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1.0 INTRODUCTION

High phosphorus levels in Lake Simcoe have been identified as a concern since the

mid-70's. These high levels are a result of intensive land use due to agricultural, urban

and recreational development. Deterioration in the water quality has led to

eutrophication, reduced dissolved oxygen and shifts in the fish population. Economic

losses have subsequently been incurred in the tourism, recreation and fishing industries.

In recognition of the poor water quality of Lake Simcoe, the Lake Simcoe Environmental

Management Strategy (LSEMS) has as its goal to "restore a natural, self sustaining

coldwater fishery by improving water quality" in Lake Simcoe. In response to this goal,

a tributary monitoring network was created in 1982 to monitor and record baseline

chemical and physical water quality and stream flow for the major tributaries draining into

Lake Simcoe. Data collected from the monitoring network was used to identify major

phosphorus sources and determine annual phosphorus loadings to the lake. Although the

LSEMS studies officially ended in 1985, monitoring continued, at a reduced frequency, at

some of the major tributaries. In 1990 the implementation phase of the LSEMS program

was initiated. As part of the implementation program, development of a water quality

management model was proposed.

Water quality models have become recognized as valuable tools for managers and policy

makers in enabling them to make informed decisions and provide a forum for negotiation

between all watershed stakeholders. BEAK Consultants Limited (BEAK) was selected by

the LSEMS Technical Committee to undertake a study to develop this watershed model.

There are four main objectives of this study:

• to predict diffuse non-point and point source pollutant loadings to Lake

Simcoe. Non-point sources include agricultural runoff as well as urban

stormwater runoff and runoff from other land uses in the watershed (i.e.

forest, pasture, wetlands, and scrubland). Point source pollutants include

effluent from industrial dischargers and sewage treatment plants;
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• to identify and quantify pollutant loadings from individual sources. This

allows an assessment of the effectiveness of remedial measures for

individual sources;

• to run the model based on a number of management scenarios and provide

output in easy to interpret graphical and tabular format; and,

• to provide the model in a user friendly format to allow the LSEMS Technical

Committee to use the model as a management tool.

This report describes the study area, model development, calibration and the results of

model application to several management scenarios. Section 2 details the Lake Simcoe

watershed area including the location, size, land characteristics, climate and observed

runoff and water quality. A description of the model and its development for the Lake

Simcoe watershed is outlined in Section 3.0. A description of the model parameter

selection procedure and calibration of the hydrology, suspended sediment and phosphorus

loads is provided in Section 4.0. The results of the model application for various

management scenarios complete this report. A user guide for the model is provided under

separate cover.
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2.0 STUDY AREA

2.1 General

The Lake Simcoe watershed is located in Southern Ontario between Lake Ontario and

Georgian Bay (see Figure 2.1). The total land area of the watershed is 2,848 km2. The

population of the area is approximately 271,410.

Figure 2.2 illustrates the land use in the watershed. For the purposes of watershed

modelling, land use has been subdivided into forest, wetlands, scrubland, cultivated,

barren/ pasture and urban areas. Urban areas occupy 3% of the watershed and are

concentrated in the south and west. Approximately 50% of the population (131,000)

resides in four major urban areas including Barrie, Newmarket, Aurora and Orillia. The

cities of Newmarket, Barrie and Aurora have experienced considerable population growth

within the last fifteen (15) years. Census data show that their population has increased

92 and 69% respectively between 1982 and 1992 (Alsop, 1992).

Agricultural activity, indicated by the cultivated and barren/pasture land use categories,

occupy 17% and 27% of the watershed respectively. The watershed supports

approximately 2157 farms involved in a wide variety of agricultural activity. The most

intensive agricultural activity in the watershed occurs in the southwest portion of the

watershed along the Holland River system known as the Holland Marsh.

Forests and scrubland areas occupy approximately 27% and 14% of the land respectively.

They are located predominantly in the northeast corner of the watershed, along the Black

River, Talbot River and Pefferlaw Brook and along the shores of Lake Simcoe. A cottage-

going population of 50,000, occupy approximately 12,000 cottages located along the lake.

Wetlands occupy about 10% of the land area.
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TABLE 2.1: Sub-Catchment Description.

No. Name Area (km2)

101 West Holland River 347.7
102 East Holland River 268.2

103 West Cook's Bay   86.1

104 Lover's Creek   98.3

105 Northwest Tributaries 215.3

106 Mara Flats/Northeast Tributaries 138.3

107 Talbot River 324.6

108 White's Creek 110.9

109 Beaver River 339.6

110 Pefferlaw Brook 237.0

111 Uxbridge 191.4

112 Black River 345.4

113 Maskinonge River 126.4

114 Islands   19.1

TOTAL AREA 2,848.5   
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Figure 2.3 illustrates the soil types in the watershed. Sandy-loams predominate the

watershed, occupying 61% of the area. Clay-loams occupy 14% of the area and are

located in the southwest corner of the watershed. Silty-loams are located mainly in the

northeast portion of the watershed. Sandy soil predominates in the southeast.

Figure 2.4 illustrates the percent slope of the watershed. With the exception of portions

of the Oak Ridges Moraine in the south, most of the watershed is characterized by low

topographic relief. The majority of the watershed (74%) has a slope of less than 2 %,

only approximately 5% of the land has a slope greater than 5 %.

2.2 Sub-Catchment Characteristics

The watershed has been divided into 14 sub-catchments for the purpose of watershed

modelling. Table 2.1 lists the sub-catchment number, sub-catchment name and drainage

area. Figure 2.5 illustrates the location of the sub-catchments in the watershed. The

Talbot, Beaver, Black and West Holland Rivers drain the largest sub-catchments with

areas ranging from 325 km2 to 348 km2. The land use, soil type and slope characteristics

for each sub-catchment are provided in Appendix A.

The West Holland sub-catchment (# 101) is located in the southwest corner of the

watershed. This sub-catchment is the largest in the watershed with a total area of 348

km2. It extends from the headwaters of the West Branch of the Holland River, located

near the Town of Schomberg, through a natural wetland complex, the Holland Marsh

vegetable polder to Cook's Bay, Lake Simcoe. This sub-catchment is characterized by its

intensive market gardening activity, with land use predominantly pasture (35 %) and

cultivated (26 %), a slope of less than 2 % and soils consisting of sandy-loam and

clay-loam (see Appendix A).

The headwaters of the East Holland River sub-catchment (# 102) originates near the

boundary of Whitchurch-Stouffville and Uxbridge Townships. The East Holland River joins

the West Branch just upstream of the Holland River discharge into Cook's Bay. This sub-

catchment collects runoff from the Towns of Aurora, Newmarket and Holland Landing. The
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total area of the sub-catchment is 268.2 km2. As mentioned previously, this area is

experiencing urban growth as indicated by an urban land use of 13 %. Other land uses

include pasture (25 %), cultivated (17 %), forest (23 %) and scrub (11 %). Sand and

clay- loam predominate.

The West Cook's Bay sub-catchment (# 103) collects runoff in the area west of Cook's

Bay and discharges through several small creeks into Lake Simcoe. It is the second

smallest sub-catchment with an area of 86.1 km2. Land use is a mixture of pasture

(34 %), cultivated (21 %), and forest (26 %) with scrubland, wetland and open water

occupying the remainder of the sub-catchment. The soil type consists predominantly of

sandy-loam.

Lover's Creek sub-catchment (# 104) is located south of the City of Barrie with an area

of 98.3 km2. Several small creeks including Lover's Creek collect runoff in this area and

discharge into Lake Simcoe at Kempenfelt Bay. Land use in this area is pasture (37 %),

forest (26 %), cultivated (15 %) and urban (4 %).

The Cities of Barrie and Orillia are located in the Northwest Tributaries sub-catchment (#

105). This urban concentration is reflected in the highest percentage of urban land use

(17.6 %) of all the sub-catchments. The area of this sub-catchment is 215 km2. Several

small urban and rural creeks discharge to Lake Simcoe along the northwest shoreline.

Mara Flats / Northeast Tributaries sub-catchment (#106) is located along the north

shoreline of Lake Simcoe with an area of 138 km2. The sub-catchment has a mixture of

pasture (21 %), cultivated land (22 %), scrubland (17 %), and forest (27 %). Soil

predominance is sandy loam (41 %), clay loam (38 %) and organic (21 %) soils. Several

small creeks drain to Lake Simcoe along the north shore.

The Talbot River sub-catchment (#107) is located in the northeast corner of the

watershed with an area of 325 km2. Runoff in the sub-catchment drains into the Talbot

River. It is the most distinct sub-catchment in the watershed in that agricultural activity

is low and large natural areas exist. Predominant land use include scrubland (31 %),
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forest (24 %) and wetland (19 %). Soils are predominantly sandy-loam (65 %) with some

silty-loam (16 %).

The White's Creek sub-catchment (#108) is located in the northeast portion of the

watershed just south of the Talbot River sub-catchment with an area of 111 km2. Land

uses in the sub-catchment include pasture (21 %), forest (23 %), cultivated (27 %),

scrubland (17%) and wetlands (10 %).

The Beaver River sub-catchment (#109) is located south of the White's Creek sub-

catchment. Runoff drains into the Beaver River. The area of this sub-catchment is 339.6

km2. It's land use is predominantly pasture (30 %), cultivated (21 %), forest (22 %),

wetlands (12 %) and scrub land (14 %).

The Pefferlaw Brook sub-catchment (#110), excluding the Uxbridge Brook tributary, is

located in the southeast portion of the watershed. Runoff in the sub-catchment drains into

Pefferlaw Brook via various creeks including Uxbridge Brook. The area of the sub-

catchment is 237 km2. The land use of the sub-catchment consists of forest (37 %),

pasture (24 %), wetlands (12 %), scrub (12 %) and cultivated (14 %) land.

The Uxbridge Brook sub-catchment (# 111) is a tributary to the Pefferlaw Brook.

Uxbridge Brook joins Pefferlaw Brook a few kilometres south of the village of Pefferlaw

at Udora. Land use in the sub-catchment consists primarily of pasture (51 %), with some

forest (28 %), scrub land (11 %) and wetlands (8 %). The area of the sub-catchment is

126 km2.

The Black River sub-catchment (#112) is the second largest sub-catchment with an area

of 345 km2. The Black River drains to Lake Simcoe along the south shoreline. Land use

in the area consists of forest (36 %), pasture (24 %), cultivated land (17 %), scrub

(12 %) and wetlands (11 %).

The Maskinonge River sub-catchment (#113) is located in the southern portion of Lake

Simcoe with an area of approximately 126 km2. The river drains to Lake Simcoe along the
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east side of Cook's Bay. Land use in the area is cultivated (26 %), scrub (10 %), pasture

(31 %) and forest (25 %). Soil type in the sub-catchment is predominantly sandy-loam

(69 %).

Four major islands in the Lake (i.e., Thorah, Georgina, Snake and Fox islands) have been

designated as a sub-catchment with a combined area of 19.9 km2. The islands are

relatively flat with predominantly sandy loam soils and forest cover.

2.3 Climate

The Lake Simcoe watershed has a modified continental climate. The Great Lakes have a

pronounced affect on the climate. Meteorological data for the period from 1982 to 1992

was compiled and edited as needed for utilization in the model. This includes hourly

precipitation data recorded at Barrie, Lindsay, Stouffville and Orillia; hourly air

temperature data recorded at Barrie; hourly solar radiation recorded at Ottawa; and daily

dew point temperature recorded at Haliburton. Daily evaporation was based upon long

term normals for the area. Print outs of meteorological data are provided in Appendix B.

The 30 year normals (Environment Canada, 1993) for the daily mean temperature

recorded at Lindsay and Midhurst, the two closest stations reporting long-term normals,

range from -9.2 and -8.4EC in January to 20.2 and 19.8EC in July, respectively. The

annual daily mean temperature at both stations is 6.1EC with annual daily minimum and

maximum temperatures of 0.8 EC and 11.3 EC, respectively (Environment Canada, 1993).

Figure 2.6 presents the daily average air temperature recorded at Barrie. Daily total solar

radiation recorded at Ottawa is presented in Figure 2.7. While Ottawa is well outside of

the study area, the solar radiation is sufficiently representative of the area for modelling

purposes.
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FIGURE 2.6. Daily Avg. Air Temperature, Barrie

2.8



FIGURE 2.7. Daily Total Solar Radiation.
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FIGURE 2.8. Daily Accumulated Total Precipitation (1986 - 1992).
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Precipitation data from 1986 to 1992 for stations located at Barrie, Lindsay, Stouffville

and Orillia was utilized in the model to provide representative precipitation for the entire

watershed. Hourly precipitation data was available for non-winter periods. Total daily

precipitation was available for winter periods. The 30 year normal total precipitation at

Orillia and Lindsay is 1005.4 mm and 856 mm, respectively (Environment Canada). The

period from 1986 to 1992 includes wet and dry periods, dry years including 1987 and

1989, the remaining years experiencing high precipitation. Figure 2.8 and 2.9 present the

daily total precipitation for the four stations for the period from 1986 to 1992, and 1989

respectively. These figures show clearly the differences in total precipitation recorded at

various gauges over the long term (i.e. years) and over the short term (i.e. days). The

Orillia gauge consistently recorded the highest precipitation as shown on both figures.

2.4 Observed Runoff and Water Quality

There are 35 tributaries in the Lake Simcoe watershed with five major tributaries

accounting for approximately 60% of the watershed area. The major tributaries include

Pefferlaw Brook, Talbot River, Beaver River, Black River and the Holland River. The

majority of the tributaries flow to Lake Simcoe which flows to the north into Lake

Couchiching and eventually to Georgian Bay via the Severn River.

Streamflow was monitored at downstream sites on the Beaver and Black Rivers, Pefferlaw

Brook and on the East and West branches of the Holland River and the Holland River at

Cook's Bay.

Figure 2.10 presents the total annual and 1990 discharge for the six tributaries. As is

illustrated in this figure, the Holland River discharges the highest amount of these

tributaries. The wettest year for the 1986 - 1990 period was 1990.
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FIGURE 2.9. Daily Accumulated Total Precipitation - 1989.
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Figure 2.10. Average and 1990 Total Annual Discharge.
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Figure 2.11 to 2.16 present daily streamflow for these six tributaries showing the range

of flow experienced during the year for the six tributaries. Annual mean discharges for

these rivers range from 2 to 8 m3/s with peak flows reaching a range of 20 to 120 m3/s.

Total Suspended Solids (TSS) and Total Phosphorus (TP) data for Pefferlaw Brook, the

Black River, Beaver River and the East and West Branches of the Holland River and the

Holland River at Cook's Bay were analyzed. Data collected from the Tributary Monitoring

Network and from the Ontario Ministry of the Environment and Energy were combined for

sites where data was sparse.

TSS and TP daily loadings were developed based on observed pollutant concentrations

and flow. Regression analyses between observed concentration and flow tend to result

in estimates of lower loadings than actually occur because the data is highly skewed to

baseflow-dry weather conditions. Flows and water quality concentrations observed during

the freshet period and rare-extreme storm events are likely to be different than during

the remainder of the year, yet very little data exists for these periods. Investigations

elsewhere have shown that the bulk of annual loadings can occur during one or two

extreme events in a year (BEAK, 1994). To investigate whether there is a relationship

with the concentration and the flow for the freshet (winter) period and the "summer"

period, data analysis for these two periods was conducted as outlined below.

The data was separated into the freshet and summer periods. The freshet period was

considered to occur from 15 December to 15 April and the summer period was considered

to occur from 15 April to 14 December. The flow was divided into strata and an average

concentration within each flow stratum was calculated. If the average concentration for

the higher flow stratum was lower than the lower flow stratum, the flow strata were

combined and an average concentration for the larger stratum was calculated. Based on

this analysis, no distinct difference was observed between the "freshet" and "summer"

period for the Black, Pefferlaw and Beaver Rivers, however, different concentration - flow

relationships for the freshet period compared to the summer period were observed for the

Holland River. Average total phosphorus concentrations were determined for flow strata

as shown in Figures 2.17 to 2.21.
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FIGURE 2.11. Holland River At Mouth Discharge For 1990.
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FIGURE 2.12. Holland River - East Branch Discharge For 1990.
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FIGURE 2.13. Holland River - West Branch Discharge For 1990.
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FIGURE 2.14. Beaver River Discharge For 1990.
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FIGURE 2.15. Pefferlaw Brook Discharge For 1990. 
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FIGURE 2.16. Black River Discharge For 1990.
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Figure 2.18. Pefferlaw Brook TP vs. Flow.
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Figure 2.19. Beaverton River TP vs. Flow.
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Figure 2.20. Holland River @ Cook's Bay "Summer".

2.23



Figure 2.21. Holland River @ Cook's Bay "Freshet".
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Daily phosphorus loadings were calculated based on the average TP concentration for

each flow stratum and the daily flow record. Table 2.2 presents the calculated annual total

phosphorus loads for years 1986 to 1991 for the four drainage basins. Total watershed

loads are estimated by prorating the monitored area loads based upon area and adding

91 % of the STP loads. The majority of STP loads are directly discharged to the lake. All

other sources, such as septic inputs and livestock, are assumed to exist at similar levels

in the ungauged areas as in the gauged areas.
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TABLE 2.2: Calculated Annual TP Loadings (kg).

Year Pefferlaw
Brook

Black 
River

Beaver
River

Holland
River

Total
Monitored

Area

Total
Watershed

1986 4,290 6,020 8,370 26,130 44,810 88,240

1987 2,690 4,200 5,940 22,340 35,170 70,350

1988 3,050 2,420 3,930 14,610 24,010 49,650

1989 3,150 3,050 4,120 14,550 24,870 51,240

1990 3,700 5,430 6,270 26,510 41,910 82,860

1991 2,900 4,010 5,640 16,450 29,000 58,900

Average (kg/yr) 3,300 4,190 5,710 20,100 33,300 66,900

Drainage Area (km2) 332 324 282 597 1,535 2,848

Unit Area Load
(kg/km 2/yr) 9.94 12.9 20.2 33.67 21.7 23.5

Note: Total Watershed Area loads are estimated by prorating the monitored area
loads based upon area and adding 91% of the STP loads (i.e., direct
discharges) 
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3.0 MODEL DEVELOPMENT

3.1 Model Concepts

The Lake Simcoe Watershed Modelling process is a multi-step procedure employing two

models, as well as various information management techniques and simplifying

assumptions. Figure 3.1 is a flow chart of the modelling process used in this study. The

process can be divided into five phases. The first phase involves the definition of

watershed issues and model requirements. In essence, this phase sets the objectives for

modelling. From this a modelling concept is developed. This concept describes the nature

of the models required and, model interactions. From this the data requirements can be

identified.

The second phase is related to GIS databases and includes the development of a spatial

representation of the watershed. Decisions are made regarding the spatial resolution

required, attributes of concern and categories or strata within the attributes. For example,

it must be determined how many land slope classes should be included and how each

class should be defined. After resolution of these issues, rural lands are divided into many

homogenous polygons and these are linked to the appropriate sub-catchments in the

watershed drainage system.

The third phase involves the development of an urban loadings model. This model

considers urban land use distributions, typical unit area runoff, and loadings from each

urban land use as a function of precipitation volume. Unit area loadings are converted to

event and long term time series of runoff and loadings from each urban area using the

urban model.

The fourth phase involves the definition of a watershed drainage system involving sub-

catchments and stream reaches; the preparation of time series files of input (i.e.,

meteorological data); model set-up and calibration/verification. Observed data files are

also compiled in time series form to serve as model output targets. Following this phase

the model is completed.
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  FIGURE 3.1.

  Modelling Process Flow Chart.
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The fifth phase involves model application to various watershed management scenarios.

The results of predictions are assessed and summarized in a form that aids evaluations.

The last phase is repeated through the useful life of the model and as new developments

are proposed or new strategies are devised.

3.2 Model Descriptions

3.2.1 General

The Lake Simcoe Watershed model relies upon the modelling package developed by BEAK

called HYDROSIM.  HYDROSIM is based upon the Hydrological Simulation Program -

Fortran (HSPF) with some embellishments to the input/output, user interface and

incorporation of the urban runoff model. HYDROSIM has been developed by BEAK for

long-term use by clients involved in watershed management.

Land management models have been the subject of considerable development and testing

during the past 25 years. Initially, hydrologic models were developed as event-based

predictors of hydrologic processes and their application was limited by computer

processing speeds. The Stanford Watershed Model (Crawford and Linsley, 1966) was used

as a basis upon which Negev (1967) superimposed sheet and gully erosion equations as

well as instream sediment transport. A lumped parameter model, PTR (pesticide transport

and runoff), was later developed by Crawford and Donigian (1973). This model

piggybacked applied pesticide onto the hydrologic and sediment transport components

of the evolving Stanford Watershed Model. This approach emphasized the need for

transport mechanisms of watershed hydrology as a basis for agri-chemical behaviour

simulation. The PTR model included hydrologic simulation, sediment detachment and

erosion, pesticide adsorption/desorption, vertical movement of pesticide in the soil, and

pesticide degradation.

Further modification and testing of the PTR model resulted in the agricultural runoff

management (ARM) model (Donigian and Crawford, 1976b; Donigian et al., 1977). This
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model simulates runoff including snow accumulation and melting, sediment loss,

pesticides- soil interactions, and soil nutrient transformations. Further developments to

ARM added components of soil moisture and temperature, pesticide degradation, nutrient

transformations, and plant nutrient uptake. The ARM model was fully supported by a

user's manual and was the first practical and widely operational predecessor of HSPF.

A simpler version of ARM was developed which could be used with current urban models

such as SWMM, (storm water management model) (Metcalf and Eddy et al., 1971) and

STORM (Huber et al., 1975). The resulting model, NPS (non-point source) Model

(Donigian and Crawford, 1976a and b) was a continuous simulation model which

improved the snow handling and sediment transport components of urban runoff models.

HSPF (Johanson et al., 1980) is the most recent and comprehensive model in this series.

This model incorporates time series data management systems, recognizing the

enormous task of input and simulation data handling. Channel routing is linked to land

surface runoff modules and a sediment routing algorithm has been added. Water quality

algorithms added include BOD/DO dynamics, carbon, nitrogen and phosphorus cycles,

and suspended and attached phytoplankton and zooplankton. Release 8.0 of HSPF

(Johanson et al., 1984) has included a chemical migration and risk assessment

methodology (Onishi et al., 1979). This methodology includes sediment transport by

particle size groups, pesticide routing and degradation kinetics, sediment-pesticide

interaction, a frequency analysis summary of contaminant concentration, and toxicant risk

assessment. While many of these capabilities are not required by the Lake Simcoe

Environmental Management Strategy at this time, they are available for future

consideration should other issues emerge.

The model is built upon a systematic framework in which a series of application modules

are used to perform various hydrologic and water quality processes; and utility modules

are used to perform various data management functions. Application modules include:

• PERLND, the pervious land segment module;
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• IMPLND, the impervious land segment module; and

• RCHRES, the receiving water module.

Utility data management modules include the following:

• COPY, a module for manipulating, aggregating or factoring a time

series of data;

• PLTGEN, the module which creates specifically formatted files for

plotting;

• DISPLY, the module which summarizes data and presents it in neatly

formatted tables;

• DURANL, a module which performs a duration and excursion analysis;

and

• GENER, a module which can perform a number of basic

transformations of one or two time series.

HSPF has had widespread application in Canada and the United States since its earliest

inception in the late 1950's. Restructuring, reprogramming and considerable

augmentation has made the model package available for comprehensive watershed

modelling exercises. Current computer hardware supports detailed watershed analysis

with rapid simulation turnaround times. The model is not only applicable to agricultural

assessments, but can be applied to a broad range of watershed types and issues.

The model is particularly valuable for the evaluation of the benefits of implementing best

land management practices (BMPs) (Donigian et al., 1983; Imhof et al., 1983) or other

activities which alter land runoff processes. With the recent developments in user-

friendliness and urban loading, HYDROSIM represents the state of the art in watershed-

based continuous simulation of hydrological and water quality processes.
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Figure 3.2 displays the generalized model components in the Lake Simcoe Watershed

modelling scheme. As mentioned HYDROSIM is at the core of the modelling process. A

series of steady state or pseudo steady state loadings, as indicated, are input as daily

loads and flows to appropriate watershed stream reaches. Pseudo steady state loads are

those which occur seasonally (i.e., seasonal discharge municipal sewage lagoons) or

approximately continuously (i.e., livestock inputs).

Dynamic loading terms include the urban wet weather component which is developed in

a stand alone model discussed below. These loads are a function of precipitation as well

as urban land use characteristics. HYDROSIM links these loads to appropriate watershed

streams in a dynamic manner. Rural diffuse loads including those from intensive

agricultural operations and from non-agricultural lands are estimated within HYDROSIM.

The modelling of diffuse rural loads is a highly complex process and is also discussed

below in more detail. These loads are linked within HYDROSIM to appropriate stream

reaches in a dynamic manner.

In addition to the rural source loads HYDROSIM provides the linkages between externally

calculated and internally calculated loads to streams, the transport of flow and

contaminants through the drainage network, instream contaminant transformation and

input/output data management and summary.

HYDROSIM provides the model predictions which generally require some assessment

before policy is developed and watershed plans are developed.

The following sections provide more detailed descriptions of rural and urban diffuse

loading models.
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FIGURE 3.2. General Model Components.
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3.2.2 Urban Diffuse Load Model

Phosphorous loadings to Lake Simcoe from urban sources have been estimated in order

to incorporate them as a dynamic component of the overall watershed model. Urban

pollutant sources which were considered include:

• dry and wet weather discharges from storm sewer systems;

• combined sewer overflows

• sewage treatment plants; and

• industrial discharges.

Loadings estimates for these sources were made using a spreadsheet model and are

discussed individually below.

Loadings From Storm Sewers - Urban Wet Weather Runoff

Loadings due to urban runoff are periodic and will vary from event-to-event and year-to-

year, according to the volume and duration of rainfall and the number of storm events

within that year. Rainfall events occurring during the period of April through November

were modelled. Estimates of winter runoff loadings were made using the same

techniques, but with reduced unit area response to account for the lower impact of winter

events due to frozen precipitation. Meteorological data from Environment Canada

(Atmospheric Environment Service (AES) Toronto Bloor Station) for years 1982 to 1986

inclusive were used to determine the number of rainfall events per year. This information,

with selected runoff variables (BEAK/Paul Theil Associates, 1991) was used to estimate

runoff volumes from various landuses according to rainfall volumes and frequencies.

To estimate loadings from storm sewer systems, urban centres within the Lake Simcoe

watershed were modelled. Landuse distributions for each municipality were estimated to

reflect varying runoff for different landuses. These distributions were based on available

statistics and mapping and were further subdivided according to impervious areas. Table

3.1 lists the landuse distributions for each municipality. Figure 3.3 presents a breakdown
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of municipal landuses.

Annual phosphorous loading estimates to Lake Simcoe were calculated as the product of

the calculated hydraulic loadings and typical phosphorus concentrations for urban runoff

(U.S. EPA, 1983, Paul Theil Associations Limited and BEAK, 1992). Estimated wet weather

phosphorous loadings are given in Table 3.2 as a function of rainfall volume for each

municipality. Daily urban stormwater loads were developed utilizing daily precipitation

data.

Loadings From Storm Sewers - Urban Dry Weather Flow

In addition to urban runoff, dry weather flows have also been modelled to account for

infiltration or other inflow sources into the municipal sewer and storm drainage systems.

For each of the municipalities modelled in the urban wet weather flow component, the

total area connected to the storm sewer system, or "sewershed", was estimated from

available drawings and plans. In cases where no information was available to estimate

the sewershed area, it was assumed to be equal to the total developed urban area.

A constant unit runoff rate of 0.05 L/s/ha (BEAK and Paul Theil Associates 1990) was

used to estimate the hydraulic loading from each municipality due to dry weather storm

sewer flows. Annual phosphorous loadings to Lake Simcoe were then calculated using a

typical pollutant concentration for dry weather discharges (BEAK and Paul Theil

Associates, 1990). The steady state phosphorus loads for each municipality are provided

in Table 3.3.

Table 3.4 summarizes the phosphorus loadings for individual urban centres resulting from

dry and wet weather stormwater runoff.
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 TABLE 3.1: Landuse Distributions For Urbanized Areas.

Urban Areas Total Area 
(ha)

Total
Developed 
Area  (ha)

Landuse Distribution (ha)

Residential Ind./Inst. Commercial Open/Park

Barrie  7,270 2,886   1,821   785 196 84
Newmarket  3,678 2,017   1,207   344 346 120 
Aurora  4,947 1,579   1,074   286 56 163 
Holland Land 1,154   980 53 31 90
Bradford 20,453 900 665 44 177 13
Keswick  974 789 100 36 49
Sutton 754 540 45 71 98
Uxbridge 41,232 567 395 98 42 31
Orillia 2,817 490 354 49 49 38
Mt. Albert 275 254 10   6  5
Sharon 261 244   6   8  3
Schomberg 200 145 24 19 12
Beaverton 631 465 88 47 31
Cannington 296 218 42 22 14
Sunderland 135   99 19 10   7
TOTALS 80,397 13,119     9,250  1,993    1,116    758  

Notes: 
• institutional assumed hydrologically similar to industrial. Therefore combined.
• 1991 data from Lake Simcoe Region Conservation Authority (O. Kashef).
• impervious areas are taken to be 35% residential, 90% industrial/institutional, 85% commercial and 2% open park.
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Figure 3.3. Breakdown of Municipal Land Use.
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TABLE 3.2:    Estimated Wet Weather Phosphorus Loadings (Kg) For Urbanized Areas.

Rainfall Ranges (mm)
Urban Areas 0-2 2-5 5-10 10-20 20-30 30+
Barrie 2.50 25.69  51.37 102.7 154.1 256.9 
Newmarket 1.70 17.57  35.15 70.3 105.4 175.7 
Aurora 1.13 12.14 24.3 48.6 72.8 121.4 
Holland Land 0.69 7.79 15.6 31.1 46.7 77.9
Bradford 0.70 7.36 14.7 29.4 44.2 73.6
Keswick 0.66 7.16 14.3 28.7 43.0 71.6
Sutton 0.49 5.33 10.7 21.3 32.0 53.3
Uxbridge 0.43 4.59  9.2 18.3 27.5 45.9
Orillia 0.35 3.74  7.5 15.0 22.5 37.4
Mt. Albert 0.17 1.90  3.8  7.6 11.4 19.0
Sharon 0.16 1.80  3.6  7.2 10.8 18.0
Schomberg 0.15 1.57  3.1  6.3  9.4 15.6
Beaverton 0.47 4.97 10.0 19.9 29.8 49.7
Cannington 0.22 2.34  4.7  9.4 14.0 23.4
Sunderland 0.10 1.06  2.1  4.2  6.4 10.6

TOTAL 9.92 105.01    210.12 420.0  630.0  1,050.0    

Notes:

Annual phosphorus loading estimated from "Metropolitan Toronto Waterfront Wet
Weather Outfall Study", Paul Theil Associates Limited and BEAK, 1992; "Nationwide
Urban Runoff Program (NURP), Final Report, U.S. EPA, 1983.
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TABLE 3.3: Estimated Dry Weather Phosphorus Loadings For Urbanized Areas.

Urban Area Daily P Loading (kg)

Barrie 3.63

Newmarket 2.59

Aurora 2.07

Holland Land 1.55

Bradford 1.30

Keswick 1.30

Sutton 1.04

Uxbridge 0.78

Orillia 0.52

Mt. Albert 0.26

Sharon 0.26

Schomberg 0.26

Beaverton 0.78

Cannington 0.26

Sunderland 0.26

TOTAL 16.86 

Notes: 

• Unit Runoff Rates estimated from "Toronto Waterfront Dry Weather Outfall Study",
Beak Consultants/Paul Theil Associates, 1990.

• Total Connected Area assumed equal to total developed area.
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TABLE 3.4: Estimated Phosphorus Loadings From Dry And Wet Weather
Stormwater Runoff. 1

Urban Area Wet Weather P Loading
(kg)

Dry Weather P Loading
(kg)

Barrie 4,425   1,325   

Newmarket 3,128   945

Aurora 2,159   755

Holland Landing 1,383   566

Bradford 1,195   566

Keswick 1,161   566

Sutton 917 380

Uxbridge 816 285

Orillia 843 190

Mount Albert 338  95

Sharon 320  95

Schomberg 279  95

Beaverton 908 285

Cannington 427  95

Sunderland 194  95

TOTAL 18,493     6,338   

1 Based on 1990 precipitation data.
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Loadings from Combined Sewer Overflows

Combined sewers receive both stormwater runoff and domestic sewage which flow to

sewage treatment plants. They are typical of the original infrastructure in older districts

of urbanized areas. Runoff from storm events may temporarily exceed the capacity of

these sewer systems which result in direct overflow into a downstream watercourse. The

resulting "bypass" of the plant is known as a combined sewer overflow (CSO).

Many municipalities either have no combined sewers, or have improved such systems by

"separating" the two sewers. An attempt was made to gather data concerning combined

sewers, however most municipalities contacted either knew of no such sewers, or had no

plans and limited information on their combined sewer systems. For this reason, it has

been assumed that loadings from combined sewers are either negligible or zero relative

to the entire study area.

Loadings From Sewage Treatment Plants

Sewage treatment plants which have Lake Simcoe as the ultimate receiving water body

were included in the loadings model. Estimates of phosphorous loadings were made using

the most recent data supplied (Lake Simcoe Region Conservation Authority, 1991), and

are given in Table 3.5. Daily loadings were then directly entered into the urban loadings

model.

Loadings From Industrial Discharges

The "Report on the Industrial Direct Discharges in Ontario" (OMOE, 1989) indicated that

no major industries discharge to Lake Simcoe, either directly or indirectly via its

tributaries.

Summary of Annual Loadings

The total phosphorous loadings from urban sources are summarized in Table 3.6 and

presented in Figure 3.4 for the ice free period of the year. Their loads are based upon an
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TABLE 3.5: Estimated Phosphorus Loadings From STPs.

Municipality Treatment Type
Daily P 

Loading  (kg)

Annual P 

Loading  (kg)
Barrie 1 Conventional Activated Sludge 7.24 2,643.6  

Orilla 1 Conventional Activated Sludge 2.71 988.5

Innisfil 2 Extended Aeration 0.45 163.8

Keswick 1 Extended Aeration 0.73 267.4

Beaverton 1 Conventional Lagoon 1.03   74.4

Lagoon City Extended Aeration

Sutton 2 Extended Aeration 0.60 220.7

Bradford 1 Extended Aeration 0.77 282.5

Uxbridge 2 Conventional Lagoon 0.35 128.0

Cannington 1 Conventional Lagoon 0.61   43.7

Holland Landing 2 Extended Aeration 0.82   59.3

Mount Albert 2 Extended Aeration  0.068   25.0

TOTAL 15.378 4,896.9  

 1 Calculated by Lake Simcoe Region Conservation Authority, 1993. 

 2 Calculated by Lake Simcoe Region Conservation Authority, 1992.
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TABLE 3.6: Summary Of Annual Loadings.

Source Annual Loadings (kg)

Storm Sewer-Wet Weather 18,493 

Storm Sewer-Dry Weather 6,338

Combined Sewer Overflow 0

Sewage Treatment Plants 4,943

Industrial Discharges 0

29,774  
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Figure 3.4. Summary of Annual Loadings.
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average runoff year. Winter runoff loads were assumed to occur at 33 % of the

non-winter rate. This is reasonable in that a large portion of winter precipitation falls as

snow and does not cause immediate runoff before it is physically removed. Also, winter

runoff tends to be concentrated into relatively few snowmelt events. The data indicates

that stormwater runoff contributes the largest loading of phosphorus from urban land use

areas (62 percent). Dry weather flow accounts for approximately 21 percent, and sewage

treatment plants contribute the remaining 17 percent.

3.2.3 Rural Diffuse Load Model

Hydrology

Figure 3.5 illustrates the hydrologic cycle in simple terms. HYDROSIM addresses all of

these processes and accounts for all components of the watershed and stream water

balance in a conservative manner.

The following excerpt is taken from the HSPF User's Manual and is a description of the

model approach adopted in the module PWATER. This module simulates the water budget

for pervious land-segments.

The time series SUPY representing moisture supplied to the land segment includes rain,

and snow when snow conditions are considered, rain plus water from the snowpack.

Moisture is then available for interception. Interception storage is water retained by any

storage above the overland flow plane. For pervious areas, interception storage is mostly

on vegetation. Any overflow from interception storage is added to the optionally supplied

time series of surface external lateral inflow to produce the total inflow into the surface

detention storage.

Inflow to the surface detention storage is added to existing storage to make up the water

available for infiltration and runoff. Moisture which directly infiltrates moves to the lower

zone and groundwater storages. Other water may go to the upper zone storage, may be
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FIGURE 3.5: Hydrologic Cycle .
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routed as runoff from surface detention or interflow storage, or may stay on the overland

flow plane, from which it runs off or infiltrates at a later time.

The processes of infiltration and overland flow interact and occur simultaneously in

nature. Surface conditions such as heavy turf on mild slopes restrict the velocity of

overland flow and reduce the total quantity of runoff by allowing more time for infiltration.

Increased soil moisture due to prolonged infiltration will in time reduce the infiltration rate

producing more overland flow. Surface detention will modify flow. For example, high

intensity rainfall is attenuated by storage and the maximum outflow rate is reduced. The

water in the surface detention may also later infiltrate reoccurring as interflow, or it can

be contained in upper zone storage.

Water infiltrating through the surface and percolating from the upper zone storage to the

lower zone storage may flow to active groundwater storage or may be lost by deep

percolation. Active groundwater eventually reappears as baseflow, but deep percolation

is considered lost from the simulated system.

Lateral external inflows to interflow and active groundwater storages are also possible in

section PWATER. One may wish to use this option if an upslope land segment is

significantly different to merit separating it from a downslope land segment and no

channel exists between them.

Not only are flows important in the simulation of the water budget, but so are storages.

As states, soil storage affects infiltration. The water holding capacity of the two soil

storages, upper zone and lower zone, in module section PERLND is defined in terms of

nominal capacities.

Storages also affect evapotranspiration loss. Evapotranspiration can be simulated from

interception storage, upper and lower zone storages, active groundwater storage, and

directly from baseflow.
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Storages and flow can also be instrumental in the transformation and movement of

chemicals simulated in the agri-chemical module sections. Soil moisture levels affect the

adsorption and transformations of pesticides and nutrients.

Snow melt and accumulation processes are considered as indicated in Figure 3.6. Detailed

meterological data is required for this component.

Soil Erosion

Figure 3.7 illustrates the soil erosion process and factors in effect. While wind erosion was

not addressed in this study the various water related erosion considerations were made.

The following excerpt from the User's Manual describes the modelling approach adopted

in module SEDMNT which simulates the production and removal of sediment from land.

Removal of sediment by water is simulated as washoff of detached sediment in storage

(WSSD) and scour of matric soil (SCRSD). The washoff process involves two parts: the

detachment/attachment of sediment from/to the soil matrix of the transport of this

sediment. Detachment (DET) occurs by rainfall. Attachment occurs only on days without

rainfall; the rate of attachment is specified by parameter AFFIX. Transport of detached

sediment is by overland flow. The scouring of the matrix soil includes both pick up and

transport by overland flow combined into one process.

Phosphorus Loss

Figure 3.8 is a flow chart of phosphorus movement in soil, soil water, and plants as

simulated by the model. In each pervious land segment (PLS) the processes of

phosphorus transport, plant uptake, adsorption/desorption, immobilization, and

mineralization are addressed for phosphorus in four forms (i.e., organic, adsorbed, in

solution, and in plant tissue). Surface layer phosphorus in any form except in plants may

be transported with surface runoff to streams. Phosphorus in all layers may be leached

by interflow or groundwater and transported to streams as subsurface phosphorus

loadings.
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FIGURE 3.6: Snow Accumulation And Melt Processes.
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FIGURE 3.7: Erosion Processes.
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FIGURE 3.8: Flow Diagram For Phosphorus Reactions.
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Material Transport

Surface and subsurface water and associated suspended solids and phosphorus are

transported to agricultural channels and natural streams according to the linkages

specified for each sub-watershed.

Figure 3.9 illustrates a typical headwater reach which receives inflow from precipitation;

diffuse sources, and upstream tributaries. Outflow could be from evaporation and

discharge at the downstream end of the reach. Several outlets are possible. Instream

transformations of interest in this study include settling and scouring of particulate

material. Phosphorus was treated as a conservative parameter because it was felt that

instream processes had little likelihood of significantly altering stream loads especially in

the long term. Furthermore, there is no data available to estimate phosphorus retention

in river channels or reservoirs.

Methods for estimating flow through a reach is user specified in HYDROSIM however, in

the LSEMS study a natural type of system was simulated in which outflow from a reach

is a function of reach volume and time. Based upon velocity and roughness, shear

stresses at the reach bottom are calculated and used to determine settling and scour

potential. In regulated systems- such as portions of the Holland River catchment, the

model does not reflect operating conditions on a day by day basis. However, longer term

flow simulation is reflective of larger term flows and trends.

Suspended solids are subdivided into three fractions. One of these represents

non-cohesive inorganic solids (i.e., sand). Transport of this fraction is modelled through

the use of transport capacity which is directly related to kinetic energy in the stream and

particle dimensions. The other two fractions represent the cohesive particles (i.e., silt and

clay) which settle or are scoured depending upon the threshold shear stresses for these

particles and the calculated shear stress in the stream. Of course, shear stress is related

to stream velocity and surface roughness. Therefore, the processes affecting cohesive and

non- cohesive particle behaviour are dynamic and site specific. Some reaches tend to be

continually flushed while others act as sediment traps. Some reaches accumulate material

during low flow periods and are scoured of this material during high flow periods.

3.26



FIGURE 3.9. In-stream Chemical and Hydraulic Transport Model.
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3.3 Model Setup

3.3.1 Rural Diffuse Areas

Rural areas including agricultural and various non-agricultural areas received considerable

detail in model setup. To facilitate the characterization of large and spatially variable

landscapes, a GIS system was employed. The GIS procedure, described below, results in

the creation of landscape polygons which are the primary computational units within

HYDROSIM.

Watershed Discretization

The initial watershed discretization procedures, which was a precursor to the water quality

modelling, was accomplished using Geographic Information System (GIS) capabilities.

The objective was to acquire map data for the four required themes (i.e., land use,

slopes, soils and sub-catchment) in digital or paper form, and structure them in the GIS

software environment. Once prepared in this fashion, the GIS was then used to overlay

the four themes simultaneously to create a map which portrays all of the possible unique

conditions or combinations of the themes. The attribute file which is created from the

overlay process is used as input to the HSPF water quality model.

Data Sources

From a GIS perspective, spatial or geographic data sets can be broadly categorized as

being in either analog (or paper), or digital form. Depending on the format that the data

is in will determine whether or not there is a significant amount of additional work

required to transform the data into a useable context. This section describes the source,

format and scale for each of the data sets that were used in this study.

To provide all of the functional requirements for this study, three types of commercial

software products were used:
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• EASI/PACE image analysis system from PCI Inc., which classified the

satellite imagery to provide land use/land cover information;

• ARC/INFO from ESRI Canada Inc. , a popular commercial GIS product which

is used for data input (digitizing), as well as other data processing activities;

and

• SPANS GIS and TYDAC Technologies, which performed the data integration,

overlay and modelling activities.

This in itself introduced three data formats into the project, however, the data format

translators between these systems are already well established and functional.

As mentioned, there were four themes of interest for the purposes of water quality

modelling: soils, landuse, slope, and watershed boundaries. The specific details in regard

to source, format and scale are described in detailed below.

Landuse

In order to acquire the most recent landuse/land cover data for the study area, and at a

scale and classification that is appropriate with the other themes of interest, it was

decided that Landsat Thematic Mapper (TM) imagery seemed the most appropriate

choice. To obtain complete coverage of the Lake Simcoe watershed, two TM scenes were

acquired - August 25, 1993 and August 22, 1992. These two scenes were chosen to

ensure both as little cloud as possible, as well as to have coverage at similar times during

the year.

Each of the scenes were classified (i.e., - interpreted), using the EASI/PACE image

analysis system, geo-referenced to map sheets and joined together prior to export to the

SPANS GIS. In total, seven categories of landuse were interpreted from the TM image.

The original 30 metre pixels were re-sampled to 25 metres, and this accuracy was

maintained in the GIS environment. Figure 2.2 shows the land use map.
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Soils

For the Lake Simcoe watershed study region, soils information was obtained from the Soil

Survey Reports of the Ontario Institute of Pedology. This data was originally compiled at

1:63,360 scale maps. To cover the study area, four survey reports (a total of six maps)

were acquire: York - Report #19; Peel - Report #18; Ontario (North and South) - Report

#23; and Simcoe (North and South) - Report #29. With the exception of the York map

sheet, all of the other map sheets had to be manually digitized, and structured into the

GIS. Figure 2.3 shows the soil classification map.

Slope (Elevation)

A digital elevation model (DEM) had already been created on contract by Spectranalysis

Inc., for the Lake Simcoe Watershed. In addition to the creation of the data set in SPANS

GIS, slope maps had already been derived. For the purposes of the this study, the slope

map was reclassified (i.e., - regrouped) into fewer classes than were available in the

original map, since the higher level of detail was not required. Figure 2.4 displays the final

slope class map.

Sub-Catchments

Originally, sub-catchments (i.e., watershed sub-basins), were already available from the

Lake Simcoe Region Conservation Authority in SPANS GIS form. For the purposes of more

detailed modelling, some modifications to increase resolution were made inside the

SPANS GIS. Sub-catchments are illustrated in Figure 2.5 and described in Section 2.0.

Polygon Definition

Once the four thematic layers were properly structured in the SPANS GIS environment,

including quality assurance and quality control checks, the preparation of the water

quality modelling polygons could proceed. As mentioned previously, the procedure

involved the simultaneous overlay of the four maps to create both a map and attribute
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table of all possible combinations of occurrences of the variables. This was accomplished

in SPANS GIS and is referred to as "unique conditions modelling". The attribute table

resulting from the operation was used as input to the water quality modelling.

The initial overlay created over 1,250 polygons, however, due to the variation in

boundaries of the various layers around water bodies, there were a number of "sliver" or

"weave" polygons created. Some editing of the original thematic layers was performed,

and the "unique conditions" overlay procedure was performed again. This resulted in the

final total of 1,240 polygons.

Polygon Linkage

The overlay procedure used by SPANS GIS to generate the modelling polygons is a

standard function in the software. As mentioned before, a map representation of the

results is obtained along with an attribute table. In this attribute table, SPANS GIS

assigns a unique number for each "unique conditions" polygon, along with the class of

slope, soils, landuse and sub-catchment theme. For use in the HSPF model, this table is

used to create a polygon representation called a Pervious Land Segment (PLS), which is

numbered according to the slope, soil and landuse class number in that order. Model

results are generated according to the PLS number, which can then be linked back to the

unique conditions polygon number and thereby produce a map of predicted results.

To obtain a visual understanding of the HYDROSIM modelling results, maps can be

created for each of the modelling scenarios, and these in turn can be compared to other

related data themes for correlation/trend analysis, or visualization in 2-D or 3-D.

3.3.2 Rural Steady State Loads

The steady-state loads of phosphorus considered in the HYDROSIM model include urban

dry weather loads and STP effluents (Section 3.2.2), as well as septic systems and

livestock. The latter two loading sources have been estimated from local census

information and discussion with local experts. These two terms are probably the least
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certain of any loading term due to the difficulty in making accurate measurements, lack

of site specific information, and the natural variability from place to place and time to

time. For simplicity these terms have been assumed to be constant throughout the year

although in reality each is affected by various patterns or factors such as seasonal use in

the case of septic systems for cottages and storm runoff in the case of livestock loads.

Septic systems in use in each sub-catchment were compiled from 1991 census

information. Since census information records septic systems by township, prorating on

the basis of area was used to allocate loads between sub-catchments. Table 3.7 lists the

number of septic systems by sub-catchment. This table also indicates the estimated

phosphorus load in septic system effluent in annual and daily terms. The phosphorus

loading is based upon the following assumptions:

• individuals generate 0.8 kg P/annum if automatic dishwashers are not used

(pers. comm. B. Dowdy, Northland Eng.);

• 50% of systems have automatic dishwashers which increase individual loads

by 0.36 kg P/annum;

• septic systems service 3.5 persons each on average;

• 25% of all systems are used seasonally for 80 days/year; and

• 5% of septic tank effluent phosphorus reaches surface waters.

These assumptions are believed to be reasonable based upon experiences elsewhere in

Ontario. The assumption regarding the failure rate of systems is the single most

important factor in the analysis. Experience has shown that systems located on the

Canadian Shield over granite bedrock can have very high failure rates of greater than

50%.
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TABLE 3.7: Summary Of Septic Systems In Lake Simcoe Sub-catchments.

Sub-Catchment
Sub-Catchment

No.

No. of Septic

Systems

Annual P

Loading  (kg)

Daily P

Loading (kg)
West Holland River 101 813 108   0.603

East Holland River 102 2,962   394 2.19

West Cooks Bay 103 354   47   0.263

Lover's Creek 104 1,302   174   0.964

Northwest Tributaries 105 1,749   233 1.29

Mara Flats 106    7     1    0.0055

Talbot River 107 719   95  0.532

White's Creek 108 341   45  0.252

Beaverton River 109 1,034   138  0.767

Pefferlaw Brook 110 1,374   182  1.016

Uxbridge Brook 111 1,440   191  1.066

Black River 112 1,347   179 1.00

Maskinonge River 113 2,677   354 1.98

Islands 114 3001   39 0.222

TOTAL 16,119      2,180   11.93   

1 Estimated by counting residences on the topographic maps.
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TABLE 3.8: Equivalent Animal Units (EAU) And Associated Phosphorus Loadings

In Lake Simcoe Sub-catchments.

Sub-Catchment
Sub-Catchment

No.

Total

EAU

Annual P Load

(kg/yr)

Daily P Load

(kg)
West Holland River 101 10,247.51  1,537 4.21

East Holland River 102 10,218.49  1,533 4.20

West Cooks Bay 103 5,486.39   823 2.25

Lover's Creek 104 4,446.13   667 1.83

Northwest Tributaries 105 5,383.87   808 2.21

Mara Flats 106 3,458.8   519 1.42

Talbot River 107 5,667.08   850 2.33

White's Creek 108 3,967.01   595 1.63

Beaverton River 109 19,885.41  2,983 8.17

Pefferlaw Brook 110 7,330.72 1,100 3.01

Uxbridge Brook 111 7,711.44 1,157 3.17

Black River 112 10,303.52  1,546 4.24

Maskinonge River 113 2,634.19   395 1.08

Islands 114 NA NA NA

TOTALS 96,740.56  14,511  39.8  

NA - not available; numbers are believed to be relatively small.
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TABLE 3.9: Lake Simcoe Watershed Sub-catchments.

Sub-

Catchment No.
Sub-Catchment Name

Channel

Area (km2)

Channel

Length (km)

Slope

(m/m)
101 Holland River-West 348 50 0.0023

102 Holland River-East 268 45 0.0026

103 Cooks Bay Tributaries     86.1  7 0.0120

104 Lovers Creek     98.3 11 0.0074

105 Northwest Tributaries 215 14 0.0056

106 Mara Flats/N.E. Tributaries 138 12 0.0021

107 Talbot River 325 40 0.0012

108 Whites Creek 111 25 0.0016

109 Beaverton River 340 70 0.0016

110 Pefferlaw Brook 237 45 0.0026

111 Uxbridge Brook 191 30 0.0033

112 Black River 345 50 0.0022

113 Maskinonge River 126 18 0.0021

114 Islands     19.1  2 0.0025

TOTAL 2,848   NA NA
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However, systems built over calcium rich soils or limestone bedrock may have no

measurable net loss of phosphorus due to the high affinity for phosphorus in these soils.

The Lake Simcoe Watershed soils likely provide good retention of phosphorus. The 5%

failure rate was chosen to reflect local conditions where systems are poorly located near

surface water, where systems are operating poorly with little treatment, and where local

soils are saturated with phosphorus.

Table 3.8 lists equivalent animal units (EAU) within the various Lake Simcoe sub-

catchments. Equivalent animal units place weightings on various types of livestock in

terms of their ability to generate phosphorus waste. One EAU is approximately sufficient

to fertilize 0.4 hectares (1 acre) of tilled land. As with septic systems, census data for

municipalities was split into appropriate sub-catchments using prorating by area where

necessary. In this analysis it was assumed that one EAU results in the transport of 150

gm/year of phosphorus to surface water (pers. comm. D. Draper). It has also been

assumed that livestock loadings are continuous, while in fact, loadings would peak during

storm events.

3.3.3 Sub-Catchments

The Lake Simcoe Watershed was divided into fourteen sub-catchment areas for the

purpose of modelling the transport of phosphorus to the Lake. Sub-catchments were

delineated based upon historical designations and so that model output could be provided

for localized areas of interest. Table 3.9 lists catchment characteristics and Figure 2.5

displays catchments overlaid on the land use maps.

In most cases, the sub-catchment flows discharge directly to Lake Simcoe. There are two

exceptions: the East Branch of the Holland River (sub-catchment #102) discharges to the

Holland River near the mouth and Uxbridge Brook (sub-catchment #111) discharges to

Pefferlaw Brook.

Drainage channels within each sub-catchment have been described in hydraulic terms

within HYDROSIM. Channel length, width and gradient were estimated from topographic
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maps. Relationships between mean depths, surface area, volume and outflow have been

developed for each as required in modelling. This detailed information is not readily

available for watershed streams and so reasonable approximations have been applied.

While these cannot provide accurate short term dynamic estimates of depth, area and

width they are sufficient for estimating total daily discharge and general conditions which

affect particle deposition and scour in the channels. Hydraulic relationship tables are

contained in Appendix C, User Controlled Input.
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4.0 CALIBRATION

4.1 Parameter Selection Procedure

HYDROSIM involves the simulation of several processes, each with specific mathematic

models and computer algorithms. These were established at reasonable values during the

calibration process so that model predictions would correspond to observed information.

The observed data sets included continuous records of streamflow at six sites, and total

phosphorus (TP) at three of the sites. As discussed in Chapter 2.0, the raw water quality

data were used to develop daily loading rates of TP over a six-year period with available

observed streamflow and TP at four stations. The principal method of evaluating model

accuracy was to compare daily, monthly and annual predicted streamflows, TSS loads and

TP loads to the observed or estimated. long-term record.

Model parameter selection and tuning are greatly facilitated through a sensitivity analysis.

In this, model runs are made wherein a particular parameter is set at two or three widely

varying yet possible values. Predicted flows or loadings are compared from these runs to

evaluate the relative importance of that parameter on the final result. It is also important

to note the nature of the differences caused by varying the parameter. Effects may be

more apparent during storm events rather than baseflow periods, or during winter rather

than summer and so forth.

A sensitivity analysis was conducted and the most sensitive parameters were identified.

Values for non-sensitive parameters were either set at recommended or default values

documented in the HSPF User's Manual (Johanson et al. , 1980) or were set at values that

have been used successfully by BEAK elsewhere (BEAK, 1994).

Sensitive parameters were selected using a systematic process that generally follows the

following order:
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• winter streamflow,

• spring freshet streamflow,

• non-winter baseflow,

• non-winter storm event streamflow,

• storm event or freshet TSS loadings,

• storm event or freshet TP loadings, and

• baseflow TP loadings.

Calibration runs generally involved simulation over a calendar year so that all seasonal

conditions were tested. Simulation time step was one hour.

Sensitive parameters were established by performing many runs and gradually adjusting

each parameter until the desired effect was achieved. The following outlines the degree

of accuracy achieved in the various model components.

4.2 Streamflow

Accurate streamflow calibration is necessary, since soil erosion and total phosphorus

prediction depend upon the amount and distribution of runoff across or through

watershed soils.

As mentioned, four watershed mouth stations were available with continuous streamflow

records. Figures 4.1 to 4.12 are plots of daily total streamflow predicted and observed for

the relevant watersheds. Observed records were prorated on the basis of area to estimate

streamflow at the mouth of the sub-catchment.

Figures 4.1 to 4.3 are comparisons of predicted and observed streamflow data for the

Holland River. Average daily flow rate, total monthly flow volume and cumulative total

annual flow are represented in these figures. The correspondence between predicted and

observed flows is very good. Despite obvious differences between predicted and observed
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FIGURE 4.1. Holland River At Mouth Average Daily Flow Rate For 1990.
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FIGURE 4.2. Holland River At Mouth: Total Monthly Flow Volume For 1990.
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FIGURE 4.3. Holland River At Mouth Cumulative Total Annual Flow For 1990.
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FIGURE 4.4. Beaver River Average Daily Flow Rate For 1990.
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FIGURE 4.5. Beaver River Total Monthly Flow Volume For 1990.
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FIGURE 4.6.  Beaver River: Cumulative Total Annual Flow For 1990.
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FIGURE 4.7. Pefferlaw Brook Average Daily Flow Rate For 1990.
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FIGURE 4.8. Pefferlaw Brook Total Monthly Flow Volume For 1990.
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FIGURE 4.9. Pefferlaw Brook: Cumulative Total Annual Flow For 1990.
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FIGURE 4.10. Black River Average Daily Flow Rate For 1990.
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FIGURE 4.11. Black River Total Monthly Flow Volume For 1990.
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FIGURE 4.12. Black River Cumulative Total Annual Flow For 1990.
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FIGURE 4.13.  Predicted and Observed Annual Streamflow and TP Loads. 
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daily average flow rates (Figure 4.1) which are likely due to discrepancies between actual

and supplied precipitation, the total amount of runoff was modelled very accurately. A set

of these figures is also provided for each of the Beaverton River, Pefferlaw Brook and

Black River. In general, total flow volumes are in good agreement over the monthly and

annual periods.

These results are felt to be reasonably good as short-term response to events is

appropriate, baseflow recession is accurate, total and predicted annual and seasonal flow

volumes are generally close to the observed levels.

There are various reasons to explain differences between predicted and observed values.

These include:

• inaccuracies in precipitation records;

• actual spatial differences in precipitation;

• missing winter precipitation (i.e., snow) data;

• inaccuracies in observed data or in prorating to watershed mouth;

• unaccounted for inputs or withdrawals;

• lack of detailed site-specific evaporation data; and

• individual process model inaccuracy or insensitivity.

Figure 4.13 shows the total predicted and observed annual discharges for the period 1986

to 1991. In general, the trends are similar; however, significant differences occur in 1986,

1988 and 1991. Total period averages are very similar. The 1986 to 1991 period

represents a dry period due to very low precipitation between 1987 and 1989.

Discrepancies are most likely due to differences between reported and actual precipitation

and evaporation rates. The long-term comparison indicates that the model is capable of

predicting through the annual hydrological cycle. If the model had inherent systematic

errors, then these would have caused an imbalance in the predictions over this relatively

long time period. Since the predictions remain similar to observed flows over three orders

of magnitude in average daily flow rates, the model can be applied to the prediction of

phosphorus runoff in the Lake Simcoe Watershed. Final calibrated hydrological
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parameters are shown in Appendix C, in the User Controlled Input.

4.3 Total Phosphorus

Total Phosphorus prediction is dependent upon a relatively accurate hydrological

component and erosion prediction. The soil erosion component was calibrated in general

terms. Very few storm runoff events were characterized in the TSS monitoring data, and

so direct comparisons of predicted and observed loadings of TSS could not be made.

Model parameters relating to erosion were established at values which have been found

reliable. Soil erosion parameters are shown in Appendix C in the User Controlled Input.

Further adjustment was made to the soil erosion parameter, JRER, which controls the

erosion rate of soil during the phosphorus calibration stage. Adjustments to JRER directly

affect the amount of sediment and associated phosphorus that enters streams during

storm events. The total watershed TSS loading was predicted to be 33.1 tonnes for 1990.

As mentioned, this number cannot be verified but it has resulted in the correct total

phosphorus loadings.

Model parameters that are specific to total phosphorus were set at values found from

experience to be reasonable. Figures 4.14 to 4.16 are plots of predicted daily TP runoff

for the East Holland River, Pefferlaw Brook and Black River for 1990. Total phosphorus

is predicted to follow similar patterns as streamflow with daily loads responding quickly

to storm events. Baseflow levels reflect the steady-state input from septic systems,

livestock, urban dry weather loads and groundwater inflow. Storm periods include surface

runoff from urban and rural areas. Figure 4.13 also compares annual predicted and

observed total phosphorus loads. HYDROSIM has been purposefully calibrated to predict

5 to 10% higher than estimated loads on average since BEAK believes that estimated TP

loads are low. This fact should be monitored through ongoing monitoring.

Total phosphorus parameter values are shown in Appendix C, User Controlled Input.
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FIGURE 4.14. Holland River - East Branch: Predicted Daily Total Phosphorus Runoff.
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FIGURE 4.15. Pefferlaw Brook Predicted Daily Total Phosphorus Runoff.
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FIGURE 4.16. Black River Predicted Daily Total Phosphorus Runoff.
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5.0 MODEL APPLICATION

5.1 Scenarios

Table 5.1 identifies the watershed management scenarios evaluated using HYDROSIM.

These scenarios bracket future situations in that the do nothing options (#4, #5 and #6)

represent the worst cases for the future while options #7, #8 and #9 reflect conditions

with an aggressive conservation program in place. The other options represent limited

implementation of controls.

The present day condition (#1) was determined using the best estimates of existing

steady state loadings (i.e., livestock, septic systems, and urban dry weather) with the

1991 STP loadings. The meteorological year 1990 was used for input since total annual

precipitation averaged over the watershed was near the 1986-1992 period average of 900

mm. Therefore, 1990 represents a reasonably typical case.

To reflect urban BMP implementation (options #2, #7, #8, #9) a reduction factor was

applied to current estimated loadings. A reduction factor of 40% for wet and dry weather

loadings were applied to reflect urban BMPs. Table 5.2 lists BMPs and reduction factors

estimated for each. Available literature suggests that up to 40% removal of phosphorus

is possible in typical situations although the removal efficiency is highly dependant upon

the distribution of phosphorus between particulate bound and soluble forms (Schueler,

1992). Urban loads are also increased proportionally to urban development for the future

cases in the years 2001, 2011 and 2021.

Decoupling roof drains, street sweeping and animal waste control are expected to have

some limited benefit and therefore, in combination with detention ponds, a reduction of

40% is felt to be reasonable. Decoupling sanitary connections is the only dry weather BMP

considered and this is set at 40% load reduction effectiveness for simplicity. While these

reductions are reasonable they should be confirmed through independent study. Also, 
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TABLE 5.1: HYDROSIM Application Scenarios.

Scenario # Description

1 Present day conditions based upon loadings measured during 1990-92 and no
significant BMPs.

2 Urban BMPs retrofitted in the existing uncontrolled urban areas. Anticipated
reduction in wet and dry weather phosphorus loadings of 40% anticipated
based upon experiences elsewhere. BMPs include stormwater retention
systems, decoupling illegal sanitary connections and roof drains, street
sweeping and animal control.

3 Agricultural BMPs implemented throughout the watershed. Conservation tillage
systems involve minimum tillage and maintenance of crop residue over winter.
Increased plant cover reduces erosion and particulate bound phosphorus loss.
Livestock related BMPs are expected to result in up to 50% reduction in
phosphorus losses and include stream fencing, buffer strips, farmyard runoff
control, decoupling milk house waste from drains and improved manure
storage.

4 Implement no BMPs and experience urban growth to estimated year 2001
levels. These represent growth rates of about 21% in terms of area, 32% in
terms of STP effluent, and 19% in terms of population over 1991 levels. No
rural growth is reflected.

5 Implement no BMPs and experience urban growth to estimated year 2011
levels. These represent growth rates of 37%, 76% and 35% in terms of urban
area, effluent loadings and population respectively. No rural growth is
reflected.

6 Implement no BMPs and experience urban growth to estimated year 2021
levels. These represent growth rates of 59%, 121%, and 56% in terms of
urban area, effluent loadings, and population respectively. No rural growth is
reflected.

7 Initiate all Urban and Agricultural BMPs and experience growth to year 2001
levels.

8 Initiate all urban and agricultural BMPs and experience growth to year 2011
levels.

9 Initiate all urban and agricultural BMPs and experience growth to year 2021
levels.
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TABLE 5.2: Best Management Practices Considered.

Loading Component BMPs
Estimated Loading

Reduction Effectiveness
Urban Dry Weather • Decoupling sanitary connections from storm sewers 40%

Urban Wet Weather • Stormwater Detention 30%

• Decoupling Roof Drains

• Street Sweeping 10%

• Animal Waste Control

Agricultural: Livestock • Fencing streams

• Improved Manure Storage Facilities

• Buffer Strips 50%

• Farmyard Runoff Control

• Decouple milk house waste from tile drains

Agricultural: Tillage • Minimum Tillage 50%

• Buffer Strips

• Sediments Basins 20%

Septic Systems • Maintenance

• Replacement 50%

• Reinstallation
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more thorough BMP implementation is possible using buffer strips, stormwater retention

and treatment, engineered wetlands, sand filters to increase infiltration and other

techniques. While this analysis considers a BMP program that is commonly implemented

in newer developments across North America, it should be recognized that more can be

done. In fact, since research is ongoing, further improvements in urban BMP

implementation are likely.

Agricultural BMPs as used in scenarios #3, #7, #8, #9 (see Table 5.1) are reflected in the

diffuse loadings from tilled land, largely due to soil erosion and transport, as well as

animal waste and milk house related waste loadings.

Conservation farming practices can be implemented across the farm landscape which

reduce soil erosion. Minimum tillage systems involve the maintenance of high plant

residue levels on the fields at all times. In effect, soil is never "turned over" as in the

conventional practice. Rather, seed is drilled into the undisturbed soil. The plant residue

from the previous crops provides an armouring effect that protects soil from raindrop

impact. Conservation tillage is reflected in HYDROSIM through minor alternatives to

surface interception water storage capacity, significant changes to surface roughness

coefficients and significant increases in surface cover protection. These factors have the

overall effect of marginally increasing surface runoff rates and greatly reducing soil

erosion.

Suspended sediment transport to streams can be abated through the use of buffer strips

and sedimentation facilities. These devices have the effect of reducing the delivery rate

of eroded soil and attached phosphorus. Adjustments were made to HYDROSIM sediment

delivery coefficients for tilled land to reflect this type of system.

Livestock BMPs include systems to control manure and keep manure away from surface

waters. As with urban BMPs a reasonable level of effectiveness was assumed at 50% .

However, extreme systems are possible which almost completely eliminate this

component. It was felt that a practical level of control should be assessed rather than one

that is highly unlikely to be implemented on a large scale.
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 Other loading rate changes were based upon urban growth forecasts. Urban wet and dry

weather loadings in the years 2001, 2011, and 2021 were assumed to increase as the

urban area is forecast to increase. Future STP loading rates were based upon population

and industrial growth rates. STP load reduction was not assessed although tertiary

treatment could be an effective means of reducing total watershed loadings by several

tonnes/year.

The number of septic systems was assumed to be constant over the period. However, a

load reduction of 50% was assumed for the future BMP cases (#7, #8, and #9) to reflect

improvements to problematic septic systems. These improvements would involve

maintenance, re-installations and system replacement with alternate technologies where

necessary.

5.2 Results

Table 5.3 summarizes the phosphorus loads delivered to Lake Simcoe from each

subcatchment for each of the contributing sources for the present day condition. The

Holland Marsh vegetable polders, as discussed previously, are located within the West

Holland River subcatchment (#102). The fields are intensively farmed with extensive

addition of fertilizer and are tile drained with the outlets draining into the inner river that

runs through the middle of the diked Holland Marsh. High concentrations of phosphorus

within the muck soils can be leached from the soil. The Bradford and Springdale

pumphouses, located at the west and east end of the inner river, respectively, control the

water levels within the Holland Marsh. 

Concentrations in excess of 3.5 mg/L have been measured in the pump-off water and

most of this is in soluble form. The loading contribution of the Holland Marsh Polder has

been estimated since 1982 by monitoring both water quality and quantity at the pumping

station. The average annual phosphorus contribution of the Holland Marsh Polder to the

Holland River basin is estimated at 5,100 kg/year, 4,850 kg has been identified as loading

contribution due to erosion of tilled land and 250 kg is due to livestock and septic

systems.
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TABLE 5.3: TP Load (kg) for Each Sub-catchment and Loading Component. 1

Sub-catchment

No. Name

Total
Predicted

Load

Loading Component

Septic Livestock STP's
Urban
(dry)

Urban
(Wet)

Tilled
Land

Barren
Pasture

Forest Wetland Scrubland

101 Holland R. West 16,426 108 1,537 292 1,135  2,857   8,0762 1,032   948 185 256
102 Holland R. East 12,373 394 1,533 - 1,701  5,287 1,719 602 677 234 226
103 Cook's Bay Tribs 2,756   47   823 - - -    689 278 253 585  81
104 Lover's Creek 2,685 174   667 - - -    571 350 288 541  94
105 Northwest Tribs 3,748 233   808 - - - 1,178 467 727 170 165
106 Mara Flats 2,358    1   519 - - - 1,061 232 274 118 153
107 Talbot River 4,436  95   850 - - - 1,008 334 790 642 717
108 White's Creek 2,457  45   595 - - - 1,094 207 265 117 134
109 Beaverton River 10,043 138 2,983 38 475 1,529 2,653 940 682 273 332
110 Pefferlaw Brook 4,117 182 1,100 - - - 1,130 460 674 372 199
111 Uxbridge Br. 5,276 191 1,157 110 285    816 1,359 559 492 150 157
112 Black River 8,530 179 1,546 28 569 1,575 2,147 754 1,112   333 287
113 Maskinonge 5,300 354    395 - 475 1,161 1,246 368 355 852  94
114 Lake Simcoe Islands    107  39 - - - -       9  10  14  22  13
100 Direct to Lake 11,924  - - 5,122 1,515  5,287 - - - - -

TOTAL P LOAD (kg/yr) 92,536 2,180  14,511  5,590 6,155  18,512  23,940  6,593  7,551  4,594  2,908 

1 For base conditions defined as 1990 data
2 4,850 kg contributed by the Holland Marsh Polder
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Table 5.4 lists the loadings and resultant total predicted watershed loading associated

with each scenario for the whole Lake Simcoe Watershed. Table 5.5 is the unit area

loadings by land use and component. Figure 5.1 displays the predicted results of the

assessment.

Clearly, the two largest single loading components in unit area terms are urban

stormwater runoff, and agricultural land runoff including pasture, livestock and tilled land.

These two general load components account for over 70% of the annual load under the

existing case conditions (Scenario #1).

Wastewater inputs (i.e., septic systems and STPs) account for a small fraction of total

load (i.e., 8.7%) under existing conditions. Also, forest, wetland and scrubland contribute

only about 15% of the total load despite accounting for over half of the watershed area.

Atmospheric deposition of phosphorus directly to the lake has been estimated based on

data collected during the LSEMS studies for the 1982 to 1984 period (LSEMS Tech. Report

A.6, 1985) and from data collected by Environment Canada for the 1985 to 1989 period.

An average annual phosphorus deposition was estimated, based on calculated loadings

for the period from 1982 to 1989, to be 10,700 kg.

Relatively effective total phosphorus control is predicted under the urban BMP program

(Scenario #2) and the agricultural BMP program (Scenario #3) at 12.3% and 21.4%,

respectively. Predictions for the unabated growth scenarios to the years 2001, 2011 and

2021 (Scenarios #4, #5 and #6) show gradually increased whole watershed TP loadings

rising above 110 tonnes/yr. The year 2021 case represents a 26% increase in TP loads

over the existing case.

It is predicted for Scenarios #7, #8 and #9 that effective control of phosphorus could

result in a 30% reduction in current loads at current population levels. Even the projected

year 2021 loadings are 16% below current levels.
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TABLE 5.4: Scenario TP Loads (Kg/yr)

SCENARIO NUMBER

Loading Component 1 2 3 4 5 6 7 8 9

Septic Systems 2,180 2,180 2,180 2,180 2,180 2,180 1,090 1,090 1,090

STPs 5,590 5,590 5,590 7,360 9,860 12,400 7,360 9,860 12,400 

Urban Dry Weather 5,660 3,400 5,660 6,850 7,750 9,000 4,100 4,650 5,400

Urban Stormwater 21,800 13,100 21,800 26,400 29,900 34,700 15,900 17,700 20,800 

Agricultural:

- Livestock 14,500 14,500 7,260 14,500 14,500 14,500 7,260 7,260 7,260

- Tilled Land 19,460 19,460 7,640 19,460 19,460 19,460 7,640 7,640 7,640

Pasture/Barren 6,660 6,660 6,660 6,660 6,660 6,660 6,660 6,660 6,660

Forest 7,790 7,790 7,790 7,790 7,790 7,790 7,790 7,790 7,790

Wetland 2,500 2,500 2,500 2,500 2,500 2,500 2,500 2,500 2,500

Scrubland 2,760 2,760 2,760 2,760 2,760 2,760 2,760 2,760 2,760

Atmospheric Deposition 10,700 10,700 10,700 10,700 10,700 10,700 10,700 10,700 10,700 

TOTALS 99,600 88,640 80,540 107,160 114,060 122,700 73,730 78,610 85,000

5.8



TABLE 5.5: Unit Area Loading Rates (kg/km2).

SCENARIO NUMBER

Loading Component 1 2 3 4 5 6 7 8 9

Septic Systems 0.77 0.77 0.77 0.77 0.77 0.77 0.38 0.38 0.38

STPs 1.96 1.96 1.96 2.58 3.46 4.34 2.58 3.46 2.58

Urban Dry Weather 65.8 39.5 65.8 65.8 65.8 65.8 39.5 39.5 39.5

Urban Stormwater 253 152 253 253 253 253 152 152 152

Agricultural:

- Livestock 18.7 18.7   9.4 18.7 18.7 18.7   9.4   9.4   9.4

- Tilled Land 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0

Pasture/Barren   8.6   8.6   8.6   8.6   8.6   8.6   8.6   8.6   8.6

Forest 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0

Wetland   8.7   8.7   8.7   8.7   8.7   8.7   8.7   8.7   8.7

Scrubland   6.8   6.8   6.8   6.8   6.8   6.8   6.8   6.8   6.8

Atmospheric Deposition1 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.7 14.7

TOTALS 35.9 32.1 39.2 48.6 51.0 54.0 36.8 38.5 40.8

Note: Areas for septic and STPs assume the entire watershed; other components are based upon actual areas in each

land use.
1   Unit area loading based on the Lake Simcoe surface area 
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FIGURE 5.1. Predicted TP Loadings for Test Scenarios.
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These results show the potential effectiveness of urban and agricultural BMPs and the

relative contribution of various loading components. While not represented here, these

BMPs have concomitant benefits in terms of in-stream water quality as well, particularly

during stream runoff periods.
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APPENDIX A

Sub-catchment Characteristics



Lake Simcoe Watershed West Holland River (# 101)

App A-.2



Lake Simcoe Watershed East Holland River (# 102)

App A-.3



Lake Simcoe Watershed West Cook's Bay (# 103)

App A-.4



Lake Simcoe Watershed Lover's Creek (# 104)

App A-.5



Lake Simcoe Watershed  Northwest Tributaries (# 105)

App A-.6



Lake Simcoe Watershed  Mara Flats / NE Tributaries (# 106)

App A-.7



Figure 2.2

App A-.8



Lake Simcoe Watershed White's Creek (# 108) 

App A-.9



Lake Simcoe Watershed Beaverton River (# 109) 

App A-.10



Lake Simcoe Watershed Pefferlaw Brook (# 110) 

App A-.11



Lake Simcoe Watershed Uxbridge Brook (# 111)

App A-.12



Lake Simcoe Watershed Black River (# 112)

App A-.13



Lake Simcoe Watershed Maskinonge River (# 113)

App A-.14



Lake Simcoe Watershed Islands (# 114)

App A-.15


