscaped areas had high concentrations
of residue and nutrients, and low concentrations of heavy
metals.

Warm weather sheetflow fecal coliform populations were lower than
the observed outfall populations, except for industrial sidewalk
sheetflow values. It is expected that significant subsurface
sources of fecal coliforms occur in both of the study areas. This
is especially evident when the cold weather snowmelt sheetflow
bacteria observations are also examined (Table 1.6). Significant
subsurface sources of chromium in the industrial watershed are also

expected.

During cold weather snowmelts, chloride concentrations in the
sheetflows from residential areas were also much lower than were
measured at the outfall. The chloride concentrations in snowmelt
sheetflows from industrial areas were also lower than observed at
the outfall, but not by as large a margin. These differences in
chloride concentrations may be caused by the significant chloride
gradient found in roadside snowpacks. The chlorides found in very
high concentrations next to the roads (and drainage systems) would
be much more efficiently transported to the outfall than the less
concentrated chlorides found further from the roads.

Similar trends were observed for fecal coliforms. These trends are
possibly due to people "curbing" their dogs, causing greater
concentrations of dog faeces near the drainage system. However,

subsurface sources of bacteria are still thought to be significant
because the few dogs that are walked in the industrial catchment in
cold weather are not expected to cause such large outfall bacteria

populations as were observed.

The subsurface sources of chromium in the industrial catchment are
expected to be caused by process wastes being directly discharged
into the storm drainage system. Metal plating operations disposing
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of their spent plating solutions in the storm drainage system may
be responsible. Although other industrial process wastes may also
be entering the storm drainage system, chromium was the only
"subsurface" constituent monitored that appeared to pose a
significant threat.

Table 1.7 shows the estimated contributions of pollutants from the
different source areas to the yield at the outfall during warm and
cold weather. The quality of runoff from a small 2 mm rain was
mostly affected by impervious areas (streets, parking areas, and
connected roofs), while the quality of runoff from an average (but
still small) rain of 10 mm was affected more by pervious areas.
Larger rains would contribute significantly more pollutants from
pervious areas. During warm weather, total residue is considered to
be coming mostly from landscaped areas in residential catchments,
and from parking and storage areas and roofs in industrial
catchments. Lead is coming mainly from streets and parking areas,
while roofs are significant sources of zinc.

1.5.3 URBAN RUNOFF CONTROLS

The source area contribution information defines the limit of
application of the potential controls. If a control can reduce the
discharge from a contributing source area by 50 percent, and the
contributing area is responsible for 30 percent of the discharge of
the outfall, then the control will reduce the discharge at the
outfall by only 15 percent. Many controls can be applied to several
source areas, but may only cause significant reductions in
pollutant yield in a few areas. The effectiveness of the various
controls also varies significantly depending on different Jland uses
and seasons. The following paragraphs summarize the effectivenesses
of . several different controls for the residential and industrial
catchments studied, and for the urban Humber River study area. The
discussion is based on the premises that:

1) any reduction in the volume of stormwater will reduce the
yield of pollutants at the outfall, and

2) any reduction in the available load in the source areas
will also reduce the yield of pollutants at the outfall.

Controls In Residential Catchments
Street cleaning in most residential catchments may cause
significant reductions in the loads of phosphorus, fecal coliforms,

and to a lesser extent, lead, at the outfall (compared to no street
cleaning). Relatively little further improvement may occur if
frequent street cleaning is compared to the current infrequent
street cleaning efforts. It is difficult to justify increasing
street cleaning frequency beyond approximately one pass every two
weeks in residential catchments. Intensive spring cleanup and fall

leaf removal are considered very important and should be continued
and encouraged.
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If roof runoff is not currently directed towards pervious areas,
then a "retrofit" program to encourage the infiltration of roof
runoff can be very cost effective in terms of reducing pollutant
Joads. High rise apartments have large paved parking areas. The
infiltration of the associated discharges of storm water from these
areas, after pretreatment with grit chambers and oil and grease
traps, would significantly reduce many discharges of pollutants and
stormwater to surface water.

The most practical runoff control for lower density use areas
(including low and medium density residential areas) is grass
swales in pltace of concrete curb and gutter systems. These have
been shown in monitoring programs to be as much as 90 percent
effective in reducing discharges and poltiutant yieltds. Grass swales
in residential catchments pose little threat to groundwater. |f
grass swales currently exist in an area, changing to curb and
gutter systems should be strongly discouraged.

Contreols |In Industrial Catchmenls
Some increases in street cleaning frequency may be needed in
industrial catchments. The existing cleaning frequencies (next to

nothing) should be increased to at least once per month. Intensive
spring cleaning and leaf removal is also warranted.
Several discharges from source areas in industrial land use areas

were found to be highly polluted during this study. Infiltration of
runoff from paved parking and storage areas may be advisable,
depending on the quality of the discharges and the potential for
groundwater contamination. These discharges would need to be passed
through pretreatment with grit chambers and oil and grease traps.
The infiltration of roof runoff is important, depending on the
potential for contamination of the groundwater from galvanized
metal roofs or gutter systems.

Wet detention basins can produce significant reductions in
discharges of pollutants during both wet and dry weather. Because
of the potential! for heavily contaminated baseflow discharges from
industrial catchments wet detention basins at the outfalls of
industrial developments should be strongly encouraged. More
importanttiy, wet detention basins offer an opportunity to control
spills that enter the storm drainage system.

Grass swale drainages currently occur in industrial catchments in
the urban Humber River drainage area and may contribute to a
potential contamination threat to the groundwater. |f the
discharges from roadside drainage from a specific area are found to
be relatively clean, then keeping the grass swales should be
strongly encouraged. If the discharges are found to be excessively
polluted, then the inappropriate sources of pollutants discharging
into the roadside drainage should be found and corrected.
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Humber River Watershed Controls

Calculations of pollutant yields were made for the urban Humber
River study area and were reported in the "Sensitivity Apalysis"
report (Pjtt, 1985) . When total Kjeldah! nitrogen, phosphorus,
chemical oxygen demand, copper, and zinc "cost effectiveness" plots
were examined, it was clear that a combination of infiltration and
detention allows a much greater removal of pollutants to be
obtained at a relatively low unit cost compared to the other
control programs that were examined. If flow, total residue,
filtrate residue, fecal coliform bacteria, and pseudomonas
aeruginosa are the most important constituents, then infiltration
(with appropriate pretreatment) was the most cost effective
solution. The most general recommended control program is therefore
infiltration with wet detention. In order to obtain significant
reductions in bacteria, it may be necessary to use disinfection in
conjunction with wet detention basins.

Ana [ ivi Ri :

Fifteen separate sewersheds in the Humber River study area were
evaluated to estimate current tevels of pollutant yieids. These
same sewersheds were evaluated for reductions in discharges of
pollutants and flow possible using the recommended control program.
The recommended control program includes the use of wet detention
basins serving 25 percent of the drainage area plus infiltration of
approximately one half of the residential roofs currently draining
to pavement, and infiltration of approximately one half of paved
parking and storage areas and roofs in high rise residential,
industrial, and commercial areas. The total annual cost for this
program in the Humber River study area was estimated to be
approximately $5.7 million per year, or $410 per hectare per year.

The reductions in pollutant yields expected from this program are
estimated to be:

1) five to ten percent for bacteria,

2) 16 to 20 percent for flow, total residue and filtrate
residue, and

3) 30 to 45 percent for particulate residue, nutrients,
chemical oxygen demand, phenols, and heavy metals.

If higher bacteria removals are needed, substantial increases in

cost may be needed for disinfection in conjunction with wet
detention basins.
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The data collected in an intensive multi-source sampling program
provides a good characterisation of the discharges from a storm

water system. Such programs need to be continued all year to
"complete the annual picture" before a complete characterisation
can be completed. By monitoring virtually all of the runoff events,

one is provided with a sufficiently detailed data base to allow a
calibrated model for predicting the quality of the discharges from
a sewer system to be empirically prepared. Care must be taken
during the experimental design and data collection effort to ensure
that critical data, e.g. records of precipitation, are duplicated
using standard procedures and that Jaboratories are sufficiently
organized to accept the water samples when they are collected.

The following major conctusions can be drawn from the results of
this study and personal observations made in the watersheds. The
Conclusions are structured in a similar manner to the Summary;
pollutants, sources and controls.

Pollutants

1) The baseflows during warm weather had surprisingly high
concentrations of several pollutants, e.g. filtrate
residue and fecal coliforms from the residential

catchment .

2 The concentrations of some constituents (including metals
and organic compounds) in the stormwater from the
industrial watershed were typically much greater than the
concentrations of the same constituents in residential
stormwater .

3) In some cases, the concentrations of constituents
observed in the sheetflow were not sufficient to account
for the concentrations observed at the outfall.

4) Almost all constituents frequently exceeded the
Provincial Water Quality Objectives.

5) Fecal coliforms always exceeded the objective in warm and
cold weather baseflows and stormwater from both
watersheds. It is expected that significant subsurface

sources of fecal coliforms occur in both of the study
areas, even though sheetflows were sufficient to cause
significant problems. Fecal coliform counts in the
snowmelt from the industrial watershed exceeded the
objective approximately 70 percent of the time.

6) Cold weather bacteria discharges are insignificant when
compared to the warm weather bacteria discharges.
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Sources

7)

8)

9)

10)

Construction sites can discharge significant amounts of
residue and other pollutants to the sewer system, and
hence to the receiving waters.

Warm weather baseflow discharges contribute a significant
proportion of the annual yield, especially from the
industrial watershed. Warm weather baseflows account for
70 percent of the flow duration in a year .

Industrial catchments contribute most of the chromium to
the local receiving waters, and approximately equal
amounts with the residential and commercial catchments
for phosphorus, COD, copper, and zinc.

The quality of runoff from a small (2mm) rain events was
mostly affected by impervious areas (streets, parking
areas, and connected roofs), while the quality of runoff
from an average (10 mm) rain events was affected more by
pervious areas.

Lead is coming mainly from streets and parking areas,
while roofs are significant sources of Zinc.

Controls

12)

13)

14)

15)

16)

Street cleaning in most catchments once per month may
cause significant reductions in the loads of phosphorus,

fecal coliforms, and to a lesser extent, lead, at the
outfall (compared to no street cleaning). Relatively
small further improvement would occur if street cleaning

frequency is increased beyond twice per month.

The infiltration of storm water from paved parking areas,
after pretreatment with grit chambers and oil and grease
traps, would significantly reduce many discharges of
pollutants (and stormwater) to local streams.

The most practical runoff control for lower density use
areas (including low and medium density residential
areas) is grass swales in place of concrete curb and
gutter systems. If grass swales currentily exist in an
area, changing to curb and gutter systems should be
strongly discouraged.

Wet detention basins can produce significant reductions
in discharges of poliutants during both wet and dry
weather .

The recommended control program includes the use of wet
detention basins serving at least 25 percent of the
drainage area plus infiltration of at least one half of
the residential roofs currently draining to pavement, and
infiltration of at least one half of paved parking and
storage areas and roofs in high rise residential,
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industrial, and commercial areas. The total annual cost
for this recommended program in the Humber River study
area was estimated to be approximately $5.7 million per
year or $410 per hectare per year.

17) The reductions in pollutant yields expected from this
recommended program are estimated to be:

a) five to ten percent for bacteria,

b) 15 to 20 percent for flow, total residue and
filtrate residue, and

c) 30 to 45 percent for particulate residue, nutrients,
chemical oxygen demand, phenols, and heavy metals.

18) I'f higher bacteria removals are needed, substantial
increases in cost may be needed for disinfection in
conjunction with wet detention basins.

2.2 RECOMMENDATIONS

Based on the Conclusions described above the folliowing
Recommendations are made.

1) Prepare and implement a more stringent bylaw covering
stormwater and runoff controls from construction sites.

This source area must be controllied first before any consideration
is given to stormwater management for new developing areas and
existing areas. Many model bylaws exist that can be effectively
used to control construction site erosion, if enforced.

2) A stormwater management plan that specifies control
requirements for proposed developments should be prepared
and adopted. A stormwater management plan for new
developing areas should require the following items:

a) the infiltration of all roof runoff,

b) the infiltration of runoff from "large" parking
areas (after pretreatment with grit chambers and oil

and grease traps),

c) street cleaning at least once a month, including a
more intensive spring cleanup and leaf removal
effort in the fall,

d) the cleaning of catchbasins twice per year,
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e) the use grass swale or perforated pipe drainage
instead of conventional curb and gutter systems,
expect in areas having highly polluted gutter
discharges that may cause contamination of the
groundwater , and

f) the use of wet detention (retention) basins at
outfalls from industrial land uses and other very
large parking areas, e.g. shopping centres.

An important feature of a "stormwater and construction site erosion
control plan" is the use of a storm drainage utility. This utility
could be supported by user service fees and would be responsible
for the review of both storm water control plans and their
implementation during construction, along with the maintenance of

control facilities.

The implementation or "retrofitting” of an appropriate stormwater
management plan for existing developments can be very expensive.
However, it is recommended that:

3) The existing storm water management plan for existing
land uses be reviewed. The review should address the

following items:

al the disconnection of all roof drains from the sewer
system and redirection of the storm water to
pervious surfaces or infiltration devices,

b) the use of infiltration sites for runoff from large
paved areas,

c) the modifications to existing catchbasin sumps to
make them porous,

d) the pretreatment of runoff from with grit chambers
and oil and grease traps before infiltration,
e) the potential for groundwater contamination from

infiltrated stormwater,

1) the location and disconnection of (illegal) point or
diffuse sources of industrial or sanitary
contaminants, and

gl if the discharges from roadside drainage from a
specific source area are found to be relatively
clean, then keeping the grass swales should be
strongly encouraged. |f the discharges are found to
be excessively polluted, then the inappropriate
sources of pollutants discharging into the roadside
drainage should be found and corrected.
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4) The recommended control program for the urban Humber
River study area includes the following items:

a) the use of wet detention basins serving at least 25
percent of the drainage area,

b) the infiltration of runoff from at least one half of
the residential roofs currently draining to
pavement, and

c) the infiltration of runoff from at least one half of
paved parking and storage areas and roofs in high
rise residential, industrial, and commercial land

use areas.

This study highlighted several unexplainable sources of industrial
contamination. These included such pollutants as dissolved metals,
soluble organics, and bacteria thought to originate in process
wastewaters, polluted floor drains, leaking sanitary sewerage, etc.
It is considered better to locate and disconnect inappropriate
sources of industrial pollutants from the storm sewer system and to
correct sanitary sewage infiltration or connections than it is to
choose whether one should sacrifice either local streams or
groundwater .

"Soil" treatment systems (such as occurs with infiltration) have
been found to be very effective at renovating storm water quality
and generally pose little threat to the groundwater.

5} The potential locations of wet detention basins at

outfalls in existing areas should also be identified.

With the use of wet detention basins, the quality of runoff from
existing areas may be controllied to similar levels as are proposed
for new developments.

6) The location of wet detention basins at existing
industrial outfalls should also be considered to help
control dry weather discharges, snowmelt discharges and
spills.

7) Disinfection at wet detention basins may be needed in
order to obtain significant bacteria reductions,
especially considering the potential of subsurface
bacteria sources.

8) Future Studies
Several field studies are also recommended for the future as
logical extensions of the current TAWMS efforts. The following
studies are proposed for consideration:

a) The most important project would involve a decision

analysis procedure to formally select a stormwater
management program,
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b)

c)

d)

el

f)

g)

h)

Monitoring of the implemented program would be
necessary to document progress and to make revisions
to the plan,

Prepare a mode! construction site and stormwater
runoff bylaw and modify the "Manual of Practice", to
reflect its requirements,

Conduct controlled washoff tests for pervious areas
(to supplement the work conducted during this
project on impervious surfaces),

Collect early spring (after snowmelt) runoff from
residential and industrial catchments,

Study sources of baseflow pollutants, especially
chromium and fecal coliforms,

Collect runoff samples from a commercial (downtown)
site,

Investigate the groundwater contamination potential
of various infiltration controls for different
source areas, and

Investigate the relative frequent occurrence of high

concentrations of PCBs in the stormwater and
snowmelt from the industrial watershed.
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3.0 SITE DESCRIPTIONS
3.1 [HISTLEDOWN CATCHMENT

The Thistledown catchment covers approximately 39 ha of residential
and commercial land uses surrounding Thistledown Boulevard in the
Thistletown district of the City of Etobicoke. It is approximately
bounded by the Humber River to the east and north, and Albion Road
on the southwestern side. Figure 1.4 is a street map of the
catchment showing the watershed boundary and the location of the

outfall sampling station. The bulk of the catchment consists of
single family dwellings in the 10-20 year age group. Table 3.1
characterizes the land uses within the catchment. It was compiled

from measurements made on an airphoto at a scale of 1:2500. Tables
B.1 through B.3 of Appendix B describe the Thistledown catchment in
more detail.

TABLE 3.1 THISTLEDOWN LAND USE
LAND USE AREA AREA
(hal (%)
Single family dwellings 29.50 75.9

Multi-family dwellings -

townhouses 2.43 6.3
Shopping centre 2.11 5.4
Open space 0.21 0.5
Schools (2) 4 .52 10.9
Church 0.37 1.0
Totals 38.87 100.0

Approximately nine percent of the catchment area is used for
roadways. These roads are generally two lanes wide (one in each
direction), with parking allowed, and have a total length of
approximately 4.8 km. The roads are generally of smooth to
intermediate texture and are in good condition. However,
approximately 35% of the roads are in moderately poor or worse
condition.

Approximately 20% of the roof drainage is directly connected to the
storm sewer system, with the remaining roofs draining to driveways
(40%) or lawns (40%).

The road drainage system is mixed. Approximately 57% of the roads
have grass swales connected to the storm sewer system by gratings
and catch basins. These swales occur only on the flat eastern half
of the catchment. There are approximately 90 m of sealed swales and
approximately 2000 m of concrete curb and gutter drainage forming
the other 43% of the drainage system. The concrete curbs are placed
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on the steeper grades of the catchment where road slopes of up to
an estimated 5% were estimated. During this study, runoff was
frequently observed on the concrete gutters. However, it was rarely
observed in the grass swales, even during high intensity
thunderstorms.

The bulk of the land described as schools consists of grass play
grounds.

A small complex of townhouses is located at #63 Thistledown Blivd.
This medium density residential land use covers almost 2.4 ha (6%)

of the catchment.

A shopping centre is located on the southwestern boundary of the

watershed. It covers approximately two ha (5%) of the catchment.
The bulk of this shopping centre (72%) is covered by a paved
carpark. Located within the carpark is a small service station and

the loading bay for a supermarket.

3.2 EMERY CATCHMENT

The Emery catchment was selected for study based on the results of
the Humber River and Tributary Dry Weather Outfall Study (GLAL,
1984). This study identified the Emery catchment as one of the more
significant contributors of contaminants to the Humber River
system.

The Emery catchment area covers approximately 154 ha. |t has
predominantly industrial land use and a relatively flat terrain. It
is located in the City of North York, in the southeast corner of
the block surrounded by Highway 400, Finch Avenue, I!slington Avenue
and Steeles Avenue (Figure 1.5).

The Emery catchment can be divided into several areas with
different industrial groups, as described in Table 3.2. There is
little heavy industry, such as power plants or steel mills, in the
catchment. Most of the industry is of the medium type i.e.
processing goods for final consumption. Within these areas there
are some blocks of vacant land that could be classified as open
space. Tabtes B.1 through B.4 of Appendix B contain more detailed
descriptions of the Emery catchment.

The catchment has 7.3 km of roadways, including two major arterial
roads (Signet Drive and Weston Road). Traffic counts of 600~800
vehicles per hour are typical on these major roads. Road textures
are predominantly smooth and are in moderately good to very good
condition. Al)] roads have concrete curbs and concrete or asphalt
gutters. On street parking only occurs on 7% of the roads.

This catchment also contains 4.1 km of main line railway track.
Several industries have their own spur lines.
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TABLE 3.2 EMERY INDUSTRIAL LAND USE

NUMBER TOTAL TOTAL AVERAGE

INDUSTRIAL GROUP OF AREA AREA SIZE

BUSINESS (ha) (%) (ha)
Chemicals 13 20.62 13.56 1.6
Metal dealers and

manufacturers 14 10.43 6.8 0.75
Contractors, machinery 5 5.49 3.6 1.1
Printer 3 2.81 1.8 0.9
Utilities 1 1.4 1.0 1.4
Furniture Manufacturing 4 6.86 4.5 1.7
Mixed Industries Hardware &

Bldg. Supplies) 3 2.96 1.9 1.0
Food Industry 11 12 .44 8.1 1.1
Offices & Warehouses 17 12.84 8.4 0.75
Vehicle Repair 5 2.04 1.3 0.4
Miscel laneous Manu-

facturing 9 7.67 5 0.85
Electronics 4 30.43 19.8 7.6
Foundries & Welding 3 1.05 0.7 0.356
Metal Plating 2 1.15 0.7 0.57
Waste Dealers 4 8.87 5.8 2.2
Tiles 2 0.71 0.5 0.35
Textiles 2 2.11 1.5 1.1
Glass 2 2.25 1.6 1.1
Totals / Averages 104 163.7 1.6
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4.0 TJTORONTO PRECIPITATION AND RUNOFF

This section discusses the analysis of the precipitation and runoff
data. The analysis of the rain pattern over Toronto and the
calibration of the rain gauge is described in Appendix C. This
section is supported by the more detailed meteorological and
hydrological data provided in Appendix D.

4.1 [ORONTO METEOROLOGICAL CONDI|T!{ONS

Long term monthly mean air temperatures for Toronto (Pearson
International Airport or PIA) for the period 1951 to 1980 are shown
on Table 4.1. During this 30 year period, only January and February
had consistently freezing temperatures. Any precipitation that
would fall during the other months would likely be rain. Rain can
occur during any month.

Table 4.2 shows a 15 year rain record from Toronto (PJA) from 1960
to 1974. During this period, the annual rainfall ranged from
approximately 420 mm to approximately 710 mm per year. A typical
storm depth was approximately four mm, while the maximum one day
storm ever recorded was 67 mm. This storm was based on a one hour
interevent period. However, it is also likely that precipitation
events during a single storm period occurring over several days
would be substantially greater than this value. The durations of
these single storms were between two and three hours and the
average rain intensities were approximately 1.3 mm/hr. The maximum
rain intensity during this period of time (1960 to 1974) was more
than 40 mm in one hour. The average interevent periods were quite
consistent, with an average value of slightly over two days. The
maximum interevent periods can be quite long. The values shown
include the time period between adjacent rain events and do not
consider snowfalls. The typical snowfall period varied between one

and two months every year.

An average of 137 rain events per year affected Toronto during this

15 year period, based on a one hour interevent period. If the
minimum interevent period was increased, the number of rain events
per year would substantially decrease. In this urban runoff study,

an interevent period of six hours was used. This period of time
usually allows the urban hydrographs to decrease to close to
baseflow conditions after the rain events have stopped. Six hours
is also typically the minimum time necessary to dry street surfaces
for subsequent sampling.

During this 15 year period, the earliest day of observed rain was
January 2nd, while the jatest was April 9th. In some years, no rain
fetl for the first three months of the year. The median date of
first recorded rain was the January 26th.

The latest day of recorded rain was December 31st, while the
earliest last date of recorded rain was November 28th. A median
date for the tast recorded rain of the year was December 9th.
Therefore, approximately three to four weeks of snow may occur in
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Table 4.1 Toronto Temperature Conditions (OC) (30 year average
1951-1980, except for extreme values over 140 years)

extreme extreme

daily maximum minimum

daily daily ave. of overall overall

max. min. min.&max. record record

January -1.3 -7.9 -4.6 16.1 -32.8
February -0.5 -7.2 -3.9 14.5 -31.7
March 4.1 ~2.6 0.7 26.7 -26.7
April 11.7 3.4 7.6 32.2 -15.0
May 18.2 8.9 13.6 34.4 -3.9
June 23.7 14.3 19.1 36.7 -2.2
July 26.7 17.2 22.0 40.6 3.9
August 25.6 16.6 21.2 38.9 4.4
September 21.3 12.7 17.1 37.8 -2.2
October 14.7 7.2 11.0 30.0 -8.9
November 7.8 2.0 4.9 23.9 -20.6
December 1.4 -4.6 -1.6 16.1 -30.0
Annual 12.8 5.0 8.9 40.6 -32.8

Source: Environment Canada, 1982
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Table 4.2 Long Term Rain Record at Toronto International Airport

Interevent
Storm Depth Duration Ave. Int. Period Number of
(min 0.25 mm) (min 1 hr) (min 0.25 mm/hr) (min 1 hr) Rain Events
year ave  max total ave  max ave max ave  max per year
1960 3.1 43.9 467 2.29 10 1.1 11.4 50.1 1258 153
1961 3.1 29.2 457 2,31 18 1.1 11.7 38.3 296 150
1962 3.1 38.6 460 2.29 15 1.4 20.3 58.9 1303 129
1963 3.6 33.5 417 2.63 17 1.3 15.0 53.3 605 117
1964 5.3 46.5 518 3.01 18 1.5 12.2 78.1 792 97
1965 4.1 41.9 617 2.78 18 1.3 12.2 49.1 1274 152
1966 3.3 36.6 455 2.52 19 1.0 10.7 41.9 419 138
1967 3.6 30.7 549 2.58 21 1.1 7.4 49.6 1094 154
1968 5.1 67.3 660 2.91 14 1.4 8.9 53.7 869 130
1969 4.1 47.5 508 2.78 19 1.2 11.9 48.2 603 125
1970 4.1 58.7 462 2.33 16 1.6 40.4 57.1 609 114
1971 4.6 32.5 531 2.73 13 1.5 16.3 55.3 1076 116
1972 3.8 38.4 625 2.76 23 1.1 11.9 49.8 480 164
1973 4.1 33.5 706 2.86 18 1.1 6.6 47.0 595 174
1974 4.6 33.0 658 2.94 18 1.4 10.4 51.3 457 144
ave 4. 40.9 538 2.65 17 1.3 14.0 52.8 782 137
min 3.1 29.2 417 2.29 10 1.0 6.6 38.3 296 96
max 5.3 67.3 706 3.01 23 1.6 40.4 78.1 1303 174
Source: Environment Canada, 1979
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the beginning of the year with approximately three weeks of snow at
the end of the year.

The rain records for each of these 15 years was compared with the
average rain characteristics in order to identify a reasonably
typical year for more detailed analyses. The year 1967 was selected
for further analysis on a monthly basis. Table 4.3 shows how the
rain characteristics at Toronto PIA varied by month during 1967.
All of March, most of February, and probably much of January had
only snowfall with no rain. The total number of storms reported for
that year was 154. Most of the rain occurred in June and April.
October was the driest, nonfrozen month. The storm durations ranged
from approximately one to 21 hours based on a one hour interevent
period. The longer rain events appeared to occur in September and
October. The more intense rain events appeared to occur during June
and July, while the least intense rain events occurred in May and
November . Typical interevent periods ranged from a little more than
one day n May to approximately three days for several of the other

months .

The 30 year average rain and snowfall conditions in the Humber
River basin (from 1951 to 1980} is shown on Table 4.4. These data
are based upon rainfall monitoring information from twelve

locations near and in the Humber River basin. The locations of
these stations are shown on Figure C.6 in Appendix C. Table 4.4
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