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BACKGROUND:

DATA COLLECTION AND ANALYSIS:

Although a natural process, soil erosion is typically increased by one to two orders of
magnitude during the construction process. In addition to sediment, runoff from
development sites frequently carries with it nutrients such as nitrogen and phosphorous
that are sorbed to the surface of soil particles. The Lake Simcoe Protection Plan (LSPP)
– a Provincially-driven initiative put forward by the Ontario Government – sets stringent
new guidelines aimed at protecting the Lake’s receiving water’s from the deleterious
impacts of excessive nutrient loading, with the ultimate goal of maintaining dissolved
oxygen (DO) levels within the Lake, thereby protecting commercially important coldwater
fish species like Lake Trout.

Water samples were analyzed at the University of Guelph, School of Engineering for a
number of water quality parameters, including TSS, turbidity and particle size distribution,
with select samples being sent to MOE and OMAFRA laboratories for QA/QC purposes.
Using the site survey data, HEC-RAS models were built for rating curve development, and
the datasets were combined for flow and load calculations.

Lake Simcoe

Red & Pink are
recent high and low
intensity urban
development areas.

RESULTS:
There was a good relationship between TSS and turbidity (R2 = 0.91 and 0.92 for the
Cookstown and Alcona field sites respectively). As such, the continuously-monitored
turbidity data was used for high-resolution loading calculations. After calibration and
validation, the SEDCAD model did a good job of predicting both total runoff volume and
peak flows from each of the three field sites.

High soil erosion and sediment delivery
rates resulted in 36,000 kg of sediment
per rainfall event (average value) in
Markham. This translates into an
average event-based sediment loss of
approximately 400kg/ha per event.

RESEARCH OBJECTIVES:
While the overarching goal of this research was to develop a design tool that planners
and site managers can use to mitigate soil losses from construction sites during
development, a suite of objectives were developed based on the technological and
social context within which this issue is nested:
1) Conduct a comprehensive jurisdictional review of Construction-Phase Stormwater
Management (CPSWM) guidelines, and suggest alternatives for adoption in Ontario
2) Implement a practical and sound stormwater quantity/quality monitoring program
capable of characterizing background conditions and quantifying single-event
sediment yields
3) Develop an optimized, event-based soil loss equation based on the monitoring data
that can be used to site and size erosion and sediment controls (ESC’s) on
construction sites in conjunction with design storms.
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The rainfall, flow and water quality data was then used in the calibration and validation of
a hydrologic model – SEDCAD – and an event-based Revised Soil Loss Equation (RSLE)
was optimized for Southern Ontario conditions. Local Intensity, Duration and Frequency
(IDF) data was combined with the RSLE to estimate soil loss under changing land use
conditions using design storms, and from this BMP’s were sited and sized accordingly.
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The form of the RSLE is based on the MUSLE (Williams, 1975) and O&F USLE (Onstad
and Foster, 1975), and appears as follows:

SITE DESCRIPTIONS:
Three locations were included in this study; an 84ha area near Cookstown, ON, a 75.5ha
area near Alcona, ON, and an 88ha area near Markham, ON. The first two sites
represented background (pre-development) conditions, and the Markham site was
typical of large-scale developments having rapid build-out over the monitoring period.

After optimization, the RSLE performed slightly better than previous soil loss models for a
number of statistical parameters assessed, and it was combined with the calibrated
SEDCAD models and computed IDF data to produce estimates of event-based soil loss
under varying development scenarios:
Predicted Soil Loss Using 12-Hour Design Storms and
RSLE for Greensborough
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CONCLUSIONS:
Cookstown Site
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FIELD METHODOLOGY
Two of the field sites were actively monitored, with data being made available from the
third, rapidly-developing site in the Greater Toronto Area (GTA). Sites were outfitted with
a suite of continuous-monitoring equipment, including RG600 Wireless tipping bucket
rain gauges, 4 ISCO 6712 Autosamplers, 4 DTS12 continuous turbidity meters, 14 Hobo
Level Loggers and 4 Onset Soil Moisture Sensors. Soil textural, nutrient, hydraulic
conductivity and other data was also collected.

The hydrologic component of the SEDCAD model did a good job of simulating observed
flows across all three study sites, and the RSLE performed slightly better than previously
proposed event-based sediment yield models. After being combined with the IDF
database, predictions of soil erosion under changing land use scenarios were derived that
closely matched observed values published in the literature. Finally, the regulatory review
led to the conclusion that Ontario should consider adopting a modified performancebased guideline, similar to what has been recommended in Eastern Washington state:
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