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PREFACE

This report on the Contribution of Sediments and Other Pollutants
to Receiving Waters from Major Urban Land Development Activities
has been completed in accordance with the terms of reference

provided in the Agreement, departmental reference SS03.KE204-3-

EP12 dated November 19, 1973.
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1.0 INTRODUCTION

This report provides a preliminary evaluation of soil erosion
and pollution problems and soil conservation practices appropriate
to major land development activities within the Canadian portion of
the Great Lakes Basin. The studies have been based upon an extensive
review of published literature and other source doecumentation
provided by govermnment and private sources both from Canada and the
United States. In addition discussions have been held with various
government agencies and private developers in Ontario as well as
with the U.S. Soils Conservation Service in Washington and with State
and County officials in Maryland.

1.1 Terms of Reference

The terms of reference for this study have been as hereunder.

To conduct an Inventory and literature review to determine
and assess the extent to which major urban land development activities
contribute sediments and other pollutants to the receiving water and
to develop a test program for actual field surveys at existing land

development sites.

Unless the context otherwise requires, land development
activities will include: major subdivision construction, the construc-
tion of transportation facilities and utilities construction such as
subways, roads, bridges and pipelines, etc., as well as the construc-
tion of large urban buildings such as apartments, office buildings

and shopping centres.

The specific tasks identified as forming the work program are:



l. Determine the approximate acreage whiéh is involved or
is being disrupted by construction activities by:
a) Interpretation from recent small to medium scale colour
bhotography of approximately 5,000 sq. miles of the
Great Lakes basin centered upon Toronto and extending

to the Georgian Bay area.

b) Interpretation from sequential large scale photography

(1" to 2000 feet) of the Don River catchment area.

c) extending the knowledge gathered from aerial photo-
graphy with information from agencies of both Federal
and Ontario government as well as from the private

sector.

2. Investigate current practices for sediment loss control

both during and after construction.

3. Review all relevant information on existing guidelines
for sediment control, such as those developed by the Soil
Conservation Service of the U.S. Department of Agriculture,
and determine their applicability for Canadian construction

situations.

4. Make recommendations which should be carried out in order

to minimize sediment losses from construction activities.

5. Develop a test program for further studies involving actual
field surveys at existing land development sites, covering
a variety of soil conditions, in order to obtain quantita-
tive data on the amount of sediments and other pollutants.
This program should consist of detailed site analysis,
.including comparisons with non-construction or completed

sites which exhibit similar soil conditions.

The test programme will maximise output information from
proposed level of input by investigating alternatives and

suggesting study schedules budget estimates, etc.



1.2 Resume of Stddies

The study was thus directed toward an assessment of the
current status of activities in major developments within the Great
Lakes Basin, a review of soill conservation practices and the develop-

ment of proposals for appropriate follow-up studies.

The first aspect has been considered at three levels of
interpretation.: A detailed evaluation of the effects of ﬁrbanization
on sediment yields for the Don River catchment indiéates that during
the 25-year period from 1947 to 1973 development activities occasioned
a very significant increase in sediment yields and, even yet, stabiliza-
tion of urban lands has not reduced yields to those obtalning before -
the post-war expansion of Metropolitan Toronto. As a direct
consequence the Toronto Harbour Commission has been and continues to
face a substantial increase in their costs for maintenance dredging
from the outlet Keating Channel. Moreover, other studies have shown
that the river channels and steep valley slopes in a number of
sub-reaches of both the east and west branches of the Don have become
unstable. Thus, the consequences of alterations to drainage and
streamflow characteristics are posing substantial costs for remedial

works to the Metropolitan Toronto Regional Conservation Authority.

The character of development activities was observed to
change during the 25-year period. 1In the earlier years open sub-
divisions remained under development for some years, whereas during
latter years a much more rapid completion was more typical. It is, however,
concluded that the situation represented by the Don River development
process,in terms of the severity of erosion losses,would not be

repeated under application of now current practices.

An attempt was made to evaluate the level of current activities
across an area of some 5,000 sq. miles of south-central Ontario from
photo-interpretative study of recent small-scale NASA photo cover.

However, only the larger areas of development activity could be



identified, as determined from cbmparision with overlap coverage of
the Don Basin study. It is concluded that interpretation based upon
photography at a scale of less than about 1:25,000 does not provide
a reliable basis for identifying or monitoring the significant areas

undergoing change in land use.

An estimate has been developed from analysis of statistical
information of development activities which indicates that about
40,000 acres is representative of the order of magnitude of lands
currently undergoing transformation from rural to urban uses and for
utility and highway construction within the Great Lakes Basin. The
comparable figure for the Province of Ontario is about 50,000 acres
per year. While some limitations in the statistical approach have
precluded consideration of certain types of development activity,
particularly those of an intermittent nature, it is concluded for
the province as a whole, and for that part within the Great Lakes

Basin, that the acreage defined is reasonably representative.

A review has been made of soil conservation practices in
construction and development of major urban areas, of power utilities
and of highways in the Province of Ontario. Current practices
commonly adopted in the United States were reviewed with the U.S.
Soil Conservation Service and representatives of Maryland State and
Montgomery County. In addition an extensive review has been made
of published material dealing with sedimentology and the application
of soil conservation measures to the control of erosion in urban
environments and from other major construction activities. The
administrative and jurisdictional approach adopted in the United
States, as well as the sequencing of development differ somewhat

from those followed in the Province of Ontario. However, from the

technical standpoint it appears there is little significant difference

in approach. Within Ontario, apart from federal and provincial
statutes affording control over all forms of environmental impacts,
the establishment of watershed conservation authorities facilitates
the evaluation and control of development activities in terms of

natural physiographic drainage units, an aspect which is regarded as

b



essential in the United States but subject to considerable jurisdic-
tional difficulties there on account of the historic development

of authority and responsibility at state and county levels.

As a consequence of the creation of a separate soil conserva-
tion service there has been a specific focus of attention upon soil
erosion within the United States leading to considerable research
into erosion control measures. An extensive body of literature on »
research and applied practices has been published which is readily
available in Canada. All organizations within Ontario and the
Federal Government, who have been contacted, appear to be aware of
this technical documentation and have adapted much of this material
together with the results of research appropriate to Canadian

conditions to their own specific agency requirements.

The moderate levels of sediment yield typical of broad areal
erosion throughout the Province of Ontario support the view that
development activities have not occasioned widespread erosion
problems. Nevertheless, as is illustrated by the case study of the
Don Basin, the accumulative effects of soil erosion can pose
significant environmental, social and economic problems. Although
practices now adopted would likely preclude a repetition of the
intensity of problems experienced in the Don Basin, this will be so
only to the extent potential hazards are recognized prior to develop-
" ment and sites presenting special problems reserved for non-intensive

use.

The federal Department of Public Works has published a
general guideline as to best practice with respect to site selection
and development. The Ontario Ministry of Transport and Communications
has published - a general guide for highway routing and landscaping.
Other documentation is principally in the form of internal design
standards adapted to the specific functional responsibility :of each
agency. Development of a broad set of guidelines and standards for
soll conservancy does not dppear warranted or necessary within the
Canadian context. It would appear more approprilate that each agency

continue to adeopt policies and practices appropriate to its own



sphere of activities.

In general we are unable to suggest or recommend specific
erosion control measures supplementary to those already adopted or
, considered by the various government and private agencies concerned
with implementation of major developments. From ourvreview it
appears that the agencies concerned with planning, design and review
are well acquainted with current technology and generally-accepted
sound development practices. Some improvement in the monitoring of
activities does appear warranted to ensure compliance with established
requirements, and formal certification of compliance by the developer's
engineer/architect would provide an additional check supplementing

the local works department inspectioms.

The development of a test program of field studies to obtain
quantitative information on the yiecld of sediments and other pollutants
from development sites has been rejected as a means of enhancing the
knowledge of urban sedimentology in favour of recommendations for the
broader development of taxonomic soils interpretations which would
find widespread direct application in the assessment of erosion hazards
and selection of appropriate construction practices. In this regard
we point out that a very considerable number of such site investiga-
tions taking into account different soil conditions, sequences .of
climatic events, construction practices and other parameters would
be necessary to develop meaningful insights. Such a program would,
in fact, represent an unnecessary duplication of erosion test
studies which have already accumulated many thousands of plot-years

of data in the United States.

Development of the "universal soll loss equation' and its
application to the analysis of potential soil losses under different
management and control practices has evolved from this broadly-
based United States research effort. The applicability of this
approach has already been demonstrated throughout the United States
for all areas east of the Rocky Mountains. The U.S. Soil Conservation

Service, which originally developed the universal soll loss equation



to improve agricultural practices, has in recent years successfully
adapted the methodology to analysis of urban sedimentology. It

therefore appears redundant to initiate, at this time, a basic data
program which would contribute only marginally to the extensive body

of data already accumulated.

We have, therefore, concluded that a more appropriate follow-
up to this study would involve development of parameters, particularly
rainfall and soil erodibility factors, to facilitate application of
the universal soil loss equation and associated methodology for the
analysis of different physiographic and soil conditions throughout
southern Ontario. Thevbasic soils and climatic data required have
already been accumulated. The work necessary requires an extension
of the taxonomic interpretations and broad correlations of these
with climatic records. Provision of these interpretative parameters
- would facilitate the application of the large body of interpretative
information already available from United States sources concerning
land management and construction practices to the planning and

assessment of the effects of all manner of land disturbing activities.

The control of erosion, as with most other aspects of
environmental conservation, either finds place at the planning and
design stages or not at all. Within the context of recent develop-
ments in soll surveys there is a trend toward enhancing the usefulness
of pedologic soils interpretations and mapping through correlation
with physical and engineering soils data. We believe the expansion
of soil survey taxonomy to include such inferpretations would be of
considerable assistance in the planning and evaluation of developments
and recommend that the federal and provincial government give
favourable consideration to proposals which it is understood have

been made to this end.

Although various soil conservation practices, developed
initiallnyornapp;ication to agriculture, have been successfully
adapted to the control of erosion from urban sites, it 1s concluded

that the pollutional impact of fine-grained materials and dissolved



‘contaminants from such urban developments has not yet been fully
assessed. The effectiveness of small sediment traps, as widely
used to control soil losses from construction sites in the United
States, must, therefore, be questioned. Preliminary research into
means of improving sediment trap efficiency has been initiated

recently by the Soil Conservation Service.

Adverse impacts of the aquatic ecology of recelving waters
suggests that a significant portion of such impacts are likely to
be associated with the fine-grained materials. As a consequence
‘of the concern over adverse effects arising from dredging activities,
a program of studies have been initiated by Canadian and U.S.
agencles focusing upon the degradation of water quality within the

Great Lakes.through dredging and redeposition of primarily fine-grained sediments.

A research program currently underway at Guelph University
is assessing the impact of sedimentation on the ecology of the
Hanlon Creek watershed. A part of the research program involved
the construction of two sediment ponds designed to achieve 90 percent
efficiency in removal of solids. Since much of the basic research
has already been completed, or is in hand, it would appear worthwhile.
considering an increase in the research grant to enable the Hanlon
Creek study team to undertake design modifications and conduct
evaluations of the significance of various levels of trap efficiency

in terms of adverse impacts on stream ecology.
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2.0 SEDIMENTATION AND POLLUTION OF WATER COURSES

The erosion, transportation and deposition of soil materials,
organic debris and cultural wastes are inter-related processes in
the sedimentology of streams and rivers. Soill formation, erosion
and sedimentation are natural processes in the geomorphologic
evolution of the landscape and continue at a background level through-
out the undisturbed portions of the environment. However, we are
not greatly concerned by such slow changes which under most circum-
stances impose only slight impacts upon the biosphere. To be sure
there are examples of natural disasters of catastrophic proportions
in which extreme and rapid change is imposed tﬁrough occurrence of
major storms, landslides, floods, volcanic eruptions, earthquakes
and forest fires. The impact of such events may be very severe and
nowadays result in significant damages. Fortunately, however, most
such events are relatively infrequent and are by nature specifically
unpredictable. Only in local areas, where the hazard appears high
and the potential damage excessive, 1s there justification for

special works to mitigate the worst effects anticipated.

Herein, we are concerned with an intermediate level of land
disturbance which over a short to medium term impose significant,
though not catastrophic, environmental, social and economic damages.
The acceleration of erosion being induced through man's activities

is essentially subject to man's control.

An increase in the rate of sedimentation eccurs as forests
are cleared and the land plowed for agricultural use. A further
increase in the rate of erosion generally occurs as the landscape
is more severely modified to build roads, develop towns and cities
and construct other facilities essential to economic and social
. development, Studies of the relative rates suggest that in the

process of changing from forest to agricultural use, erosion rates
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typically increase tenfold. In converting agricultdral lands to
urban uses the sediment ylelds may be increased by two to three
orders of magnitude, with the highest rates prevailing throughout
ﬁhe active development period but nonetheless continuing to yield
sediments at rates several times that from less intensive forms of

land use. (14).

Many aspects of soil conservation practices have ancient
origins., However, underétanding of the severe problems which can
arise in watersheds undergoing changes in the intensity and types
of land use are much more recent. Loss of soil fertility and,
through downstream accumulation and blockage of stream-flows,
increased flood levels are the most obvious consequences of poor
land management practices. The contamination of natural sediments
with cultural wastes and chemical pollutants is currently recognized
as posing a potential hazard to the environment with consequent

stress damages to the ecology of streams and lakes.

In North America significant problems arose in the mid-
western semi-arid regions of both the U.S. and Canada during'the
1920's and 1930's where deep tillage and other cultivation practices
suited to more humid climates exposed the soils to severe wind
erosion and resulted in widespread loss of fertile topsoils.
Considerable attention has been focused upon development of good
soil-husbandry practices for agriculture under varying climatic
conditions and soil formations. These include contour plowing and
‘terracing of steeper-sloped lands, planting of fast-growing cover
crops, fall planting of some cereal grains and other conservation
measures such as planting of windbreaks, and reforestation of :

marginél agricultural lands.

Although there have been particular instances of sedimenta-
tion problems in urban areas, the focus of attention on soil erosion
and conservation under urbanizing processes has been more recent in
terms of a general concern. Much of the technology generated from

the management of agricultural and forestry lands has been
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successfully applied. However, the more substantial reshaping of
the land surface involved in high density development activities
imposes conditions which require their own specific solutions, both
to mitigate losses during construction and to stabilize the land and

drainage following development.

FIn addition to the ecologic impacts resulting from increased
yield of sediments derived through regrading of the landscape is the
alteration of the hydrologic regime imposed upon natural watercourses -
an alteration which may be so rapid as to drastically overload smaller
systems. As areas are urbanized a large proportion of the land is
rendered impervious through the roofing of buildings, the paving of
streets, driveways and parking lots. This reduction of infiltration
capacity results in a more rapid concentration of short runoff which
is conveyed from the streets through storm sewer systems to the
recelving streams. Thus flood peaks tend to be higher and the time
of concentration more rapid. The total volume of direct runoff also
increases. This enhancement of storm-runoff characteristics provides
for an increase in sediment transport capacity. The continuing
imposition of high rates of sediment loadings to receiving streams
leads to final deposition in a lake or artificial reservoir. In the
meantime transient bars and shoals impede the river during low and
“normal flow periods and increase flood stages over those previously
experienced. The receiving stream will likely suffer prolonged

instability as it attempts to adjust to the altered regime conditions.

2.1 Sources of Sediments

Sedimentation is a natural process which reduces the parent
rocks to smaller fragments and, through the forces of wind and run-
off, transports these mineral soil fractions together with the
weathered and decomposed organic detritus and solution products to

streams and receiving lakes.

Although the primary focus of this report is directed to
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sedimentation effects arising through major land development activi-
ties, it must be recognized that the most severe effects are transient
phenomena arising during the period when lands are being converted
from agriculture or forest uses to urban uses or when'highways or
other dtilitites are under construction disrupting the drainage along
linear pathe. .across:the:zlandscape. In most instances the direct
sediment and pollutant yield has not been measured, although this may
sometimes be inferred from differences between yields prior to

development and thereafter.

Sediments are erosion products and include soil particles,
organic detritus and by-products from decomposition and fragmentation
of cultural wastes. Soil particles, particularly fine-grained
materials, have significant adsorption capacities and may combine
with anions and cations of metals, sulphates, phosphates, nitrates
or other chemical components as.may be available. These adsorption
complexes and other dissolved solids are conveyed from the land
surface through overland sheet flow, rill flow and finally stream
flow. Depending upon the nature of these contaminants, environmental
impacts within streams and in the receiving waters involve excess

oxygen demands, nutrient stimulation and toxicity effects.

The removal of vegetation and topsoils exposing the subsoil
strata and the re-grading of natural land forms, which are essential
steps in the development of highways and cities, can give rise to
vastly increased sedimentation rates. (In various locations of the
USA urbanization has been reported to occasion an increase in yields
from a few hundred to more than 25,000 tons per sq. mile per year).
(14). Erosion rates vary markedly with intensity of rainfall and
runoff although as has been reported by Guy and Jones (53), there is
‘considerable evidence accumuiating_which indicates the maximum
difference in sediment yield rates between developing and natural
areas occurs during the more frequent storms. Glymph and Storey (44)
cite a study of the records of 72 watersheds in the United States
ranging in size from 100 to 100,000 acres which showed that storms

with a return period greater than two years caused from 3 to 46
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percent of the total average annual suspended sediment yield; storms
with a one to two year return period caused 3 to.22 percent of the
| total; and storms ﬁith a return period of less than one year caused
34 to 92 percent of the total suspended sediment yield. In contrast
with the foregoing, which are derived from studies of the river
basins within the humid eastern region of the country, Glymph and
Storey report sediment yields from southern California which
indicate that 75 percent of average annual sediment totals are
produced by sforms having return periods greater than three years.
The basic difference 1s accounted for by the nature of the sediments
which in the eastern portion of the country are typically fine-grained
materials derived as wash-load, whereas in southern California
sediments typically consist of sand, gravel and boulders transported
as bed-load and hence more directly related to the rate of stream

discharge.

Erosion losses are much influenced by climate. Humid
conditions usually give rise to sheet and rill losses. Semi~-arid
- conditions promote the development of only shallow soil profiles and
do not provide sufficient moisture for development of a complete
vegetation cover so that erosion potential from wind as well as from
storm rainfall is high. In considering the effects of sedimentation
upon recelving waters it must be borne in mind that, with few
exceptions, recorded data represent aggregate effects which combine
the geologic processes of erosion and deposition with sediment
yields enhanced through man's continuing alteration and modification
of the land surface. Except in the remote north and the western
mountains of Canada there is probably very little of the country
which has not been altered in some respect through man's activities:
deforestation and cultivation, urbanization, construction of
communication corridors, modification of streams and rivers, creation
of artificial reservoirs and diversion of water to consumptive use
both from surface sources and from the groundwater. All these
activities impinge upon the natural environment and result in

modification to sediment yields and stream morphology.



To understand the role of major development activities in
modifying natural processes it is useful to review briefly the
gources of natural sediments and of other pollutants. Sediments
derive from the decomposition of rock materials. The principal
agents promoting this decomposition are temperature, rainfall and

runoff, wind and mechanical abrasion. Decomposition may be

hastened by acidic soil moisture conditions, glaciation and cycles

of freezing and thawing. Soils are formed in situ over the parent
rock or from unconsolidated glacial debris or alluvial deposits.

All of the parent soils of Ontario have been considerably modified
and redistributed by the mechanical forces of glaciation. Thus the
landscape of southern Ontario is dominated by glacial deposits super-
imposed upon which are wave-built deposits, shoreline formations,
wind deposits as wéll as fluvial, lacustrine and marine deposits from
inter-glacial and recent periods. For an overview of the Pleistocene
glacial period and its influences upon the landscape and soils of
Ontario, the reader 1s referred to the Origin, Classification and

Use of Ontario Soils (37) and for more comprehensive detail to the
definitive treatise on tﬁe physiography of southern Ontario by
Chapman and Putnam (38).

Soil formation is a progressive action. Somewhat arbitrarily,
two stages of soil formation may be distinguished, the first
involving the accumulation of parent soil materials, in Ontario
principally by ice and water during deglaciation, and secondly the

differentiation of the surface material into soil horizons or layers.

Horizon differentiation in a soil is attributable to four
main processes: additions, removals, transformations and transporta-
tion. Additions include energy from solar radiation, matter as
gases, water from precipitation and groundwater movements, solids
dissolved in water, solids transported by wind and water, and many
forms of pland and animal life. Removals include energy radiated
and reflected, evapotranspiration losses as gases, solids dissolved
or suspended by water, plant and animal 1life by emigration and

harvesting. Transformations result from chemical reactions such as

15.
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solution, oxidation, carbonation, hydration and hydrolysis, while
translations commonly consist of illuvial relationships among the
horizons and consist mainly of 1ossés from upper-layers which are
balanced in part by gains in lower-layers. Organic matter which is
added to the soil as fresh residue may be transferred by microbial
oxidation or lost by decay. Other portions may be translocated
from one horizon to another, as, for example, nutrients taken up
by plants from the parent soil which are returned in part as leaves
littefing the soil surface at different locations. At the same
time a part of the carbon assimilated in the leaves is transferred

to the roots and finally to the soil (37).

Topsoils are bound together by the cohesion of the clay soil
fraction, organic materials, soil moisture tension and the rooting
system of the vegetation which also protects the ground surface
from the direct dislodgement of soil particles by falling rain and
wind. Substrata soils are generally more friable and, when exposed,
offer less natural resistance to erosion forces. Although many of
the sub-soils of southern Ontario contain a substantial amount of
binding clay materials, upon prolonged exposure and drying, the loss
of soll moisture renders even dense till materials liable to be

readily eroded.

Turbidity and siltation are detrimental to aquatic life.
Siltation often traps organic matter on the beds of waterbodies and
may result in anaerobic conditions. Turbidity,through limiting
. 1light penetration,delays the self-purification of water and thus
promotes transport of organic wastes and other pollutants over
long distances. It is reported that silf often destroys eggs in
fish spawning gravels by reducing water seepage and hence oxygen
supply and occasionsnfurther losses through burial or suffocation
of eggs and larvae. Numerous instanées of the impact of siltation
and turbidity upon the ecology of streams and lakes in both Canada
and the United States are reviewed by Hollis et al (113).



2.2 Sources of Other Contaminants

A variety of contaminants including oils and greases, heavy
metals from automotive exhaust fumes and precipitates from
industrial sources, salts from snow-clearing programs, fertilizers,
pesticides, herbicides, decaying organic matter and other cultural
wastes find their way into receiving waters through surface runoff
from the roofs, streets and vegetated areas within an urbanized
zone, along our highways and from industfial sites. Many of the
dissolved solids are adsorbed into complexes, particularly with
the finer-grained soil particles, and these impinge upon the water
quality of the stream and its ecology during transport and while in

transient shoal deposits.

The concentration of such materials in natural watercourses
is determined for some 760 locations throughout Ontario by the
Water Quality measurements of the Ontario Ministry of the Environ-
ment. These records do not, in most instances, permit a direct
interpretation of the contribution of pollutants which originate
from disturbance of the landscape during development although they
do provide for an identification of trends indicating deterioration
of water quality. As is discussed in Section 3.4, the -
contribution of sediments can be quite high during active construc-
tion and level off thereafter at rates rather higher than under
conditions prior to development. Although few specific data have
'been recorded, it is reasonable to assume that the concentrations
of chemical contaminants would be higher following development as
a greater potential loss of pollutants is associated with intensive

occupancy and land use.

Dust fallout is also a source of solids eventually reaching
the stream courses. During 1966 the average dustfall loading in
Chicago was 0.7 tons per acre. It was estimated that the street
refuse components (rags, papers, dirt, vegetation, organics) would
average approximately 1.3 tons per acre per year and of this amount

the dust and dirt fraction was approximately 0.8 tons per acre per

17.
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year. (l4).

2.3 Sedimentology of Urban Environmen;s

The sediments from an urbanizing area derive largely from erosion
of substrata exposed during cut and fill operations required for
the formation of streets, bullding sites and installation of under-
ground. utilities. During the period of construction, unless some
control is exercised, more land clearing and grading may be done
than is actually required. In the past, development has often been
allowed to encroach upon steep slopes resulting in the disruption
of the natural drainage, and not infrequently introducing seepage
which precipitated land slides. Duriﬂg wet weather a good deal of
soil is conveyed onto streets by trucks and other construction
equipment where it is subsequently washed into the storm sewer
system. Particularly during subdivision development, unless catch
basins are cleaned regularly, the excess materials are carried

directly to the recelving stream.

Following construction, and now more commonly as construction
progresses, exposed areas are covered with top soils and stabilized
with'grasses and other vegetation. Nevertheless, even following
stabilization, city streets in commercial and residential areas
produce substantial quantities of debris and dirt. Data from U.S.
sources indicate the following typical urban situation (14).

Dust and Dirt

Land Use Lbs. per day per Equivalent

100 feet of curb Tons per acre per year
Commercial 3.3 2.2
Industrial 4.6 3.0
Multiple Family
Residential 2.3 1.5

Single Family
Residential 7.0 0.5
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Under winter climatic conditions in Ontario the widespread
use of both sand and salt considerably augments the supply of
sediments to the streets and ultimately the water courses draining

the urban area. Although no representative data have been developed
for Canadian conditions, it may be reasonably presumed that even
from a well-stabilized urban area somewhat more than one ton per
acre per year of sediments and cultural debris are washed into the

storm sewage system.

The USGS has documented a number of instances of increased
sedimentation resulting from urbanization. In the suburban area of
Philadelphia and Reading, Pennsylvania, drained by Wissahickon Creek
some 780 tons of sediments were discharged per square mile per year
during active development in the watershed whilst the nearby
Perkiomen Creek draining an area with similar topographic, geologic
and hydrologic characteristics dischafged about 210 tons of sediments
per square mile per year. In another study of residential construc-
tion effects at Kensington, Maryland, the USGS determined an annual
yield rate of 47,000 tons of sediments per square mile from a small

suburban development. (14).

Studies of the effect of urbanization on flows in suburban
Washington streams indicated an increase of 80 percent in flood
peaks (45). During construction in suburban Maryland it was found
that in most instances more land was exposed than appeared necessary.
A sample survey indicated that some 40 percent of the lands being
developed for residential accommodation remained unstabilized for

more than one year.

Some typical data reported by Dawdy (45) indicates sediment
ylelds as high as 140,000 tons per square mile per year from
smaller construction sites and annual yields ranging from 1,000 to
25,000 tons pér square mile from small river basins of up to 70
square miles in extent. These are compared with predominantly rural
catchments ylelding from 200 to 500 tons of sediment per square mile

per year.
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Numerous other studies of small catchment basins undergoing
active transformation of land-use have indicated substantial

increases in the yield of sediments (15, 32 and 41).

2.4 Sedimentology of Agricultural Lands and Forested Areas

Mature forests afford the greatest protection against soil
erosion. Sediment yields for forested areas as low as 15 tons per
squaré mile per year are reported by Dawdy (45) for lands with
over 80 percent forest cover ranging up to 500 tons per square
mile per year for areas of 10 percent or less forest cover. The
relationship between sediment discharge and croplands in sub-basins
of the Potomac River System showed an increase from about 80 toms
per square mile per year for areas with 10 percent croplands to 300

tons per square mile per year for 50 percent cropland.

A detailed study of sediment yields of forested land in
Colorado showed annual yields of sediments of only a few pounds per
acre and demonstrated that, while such losses increased during and
immediately following harvesting, the area stabilized rapidly foﬁards

pre-harvested levels within a few years (49).

Moore and Smith (76) estimate that erosion and sedimentation
problems in the United States account for an annual loss on the
order of $1 billion and consider that about one-third of all lands
are susceptible to, or already badly damaged by, erosion. In general,
sheet erosion is considered the most significant mechanism precipita-
ting soll losses in humid regions whereas channel erosion is
dominant in arid zones. Wind erosion occasions the greatest losses
in semi-arid regions as well as causing serious loéal problems in

humid regions (2).

Sediment yield rates are usually determined from measurements
of suspended sediments in stream flow or occasionally from measure-
ments of sediment deposits in reservoirs. Representative data for

the United States are reported by Glymph and Storey (44) who indicate
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the average annual mean sediment concentration in various rivers
ranges from about 200 to 50,000 ppm, being less than 600 ppm across
50 percent of the continental United States‘and less than 800 ppm
over 90 percent of the country. Stichling (97) indicates typical
concentrations in eastern Canada of between 50 and 200 ppm with a
few smaller catchments in Ontario having yields of 200 to 400 ppm.
Typical yields across western Canada range from 200 to 1,000 ppm
with other higher rates in south central Alberta and southern

Saskatchewan.

Evidence of the substantial increase in erosion as a
consequence of man's activities is reported by Jonys (16) who cites
recent studies of the Great Lakes which indicate a significant
increase in the rate of accumulation of bottom sediments starting
approximately 140 years ago which corresponds approximately with the
period when early settlers began to clear land for agricultural
purposes. Using the ragweed pollen horizon as an indicator, ‘an
average rate of modern sedimentation at a single location in Lake
Ontario was estimated at 320 gms per square metre per year. The
average rate of sedimentation at the same location, estimated using
carbon—dating‘techniques, for a period of 3,000 years immediately
preceding the 1830's, was indicated to have been 100 gms per square

metre per year.

Since 1930, control studies on field plots and smaller
watersheds have been extensively collated and have led to develop-
ment of the Universal Soil Loss Fquation for predicting rainfall

erosion from croplands. (100).

The soil-loss equation is
A=R KL SCP

where A is the computed soil loss per unit area.
R, the rainfall factor, is the number of erosion-index
units in a normal year's rain. The erosion index
is a measure of the erosive force of specific: tain-
fall.
K, the soil-erodibility factor, is the erosion rate per
unit of erosion index for a specific soil in



cultivated continuous fallow, on a 9-percent slope
72.6 feet long.

L, the slope-length factor, is the ratio of soil loss
from the field slope length to that from a 72.6-
foot length on the same soll type and gradient.

S, the slope-gradiernt factor, is the ratio of soil
loss from the field gradient to that from a 9-percent
slope. _

C, the cropping-management factor, is the ratio of soil
loss from a field with specified cropping and
management to that from the fallow condition on which
the factor K is evaluated.

P, the erosion-control practice factor, is the ratio of
soil loss with contouring, stripcropping, or
terracing to that with straight-row farming, up-and-
down slope.

Soil loss tolerance, T, is a measure of the maximum rate of
soil erosion (A) which will permit the indefinite sustaining of a
high level of crop productivity. The U.S. Department of Agriculture
have analyzed and correlated data and publish K, T and R factors for
all regions of the United States east of the Rocky Mountains (86, 87).
The U.S. Soil Survey taxonomic interpretations include these data
together with qualitative interpretations of drainage and erodibility

characteristics as well as physical properties of the soil series (82).

Soil Conservation Service officials report that they make
extensive use of the Universal Soil Loss Equation in assessing the
hazards from land use transportations, and have current research
programs specifically directed to develop "C" and "P" factors for
use In assessing the effectiveness of various construction practices
and soll conservation measures applicable to small areas undergoing

urbanization. (88).

The Soil Surveys of Ontario have not, as yet, made use of
this approach although it is understood proposals have been made to
correlate data and develop parameters for application of the Universal
Soil Loss Equation to conditions in southern Ontario. At the presént
time, however, qualitative assessments of soil erodibility are being

added to the taxonomic interpretations.
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3.0 THE GREAT LAKES BASIN

The Great Lakes Basin occuples a total area of nearly
300,000 square miles of which the water surface area of the Lakes
themselves and their connecting channels comprise some 95,000 square
mliles. The land area tributary to the Great Lakes is 203,000 square
miles of which 88,800 square miles is within Canada*.

The Canadian portion of the basin contains nearly one-third
of the country's population, much of which is concentrated within
the Tordnto—centfed reglon and in southwestern Ontario. By far the
majority of the population are urban residents and the trend in
Ontarlo, as elsewhere, is to an increasing proportion of urban

population.

Statistical data on population and economic activities are
compiled for administrative subdivisions rather than for natural
physiographic regions or catchment areas. In much of the discussion
which follows reference to Figure 1 will indicate the administrative

area under discussion.

3.1 Geégraphy and Demography

The portion of the Great Lakes basin lying within Canada falls
entirely within the borders of the Province of Ontario. The basin
boundary north of Lakes Superior and Huron is often indeterminate,
many of the streams draining to these lakes originating in swampy
depressions which also give rise to Arctic drainage. The planed
surface of the Precambrian Shield abounds with lakes and bog-filled

depressions.

Southern Ontario includes portions of the Precambrian Shield
within Hastings, Lennox and Addington and the southern extremities of

*The foregoing data are measured above Iroquois Dam,as reported by the
Cornwall Office, Water Survey of Canada, March. 1974.
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Frontenac and Leeds counties. East of the divide bisecting Haliburton
and Hastings counties, drainage flows to the Ottawa River. To the
northwest, most of the Parry Sound and Muskoka districts are tribu-
tary to Lake Huron. The draihage basins within Ontario, as defined
by the Ontario Water Resources Commission,are 1llustrated in Figures

2 and 3.

The population distribution and density at the 1971 Census
are indicated in Table 3-1. As méy‘be noted from this table, some
27 percent of the population were resident ﬁithin the limits of
Metropolitan Toronto while as shown in Table 3-3, page 37,
more than 82 percent of the population reside in urban concentrations

.of more than 1,000 population.

3.2 Physiography and Drainage

‘ The underlying build of southern Ontario can be traced to the
warping, faulting and pre-Pleistocene erosion of the Paleozoic
bedrock formations which extend throughout the region south and west
of the Trent River system and east of the Frontenac axis which
divides the Ottawa River basin from Great Lakes Basin drainage in
southeastern Ontario. The Precambrian outcrops in the International
section of the St. Lawrence River extends into and across Northern
Ontario. The northern drainage to the Great Lakes lies wholly
within the Shield area. '

The present land forms of the Great Lakes Basin are the
result of massive planing of the bedrocks during the Pleistocene
epoch. During successive advances of the glaciers, soils were
moulded, ground, transported and redeposited as hetrogeneous
mixtures of stones and pebbles within a sand, silt and clay matrix.
The present-day landscape is only slightly modified from that which
emerged upon the retreat of the Wisconsin period glacier. Till
moraines, eskers, drumlins, kames, flutings and glacio-lacustrine

plains dominate the surface features of southern Ontario. (37)

24,
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Area and Density of*Population, Province of Ontario, for

TABLE 3-1

Census Division, 1971

(1) District municipality, comprising the former Territorial Di

Unorganized in the Territorial District of Nipissing.

(2) Regional municipality, comprising the former counties of Lincoln and Welland.

Land area
in squate Population
Census division miles density(3)
- Population - -

Ontarfo ...cvvivivenenernrnians eenereraenaan .. 7,703,106 354,223(2) 21.75
Algoma 121,937 19,771 6.17
Brant ......... 96,767 422 229.56
Bruce ..... 47,385 1,563 30,31
Cochran 95,836 55,584 1.72
Dufferin 21,200 575 36.86
Dundas 17,457 393 44.37
Durham ...... 47,494 619 76.70
Elgin 66,608 726 91.77
Essex ... 306,399 719 426.16
Frontenac 101,692 1,475 68.95
Glengarry 18,480 481 38.40
Grenville 24,316 462 52.68
Grey ...ven 66,403 1,739 38.18
Haldimand 32,673 484 67.48
Haliburton 9,081 1,610 5.64
Halton ....... e aees et . 190,469 380 500.63
Hastings ...oiiiviiinneiiniernnnsnerannens vee 99,393 2,304 43.14
Huron ......viivinninnnnes [ i 52,951 1,314 40,30
Kenora .....cvveivennnnens e Cereaan 53,230 153,220 0.35
Kent ...... P [T 101,118 963 105.02
Lambton . ..iiiiiiiiiietiieer e i 114,314 1,157 98.80
Lanark .ottt i i e 42,259 1,183 35.72
Leeds ....oivennnn P A T 50,093 847 59.12
jLennox & Addington ................ sheerr e 28,359 1,097 25.86
Manitoulin ............ 10,931 1,421 7.70
Middlesex ...iiiiiiiiiiiiniiiiieaaaan [ 282,014 1,298 217.29
Mugkoka (1) .iiiiuuiiiiiiiiiiirnenennnnannns 31,938 1,558 20.49
Niagara (2) ..ivivvniinerrnonnnnnnen e 347,328 715 486.04
Nipissing ......... teeen [P FPEIN .. 78,867 7,022 11.23
Norfolk ........ e teervaesa e, e 54,099 642 84.28
Northumberland ..........0... e, 48,162 737 65.31
Ontarioc ...... Ceteetarat et e 196,257 833 235.63
Ottawa - Carleton (3) ..vvvvuvvnnrennn AN 471,931 1,065 443,34
0D ) N 80,349 782 102.72
Parry Sound ..... Cieeiaaerenes P 30,244 3,815 7.93
Peel .......... R R R TR R 259,402 463 559.78
Perth ........... Cerreereseeeeaaas Ceraearaas 62,973 846 74,47
Peterborough ..... Ceeeeereaeneaeans 87,804 1,394 62.98
Prescott ..uuiievirnnenrnrornranns Ceerreeaas 27,832 480 57.93
Prince Edward ...cuveieniinninneciesnnnnnnnnn 20,640 405 51.00
Rainy River ..... et cs sttt s . 25,750 6,493 3.97
Renfrew ’ 90,875 2,952 30.78
Russel 16,287 293 55.62
Simcoe 171,433 1,704 100.58
Stormont 61,302 400 153.15
Sudbury .......... et tiieeeiiiaieisatananas 198,079 17,715 11.18
Thunder Bay ....civecioncennisnenas [P 145,390 42,281 3.44
Timiskaming ... iuiieiiiinecniennonnnnens 46,485 5,850 7.95
Toronto (4) .iviiviinnrnnnssneernanns Cesen 2,086,017 242 3,632.75
Victoria ..... 34,242 1,070 32.00
Waterloo ..... i ereareaes [N ceenaen . 254,037 513 495.11
ellington .....iiiieiiiiiieeieereiiaan e 108,581 1,026 105.80
Wentworth ........i0v0vennnn Cessrecerainias . 401,883 442 910.02
York (5) ..iieviininanns Ceerererraet s 166,060 678 245,00

strict of Muskoka as well as part of

(3) Regional municipality, comprising the former county of Carleton as well as Cumb2rland Township

in Russgel County.

(4) Metropolitan municipality, formerly part of York County - that part previously known as Toronto

Metropolitan Corporation.

(5) Regional municipality, formerly part of York County - that part outgide the former Toronto

Metropolitan Corporation.

Source: --Statistics Canada
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, The physiography of southern Ontario, based primarily upon
glacial drift deposits, has been defined in detail by Chapman and
Putnam (38). Although Chapman and Putnam have defined some 52 local
physiographic reglons outside the Shield area of Southern Ontario,
the major natural divisions are the broad half-dome which slopes
from the Niagara escarpment to Lakes Hﬁron and Erie, the Niagara
escarpment, south-central Ontario between the edge of the Canadian
Shield and Lake Ontario, the lowlands between the St. Lawrence and

Ottawa Rivers, and the Canadian Shield itself.

Following retreat of the Wisconsin glacier about 10,000 years
ago, the present imperfect drainage system developed. West of the
Niagara escarpment the larger rivers rise in an extensive till
plain, down-cutting through moraine and esker deposits bordering the
central Dundalk highlands as they approach the shores of Lékes Huron
and Erie. The larger rivers in this area are the Grand, flowing
into Lake Erie, and the Thames into Lake St. Clair. In their head-
water areas many of the tributary streams disappear underground.
Smaller rivers such as the Sauble, Lucknow, Bayfleld and Ausable
flow into Lake Huron, while Kettle Creek, Catfish Creek and Big
Otter Creek drain into Lake Erie. East of Pointe-aux-Pins
the drainage becomes deeply incised as the .streams traverse the
abandoned bluffs of former Lake Algonquin in their descent to the

present-day shoreline of Lake Erie.

The boundaries of several of the smaller watersheds along
the Niagara cuesta remain in doubt because of the number of |
disappearing streams in the area. West of the Beaver Valley in
Eubhrasia Township there are several examples. Wodehouse Creek
goes underground near Wodehouse, another creek disappears near
Harkaway while two others find underground channels north of Goring.
In general, the Niagara escarpment is much better drained than the
Dundalk plain. The Nottawasaga, Beaver and Bighead rivers and
smaller streams such as the Sydenham and Pottawatomi drain the

northern portion of the escarpment and the Bruce Peninsula.

26.
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Drainage to Lake Ontario includes the Welland River which
rises on the back slope of the Niagara cuesta west of Hamilton. A
great many small streams descend the Niagara escarpment through‘
narrow valleys finding their way directly to Lake Ontario. These
include Four Mile Creek, Twelve Mile Creek, Twenty Mile Creek,
Stoney Creek and Redhill Creek. Above the escarpment these streams
drain depressions between clay moraines. They are sluggish streams
having cut only shallow valleys. In the descent of the escarpment

they have cut deep V-shaped gorges.

Drainage of the lands lying between the escarpment and the
Trent River valley is divided by the Great Oak Ridges morainé.
Flowing to the north, the Severn and several small sluggish rivers
drain into Georgian Bay. To the south many short rivers including
Bronte Creek, Oakville Creek, Credit River, Etobicoke Creek, Humber
River, Don River, Highland Creek, Rouge River, Duffin's Creek, Lynde
Creek, Oshawa Creek, Bowmanville Creek, Wilmot Creek, Ganaraska
River and Cobourg Creek drain small catchments along the north shore

of Lake Ontario.

The Trent River, which is the largest of all southern Ontario
rivers, enters Lake Ontario at the western end of the Bay of Quinte.
Several smaller rivers, including the Moria, Salmon and Napanee, rise
in the Shield region west of the Frontenac axis and flow into the
Bay of Quinte and the International section of the St. Lawrence
River. East of the Frontenac axis drainage flows to the Ottawa
Valley. The Trent system follows the juncture of the Paleozoic lime-~
stones with the crystalline rocks of the Shield and the Kawartha
Lakes, forming part of the Trent systém, occupy portions of pre-
glacial valleys which have been blocked in the south by morainal
debris. |

Drainage to Lake Huron north of Georgian Bay and to the north
shore of Lake Superior consists of numerous smaller rivers inter-
connecting the myriad small lakes and muskeg-filled depressions

scooped out of the crystalline Shield bedrocks by glacial action.



The drainage divide along its northern boundary is imperfectly
defined, with many streams flowing to the Arctic and to the north

shores of Lake Huron and Lake Superlor having common origins.

As may be seen from Figure 2, the land areas draining to the
Great Lakes consists of a relatively narrow band across the northerly
portion of the basin. The area is studded with many small lakes and
swamps which are a common feature throughout the flat Shield land-
scape. In southern Ontario the Kawartha Lakes and Lake Simcoe afford
" considerable regulation of natural runoff. Elsewhere drainage
systems of southwestern Ontario have developed only a few smaller

lakes which offer little natural regulation capacity.

‘Glacial erosion left behind only a thin mantle of solls over
most of the Shield region. The deeper glacial drift deposits over-
lying bedrocks of the south central, southwestern and Ottawa Valley
regions developed fertile toposoils which matured under the climax
hardwood forests extending throughout Southern Ontario (37). Under
a more severe climate, thin soils and lmperfect drainage have limited
the development of vegetation successions throughout Northern
Ontario to a climax stage represented by the coniferous Boreal forests
which extend south of the Arctic tundra to the latitude of the north

shore of Lake Superior.

3.3 Soils

The Soil Survey Division of the Ontario Department of
Agriculture in cooperation with the Federal Department of
Agriculture have classified and mapped the soils throughout most of
southern Ontario in detail (35). Reconnalssance level surveys have
been completed for soils of northwestern Ontario and other small

areas of minor agricultural significance (37, 39).

Basic classification follows the '"7th Approximation' system
developed by the U.S. Department of Agriculture. The system is

based upon the properties and arrangement of horizons within the soil
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profile (37). County series soil survey reports contain semi-
detailed mapping at l-inch to one-mile (1:63,360) or 1:50,000 scale
and indicate the nature of the soil materials, drainage character-
istics, topography, surface stoneyness and reaction (acidity/

. alkalinity) (36). Typical profile descriptions usually provide
further detail by horizon, with a description of the soil texture,
structure and qualitative assessments of plasticity and other

physical characteristics.

These agricultural soil surveys provide the most extengive
data available concerning the soils of any location. The taxonomic
interpretations provide a consistent basis for evaluation of erosion
hazards from potential developments. As i1s discussed again,
comparison with current U.S. Soil Survey taxonomic interprefations
suggests there is some opportunity for enhancement of the soil
survey information through correlation and presentation of key

physical and engineering properties in the taxonomy.

The soils throughout Ontario essentially have been formed
on glacial drift deposits or resorted materials transported by
fluvial and wind erosion. Few locations derive their soil constitu-

ents from in-situ decomposition of the underlying bedrock.

The southern Ontario soills include podzols, brunisols, gleysols,
regosols and organic soils (37). Soils of the Podzolic order have
developed under a forest where the accumulated leaf litter has
formed an organic layer. Decomposition products of the organic
matter have a strong leaching effect which results in an eluvial
grayish layer near the surface. Three Great Groups (Podzol, Gray
Brown Podzolic and Gray Wooded) are found throughout southern
Ontario and are dominant on well-drained sites. Brunisolic Order
soils in Ontario include the great groups Brown Forest, Brown
Wooded and Acid Brown Wooded. These soils have also developed under
forested conditions. However, the soil forming processes have not

resulted in development of distinct eluvial or illuvial horizons.
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The Gleysolic order includes those soils in which the
processes of soil development have been influenced by soil moisture
conditions, such as high water tables, seasonal fluctuations in the
water table, periodic excesses and deficiencies in soil moisture
and inadequate soil aeration. Under sucﬁ a moisture environment
reducing conditions are established in a soil. The visible resul;s
are a.gleyed horizon characterized by dull colors and discolorations
of brownish, rusty, or bluish spots, streaks, or mottles. In many
of these soils, the high water table restricts the downward movement
of soluble materials., In other soils leaching may be significant
due to a fluctuating water table. Gleysolic order soils found in
Ontario include the Humic Gleysol Great Group, the Gleysol Great
Group and the Eluviated Gleysol Great Group.

Within all areas some soils lack distinctive horizon develop-
ment due to youthfulness, characteristics of a parent material,
slope, or climate. Regosolic Order soils include a variety of such
soils found in site conditions such as bottom land along stream
courses and severely eroded slopes, and include higﬁly calcareous
materials,shifting dune sands, disintegrating rock materials and

some solls underlain by permafrost.

Organic soils do not possess the horizon differentiation
associated with mineral soils. A tentative classification for
organic solls has been prepared for Ontario in which an organic
soll is defined as one having 30 percent or more organic matter and
is at least one foot in depth. While the acreage of organic soils

in Ontario is large, there are few extensive individual deposits.

The soils of the Precambrian Shield include depressional
areas of organic soils, sand and gravel deposits, thin deposits of
coarse to medium-textured Podzols and fine-textured Gray Wooded

- soils. A narrow band of level clay plains, having the features of

a Gleysol occupies a narrow band along the north shore of Lake Huron
and another area to the west of Lake Nipissing. An extended area

of Gray Wooded and Gleysol clay soils occurs inland and south of
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Thunder Bay (37).

3.4 Sediment Yields

3.4.1. Areal Yields. Sedimentation rates vary markedly

depending upon soils and climate. Recent studies of sedimentology
in Canada indicate rates ranging from less than five tons per square
mile per year in the Qu'Appelle Valley of éouth Saskatchewan to more
than 1,000 tons per square mile per year in the Peace and Finlay
Valleys of northern British Columbia. Streams in southwestern
Ontario derive an estimated 50 to 250 tons per square mile per year
from drainage of the Niagara escarpment and south central Ontario.
Data for the Thames River valley indicate yield rates from 250 to
1,000 tons per square mile per year (97). Except for southwestern
Ontario and streams draining into the eastern part of Lake Ontario,
there are no regular sediment measuring stations in Ontario.
Miscellaneous sampling, however, indicates that the Shield drainage

generally exhibits low levels of suspended sediment concentrations.

It is reported that a test program to evaluate soil loss from
sample plots has been in progress for some years at the Ontario
Agricultural College, Guelph. Professor Ketcheson* advises that
some 15 years of data have been collected for test plots but advised
that these apply only to the specific gray Guelph loam soils and further
the tests have been specially designed to evaluate cropping practices

for corn.

In another research program thé University of Guelph has
evaluated erosion losses during highway construction. Drainage from
a portion of the Hanlon Creek Expressway was directed into two
sediment ponds. As reported by Professor P. S. Chisholm* the two
ponds drained areas of 0.89 and 1.68 square miles and were designed
to effect removal of 90 percent of all inflowing sediments with
specific gravities greather than 1.6 and grain-size greater than

0.1 mm. It was concluded from observations and data collected that

*Personal communications.
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the ponds were effective as designed and that the combined sediments
trapped represented a yield of approximately 115 tons per square
mile of expressway corridor. Studies are continuing to assess the
impact on its ecology of the fine sediments passed into Hanlon

Creek.

In recent years the Department of Environment has initiated
sediment surveys of six reservoirs in Ontario. The reservoirs and
the dates of the first baseline survey are as follows: Conestogo,
1969; Parkhill, 1970; Bellwood, 1971; Fanshaw, 1972; Finch and
Clairville, 1973. It is intended to re-survey these reservoirs at
five-year intervals to provide data to evaluate sediment trap
efficiency, deﬁermine the loss of storage capacity and monitor
changes which may arise in sediment yield rates. The first re-
survey, of Conestogo Reservoir, is scheduled for 1974. Glymph and
Storey (44) report that a 1965 study of United States reservoirs
indicated an average annual rate of storage loss due to sediment
accumulation of 0.2 percent, with total losses amounting to about one

million acre/feet per year.

Average annual dredgings from Canadian lake ports in the
Great Lakes amount to some 3.6 million cubic yards in recent years.
The records, however, do not reflect directly the sediment loads
reaching the lakes as much of the shoal materials are derived from
beach erosion. Moreover records do not clearly distinguish between
maintenance and capital dredgings (112). It may be, however,
as a result of current investigations and studies of the environmental
effects of dredging activities, that in the future records of dredging
will assist in identifying locations receiving high inputs of

sediments from tributary drainage.

However, in one instance, dredgings are clearly related to
upstream erosion. The Don River, which formerly drained into
Ashbridges Bay, was diverted in 1853 to Toronto Bay and the outlet
channel enlarged to serve as a docking area. The Keating Channel,

as the outlet is known, requires annual dredging to maintain



navigable draft. Although over the years this draft has been
increased, it is repbrted that since 1920 dredging has been under-
taken to maintain a constant depth. Some materials are washed
into Toronto Harbour during high flood flows and therefore not
included in the records, however, the bulk of the sediments are
trapped in the Keating Channel. The annual dredging volume from
the records of the Toronto Harbour Commission are illustrated in
Figure 4 and are indicative of a medium-term change in sediment

ylelds induced through development activities.

The City of Toronto maintained responsibility for the Don
River upstream from Lakeshore Boulevard and in attempting to
alleviate the effects of frequent flooding in the lower reaches,
the City dredged the Don River between Lakeshore Boulevard and
Queen Street in 1930. Soundings taken in 1932 indicated that the
same volume of silt had been deposited as had been removed two
years before. Subsequent soundings indicated no appreciable
accretion in this reach although in 1939 substantial scouring was
indicated. Fdllowing dredging in 1952 it is reported that the
channel had resilted by the spring of 1953 and within a few days of
completing dredging in 1957 the river channel infilled from sediments
transported during a singie storm. The City ceased dredging of the
Don after 1957*. It is apparent from the report that the dredging
of the lower channel was not wholly effective. The quantities
dredged are not recorded. However the fact that one storm in 1957
was sufficient to refill the dredged reach suggests that the amounts
were not significant as compared with the énnual dredgings of the

Keating Channel.

In a report on erosion control and river bank stabilization
prépared for Metropolitan Toronto Regional Conservation Authority by
Jaﬁes F. MacLaren Limited in 1970, (25) it is indicated that both
the East and West branches of the Don exhibit considerable instability.
The West Branch has valley walls of 70 to 100 feet in height with
uniformly steep slopes of about 40 percent. The Fast Branch exhibits

a somewhat wider range of characteristic slopes ranging from 28

*Personal communication from C. J. Shrok.
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percent in the north to 44 percent in the south. Average valley
depth ranges from 28 feet in the middle reaches to approximately 100
feet in parts of the southern portion. The report concludes that
several sub-reaches of both branches require channel stabilization

as well as extensive works to promote slope stability.

It 1s evident that, for most of the Great Lakes Basin in
Ontario, serious sedimentation problems assoclated with urbanization
are not widespread. However, as an indiéation of the potential
hazard, a preliminary case study of the Don Basin has been under-
taken as part of this study to relate the dredging data to changes
in land use occurring throughout the period 1947 to 1973. As
discussed in more detail in Section 4.1 the high yields of sediments
indicated by Figure 4 when related to changing land use indicate a
thousandfold increase in areal yield rates due to urbanization
processes from yields characteristic of adjacent agricultural areas,
and undoubtedly underlie the problems of channel and slope instability

referred to above.

3.4.2, Water Quality Indicators. In the larger receiving

waters, as exemplified by the Great Lakes, gradual mixing and
dilution of sediment laden inflows occur, although the near-shore
water quality is often markedly différent from the open and deep
water conditions (111). Over long periods of time changes in water
quality reflect the input of increasing levels of contaminants. For
example, total dissolved solids have increased by about 12 mg/litre
in Lake Huron, 20 mg/litre in Lake Michigan and 15 mg/litre in

Lakes Erie and Ontario during a 70-year period up to 1960. Increasing-
ly widespread algal blooms in Lakes Erie and Ontario and the extended
anaerobic bottom conditions recorded in thé western basin of Lake
Erie are evidence of the acceleration of natural eutrophication
processes under increasing inputs of contaminant wastes from many

sources (111).

A water quality monitoring program was initiated by the

34,



Ontario Water Resources Commission in July 1964 with 89 streams in
southern Ontario being sampled. By the end of the 1966/67 water

year, a total of 366 stations throughout Ontario had been established.
The concentration of dissolved solids and other critical water quality
indicators such as dissolved oxygen, temperature and pH are

currently determined for some 760 locations throughout Ontario by the
Ministry of the Environment. In Table 3-2 a few selected records

from observations taken during 1966/67 are presented. Comparison
between the sites serves to illustrate the variations in water quality
observed at different locations on the same stream and between streams

in different locations (26).

3.5 Urbanization

In the Province of Ontario more than 82 percent of the
population reside in urban centres of 1,000 or more and nearly 75
percent in centres of 10,000 or more (1971 Census). Of the 17.65
percent residing in rural areas only 4.72 percent were directly
engaged in agriculture. By far the largest concentration of
population, and hence associated development activities, are céntred
upon the Metropolitan Toronto region. The population distribution
is illustrated in Table 3-3 from 1971 Census data compiled by
Statistics Canada (109).

As may be noted from the data in Table 3-3, the Metropolitan
Toronto region alone contains some 27 percent of the total provincial
population. High population concentrations are also found in the
surrounding counties of Ontario, York, Simcoe and Peel with related‘
concentrations in Halton, Wentworth, Niagara and along an axis
through Wellington, Waterloo, Oxford, Middlesex, Kent and Essex
counties. In eastern Ontario only Ottawa-Carleton and Stormont
counties have population densities approaching these of the greater

part of southwestern Ontario.

As is axiomatic, the pressure upon land for conversion to

35,
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Population of Census Divisfong, Urban Size Groups, Rural Non-farm and Rural Farm, Province of Ontariec, 1971

TABLE 3-3

37.

Urban Rural
Census division Total .
Total 500,000 100,000 30,000 | 10,000 5,000 1,000 Non-
ota and over to to ta: to to Total farm Parm
499,999 99,999 | 29,000 9,999 4,999

Ontario ..iieieeiienes vevv. |7.703,105 |6,343,630) 2,768,475 (1,357,385 }896,900 |605,615 |312,440 [402,815 ]1,359,475 |995,840 [363,640

Percent . ......i.i.inieaens .. 100.0 82.35% 35.94 17,62 11.64 7.86 4.06 5.22 17.65 12.93 4,72
ALEOMA ot e 121,940 102,235 - - 80,580 - 8,830 | 12,825 19,700 | 18,030 1,670
Brant ......... Ceveaae Ceee 96,765 74,410 - - 66,610 - 6,485 1,315 22,360 | 15,915 6,445
Bruce .u.vvuieneveson eeeae 47,385 17,570 - - - - - 17,567 29,815 | 16,720 | 13,090
Cochrane .......uivvunns e 95,835 71,305 - - 32,965 | 12,835 7,270 | 18,230 24,530 | 22,990 1,540
Dufferin . ....coiuiiuiianvnes 21,200 9,860 - - - - 8,070 1,790 11,335 5,900 5,440
DUndas i iieveniniianieas . 17,455 6,110 - - - - - 6,110 11,350 6,350 5,000
Durham ..... e [T . 47,495 21,040 - - - - 17,820 3,225 26,455 | 19,965 6,485
Elgin .iv.vnvnnns r... . 66,610 34,135 - - - 25,545 ~ 8,390 32,470 | 21,965 | 10,505
ESSEX .eeniiiainn e Ceee 306,400 246,560 - 216,305 - 10,435 5,170 | 14,655 59,840 | 44,725 | 15,115
Frontenat ....ecvavensn e 101,690 73,600 - - 73,605 - - - 28,090 | 23,330 4,760
Glengarry ..,.ceevenne evan 18,480 3,240 - - - - - 3.240 15.240 | 10,065 5,180
Grenville ...... P 24,315 9,445 - - - - 5,165 4,280 14,875 11,435 3,435
Grey .ocvenes erereaas Ceees 66,405 33,505 - - - 18,470 5,060 9,970 32,900 { 17,070 | 15,825
Haldimand .......... Ceveens 32,675 12,135 - - - - 5,580 6,560 20,535 | 13,585 6,955
Haliburton ....v.eeeneneess 9,080 - - - - - - - 9,080 8,690 395
Halton ..veviier covnnsnoans 190,470 178,725 56,515 76,700 - 27,380 | 12,050 6,080 11,750 9,605 2,145
Hastings ...... [N e 99,390 67,125 - -~ 35,125 | 20,060 - 11,940 32,265 | 24,660 7,605
Huroh .. .ievans Cereaeaaa 52,950 19,590 - - - - 6,815 { 12,775 33,360 | 16,605 | 16,755
Kenora ...vvuans Cerienen ves 53,230 26,415 - - - 12,705 6,940 6,765 26,820 | 26,175 640
Kent ........ e e 101,115 60,825 - - 35,315 | 10,550 - 14,960 40,290 } 25,710 | 14,580
Lambton  ...... e . 114,315 79,745 - - 70,665 - - 9,075 364,570 | 20,755 | 13,815
Lanatk . oevivannn Ciaae e 42,260 26,500 - - - 12,245 | 10,560 3,695 15,760 | 10,440 5,320
Leeds ..... e i 50,090 26,050 - - - 19,765 5,215 1,070 24,045 | 18,340 5,705
Lennox & Addington ,....... 28,360 8,795 - - - - - 8,795 19,565 14,800 4,765
Marftoulin .......... e 10,935 1,565 - - - - - 1,565 9,365 7,595 1,775
Middlesex ....vvouen Cereeas 282,015 240,325 - 223,225 - - 6,595 | 10,515 41,690 | 25,955 | 15,735
Muskoka (1) .ievivnvenienns 31,940 23,820 - - - - 23,820 - 8,115 7,865 255
Niagara (2) ....... N 347,330 334,875 - 121,815 [111,560 | 87,100 9,995 4,400 12,450 7,745 4,715
Nipissing .vevvvrenen e 78,870 58,730 - - 49,185 - 6,665 2,880 20,135 17,870 2,265
Norfolk ...... Ceeneen . 54,095 20,500 - - - 10,795 - 9,705 33,600 { 21,810 { 11,790
Northumberland ..... Cereaes 48,160 20,620 - - - 12,560 - 8,065 27,540 | 20,590 6,955
ONLario v.iesveesoreraans e 196,255 159,865 19,280 111,360 - 12,515 5,550 | 11,160 36,390 | 28,520 7,870
Ottawa - Carletou;(]) Ciaens 471,930 428,940 | 408,560 - - - 6,640 | 13,745 42,990 | 34,185 8,810
Oxford ...... 80,350 44,870 - - - 26,175 | 14,390 4,305 35,475 | 21,775 { 13,700
Parry Sound 30,245 9,255 - - - - 5,845 | 3,410 20,995 | 18,895 2,100
Peel ....... et 259,405 238,650 | 199,330 - 431,210 | 22,105 { 13,025 2,985 20,750 { 16,895 3,855
Perth ..... D erheraaaeanaens 62,970 37,575 - - - ] 24,505 - 13,070 25,400 | 11,310 ] 14,090
Peterborough ......vvvvnens 87,805 65,390 - - 59,350 - - 6,045 22,415 | 16,975 5,440
Prescott ..svevossrecesanens 27,830 13,605 - - - 9,275 - 4,325 14,230 8,745 5,485
Prince Edward ...... e 20,640 4,875 ~ - - - - 4,875 15,765 | 11,820 3,950
Rainy River ....covvuerenes 25,750 17,130 - - - - 15,930 1,200 8,625 6,470 2,155
Renfrew ......... evaenenns 90,875 56,240 - - - 29,805 [ 22,515 3,920 34,640 | 26,410 8,225
Russell .......e000 eeen 16,285 6,440 - - - - - 6,440 9,845 6,040 3,810
Simcoe ...... Ceraaeean Ceea 171,435 104,370 - - - 69,375 | 14,915 | 20,085 67,060 | 51,815 { 15,245
Stormont . 61,305 47,115 - - 47,115 - - - 14,185 | 10,080 4,105
Sudbury e 198,080 146,100 - - 94,620 | 10,190 | 13,575 | 27,705 51,980 | 49,895 2,085
Thunder Bay .......... P 145,390 126,150 - 108,410 - - - 17,740 19,235 | 17,645 1,590
Timiskaming .......... ceven 46,485 31,020 - - - 13,625 | 12,965 4,430 15,465 | 12,040 3,425

Toronto (4) ........... ... 12D86,020 '2086,015 }2081,655 - - - - 4,360 - - -
Victoria ....... N i 34,245 15,880 - - - 12,745 - 3,135 18,365 | 11,935 6,430
Waterloo ....... [P eeee 254,035 222,790 - 150,855 | 38,895 | 16,720 6,345 9,975 31,250 | 21,960 9,290
Wellington ......c.c.vvunes 108,580 76,960 - - 60,085 - 7,335 9,535 31,620 | 17,675 | 13,945
Wentworth ......ceevvuieenns 401,885 360,285 - 348,720 - - 7,840 3,725 41,595 | 34,410 7,185
YOUK sovevveresneneoraonnnn 166,160 134,770 43,135 - - 78,130 7,490 6,010 31,295 | 27,095 4,200

(1) Districc Hunicipulity, comprising the former Territorial District of Muskoka as well as part of Unorganized in the Territorial

District of Nipissing.
(2) Repionat Municipality,

(3) Regional Municipality,

comprising

the former counties of Lincoln and Welland.

comprising the former county of Carleton as well as Cumberland Township in Russell County.

(4) Metropolitan Municipality, comprising that part of the former York County previously known as "Toronto Metropolitan Corporation'.

(5) Regionai Municipality, comprising that part of the former York County ocutside the old "Toronto Metropolitan Corporation
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intensive uses is directly related to population growth and it is
therefore around the larger population centres where the influence
of urbanization trends are likely to pose environmental conservation
problems. The level of activity in building construction for the
statistical regions of Ontario during 1972 are summarized in Table
3-4 following. The concentration of building construction in the
_larger urban centres 1s also illustrated in this table. From Table
3-3 it may be noted that 71.3 percent of the total population
resided in the 69 towns and cities having populations of 10,000 or
more and as shown in Table 3-4 accounted for 86.7 percent of the

total investment. (21,24).

3.6 Other Major Development Land Uses

Apart from residential, commercial institutional and
industrial developments which have similar requirements insofar as
the earthwork activities are concerned, communications corridors,
as exemplified by roads and transmission lines, disrupt extended
tracts of land and interrupt natural drainage features. Activities
such as large pipeline comstruction, being'more intermittent, have

not been considered herein.

3.6.1. Roads. An extensive system of provincial, county,

township,énd urban roads has been developed throughout the province.
Total mileages for the various classes of roads in Ontario as of
December 31, 1972 are presented in Table 3—5*. Based upon informa-
tion from the Ministry of Transportation and Communicatibns the
average rate of development of provincial highways during the five
years preceding 1974 has been 330 miles per year. The average for
1971 to 1973 has‘been 270 miles per year. With an average right-

- of-way width of 120 feet, recent requirements have been for
occupation of approximately 4,000 acres per year. Ministry
officials indicate that they anticipate the mileage of new highway

construction will decline and that the greater proportion of their

*Data supplied by the Ontario Ministry of Transport and Communications.
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program in the future will involve re-surfacing and upgrading of

existing routes.

No estimate 1s available for the mileage of new county and
township roads currently being devgloped, hbwever, as may be seen
from the data presented in Table 3-5, the majority of township
roads as well as a high percentage of county roads are not paved.
It is understood that most county activity involves the gradual
upgrading of these roads as local funds permit. Municipal roads
and streets are constantly being expanded to serve new development
areas. No direct information has been obtained concerning the rate
of development of urban streets although as explained in Section
4.3 an allowance has been made for this class of activity in the

estimate of urban residential expansion.

- From information provided by the Ministry of Transport and
Communications the annual application of sand and salt to provincial
highways in areas tributary to the Great Lakes and St. Lawrence

River amount to 750,000 tons and 350,000 tons respectively.

All salt is stock-piled in convered storage sheds. An anti-
caking agent mixed with the salt is sodium thio-cyanate. Approxi-
mately 37 percent of sand stockpiles 1s covered by domes and a further
32 percent sprayed with Curosal. It is reported that there has been
a significant reduction of incidents of groundwater pollution through
the storing of salt under cover as well as substantial reduction of
losses from sand stockpiles protected either by direct cover or

treatment with Curosal.
Extensive use of salt and sand by municipalities and county

road authorities is reported, however, specific data indicating the

level of use 1s not readily available.

3.6.2. Power Stations and Transmission Lines. Information

has been provided by Ontario Hydro concerning the area of lands



affected by hydroelectric and thermal generating plants for the
period prior to 1972 and for the periods 1972 and 1973 and 1974-

1979, as hereunder:

Land Areas Occupied

Hydro Thermal
Prior to 1972 334,235 acres 1,805 acres
1972-1973 2,000 acres 4,525 acres
1974-1979 - 9,715 acres

Transmission line rights-of-way also occupy substantial areas.,
Up to 1972‘approximate1y 18,000 miles of transmission lines (50 KVA
or over) throughout the province occupied approximately 150,000 acres.
In 1972, 306 line miles of transmission corridor and in 1973, 336
line miles were constfucted, requiring between 30,000 and 38,000 écres
‘of land in rights-of-way. Ontario Hydro advise that their high
voltage transmission program during the next five years will require
approximately 900 miles of right-of-way of between 400 and 500 feet
width. This poses a requirement for between 44,000 and 55,000 acres.

Although up to 1972 a substantial portion of the transmission
lines were developed throughout northern Ontario, it is anticipated
that future work will be largely concentrated in southern Ontario

based upon thermal and nuclear-thermal generation developments.
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4.0 CURRENT STATUS OF DEVELOPMENT ACTIVITIES AND SEDIMENT YIELDS

The current status of development activities has been considered
at three levels of interpretation herein: a case study of the Don
River Basin, a photo-interpretation study of a part of south-central
Ontario and an overview of activities within the Great Lakes Basin

and the Province of Ontario.

4.1 Don River

Based upon information relating to the annual maintenance
dredging of the Keating Channel, as described in Section 3.4.1, it
was assumed that the substantial increase in dredged volumes experi-
enced during the 1950's and 1960's could be attributed to the post-
war exbéﬁgian of Metroplitan Toronto within the Don
River catchment. Iﬁ addition to building and subdivision development,
other major activities such as construction of the Don Valley Express-
way, Highway 401 and the railway marshalling yards in the northwest
of the basin were underway during this period. Therefore, a photo-
interpretation study was undertaken to determine the extent of these
development activities throughout the catchment for a sequence of
nine intervals from 1947 to the present. The procedures followed and
the areal mensuration developed from this study are described in a
report by Northway Consultants Limited presented herein as Appendix
A. It may be noted that the catchment for the southern portion of
the basin was adjusted to conform to the effective drainage boundaries
determined by the storm sewer systems developed by the City of Toronto
and the municipalities of Scarboro, North York and East York while
to the north of Highway 401 the natural topographic divide was
followed.

The annual total aéreage of all development activities, as

reported in Table 1 Appendix A, have been considered in the derivation

43.



of urban sediment yield presented in the upper curve of Figure 5
fqllowing, which relates the total area under active development in
any year to the incremental quantity dredged from the Keating
Channel. The volume of 1945 dredgings was adopted as the base year
of reference and incremental volumes determined from a three-year

moving average of dredging volumes to reduce annual variations attri-

butable to lag effects in sediment transport within the stream system, and

year to year differences in precipitation and runoff, as well as
distortions arising from the timing of dredging activities. The
lower curve of Figure 5 represents the sediment yield averaged over
the entire catchment area. Both curves may be compared with the
background yield for Peel, York and Halton counties as indicated in

the graph.

The density of dredged spoil hés not been determined. However,
observations of dredging in progress late in 1973 indicate the
material has a high silt-clay content and suggest it is moderately
compact. For the purpose of analysis 40 percent solids content has
been assumed,representing a dry weight of 0.893 tons per cubic yard

of sediments.

It is apparent that development activities have occasioned a
considerable increase in the area yield of sediments. Although it
must be presumed that mﬁch of the material derives from bank ‘erosion
and slides of some of the steeper valley sites, these in turn have

been triggered in large part by development activities.

The progress of urbanization within the Don basin, as
developed from the photo-interpretation étudy, is illustrated in
Plates 1 to 9 of Appendix A. The downturn of yields in recent years
as indicated in Figure 5 suggests increasing stabilization of the
area. This also reflects the overall reduction of the area effected
in recent years as well as an increase in redevelopment activities
as may be seen from Plates 6 through 9. Moreover, as noted in
Appendix A, the characteristic pattern of subdivision development
has changed during the period reviewed, with the extended period of
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open subdivision developments characteristic of the immediate post-

war years glving way to a more rapld completion during the 1960's.

The level of interpretation undertaken for this preliminary
case study does not allow for analysis of the contribution to
sediment yields from the different categories of development activ-
ities and indeed would hardly be possible over such a large area.
What was intended and, we believe, demonstrated is that urbanization
in southern Ontario has a potential for causing a severe change in
the regime of a catchment and can result in very substantial costs

attributable to soll erosion if not controlled.

_ The annual maintenance dredging of the Keating Channel, for
examplé, currently exceeds one hundred thousand dollars* and it is
apparent that the Toronto Harbour Commission has for many years been
obliged to bear a significant increase in maintenance dredging costs
as a result of development activities within the Don basin. Extensive
stabilization of several reaches of the east and west branches of the
Don River and of valley walls has been recommended. (25) The cost
of such works has not been investigated in detail but from the range
suggested by the consultant, it appears the total program will

likely exceed several million dollars.

The Don River basin does not represent a situation typical

. throughout southern Ontario. The concentration of population and
economic activity within Metropolitan Toronto and the surrounding
region, however, poses a potential hazard to other catchments to
the east and west of the city. The seriousness of such hazard has
not been evaluated although it has been determined from information
compiled by the Ontario Municipal Board that extensive land
separation requests cover a continuous belt from east of Oshawa

around the western end of Lake Ontario to St. Catharines. Within

*1973 costs are reported to be $1.00/c.y. for direct dredging
by THC plant. In addition trapping and disposal of floating debris
has cost from $10-20,000 annually in recent years.



this zone especially, local conservation authorities and municipali-

ties should be aware of the consequences of failure to follow good

~~ land management practices.

4.2 South Central Ontario

An attempt was made to assess the current status of develop-
ment activity in south-central Ontario from photo~interpretation of
sequential, colour photographs taken by NASA, This material provides
the only recent extensive photo cover of southern Ontario, and two

series taken during August 1971 and June 1972 were utilized.

The area analyzed comprises a block of approximately 5,000
sq. miles bordered on the south by the shore of Lake Ontario between
Oshawa and Oakville and on the north by an.east—west line from
Strathnairn through Collingwood to Oro Station. The western boundary
of the area extends from Lake Ontario through Cooksville in the south
to Strathnairn,vand on the east by a line between Oshawa and Oro

Station. Photo cover of this area was at a scale of 1:120,000.

During the interval between the two photo series approximately
3200 acres of lands were identified as being under devélopment.
Considerable difficulty was experienced in interpreting land-use
changes at the sméll scale of the photography and it is considered
that area measurements can only be determined within about % 25
percent accuracy. All of the areas of active construction during
the period were located within Metropolitan Toronto and surrounding

areas.

Comparison with the interpretation of recent development
activities for the Don River Basin during approximately the same
period indicates that only a few of the larger developments could
be positively identified. 1In several areas there was uncertainty
as to the interpretation, particularly where recently cultivated

fields showed up adjacent to existing urban developments.
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As is noted in Appendix A, positive identification required
correlation and interpretation between different periods even at
the 1:24,000 scale being used for the Don Valley study. It is
concluded that photo interpretation from smaller scale photography
is of limited value in identifying and assessing the extent of

development activities.

Recent advances in the technology for enhancement of ERTS
satellite imagery may provide a more suitable means of monitoring.
development activities over extensive areas. Considerable develop-
ment work on the application of satellite imagery is in progress.

The applicability has not been specifically evaluated in terms of
this study, although a few examples of enhanced imagery examined
recently for other purposes suggest that if further assessment of
the status of development activity is desired consideration should be

given to the possibility for application of this developing technology.

4.3 Current Status of Development Activities Great Lakes Basin/
Province of Ontario

As a part of this study an estimate is required of the
acreage of lands currently undergoing transformation through major
development activities. A direct quantitative determination for
major urbanization is not available and resort has been made to
indirect correlations, most of which are based upon preliminary
indications or broad estimates. The statistical records, however,
deficient, provide the most useful source of data indicating the
intensity and distribution of building construction activities
(21, 22, 24). '

The activities which have been included in the analysis are
residential, commercial, industrial and institutional buildings,
highway construction and development of power generation and
transmission facilities. Although this list of activities 1s not

all embracing, it includes most major developments imposing
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éubsténtial requirements for land. Exceptions to the foregoing
involve development activities of an intermittent character such as
would be represented by large pipelines and railway relocations as
well as occasional large projects such as the proposed international
airport at Pickering. The influence of some of these types of
-activity have been included in the case study of the Don Basin

described earlier.

Current status of development activities within the Great
Lakes Basin in Canadé is not substantially different from that for
the Province of Ontario as a whole. Since most of the data defining
the situation derives from provincial statistics, the current
situation is considered initially on a province-wide basis. A review
of available data indicates that reasonably complete information is
avallable for 1972 whilst only forecast or partial data are as yet
compiled on several major aspects for 1973. For the purpose of
establishing an overview estimate of current activities, the aggregate
of 1972 activities 1s considered to be representative within broad
limits which exceed the variation probably experienced over several

years of growth.

The construction of both single and multiple residential units,
commercial, industrial and institutional facilities are grouped
together as the erosion problems assocliated with land development
for any of the foregoing derives from similar land-shaping operations.
There are no statistics gathered concerning the area of lands involved
in this category of development activity. Specific data would require
a search of county and municipal registry office records, a task
beyond the scope of this stﬁdy. A preliminary evaluation of the
land-use requirements for residential accommodation has been provided

by CMHC which indicate the following averages:



Residential Units Per Acre D
Urban areas Rural areas

Single, detached 5/acre 3/acre
semi-detached 7/acre 4f/acre
row housing 20/acre 20/acre
apartments 3% storey 30/acre 30/acre
apartments 4~6 storey 35/acre

apartments 7 storey 80" /acre

9]

net acreage - add 60 percent for roads, sidewalks,
parks etc.

Based upon the foregoing and the information on building
permits issued in 1972 as presented in Table 3-4, it is estimated
that the current area annually required for residential accommodation,
including allowances for streets, sidewalks, and parks, would be

approximately 20,000 acres.

Data on building permits for commercial, industrial and
institutional properties are presented only in terms of declared
value. It has been assumed that the gross rate of investment per
acre for these categories would be double that for residential
accommodation and on this basis some 10,000 acres would represent
the land requirements for commercial, industrial and institutional

development.,

As discussed in Sections 3.6.1 and 3.6.2, substantial acreage
is required annually for highway development and construction of
pover plants and transmission lines. The total, area-disturbing

activities in all categories in 1972 are summarized hereunder:

Residential ' 20,000 acres
Commercial, Industrial & Institutional 10,000 acres
Ontario Hydro:
Hydro Plants 1,000 acres
Thermal Plants 2,300 acres
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HV Transmission Lines 17,000 acres
Ontario Highways 3,600 acres

53,900 acres

Although the foregoing excludes some common construction
activities, 50,to 60,000 acres per year may be considered reasonably
representative of current méjor development activities throughout
the Province of Ontario. Based upon the number of residentlal units,
80 percent are located within the approximate bounds of the Great
Lakes basin. The value of all building construction for the same
census regions also indicates that about 80 percent is located within
the Great Lakes basin. We therefore conclude that from 40, to 50,000
acres per year would represent the land requiremehts for major develop-

ment activities within the Basin.

It has been suggested by Kline (14) that in the United States

"more than 4,000 acres per day are being ploughed up to complete
real estate developments, suburban facilities, highways and
industries". On the basis of land use per capita, 50,000 acres per
year for the Province of Ontario represents approximately 90 percent
of the projected United States rate. Whilst neither the United States
nor the Province of Ontario rates of land conversion are known with

a high degree of reliability, the foregoing comparison provides some
| confidence that the estimate is representative of the order of
magnitude of current annual conversions of land to urban uses and for

other major development within Ontario.

A more accurate determination of the actual rate is perhaps
‘less important than 1s the recognition that municipal and regional
concentrations can give rise to serious potential erosion problems.
Having regard to the preponderance of population and economic
activities in the Metropolitan Toronto-centered region, along a
corridor from Guelph through London to Windsor and within a narrow
belt following the north shore of Lake Ontario and the St. Lawrence

River, it is in these areas where problems are to be anticipated.




Whilst consideration of changes in agriculfural land use are
not directly mentioned in the terms of reference for this study,
considerable public interest has been focused on the attrition of
commercial farms in Ontario. Therefore some brief comments may
provide a perspective on this aspect as it relates to urbanization

processes.,

Census data indicate a loss of land to farming of slightly
more than 300,000 acres per year in southern Ontario during the
.recent period of 1966-71. Between 1951 and 1966 the farmlands in
southern Ontario decreased at annual average rates of 0.32 percent
for improved lands and 2.00 percent for unimproved lands.
Unpublished data for the 1966-71 period indicate a substantial
increase in the rate of loss of improved lands (1.85 percent per
year) although only a modest increase in the loss of unimproved
lands (2.10 percent per year). The 1971 area of lands being farmed
in southern Ontario totalled 10.34 million acres of improved lands
and 4.36 million acres of unimproved lands and compares with 1966
data which indicate 12.0 million acres of improved lands and 5.82

*
million acres of unimproved lands.

It should be noted that differences in statistical methodolo-
gles and the definition of commercial farms require some caution in
direct comparison of ‘total acreages between censuses. Nevertheless
the underlying trend to accelerating loss of farmlands is evident.

It should be observed that the loss of farmlands does not necessarily
imply an immediate conversion to urban uses, highway construction

and other major types of development. A substantial portion of

lands lost to farming 1s believed to represent acreage not counted

as commercial farms although remaining in partial production as

hobby farms.

Other than such withdrawals from commercial operation, much
of the decline in acreage is believed to be accounted for by retire-
ment of marginal lands, conversion to recreational uses, conservation

and reforestation as well as lands temporarily idled in anticipation

*Personal communication from Dr. R.S. Rodd, Univ. of Guelph.
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of development. As noted in the ARDA report on Planning for
Agriculture in southern Ontario (40), census data do not provide
directly for interpretation of other categories of land use.
Comparable data are not available for northern Ontario, although the
‘farm base and urban population being very much smaller the transfer
of farmlands to other uses is not expected to be particularly

significant.
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5.0 CURRENT SOIL CONSERVATION PRACTICES
IN MAJOR LAND DEVELOPMENT ACTIVITIES

There 1s an increasing awareness and concern over erosion
losses which may be incurred in nearly any aspect of development
activity. Although most major construction is carried out in
compliance with legislative requirements, it must be recognized that
existing legislation is mainly prohibitive in context and provides

little guidance as to standards and preferred practices.

5.1 Residential, Commercial, Industrial and Institutional Developments.

All lands being separated for development are subject to a
series of reviews under the coordination of the Ministry of Treasury,
Economics, and Inter-Governmental Affairs of Ontario. The typical
review process involved in obtaining Ontario Municipal Board approval

and implementing subdivision development is illustrated in Figure 6.

During the review of the draft plan of a proposed subdivision,
the developer is required to provide a grading plan showing .elevations
of the natural ground and of the proposed grade at the cornmer of each

.lot. Current practice is to prohibit enéroachment upon the floodplain
of natural stream courses or modification and occupation of steep
slopes, ravines or siﬁilar features. The developer is also required
to provide an engineering appraisal of the effect of his proposed
development upon runoff and the natural drainage systems. He may be
required to provide on-site storm runoff detention and to construct
energy-dissipating control structures in adjacent stream courses to
iimit peak flows and velocities to those obtaining prior to develop-

ment,

In peneral, the opinion expressed in interviews with various

‘government officials and private developers is that the planning



i

— ooy v ey

——d

| RSN PpEST AN

——

[

‘ H r -~ o =
Land develogment procsss

Generalized flow chart based on the Borough of Scarborough

A
Official P! aol e 1 = B g R fartnes) ]
iIcCial ¢ian T s, C e R U R Fen o * PSSP S PSR S e s it o il g S g
— Ak o | el .__/_..‘_ = i b
e LEGEND

i
ey Action by developer
{ or his ogent
Lo

L o
Municipal agency

=i/
( Provincial agency

Other governmental
body
/,\\
The public [ ]
Pl = T.sz\muhon of \ /
~ velopment h e
\ P
‘C:nA.OT. : \ (T — __}\ [ [Marnren L Major demsnog :
ke : " En : - | Vo ¥ < or recommendation
SULJ‘\..iVlS:Gn \ i mE |9 Oner o sarveen crincal to project X
R il e Nt Esoibaics | / S M ™ continuation
' Intergover~menial Aftan ) Y /] A\ Y
: II‘ { cdssayy \,\‘
ges | [ANE ) )\
o AN/ | )
T R T ':.:/
7 o o —_— S onl
? N ey
-—
m—
+ > LTI
et / & /
/ + -~
I o -’/
L
NOTE
- Apoicaton (Y S This is @ simplitied diagram For a more complete
P s £ B
Zon‘ng By - ' ‘V 0 ke e el x“ T g \—x—< ooy —,f'flf..l-; Councrt l—)(-fe e Lx—j Crars - fod S00ERPY Il (" of the full plexity of one part of
: 7| R NS C o L b ol ) R - J L - J the development process, see Exhidit 8 in the
Appendin

‘ g
=% i SOURCE: Urban Institute of
1j1///*'/ ; i3 A
s ; - Ontario

Figure 6



aspects afford adéquate attention to soii conservation measures. The
technical review considerations appear to take.account of the potential
hazards presented by soil type, land slope, drainage modifications and
attempt to ensure that conditions following development will become '
stabilized early and not contribute to downstream instability of natural
watercourses, or overload existing storm sewer systeﬁs. It is now a
requirement of subdivision approvals that, pfior to construction of’
housing, roads and streets must be constructed up to base-course level
and storm sewers and other underground services installed in advance
of clearing and grading of building sites. Several developers have
indicated that base-course paving is now done as a matter of routine

in their own interest to improve access. This sequence considerably

mitagates the potential for erosion losses during construction.

Under most terrain conditions no other special measures are
required to control sediment loss during construction. Catch basins
at the storm sewer inlets are relied upon to entrap soil and dirt
washed off bullding sites onto street lines. A frequent complaint
concerns the nuisance effects of soil carried onto the streets by
construction vehicles. Public concern has increasingly forced
developers to minimize soil losses to the streets and some municipali-
ties require developers to undertake street cleaning and in certain
instances may require the cleaning of construction vehicles before

moving off site.

The one aspect of the procedures which does appear deficient
with respect to abatement of soil losses is the inspection and control
of construction activities. Once a developer's plans have received
approval and the conditions of subdivision agreements have been
registered &ith the municipality or'county, responsibility for ensuring
compliance rests primarily with the local works department. In major
metropolitan centres, sufficient technical resources are generally
available to carry out regular inspection at all construction sites
and, in the event of non-compliance with agreement terms can act
under municipal by-laws. However, smaller municipalities may lack

- the resources to undertake regular inspections. Moreover, previous
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levels of activity may not have led to adoption of comprehensive

by-laws governing all phases of construction activity.

An alternative to expanding the capacities of municipal
works inspectorates which has been adopted with success by some
municipalities is to require the developer's engineer/architect to
submit formal certificates of compliance in accordance with the
requirements of the planning approvals. Where this has been done,
the developerfs engineer/architect can be held professionally

responsible for any lack of compliance with requirements.

There are significant differenees between Canadian practices
and that followed in various parts of the United States. For
example, in Montgomery County, Maryland, which is regarded by the
 Soil Conservation Service as one of the more advanced jurisdictions
with respect to soil conservation practices, site
grading and soil conservation measures are recommended and approved
by the County soil conservation office. Current practices require
the developer to complete overall grading and shaping of an area,
including the excavation of all building lots, and the formation of
street grades prior to installation of storm sewers and other under-
ground services. As a consequence, the county soil conservation
office requires the installation of temporary sediment basins, berms
and surface drainage modifications as well as temporary seeding of
the site as a part of the initial construction activities. A 100-
block subdivision development schedule, said to be typical in
Montgomery County, isbas follows:

Clearing and grading - start October 9, 1972
Utility construction - start September 1, 1973
Streets paved - September 1, 1974

House construction - start October 1, .1974

Site completed and
stabilized

May 1, 1976.

Thus between October 1972 and September 1974 the entire rough

grade site remains exposed and explains in large part the emphasis
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pléced by the SCS on temporary control measures. Although most of
theée temporary measures as imposed in Montgomery County are
necessitated by the friable soils and hilly terrain, local officials
recognize that their problems are exacerbated by the sequence of
operations which have become normal practice as a consequence of the
separated administrative fesponsibilities for various aspects'of
development. Moreover, the imposition of soil conservation codes at
county level presents problems in adopting consistent approaches
between adjacent jurisdictions. Special agreements between all
affected counties are reqﬁired to coordinate conservation measures

on a watershed basis.

5.2 Highways and Utilities

The current practices of the Ontario Ministry of Transport
and Communications in highway construction provide for a careful
assessment of all environmental aspects of development projects.
Soil erosion problems have long been recognized and the department
has developed a comprehensive program of measures to minimize
erosion during and after construction. These include:*

1) Cut and fill slopes designed at angles which should be
stable for the given material.

2) Interceptor ditches to collect water at tops of cuts
and reduce water flow down cut-slopes.

3) Seeding or sodding of cut and fill slopes to protect
the surface.

4) Granular blankets on slopes which have unavoidably steep
slopes or particularly erosion susceptible material,
reduces or eliminates erosion where subsurface water flows
out of erosion susceptible material.

5) Paved gutter at pavement edge on steep grades to protect
shoulders.

6) Ditch and paved gutter lead-offs with associated catch
basins and culverts to avoid long runs and consequent
high discharge volumes in ditches.

*personal communication from J.B. Wilkes, Exec. Dir. Design
Division, January 1974.
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7) Ditch protection with sodding, seeding with jute mesh,
rip rap, paved inverts, etc.

8) Stream bénk protection with piling, gabions, sills, etc.

9) Checks and drops with energy dissipaters to reduce
velocities in ditches.

10) Culvert end treatment (cut—off curtains and aprons).

11) Rip rap at toes of embankments running into streams and
lakes, (e.g. causeways).

12) Paved slopes where slope will not support vegetation,
e.g. slope under structures.

13) Perforated pipes and sand drains to intercept water
before it reaches surface. Used to stabilize slopes
and protect against surface erosion.

14) Settling ponds - used where erosion during construction
is anticipated.

15) Rehabilitation of borrow areas - replacement of top
soils and seeding.

A recent publicatioh of the Highway Research Board, reproduced
herein as Appendix B, provides a useful checklist for assessment of
erosion problems and a key to appropriate control practices. The
- Ontario Ministry of Transport and Communications report their most
extensively used treatments and typical costs during 1972 were as

presented in Table 5-1.

It i1s now general practice'to avoid clearing of right-of-way
allowances adjacent to stream courses and to promote the preservation
of aesthetic landscapes adjacent to rights-of-way. (102) 1In co-
operation with Ontario Hydro, the Ministry undertake their own
research to select and develop grasses, legumes and tree species
suitable for stabilization for highway rights-of-way, transmission
corridors and the surrounds of permanent camps, generating stations

and other facilities.

Ontario Hydro indicate theilr awareness of the potential

problems of soil losses during construction and have developed



TABLE 5-1

Soil Conservation Practices - Ontario Ministry of Transport & Communications

Quantity 1972

Item ) Construction Cost
. Year $

Mulch Seeding Used universally on soil areas disturbed by con- 4,000 acres 968,000
struction unless otherwise treated by sodding R
granular blanket or paving.

Sodding Used where immediate cover is required for aes- 1,019,000 611,000
thetic reasons (urban sections) or for immedi- sq. yds.
ate ‘erogion control (ditch lines).

Sutter and Used to collect and transport concentrated flows 659,000 2,636,000
Curb & Gutter of water which would otherwise cause erosion. lin. ft.

(Asphalt and:

Concrete)

Spillways Usually used to carry high discharge of water 5,100 N.A*
(1/2 Pipes) down steep slopes. RETHE § PO 4 S

Slope Paving Used on earth slopes under structures where vege~ 59,000 N.AX

tation will not grow, at culvert outlets or other 8q. yds.
highly erosion susceptible areas. .

Granular Usuaily 12" - 2¢" thick. 0ccasgsionally used on ) 188,000 282,000
Blankets . . cut and fill slopes and in ditches where easily tons
: erodeable material which will not support vegeta-
tion i8 encountered or on slopes where seepage
must be controlled to prevent erosion. 1In urban
areas 1t 18 occasionally covered with top soil

and sod.
Sub-Drains - Used to draw off subsurface water. Lowers water 312,000 N.A X
Perforated table, reduces seepage. Partly directed toward in. ft.
Steel Pipe stability and erosion control.
Rip Rap Used to protect erosion susceptible material 56,000 N.A®
(Boulders of from erosion by wave action or fast running c.y
Shot Rock) water,
Catch Basgins Most catch basins incorporate a sump to collect Extensively used, Total
\ith Sumps gsediment which is cleaned out periodically. figures not readily
available.
sediment Ponds Used in ecologically sensitive locations to Limited use.
. collect material eroded during the course of
construction.,
Checks and Used on steep grades in ditches and channels or 1sol.dced use. Filgures
Drops to dissipate energy where large volumes are dis- pot readily available.
(Energy T charged from storm gewers into streams and on
Dissipators) . atream diversions involving steep grades in
erodeable material.
Groins Low walls of timber rock concrete or steel con- Isolated uée, e.g. Great
structed into the water at right angles to the Lakes shorelines.
shore of lakes or streams to trap sand or other ' 3,000 120,000
water transported material. Develops beaches 1lin.ft.
and protects shore line from erosive action of
waves and currents. 90% M.T.C. Subsidy.
Sills and Shoreline protectfon. Stream bank protection. 1solated use e.g. Hwy.59

Gabions shoreline protection,

London District.
166,000

« N.A. - Not available
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internal guidelines for the minimizing of adverse impacts upon the
environment. ‘A recent preliminary guide to construction practices
for power lines is reproduced in Appendix C. It may be noted from
this document that clearing of vegetation is carefully controlled

and other disturbances of the landscape are to be minimized.

‘ In reviewing the environmental assessment for a proposed
éxtension to the thermal nuclear generating station at Pickering,
it is apparent that similar concern and attention has been accorded
to a comprehensive range of environmental aspects (28). Although
no soll erosion problems are mentioned, specific provision is made
for site stabilization and landscaping as development proceeds.
Considerable attention has been given to the control of liquid and
gaseous contaminants and to the separation of site drainage and
sanitary sewage so that the waters of Lake Ontario will not be
impailred either during construction or thereafter. Environmental
studies have been made not only of the site proper but also of the
impact of development upon the surrounding areas and communities
with respect to water and air quality, requirements for road access

and aesthetic considerations.

Both the Ministry of Transport and Communications and Ontario
Hydro have operational staff groups directly concerned with all
environmental aspects of thelr development activities. In both
organizations the environmentai units interact between the planning
and design groups to ensure continuity of input from conceptual

planning through implementation.

It seems quite clear that these agencies are fully aware of
the need for appropriate soll conservation measures as well as
other aspects of environmental protection and are adequately staffed
to ensure their proper consideration. Both Ontario Hydro and the
Ministry of Transport and Communications have developed an extensive
internal documentation providing guidelines, standards and criteria
to their planners and designers with the intent of minimizing erosion

losses and avoiding pollution of water courses.



5.3 Other Development Aspects

The Ontario Ministry of Natural Resources administers the

Regional Conservation Authorities Act and has presented the establish-

ment of conservation authorities on a watershed basis throughout

southern Ontario and the more populated areas of northern Ontario.

The Ministry advise that no specific guidelines have been
developed pertaining to soil erosion and conservation practices.
However, it seems apparent that these authorities are generally aware
of the need for sound conservation measures and of the applicable
techndlogy. In many areas they have moved to restrict or prohibit

development of floodplain areas and of steeply-sloped lands.

Under the review processes established by the Ministry of
Treasury, Economics and Intergovernmental Affairs each major develop-
ment proposal is referred to the local conservation authority for
approval prior to submission to the Ontario Municipal Board. At
this stage the conservation authority is able to consider each
development proposal in the light of site and overall river basin
problems and assess the impact on land management and water qualiﬁy
of all developments within a natural physiographic unit. Obviously
the technical capacity of the individual conservation authorities
will vary depending upon the level of activity in their area. Most
areas experiencing significant development are reasonably staffed
and are able to call on the Ministry directly for specialized‘

assistance.

Special legislation has been passed by the Government of
Ontario governing the opening and operation of quarfies and borrow
pits. Proposed legislation will require comprehensive environmental
assessments to be prepared for most major projects and under the
review procedures proposed it may be expected that soil erosion and

drainage will receive appropriate consideration.

Ol.



- The Federal Government through the Departments of Public
Works and of National Defence manages extensive areas of land and
property throughout Ontario. The Department of Public Works has
developed its own guidelines for site development which have
received wide acceptance both in Canada and the United States (106).
The Department of Natiorial Defence has its own environmental control
unit, which follow generally accepted practices in site development
and stabilization around their camps, airports and other facilities,
although specific documentation identifying accepted standards or

design practices has not been developed.

bs.
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6.0 GUIDELINES FOR EROSION CONTROL

It has been suggested by Jonys (96) that environmental
guidelines concerning the design of drainage and sediment comtrol
measures should serve three main functions:

1) To indicate the scope of the drainage and sediment
related environmental problems in time and space.

2) To provide a framework for the assessment of existing
"or revised conditions necessary for the establishment
of environmental standards for a specific site.

3) To identify or suggest design methods for the evaluation
and selection of control facilities to meet the
environmental criteria.

Because of the design nature of these functions it is
suggested by Jonys that certain general aspects might take the form
of a code which would have the format of law and that the specific
design standards and procedures be designated as "recommended

practices" which would, however, not be obligatory in application.

The foregoing approach has been widely\adopted throughout the
United States where the Soil Conservation Service has sponsored the
establishment of state and county soil conservafion organizations
.covering most of the country. 1In each state and county, soil
conservation legislation provides the framework for the establishment
of technical guidelines and regulations as well as providing for
fines and pfohibitions. Reference 12 presents a model act as

recommended by the SCS.

In the Province of Ontario legislative requirements are
contained in various‘acts concerning environmental protection.
Appropriate design practices for soil conservation and drainage
control have been developed by several agencies. These, together

with general technical literature concerning current design practices
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in drainage, sedimentology and soil conservation, provide the

technical standards as determined by each agency.

The evaluation of erosion and drainage from urban develop-
ments cannot readily be considered separately from other land-
disturbing actiyities, including agriculture and forestry. Thus,
U.S. legislation usually provides a broad basis for the preparation
of regulatory codes and recommended practices with respect to all
forms of land disturbance. Although this study has been directed
_to a preliminary assessment of the effects of major development
activities upon sedimentation, it is apparent that any broad attempt
to regulate construction activities with the intent of minimizing
the sedimentation and pollution of receiving waters must deal with
overall drainage aspects which in part derive from rurél land uses.
Hence any logicai evaluation of problems arising from sedimentation
must proceed from an analysis of the regime characteristics of an

entire catchment basin.

6.1 Current Legislation

Although ;here are no federal or provincial statutes which
deal specifically with control of soil erosion there appears to be
a varlety of acts under which such adverse environmental effects
may be controlled. The fact that there are a number of statutes
which could be applied may present certain difficulties in dealing
consistently with problems. However, presuming effective coordina-
tion between agencies, the various acts should be adequate to provide
such control as may be environmentally desirable. The following
discussion of federal and provincial legislation is in large part
abstracted from a review of the application of existing law for

environmental protection in Canada by MacLatchy (115).

6.1.1. Federal Legislation. The primary federal legisla-

tion which appear to apply are the Fisheries Act, the Canada Water



Act and the Navigable Waters Protection Act. The Federal Government
has delegated administrative responsibility for the Fisheries Act

to the Province of Ontario as has been done with several other
provinces. The general anti-pollution provision of thils act states

"....no person shall deposit or permit the deposit of a deleterious

substance of any type in water frequented by fish .....". Deleterious
substance is given a very broad meaning under the act and in a recent
decision of the British Columbia Supreme Court, it was found that

the silt which was put or placed in the water by the activities of

a bulldozer was a deleterious substance within the meaning of the

act.

The Navigable Waters Protection Act is designed to protect
waters as defined in the act by prohibiting the building or placing
of any work in, under, through or across a navigable water without
approval of the Ministry of Transport. Work includes "any dumping
of fill or excavation of materials from the bed of a navigable
water'". The Canada Water Act provides for the control of effluent

qualities discharged into streams and watercourses.

6.1.2. Province of Ontario. Direct control of resources

is exercised by the province and provides for jurisdiction over water
and air pollution as well as other environmental matters. vThe
Ontario Water Resources Act prohibits the discharge or deposit of
material of any kind into water that may impair the quality of the
water. The Environmental Protection Act also contains general
provisions prohibiting the discharge of any kind of contaminants

to any part of the natural environment. Under the Beds of Navigable
Waters Act the province owns the bottom of all water beds in the

~ absence of an express grant. Assuming the bottom of any waterbody
is owned by the province, the Public Lands Act states it is an
offence to deposit any material upon public lands whether or not

covered by water without the consent of the Ministry.
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6.1.3. Regional and Municipal. The Conservation Authorities

Act extends to such conservation authorities broad powers to control
watercourses within their jurisdiction and subject to the approval
of the Lieutenant Governor in Coungil, an authority may make
regulations applicable in the area under its jurisdiction with

respect to:

a) restricting and regulating the use of water in or from
rivers, streams, inland lakes, ponds, swamps, and
natural or artificially constructed depressions in
rivers or streams;

b) prohibiting or regulating the straightening, changing,
diverting or interfering in any way with the existing
channel of a river, creek, stream or watercourse;

c) regulating the location of ponds used as a source of
water for irrigation;

d) providing for the appointment of officers to enforce
any regulation made under this section;

e) prohibiting or regulating the construction of any
building or structure in or on a pond or swamp or in
any area below the high water mark of a lake, river,
creek or stream;

f) prohibiting or regulating the placing or dumping of fill
of any kind in any defined part of the area over which
the authority has jurisdiction in which in the opinion
of the authority the control of flooding or pollution
or the conservation of land may be affected by the
placing or dumping of fill,

Municipalities may also adopt by-laws controlling land use and
governing practices and standards of construction activities of all
kinds. |

6.2 Guidelines for Control of Erosion

The intent of requiring sound soil conservation practices
in development activities is by nature largely a local concern.
Additional statutory requirements seem less needed than the adoption

of consistent standards by local authorities. It appears that there
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is.sufficient\statutory authority already enacted to enable
conservation and municipal authorities to adopt suitable regulationmns
with this intent provided they are convinced of the necessity. To
facilitate coordinated action, the identification of acceptable
guidelines, standérds and specifications at the provincial level
under sponsorship of the Ministry of Natural Resources in cooperation
with the Ministry of Environment would seem to be the logical
procedﬁre. Several models for such are contained in bibliographic
references 1, 3, 11, 12, 80, 83, 92, 93, 96, 103 and 106.

6.2.1. U.S. Soil Conservation Service Practices. The

institutional and administrative approach to conservation differs
between Canada and the United States. In the United States agricul-
tural soil conservation became a major concern during the 1930's

and as a consequence, the Soll Conservation Service of the U.S.
Department of Agriculture developed the research and technical
capacity to investigate and advise upon a broad range of agricultural
practices relating to conserving natural soil fertility. The need
for widespread implementation of improved conservation practices led
to the development of soil conservancy districts with broad concern
over all aspects of sedimentology. Enforcement and educational
activities have developed at the county level supported by technical
advisory services and broadly-based programs of research and

investigation at the state and federal levels.

There is an extensive literature published by United States
government sources providing guidelines as to acceptable practices
for temporary stabilization of exposed lands, control of drainage,
trapping of sediments as wéll as permanent measures for stabilization
and drainage control. Nearly all of such publications draw upon
the research undertaken by the United States Soil Conservation
Service and their general engineering handbook and manual of
conservation practices (1, 80). State and county legislation
governing erosion control measures and model specifications for

construction has been developed with the assistance of the SCS. A



number of these documents have been reviewed as listed in the

bibliography (12, 91, 92, 103 and 104).

SCS officials have particularly commended the guildelines,
standards and specifications for minimizing erosion control in
urbanizing areas developed by the State of Wisconsin and adopted
by its various county soil and water conservation districts (3).

The SCS recommend the Wisconsin guldelines as being appropriate to
continental climatic conditions similar to those experienced through-
out southern Ontario. This document provides general guidelines

for minimizing erosion in subdivision developments, highwéys, and
road construction, recreational developments and utility construction
and contains engineering standards and specifications for the design
of storm water removal éystems, clearing and snégging, dykes, drains,
grade~stabilization structures, lakeshore protection, retaining walls,
stream-bank protection and environmental planting. Technical
appendices concern the estimation of peak flows, forestry techniques
and present a number of typical construction specifications. In
reviewing the foregoing publication and other documentation it
appears that most technical aspects are also covered in general

engineering literature.

6.2.2. Canadian and Province of Ontario Practices. The

institutional arrangements in Canada have placed the burden of
responsibility for the development and conservation of natural
resources upon the provinces, with the federal government assisting

in cooperative programs and providing basic research assistance.

Within the Province of Ontario, it was recognized that the
river basin is the basic physiographic unit wherein interdependencies
between land and water resources require coordinated management.
Hence in 1946 the Province initiated the establishments of river
basin conservation authorities and provided for more logical
consideration of such matters than had been possible on the basis of

political subdivision into counties, townships and municipalities.
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Since passing of the Conservation Authorities Act some 38 river
basin conservation authorities have been formed in Ontario. Of
these, 33 are in southern Ontario. The Lakehead, Sault Ste. Marie,
Matagami; Nickle Belt and North Bay/Mattawa Conservation Authorities
cover the populated areas of northern Ontario. The only significant
basins not yet organized within conservation districts are the

Muskoka Lakes region and Algonquin Park.

A comprehensive publication covering landscape and site
development has been prepared by the Federal Department of Public
Works which provides basic guides to currently accepted practices
in building site analysis, grading and landscaping and contains
considerable information on‘site.stabilization and planning
appropriate to various locations across Canada (106). Similar
information specifically relating to highway design has been
published by the Ontario Ministry of Transport and Communications
as "Guidelines for Highway Amenities and Aesthetics" (102). The
Ministry of Transport and Communications and Ontario Hydro also
have developed extensive internal design documentation covering the
design of storm sewers, rainfall intensity analysis, culvert

selection as well as forestry and landscape design information.

It is concluded that the essential technical and methodologic
aspects are adequately covered by these federal and provincial
sources and by standard works on hydrology, hydraulic design of
drainage systems, control structures and river training works.

All such materials, including U.S. documentation, are readily
availéble and provide an adequate reference for environmental
agencies, conservation authorities, municipalities and others who

may require such for the evaluation and assessment of development
proposals. The sources reviewed in preparation of this report, as

listed in the bibliography hereto, provides a guide to appropriate
source material. Additional material 1s in turn referenced in the

more technical literature cited.
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7.0 RECOMMENDATIONS FOR ABATEMENT OF SOIL
LOSSES DURING AND AFTER CONSTRUCTION

From the preceding review of the practices and procedures of
various agencieé of the Province of Ontario, the Federal Government
and the constraintsbimposed upon private development activities, it
is apparent that generally sound conservation practices are being
implemented in nearly all aspects of major development activities,
or at least are considered at the planning, review and design stages

if the established procedures are followed.

Some weaknesses are reported in the implementation of measures
called for in design. However, any serious deficiencies 1in this
respect can be remedied by ensuring the understanding of works
inspectorate staff of the potential hazards and of requirements
established at the subdivision approval stage. Where municipal works
departments do not have sufficient capacity to carry out regular
inspections, requiring the developer's engineer/architect to submit
formal certificates of compliance can provide a means of supplementing

direct inspections.

No specific control measures or practices have been determined
from our review of U.S. and Canadian practices which appear to be
warranted to supplement those measures already generally adopted.
Each river basin or sub-catchment may present special problems
inherent to its particular landforms and soils. The local conserva-
tion authority is the logical focus of responsibility for assessing
areas of special hazard and the determination of requirements for

overall management of the basic land and water resources.

As an aid to this process, soils and drainage interpretations
highlighting limitations for various purposes can be economically
represented by ortho-mapping techniques. An example of this
application has been published by thg Oklahoma County Soil



71

Conservation District (84). Therein soil limitations with respect

to drainage, texture, acidity, electric conductivity and resisitivity,
depth to bedrock, shrink-swell potential, flood hazard strength,
permeability, clay mineralogy and land slope have been analyzed.

Based upon 11mitations imposed by combinations of the foregoing

. parameters, interpretive mapping may be compiled classifyiﬁg areas
with respect to suitability for residential accommodation, light
industry, heavy industry, roads and streets, parks and playgrounds,
sanitary landfills, septic tank fields, storage lagoons, agriculture,
forestry, wildlife reserves and other uses. Appropriate basic data
are available for most of southern Ontario, and a trial classification
of a small catchment near Guelph utilizing this technique is reported
to have been of considerable value to both planners and developers.*
Compilation of such analyses for those areas subject to significant
development pressures would serve to highlight potential hazards

which might readily be avoided.

*personal communication, Prof. P. Chisholm.



8.0 PROPOSAL FOR FURTHER.STUDIES

There are several aspects which have been discussed in

earlier sections which appear to warrant further sﬁpport. These

include:

D

2)

An extension of soill survey activities to develop
appropriate factors relating to the sdils and climate
of southern Ontario for use in the universal soil loss
equation would be of considerable assistance in
evaluating the potential hazards and the effectiveness
of proposed conservation practicés. It is recommended
that consideration be given to supplementing the
existing federal/provincial soil survey program to
provide the resources needed to develop basic rainfall
and soll erodibility parameters and thereby expand

the utility of the provincial soil survey series.

It 1s further suggested that priority of attention
should be focused on those counties constituting the
Metropolitan Toronto centred region, the counties of
the Niagara escarpment and southwestern Ontario where
the greater development pressures are already clearly

evident.

It is also recommended that consideration be given to
the collation of physical and engineering soils data
with the pedologic taxonomy of the soll survey series.
Revision of the series or supplementary publication of
such information would provide planners, developers

and technical review agencies with basic information

for assessment of erosion potentlal and lead to
avoldance of sites requiring excessively costly measures
to develop and stabilize. Such information will also

be of value to the selection of routes or corridors for
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3)

utilities and communications facilities.

Much of the physical and engineering data are
available in the records éf agencies such aé the
Department of Transport and Communications, the C.N.R.,
C.P.R., Oﬁtarid Hydro and the various municipal and
conservation authorities. It would appear the task of
compilation and correlation would logically be developed

through the existing soil survey organization.

It would not be intended that such data substitute

- for specific engineering soil surveys as required for

development design. However, as an aid at the planning
stage and in the general review of development proposals,
such interpretations would materially facilitate the
extended application of the very substantial body of

data already compiled from agricultural soils lnvestiga-

‘tions.

It seems probable that the more significant level of
adverse impacts on aquatic ecology are associated with
fine-grained sediments and other dissolved contaminants
which are not retained in conventional sediment traps.
The studies currently underway at the University of
Guelph into the sedimentology and ecology of Hanlon
Creek are providing an opportunity to examine this
aspect. It is premature at this stage to anticipate
the results of these studies. However, should they
indicate significant adverse impacts, it may be worth-
while considering an extension to these studies to
provide for evaluation of ecologic impacﬁs for different
efficiencies of sediment entrapment. This would also
provide an opportunity for research into the design and

efficiency of sedimentation ponds.
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PHOTO-INTERPRETATIVE STUDY OF LAND DEVELOPMENT
AND DISTURBANCES AT VARIOQUS TIME PERIODS FROM
1947 TO 1974 OF THE DON RIVER BASIN

1. INTRODUCTION

As part of an environmental research project undertaken
by R. L. Walker and Partners, Consulting Engineers and
Economists, Ottawa, Northway Consultants Limited under the
direction of L. deVries, P.Ag., carried out on the Don River
Basin a sequential analysis of land development and distur-
bances during the period from 1947 to 1973. The s tudy
involved obtaining copies of the photographic coverage either
in mosaic or print form for selected years covering the Don
River Basin area. An interpretative appraisal was made of
the progress of land development between the Varioﬁs'time
periods selected, delineating the developments into
Commercial and High Density,Residential, Roadways and Mis-
cellaneous categories. An area measurement of the units

delineated was made and tabulated.

2. METHODOLOGY

The programme got under way with a search of the avail-
ability of aerial photographs and mosaics for the area at
various time periods. Search was made of the Photo Library
at Northway Survey Corporation as well as Provincial and

Federal Government photo libraries.



The southern part of the basin (from Steeles Avenue to
the harbour) was covered by mosaics at scales of 1" = 5280"',
1" = 2640', 1" = 2000' and 1" = 1,000', for the years 1956,
1960, 1963, 1965, 1967, 1969, 1971 and 1973. The mosaics
from the earlier years of 1948 and 1950 had been unfortunately
destroyed and.the analysis had to be done utilizing the aerial

photographs.

The northern part of the basin (from Steeles Avenue to
the upper catchment) was handled separately and had to be
done on photography obtained from the Federal and Provincial
library, as well as coverage held by Northway Survey Corpor-

ation.

Except for the coverage earlier than 1956, the same time
period sequence was maintained. For the period prior to 1956,
because the same period photography was not available,
differing periods were used. For the southern portion 1948
and 1950 photography was used. In the northern area 1954

and 1947 photography was used.

In the compilation of the data for the southern part of
the basin the mosaics were overlaid on another in the

successive stages and the area of new development or lands



affected by development were delineated. The designations

were often confirmed on the 1973 photography. -

In the compilation of the data for the northern part of
the basin the Ministry of Natural Resources mosaics prepared
in 1954 were used as a basis on which to compile the successive

stages of devélopment,

All the data was compiled and measured at a scale of
1" = 2000'. A square inch grid planimeter divided into 100
units was used in the area measurement. At the above scale
each square represents an area of 7918 acres. The development

units were squared off to the full square.

3. RESULTS

The summation of the area measurements are compiled in
Table I, IXa, and IIb. This shows the areas under thé
categories of Commercial and High Density,Residential, Road-
ways and Miscellaneous for the various time periods. An
average figure for the period has been given because of the
change in the frequency of the periods, particularly in the

early years.

The nomenclature of the categories represent a broadening
of the normal definition and for the purpose of this study

have been defined as follows:




Commercial and High Density - Developments which are

dominantly associated with large excavations. Included
in this category are industrial parks, apartment blocks,

barns, etc.

Residential - Developments associated with small excavations.

This category has been confined to mainly single family
dwellings and duplexes. Town houses and small apart-
ments have been included for the most paft in the

Commercial - High density category.

Roadways - Developments associated with major road construction.
Ingluded in this category has been the construction of-
Highways 400, 401 and the Don Valley Parkway. Also
included have been some minor réad realignments and early

sub-division development.

The development of the railway yards in the west end of
the basin‘and the new railway line across the north of
the basin have been included in this category. The open
and above ground construction of thé subWay has aléo been

included in this category.

The widening and repavement of city streets have not been

included. The level of abstraction used in the study did




not permit consistent identification of this aspect
and at the scale used in the measurement would have

exaggerated the area under influence.

Miscellaneous - This category was used in the classification

of miscellaneous types of development. 1In the southern
section it encompassed urban renewal, erosion, land-
slides, new water pipelines or sewer systems, landscaping.
In the northern section it encompassed the development

of gravel pits, golf courses, drainageway improvements

and gas pipelines.

In the identification of the areas of urban renewal only
the larger developments (area wise) have been identified
essentially conversion of residential to high rise
development. The construction of new towers in the
downtown core has nbt been included. The area involved
was usually too small and change could only be identified

consistently through detailed stereoscopic evaluation.

4. COMMENTS ON THE RESULTS

The area results represent a preliminary estimate and offer
a "ball park" appraisal of the land involved. In the examin-
ation of new development it was sometimes unkown whether a

particular block of a new sub-division was to be commercial



or residential when all that was evident on the aerial photo-
‘graphs was a road network layout and the lanforming of the
area. Also it was noted that with the progress of time,
residential constructional patterns changed. 1In therearly
years of the study large blocks were laid out with road net-
‘works, but that it was several years béfore the sub-division
Was completely built up. This pattern changed in more recent
times when blocks are completely built up, landscaped, etc.
within a 1-2 year period. This characteristic in the con-
structional classification accounts for the higher area identified
in the 1948-56 period. The higher acreage figures are real
since this coincides with the immediate post-war building_boom

that was experienced in Toronto.

While the study was done systematically, because of
different scales of photography different levels of details
‘were discefnible. At the smaller scales some developments
were overlooked in the "initial scan" but were discernible
in the successive periods. Adjustments were made~for ﬁhese

discrepancies.

The.mosaics for each of the periods in the southern
section provided an excellent base on which to compile the in-
formation. The northern section proved more difficult and
cumbersome. While the 1954 Natural Resources mosaic provided
a good base on which to start from, the change between the

periods was more difficult to record and keep consistent.




DON

RIVER

BASIN

TOTAL AREA OF BASIN 89,928 ACRES OR 140 SQ.MILES

. TABLE 1

TIME SEQUENCE

AREAS UNDER DEVELOPMENT (ACRES)

PERIOD COMMERCIAL RESIDENTIAL ROADWAYS MISCELLANEQUS
Period Yearly Period Yearly Period Yearly Period Yearly Period Yearl-
Total Av. Total Av. - Total Av. Total Av. Total Av.

N 1947-1954) 205 101 3832 1632 101 23 146 40 4284 1796

S 1948-1950)

N 1954-195¢6) '

S 1950-1956) 923 163 7026 1349 451 75 90 23 8490 1609
1956-1960 1089 272 3162 790 516 129 251 63 9602 1400
1960-1963 1075 358 2206 736 1275 425 490 163 5046 1682
1963-1965 815 407 1381 690 661 330 726 363 3583 1790
1965-1967 834 332 953 476 810 405 861 431 3287 1642
1967-1969 837 418 595 298 580 290 560 280 2572 1285
1969-1971 890 445 1079 540 181 91 644 322 2794 1397
1971-1973 864 432 1214 - 607 112 56 677 339 2867 1432

TOTAL 42,525 14,034

N - North section of Basin (above Steeles Ave.)
S -~ South section of Basin (below Steeles Ave.)




DON RIVER BASIN 7
SOUTH SECTION TABLE IIa

(AREA SOUTH OF STEELES AVE.)
(52,500 ACRES OR 82 SQ.MILES)

TIME SEQUENCE AREAS UNDER DEVELOPMENT (ACRES)

PERIOD COMMERCIAL RESIDENTIAL ROADWAYS MISCELLANEQUS TOTAL
Period Yearly Period Yearly Period Yearly Period = Yearly Period Yearly
Total Av. Total Av. Total Av. Total Av. Total Av.
_1948-1950 199 100 3036 1518 24 12 51 _ 26 3310 1656
1950-1956 895 149 6493 1082 451 75 67 11 7906‘ 1317
1956-1960 830 207 2530 632 481 120 55 14 3896 | 973
1960-1963 937 312 1874 625 286 95 126 42 - 3223 1074
1963-1965 537 268 1349 674 475 237 70 35 2431 1214
1965-1967 492 246 649 324 783 391 84 42 2008 1003
1967-1969 553 276 530 265 565 282 50 25 1698 848
1969-1971 572 286 838 419 116 58 - - 71526 - 763
1971-1973 443 221 873 436 73 36 76 38 1465 731
TOTAL ' B | 24,153 7,923

BN ]




DON RIVER BASIN

TABLE IIb

NORTH SECTION
(AREA NORTH OF STEELES AVE.)
(37,428 ACRES OR 58.5 SQ.MILES)
AREAS UNDER DEVELOPMENT (ACRES)
TIMgEggggENCE COMMERCIAL RESIDENTIAL ROADWAYS MISCELLANEOUS TOTAL
v Period Yearly Period . Yearly Period Yearly Period Yearly ~ Period Yearly
Total Av. Total Av. Total Av. Total Av. Total Av.
1947-1954 6 1 796 114 77 11 95 14 974 140
1954-1956 28 14 533 267 - - 23 12 584 292
1956-1960 259 65 . 632 158 35 9 196 49 1706 427
1960-1963 138 46 332 111 989 330 364 121 1823 608
1963-1965 278 139 032 16 186 93 656 328 1152 576
1965-1967 171 86 304 152 27 14 777 389 1279 640
1967-1969 284 142 65 33 15 8 510 255 874 437
1969-1971 318p§§ 159 241 121 65 33 644 322 1268 634
1971-1973 421 ¢ 211 341 171 39 20 601 301 1402 701
TOTAL 11,062 4,455
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APPENDIX B

Erosion Control Check List
and

Frosion Control Practices.

Source: Highway Research Board.
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'EROSION CONTROL CHECK LISTS

LOCATION, DESIGN. AND CONSTRUCTION
CHECK LIST

19

The following is a suggested hist of questions. Each ageney should develop a list to meet its own

requirements.

LOCATION

Are soil maps and aerial photographs available to help locate areas or
sections with high erosion potential?

~ Has erosion potential been considered for each alignment alternative?

How will adjacent and nearby streams, ponds and lakes be affected by
project construction?

Can sediment from construction activities be collected on or near the
project?

Will special erosion contro) and sediment <oliection wieasures be required

“+o protect adjacent properties?

DESIGN

Has the soil survey or foundation investigation been analyzed to asSess
erosion potential?

Are there areas where soil conditions indicate that severe erosion is a
possibility? :

Does the adjoining or nearby property require special erosion contrdl or

sediment collection methods?

Should additional ROW or easements be provided to permit sediment alloca-
tion? '

Will special easement be required during construction or for maintenance
operations?

What effect will construction sequence, method of operations or season of
work have on control measures? '

Are special provisions, plans or plan notes required for construction?

Is coordination required with others?

Have sediment traps, settling basins, diversion dikes, berms, slope drains,
sodding, ditch paving, slope paving, and other work items been identified
on the plans and provided in the contract? :

Are provisions made for sediment removal and\disposal?

Are extra funds included for emergency or unforeseen work?

Was joint design-construction PS&E erosion check made in field?

Wil)l a design representative that is familiar with project erosion control
measures attend the preconstruction conference?

Has a design review been established to review project design, including
erosion control measures? )
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CONSTRUCTION

Has one staff or prdject member been assigned specific responsibility for
discussing erosion control?

Are there utilities, other agencies or private companies that should par-
ticipate in erosion control discussion?

- Does the contractor have an acceptable work plan that includes satisfac-
tory provisions for erosion controi?

Has the contractor assigned a specific individual to work with project
personnel to monitor erosion control measures?

What erosion control and sediment collection measures are required before
clearing and other work is started?

Are maximum disturbed area restrictions satisfied?

Are the plqn‘measukes satisfactory? |

What other measures are needed?

Do they require force account, plan change or supplemental agreements?

Are joint field checks made by project and contractor personne] during
rainstorms?

Is- the maintenance of all devices and measures satisfactory?

Is the contractor completing stage work such as seeding and mulch, sodding,
ditch paving, or riprap as soon as practical?

Are borrow and/or waste operations, erosion control and sediment collec-
tion measures satisfactory?

Are photographs or other efforts needed to document actual job or adJacent
property cond1t1ons7

Will it be desirable that selected sediment devices be incorporated into
permanent erosion control measures?

Have 1nadequac1es in planning, design and construction been identified and
reported?

000000000000 OO0 0o




SEDIMENT COLLECTION
CHECK LIST

CONTROL MEASURES PRIOR TQ OR
CONCURRENT WITH CONSTRUCTION

SETTLEMENT PONDS

A.

SEDIMENT BASINS

B.

CHECK DAMS

C.

FILTER BARRIERS

D.

DIVERSION DIKES AND DITCHES
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CLEARING AND GRUBBING

CULVERTS

- CHANNEL CHANGES

BRIDGE STRUCTURES
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EROSION CONTROL PRACTICES |

Treatment
Practice

“Advantages

Problems

ROADWAY DITCHES

Check Dams

Maintain low velocities

Catch sediment

Can be constructed of Togs, shot
rock, lumber, masonry or concrete

Close spacing on steep grades
Require clean-out

Unless keyed at sides and bottom,
erosion may occur

Sediment Traps/
Straw Bale Filters

Can be located as necessary to col-
lect sediment during construction
Clean-out often can be done with on-

the-job equipment

Little direction on spacing and size

Sediment disposal may be difficult
Specification must include provisions
for periodic clean-out

___ql,_ﬂ__—éw———x;;7””' _Simple to construct May require seeding, sodding or pave-
ment when removed during final
cleanup

Sodding Easy to place with a minimum of prep- Requires water during first few weeks

aration

Can be repaired during construction
Immediate protection

May be used on sides of paved ditches
to provide increased capacity

Sod not always available
Will not withstand high velocity or
severe abrasion from sediment load

Seeding with Mulch and Matting

Usually least expensive

Effective for ditches with low veloc-.

ity .
Easily placed in small quantities
with inexperienced personnel

Will not withstand medium to high
velacity

Paving, Riprap, Rubble

Effective for high velocities
May be part of the permanent erosion
control effort

Cannot always be placed when needed
because of construction traffic and
final grading and dressing

Initial cost is high

ROADWAY SURFACE

Crowning to Ditch
or Sloping to Single Berm

P

Directing the surface water to a
prepared or protected ditch min-
imizes erosion

None - should be part of good con-
struction procedures

Compaction

The final 1ift of each day's work
should be well compacted and bladed
to drain to ditch or berm section.
Loose or uncompacted material is
more subject to erosion

None - should be part-of good con-
struction procedures

- Aggregate Cover

Minimizes surface erosion

Permits construction traffic during
adverse weather _

May be used as part of permanent
base construction

Requires reworking and compaction if
exposed for long periods of time

Loss of surface aggregates can be
anticipated

Seed/Mulch

" Minimizes surface erosion

Must be removed or is lost when con-
struction of pavement is commenced
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.Treatment
Practice

Advantages

Problems

CUT SLOPES

Berm @ top of cut

Diverts water from cut

Collects water for slope drains/paved
ditches

May be constructed before grading is
started

Access to top of cut

Difficult to build on steep natural
slope or rock surface
Concentrates water and may require
channel protection or energy dis-
sipation devices

Can cause water to enter ground,
resulting in sloughing of the cut
slope

Diversion Dike

Collects and diverts water at a loca-
tion selected to reduce erosion
potential

May be incorporated in the permanent
project drainage

Access for construction

May be continuing maintenance problem
if not paved or protected

Disturbed material or berm is easily
eroded

Slope Benches

Slows velocity of surface runoff
Collects sediment

Provides access to stope for seeding,
mulching, and maintenance

Collects water for slope drains or
may divert water to natural ground

May cause sloughing of slopes if
water ‘infiltrates

Requires additional ROW

Not always possible due to rotten
material etc.

Requires maintenance to be effective
Increases excavation quantities

Slope Drains
(pipe, paved, etc.}

el

Prevents erosion on the slope

Can be temporary or part of permanent
construction :

Can be constructed or extended as
grading progresses

Requires supporting effort to collect
water

Permanent construction s not always
compatible with other project work
Usually requires some type of energy
dissipation

Seeding/Mulching

The end objective is to have a com-
pletely grassed slope. Early place-
ment is a step in this direction.
The mulch provides temporary erosion
protection until grass is rooted.
Temporary or permanent seeding may
be used. Mulch should be anchored.
Larger slopes can be seeded and
mulched with smaller equipment if
stage techniques are used.

Difficult to schedule high production

units for small increments
Time of year may be less desirable
May require supplemental water
Contractor may perform this operation
with untrained or unexperienced per-
sonnel and. inadequate equipment if
stage seeding is required

Sodding

~

Provides immediate protection

Can be used to protect adjacent
property from sediment and turbid-
ity

Difficult to place until cut is com-
plete

Sod not always available

May be expensive

Slope Pavement, Riprap

Provides immediate protection for
high risk areas and under struc-
tures

May be cast in place or off site

Expensive
Difficult to place on high slopes
May be difficult to maintain

Temporary Cover

Plastics are available in wide rolls
and large sheets that may be used
to provide temporary protection for
cut or fill slopes

Easy to place and remove

Useful to protect high risk areas
from temporary erosion

Provides only temporary protection

Original surface usually requires
additional treatment when plastic is
removed ’

Must be anchored to prevent wind
damage

Serrated Slope J—_I_I_J“r_

—_

Lowers velocity of surface runoff

Collects sediment

Holds moisture

Minimizes amount of sediment reaching
roadside ditch

May cause minor sloughing if water
infiltrates
Construction compliance




Treatment
Practice

Advantages

Problems

FILL SLOPES

Berms at Top of Embankment

////////,4C22>b_“___“__

Prevent runoff from embankment sur-
face from flowing over face of fill

Collect runoff for slope drains or
protected ditch

Can be placed as a part of the normal
construction operation and incor-
porated into fill or shoulders

Cooperation of construction operators
to place final 1ifts at edge for
shaping .into berm

Failure to compact outside Tift when
work is resumed

Sediment buildup and berm failure

Slope Drains

Prevent fill slope erosion caused by
embankment surface runoff

Can be constructed of full or half
section pipe, bituminous, metal,
concrete, plastic, or other water-
proof material

Can be extended as construction
progresses i

May be either temporary or permanent

Permanent construction as needed may
not be considered desirable by con-
tractor

Removal of temporary drains may
disturb growing vegetation

Energy dissipation devices are
required at the outlets

Fill Berms or Benches

Slows velocity of slope runoff
Collects sediment
Provides access for maintenance
Collects water for slope drains
May utilize waste

Requires additional fill material if
waste is not available

May cause sloughing

Additional ROW may be needed

Seeding/Mulching

Timely application of mulch and
seeding decreases the period a slope
is subject to severe erosion

Mulch that is cut in or otherwise
anchored will collect sediment. The
furrows made will also hold water
and sediment

Seeding season may not be favorable

Not 100 percent effective in pre-
venting erision

Watering may be necessary

Steep slopes or locations with low
velocities may require supplemental
treatment

PROTECTION OF ADJACENT PROPERTY

Brush Barriers

Use slashing and logs from clearing
operation

Can be covered and seeded rather than
removed

Eliminates need for burning or dis-
posal off ROW

May be considered unsightly in urban
areas

Straw is readily available in many
areas

When properly installed, they filter
sediment and some turbidity from
runoff

Require removal

Subject to vandal damage

Flow is slow through straw requiring
considerable area

Sediment Traps

D

Collect much of the sediment spill
from fill slopes and storm drain
ditches

Inexpensive

Can be cleaned and expanded to meet
need :

Do not eliminate all sediment and
turbidity

Space is not always available
Must be removed (usually)

Sediment Pools

Can be designed. to handle large
volumes of flow

Both sediment and turbidity are
removed

May be incorporated into:permanent
erosion control plan

Require prior planning, additional
ROW and/or flow easement

If removal is necessary, can present
a major effort during final con-
struction stage

Clean-out volumes can be large

Access for clean-out not always con-
venient :
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Treatment
Practice

Advantages

Problems

PROTECTION OF ADJACENT PROPERTY (continued)

Energy Dissipators /////’

Slow velocity to permit sediment col-
lection and to minimize channel
erosion off project

Collect debris and require cleaning

Require special design and construc-
tion of large shot rock or other
suitable material from project

Level Spreaders

T T,
ST

Convert collected channel or pipe
flow back to sheet flow

Avoid channel easements and construc-
tion off project

Simple to construct

Adequate spreader length may not be
available

Sodding of overflow berm is usually
required

Must be a part of the permanent
erosion control effort

Maintenance forces must maintain
spreader until no longer required

PROTECTION OF STREAM

Construction Dike

a7

Permits work to continue during nor-
mal stream stages

Controlled flooding can be accom-
plished during periods of inactivity

) Usually requires pumping of work site

water into sediment pond
Subject to erosion from stream and
from direct rainfall on dike

Cofferdam

T

Work can be continued during most
anticipated stream conditions

Clear water can be pumped directly
back into stream

No material deposited in stream

Expensive

Temporary Stream Channel Change

Prepared channel keeps normal flows
away from construction

New channel usually will require pro-
tection

Stream must be returned to old chan-
nel and temporary channel refilled

Riprap

Sacked sand with cement or stone easy
to stockpile and place

Can be installed in increments as
needed

Expensive

Temporary Culverts for Haul
Roads

Eliminate stream turbulence and tur-
bidity

Provide unobstructed passage for fish
and other water life

Capacity for normal flow can be pro-
vided with storm water flowing over
the roadway

Space not always available without
conflicting with permanent structure
work

May be expensive, especially for
larger sizes of pipe

Subject to washout

Minimizes stream turbidity
Inexpensive

May also serve as ditch check or
sediment trap

May not be fordable during rain-
storms i

During periods of low flow passage

‘of fish may be blocked




Treatment
Practice

Advantages

Problems

BORROW AREAS

Selective Grading and Shaping

Water can be directed to minimize
off-site damage

Flatter slopes enable mulch to be cut
into soil

May not be most economical work

method for contractor

Stripping and Replacing of
Topscil

Provides better seed bed
Conventional equipment can be used
to stockpile and spread topsoil

May restrict volume of material that

can be obtained for a site

Topsoil stockpiles must

be located to

-minimize sediment damage
Cost of rehandling material

Dikes, Berms
Diversion Ditches
Settling Basins
Sediment Traps
Seeding & Mulch

See other practices

_ See other_practices

N




APPENDIX C

Construction Practices and Environmental Criteria

for the Construction of Power Lines,

Source: Ontario Hydro.
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CONSTRUCTION PRACTICES
ENVIRONMENTAL CRITERIA FOR THE CONSTRUCTION OF POWER LINES

The activities of the Lines and Stations Construction
Department can significantly affect the success of Ontario
Hydro's effort to meet the environmental concerns of society.
The following criteria are to be used in the planning and
execution of our field operations in a manner that will
preserve and enhance the natural environment.

P1.0 General

Pl1.1 All personnel working on a particular project shall
be advised of the following general environmental
constraints as well as the specific constraints,
as made known through engineering instructions’
associated with that particular program.

P1.2 An individual shall be designated on each project
as the field contact for all matters concerning
the environment. This may be a general foreman
or other delegated individual. ’

P1.3 Among other factors, equipment for a particular
project shall be chosen with the maintenance of
the environment in mind.

Pl.4 Construction activities shall be planned for those
seasons of the year resulting in a minimum of
environmental damage. ’

Pl.5 Natural water courses shall not be crossed except
where absolutely necessary and then only with the
approval of the Zone Superintendent.

Pl.6 Housekeeping and removal of surplus material and
debris shall be continuous and integral with each A -
construction activity. Disposal shall be either
by burial (minimum of 2 feet cover) or by removal
from R/W to an approved disposal area.

P1.7 Construction forces shall not cut or destroy any
trees without the prior consent of the Forestry
Department.

P1.8 Clearing and grading of construction areas will
be minimal and done in such a manner as to prevent
erosion and conform to the natural topography.
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P1.9 Grubbing shall be limited to that which is
absolutely necessary and preferably removed to
an inconspicuous area on the right-of-way,
alternatively it shall be hauled to an approved
disposal area.

P1.10 0il, gasoline and other pollutants shall not be
discharged or buried on the right-of-way or other
areas, but shall be removed to an approved dis-
posal facility..

P1.11 Burning of material shall be in accordance with
Government and Hydro regulations and shall be
minimized.

P1.12 Dust, smoke, fumes etc. shall be controlled in
sensitive areas. Vehicles shall not be left
idling.

P1.13 Work shall be planned to minimize the vehicle
trips over access roads.

Pl.14 Noise nuisance shall be considered and kept to a
minimum.

P1.15 Blasting'shéll not be done in or near streams..

P1.16 Borrow pits shall not be opened without permission.
Consideration shall be given to the use of established
commercial pits and quarries.

P1.17 Fences and gates shall be maintained in a state
equal to or better than the condition in which
they were found.

P1.18 An effort shall be made to identify the location
of tile drains before construction commences,
using aerial photography, local knowledge etc.

P2.0 Material Yards and Camps

P2.1 Sites shall be so chosen that they are as incon-
spicuous as possible and compatible with the
surrounding area. '

P2.2 They shall be maintained in a neat, tidy and
respectable condition.

P2.3 They shall be restored to their original or
natural condition.

 P2.4 Disturbance of permanent vegetation shall be kept
to a minimum,




P3.0

© P4.0

Right -
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of-way Access

P3.1

P3.2

P3.3

P3.4

P3.5

P3.6

P3.7

P3.8

P3.9

P3.10

Where access has been specified as a result of
an environmental study, deviation will not be
permitted without the consent of the Project
Engineer.

Established access facilities including local
roads shall be utilized to the grestest extent
possible.

Access roads, where possible, shall be confined
to the R/W. However, where such would result in
severe environmental damage, consideration shall
be given to alternative access routes.

The routlng of access roads shall take into con-
sideration access to all future lines on the same
right-of-way.

Where possible, access roads shall avoid steep
slopes and wetlands.

In general, the width of access roads shall be a
minimum and limited to 15 feet; however, on curves,
widths may be increased to accommodate the longest
component to be transported. :

Rutting and the mixing of sub-soil and topsoil
shall be minimized.

Where an access road is established it shall be
used for all transport involved. Diversions shall
be permitted on cultivated fields within the con-
fines of the right-of-way to minlmlze rutting and
crop damage.

When it becomes apparent that excessive marring,
scarring or erosion damage is being initiated,
immediate steps shall be taken to curtail such
damage.

Sizing of ditch culverts shall have the approval
of local control authorities.

Clearings for Tower Sites

P4.1

P4.2

‘Clearing of tower sites shall normally be carried

out by the Forestry Department and shall be of
minimum size as mutually agreed to by Construction
and Forestry personnel.

Trees which are to remain in the work area shall
be identified and protected.




P6.0

P7.0
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- P5.0 Foundations

P5.1

P5.2

P5.3
P5.4
P5.5
P5.6

P5.7

Tower

Trees in the vicinity of the tower that were not
removed as a result of the clearing operatlon

shall be preserved.

Disturbance of the vegetation and top soil shall
be kept to a minimum.

All excavated top soil and sub soil shall be
segregated for the purpose of restoring the site
subsequent to the operation.

Care shall be taken to ensure that excavated
material or other foreign matter will not enter
natural water courses.

*Surplus excavated material shall be spread to

enhance the tower site except where specified to
be removed from the site.

Surplus concrete, bentonite and other construction
material shall be buried, hauled away or otherwise
disposed of to minimize env1ronmental impact.

The discharge from any pumping operation shall be

arranged so that sediment will not enter any
nearby streams,

Assembly and Erection

P6.1

P6.2

Selection of methods and equipment shall recognize
the environmental concerns of the project.

Care shall be exercised during the assembly and

- erection operations to ensure that disturbance

to existing trees, shrubs, vegetatlon, etc. 1s
kept to a minimum.

Stringing

P7.1

P7.2

Tension stringing techniques shall be used to
avoid damage to trees and vegetation along the
right-of-way. Conventional stringing methods
may be employed where it is established that
minimum damage will occur to the env1ronment.

Vehicular travel along the right- of -way shall be
minimized and limited to the access road where
possible.
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-P7.3 The location selected for stringing set-ups shall
be carefully chosen by utilizing, where possible,
existing cleared areas adjacent to established
roads. The area required shall be kept to a
minimum by the optimum arrangement of machines,
conductor tie-downs and conductor reel storage.

P7.4 The area of the set-up shall not be bladed or
graded unless absolutely necessary.

P7.5 Where possible, trenching for temporary anchors
shall be avoided by utilizing screw-type, inclined"
logs or steel beam tie-downs etc. [

P7.6 Cable and wire clippings and other debris associated
with the stringing operation shall be collected
and removed to designated disposal areas each day. 3

P7.7 Upon completion of the work at each set-up

location, the area shall be cleaned up and left
in a respectable condition. ,

P8.0 Counterpoise

P8.1 In sensitive areas such as natural water courses,
consideration shall be given to the hand placement ]
of counterpoise conductor.

P8.2 Where selective cutting has been carried out,
consideration shall be given to the use of light,
narrow trenching and laying machines.

P8.3 Care shall be taken to avoid the initiation of
erosion channels by diversion of run-off onto
undisturbed soil and/or by switch-back instal-
lation on steep slopes.

P9.0 Clean-up *

P9.1 At the end of construction activities the right-
of-way and all associated access roads shall be
patrolled to ensure that all litter, hardware,
and waste material including concrete has been
disposed of and that all fences and gates have
been left in a secure condition.

v P9.2 All temporary culverts shall be removed and the
drainage courses, including embankments, restored
to an acceptable condition.




P9.3

P9.4
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All land which has been disturbed shall be
restored to a reasonable state and shall
include:

(a) The elimination of deep ruts and holes
by filling or grading.

(b) Grading around tower sites and pdle
footings.

(c) Restoration of access roads to an
acceptable condition consistent with
final seeding and rehabilitation by the
Forestry Department.

Upon the completion of all construction activities
in an area, for example, between township limits,
complete restoration shall be carried out as

soon as possible.



