
1.0 General 
 
This appendix describes the methodology and results of continuous hydrologic modelling which 
has been completed for the South Albion-Bolton Employment Study area lands.  Continuous 
hydrologic modelling is the process of simulating the distribution and behavior of various 
components of the hydrologic cycle (precipitation, runoff, streamflow, infiltration, groundwater 
recharge etc.) over long periods of time.   
 
In Phase 1 of this report a continuous hydrologic model (HSP-F) was developed which runs from 
Jan 1st 1991 to Dec 31st 1997. This model was used to characterize the existing conditions 
hydrology of the Employment study area, the North Hill study area and the Duffy’s Lane study 
area. For this Phase 2 report, continuous hydrologic modelling has been completed for the 
Employment Study Area only.  Due to the small scale of development within the North Hill 
study area and the Duffy’s Lane study area a watershed scale model is not required. In these 
study areas hydrologic impacts are assessed through site level analysis.  
 
In this Phase 2 report continuous modelling has been completed to assess hydrologic impacts of 
the preferred development options and to assess alternative stormwater management scenarios 
for developing areas. To accomplish this objective three new models were developed: (1) a 
model of the proposed conditions landuses without stormwater management (2) a model of the 
proposed conditions landuses with traditional stormwater management i.e. end-of-pipe treatment 
using SWM ponds and (3) a model of the proposed conditions landuses with traditional and 
contemporary forms for stormwater management i.e. SWM ponds and Low Impact Development 
stormwater measures.  
 
In total, including the existing conditions model there are 4 continuous modelling scenarios. For 
each of these scenarios a water balance assessment and an erosion assessment has been 
completed. The modelling results for each scenario are compared to the stormwater criteria 
outlined in Section 2 (in the main body of the report) for the purposes of selecting a preferred 
stormwater management strategy.  

1.1 Modifications to the existing HSP-F model for Phase 2  

The existing conditions HSP-F hydrologic model developed in Phase 1 of this report has been 
modified (made more complex) as required for the erosion assessment, for the consideration of 
proposed SWM pond locations and to break out external areas from new development areas.  
The same catchment discretization and model structure used in the event based SWMYMO 
modelling (for this Phase 2 report) has been incorporated in the HSP-F modelling.   
  



The hydrologic analysis is performed on distinct parcels of land referred to as catchments. 
Catchment areas for all three study areas were presented in Figure 4.3 of the Phase 1 report. The 
modified drainage mosaic illustrating the breakdown of smaller catchment areas for the 
Employment Study area is presented in Figure 1. The modified model structure illustrating the 
sequence (order) of model commands to simulate the hydrology of lands draining to and through 
new development areas within the Clarkway Tributary to the outlet at Mayfield Road are 
presented in Figure 2. 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 



 
 
 



2.0 Modelling Methodology  
 
This section provides descriptions of the modelling methodology for the erosion analysis and 
water balance analysis.   

2.1 Meteorological Data and Duration of Continuous Model Runs  

Meteorological data was obtained from Environment Canada Gauge at the Lester B. Pearson 
Airport Rainfall Guage (Guage #6158733). The meteorological data obtained included hourly 
data for precipitation, dew point temperature, air temperature, cloud cover and wind speed from 
1953 to the present. The hourly meteorological data is required for the continuous hydrologic 
modeling simulations (time series inputs).  Time series data for hourly solar radiation and 
potential evapotranspiration were calculated by Aquafor Beech Limited for the same timeframe 
(1953-present).  
 
The water budget and erosion analyses were performed using a six year model run (1991-1996).  
The years 1991 to 1996 were selected since these years are known to provide relatively stable 
meteorological conditions that have not been seen in recent years.  In the water balance 
assessment, annual estimates of precipitation volume, runoff volume and other components of 
the hydrologic cycle are made. Using a six year model run reduces the error associated with 
variation in meteorological conditions that could occur in any one year. For the erosion 
assessment flows duration curves are calculated (as described below). Longer model runs 
produce more reliable flow duration curves (estimates of baseflow periods and mid-high flow 
periods).  

2.2 Modelling Methodology for the Erosion Impact Assessment 

As discussed in the criteria section of the main body of the report, the detailed approach outlined 
in the Ministry of the Environment Planning and Design Manual (1993) for completing erosion 
assessments has been utilized this study. 
 
For the erosion impact assessment the HSP-F model was run for a 6 year period (1991-1996) 
which generated 6 years of continuous flow data. The flow data was then applied to determine 
flow duration curves for each scenario being modeled e.g. existing conditions etc. The basic time 
unit used in preparing a flow-duration curve for this study is mean daily discharge.  

A flow duration curve is a plot that shows the percentage of time that flow in a stream is likely 
to equal or exceed some specified value of interest. For example, it can be used to show the 
percentage of time river flow can be expected to exceed a design flow of some specified value 



(e.g., 10 m3/s), or to show the discharge of the stream that occurs or is exceeded some percent 
of the time (e.g., 80% of the time). 

The steps required in producing flow duration curves are described below:  

Step 1: Sort (rank) average daily discharges for period of record from the largest value to 
the smallest value, involving a total of n values. 

Step 2: Assign each discharge value a rank (M), starting with 1 for the largest daily 
discharge value. 

Step 3: Calculate exceedence probability (P) as follows: P = 100 * [ M / (n + 1) ] 

P = the probability that a given flow will be equaled or exceeded (% of time) 
M = the ranked position on the listing (dimensionless) 
n = the number of events for period of record (dimensionless) 

A flow duration curve characterizes the ability of the basin to provide flows of various 
magnitudes.  Information concerning the relative amount of time that flows past a site are likely 
to equal or exceed a specified value of interest is extremely useful for the analysis of geomorphic 
changes in streams due to watershed development.  
 
The erosion assessment is completed in two parts (1) calculating the  shear stress that flowing 
water exerts on the particles making up the bed of a stream (this is primarily a function of 
velocity, slope) and (2) determining whether or not the stream bed and bank material will begin 
to move when this shear stress is applied. The analysis is expanded to determine the length of 
time the shear stress will be applied to the stream, typically measured by the percent of time the 
flow exceeds some reference discharge, such as the flow from the 25 mm or 2 year storms, or the 
percentage of time the flow is above that required to produce the critical shear stress on the 
stream bed.  
 
In this analysis, 1 critical shear stress level is assessed; the level at which motion of the D50 
substrate sizes will occur. The D50 substrate size is the average substrate size within the stream 
bed. In thinking about substrates statistically as “normally” distributed in terms of grain size, 
entrainment of mean grain sizes (and close to mean) represents movement of a relatively high 
proportion of the bed material (or at least 50%). 
 
Using the D50 substrate size for an erosion threshold value is based on the idea that movement of 
the average grain size represents the point at which “substantial” channel adjustments can occur.   



The idea is that this “single” “representative” fraction (D50) can be used to predict an overall 
morphological (or erosional) response of the system to changes in discharge, in the sense that the 
response represents “significant” erosion or geomorphic change (e.g., widespread enlargement). 
 
Two flow threshold levels are also assessed; exceedence of flow at 1/3 bankfull depth and 
exceedence flow at bankfull depth. In general the critical flow associated with the movement of 
the D50 substrate size falls between these two threshold levels. This indicates that for substantial 
erosion to occur at most sites the channel flow depth will be at mid-bankfull levels. The 
percentage of time the flow is above each of the three threshold levels (i.e. the exceedence time) 
is reported for each modelling scenario.   

2.2.1Background on the selected Threshold Values  

A number of different critical shear stress levels were considered for analysis including 
movement of the D16 and D84 substrate sizes.  The D84 substrate size is the size of bed material 
for which 84% of substrates found in the stream bed are smaller than this size. Similarly, the D16  

substrate size is the size of bed material for which.16% of substrates found in the stream bed are 
smaller than this size. These thresholds were considered but not included in the erosion analysis 
for reasons described below.   
 
The D84 threshold is sometimes included in an erosion analysis with the idea being that substrate 
and particularly riffles are armoured by the largest grain sizes to the extent that smaller sizes will 
not be “extensively” entrained because they are protected by the larger particles – thus 
theoretically “substantial” channel adjustments will not occur unless the coarsest fractions are 
mobilized.  In our professional opinion, the subject channels do not have well developed riffles 
or well structured and packed coarse material to support using this concept. 
 
On the South Albion-Bolton study area, sands and silts are a significant component of the 
channel boundary materials. The D16 substrate size may be included as an erosion analysis to 
evaluate movement/stagnation of finer substrates (sands/silts).   
 
The reasons for evaluating movement of the D16  substrate size is twofold:  
 

1) Substantial movement of finer fractions can lead to a break-down of channel “micro-
forms” which previously would have added structure to the channel’s meso-forms (e.g., 
bars, riffles, cross-sections).   

2) Conversely, if development reduces stream baseflow rates the post-development 
sediment supply will likely be dramatically reduced, which may change channel 
morphology in the long term. 



For reason (1), the question becomes, does extensive sediment transport of sands/silts during 
most storm flow events represent any trend toward significant morphological changes to the 
channel?  It is important to recognize that this impact is more of a long term effect caused by 
excessive mass export of finer fractions (i.e., winnowing), and is not necessarily the same as 
erosional episodes caused by a few high discharge events.   
 
It is our opinion that channel morphology in the study area watercourses is not very well defined 
(lacking micro and meso-scale structural components) and therefore the sand/silt substrates are a 
transient component of the channel sediment transport system, rather than an essential 
component of the channels morphological form structure.  For this reason, the D16 threshold has 
not been used as a measure of change in the channels overall morphology/structure. 
 
For reason (2) the question is will reduction in the supply of sands/silts due to low baseflows 
represent any trend toward significant morphological changes to the channel? It is our opinion 
that the D16 threshold will not provide insight into how sediment supply impact is balanced with 
the hydrological changes since this is not really an answerable question in terms of absolute 
geomorphic impacts. 
 
In summary, the study area watercourses are small headwater channels lacking well developed 
bed morphology and substrate structures. For this reason, movement of the D50 substrate size is 
the most appropriate threshold to evaluate in assessing geomorphic impacts to these channels. 

2.3 Modelling Methodology for the Water Balance Impact Assessment 

Model output from the 6 year model run was analyzed to determine annual water balance 
estimates for each subcatcment along the Clarkway Tibutary draining to Mayfield Road as 
illustrated on the drainage mosaic (Figure 1).   
 
One of the primary advantages of using a continuous model for water balance estimates is that it 
incorporation of the alternating effects of dry and wet hydrologic processes and the specific land 
use characteristics (impervious/pervious areas) in the estimation of groundwater recharge and 
overall water balance components.  
 
The water balance components employed in the HSP-F concept are presented in Figures 3 and 4, 
as per the HSP-F Design Manual (provided below for reference).  The primary components are 
defined and summarized as follows: 
 
 
 



 
SUPY  The total amount of moisture provided to the land surface (i.e., rain+ snowmelt); 
SURLI  Surface Lateral Inflow from adjacent areas; 
TAET  The total actual evapotranspiration (composed of five separate terms:  

CEPE (interception evaporation), UZET (upper zone E-T), LZET 
(lower zone E-T), BASET (riparian E-T) and AGWET (deep-rooted E-T).   

SURO  Surface overland runoff to a surface stream; 
IFWO  Interflow runoff (from the unsaturated soil zone) to a surface stream; 
AGWO Groundwater runoff to a surface stream; 
IGWI  Groundwater lost to a deep aquifer. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

 
 
 
 
 
 
 
 
 



 



The input portions of the water balance equation are comprised of SUPY (precipitation and 
snowfall) and SURLI (surface runoff lateral inflow). The total moisture supply (precipitation 
input) to the land surface (SUPY) is applied to all land use units (roads, rooftops, lawns, 
sidewalks etc) found within the 10 ha parcels of land. Certain land use units (e.g. lawn and 
roadway) may also receive lateral inflow due to for example, stormwater moving from the 
rooftop to the lawn or from the lawn onto the roadway. This lateral inflow is termed SURLI.   
 
The output portions of the water balance equation are comprised of SURO, IFWO, AGWO, 
TAET, IMPEV and IGWI.  Surface Runoff is comprised of SURO + IFWO while groundwater 
flows are termed AGWO.  The Resulting outflow to the stream  (SURO+IFWO+AGWO),  
losses due to total actual evapotranspiration from pervious surfaces (TAET) and impervious 
surfaces (IMPEV), and groundwater lost to deep aquifer (IGWI) are unique to each catchment 
based on combination of  % imperviousness, soil types and connectivity.    
 
For the purpose of this study the water budget components derived from HSP-F output files were 
summarized for six years of data (1991 to 1996), averaged and compiled on a monthly and 
annual basis, and expressed in depth (mm) and/or volume (cu.m/month, cu.m/year) units. This 
data set was considered to be most representation of average or typical precipitation years.  
 
The resulting water balance fluxes reflect differences in land use configuration, routing paths and 
specific soil properties, as well as seasonal variation in moisture supply and meteorological 
conditions. 

2.4 Modelling of LID Stormwater Scenarios  

Since the completion of the Phase 1 report further field work and assessment of the Employment 
Lands study area geology has been completed. In particular, several boreholes have been drilled 
to monitor groundwater levels and through this process further characterization of the existing 
soils has been completed.  
 
Infiltration rates have been estimated on the basis of soil textures, summarized as saturated 
hydraulic conductivity (Ksat) in the USDA Soil Textural Classes. Most of the study area soils 
consist of clay and silty clay with overburden depths over10 metres. The determined estimate for 
infiltration rate for most of the study area soils is < 2 mm/hour.  
 
The low permeability of the native soils (Peel Clay) within the proposed development lands may 
present a constraint to the implementation of LID stormwater measures. The principal 
mechanism of many LID measures is infiltration of stormwater.  The footprint area required for 
infiltration facilities generally becomes exponentially larger as soil infiltration rates drop below 



5mm/hr. A site level analysis is required to determine the volume of water that can be infiltrated 
given the constraints of a maximum footprint area and the infiltration rate of the native 
underlying soils.  

2.4.1 Background Information relating to study area geology and estimated infiltration capacity  

Infiltration is expected to be marginally higher (than the stated 2mm/hr) in shallow soils, due to 
the cumulative effect of disturbances (tillage, dessication cracking, earthworm and root holes). 
This shallow soil layer extends to the depth of surface oxidation (brown colour), which is 3 
metres (at Mayfield) to >4 metres (elsewhere). Deeper soil layers (>3 - 4 m) are essentially 
impermeable (infiltration <2 mm/hour) and never dry out. 
 

At the south extremity of the Employment Lands near Mayfield Road, the clay thins out to <2 
metres and there is silt and silty sand over shallow bedrock (<6 metres below ground). These 
soils have infiltration rates that are slightly greater. Hydraulic conductivity across the 
soils/bedrock interface is 10-7 m/sec, an order of magnitude greater than elsewhere. The 
overburden is dominated by silt and silty sand and has infiltration rates estimated at close to 
5mm/hr (i.e. suitable for infiltration and transmittal to the shale bedrock). 

3.0 Assessment and Evaluation of Landuse and Stormwater Management Scenarios 
 
The objective of this section is to look at several stormwater management alternatives that will 
be applied to future development areas and determine which scenarios best meet the criteria 
outlined in Section 2.0 of the main body of the report. For continuous modelling, the evaluation 
of the different stormwater management scenarios is completed through the water balance 
assessment and the instream erosion assessment.  
 
In addition to the existing conditions, three stormwater management alternatives were assessed:  
 

• Future landuses with no storm water management (uncontrolled) 
• Future landuses with end-of-pipe stormwater management (Wet Ponds) 
• Future landuses with end-of-pipe stormwater management (Wet Ponds) and LID controls 

applied at the lot level and within the road right-of-ways.  

The results of the water balance and erosion assessments for each modelling scenario and its 
relation to the key criteria are described in the following sections.  
 
 
 



3.1   Existing Conditions  

As a first step, the existing conditions hydrologic response of each catchment presented in Figure 
1 is simulated. The baseline data collected from the existing conditions assessment sets the 
targets for maintaining and enhancing (where possible) the quantity and quality of the study 
area’s surface and groundwater resources. 

3.1.1 Existing Conditions Water Balance  

Results of the existing conditions water budget analysis (average annual water balance 
partitioning) for each catchment within the Clarkway Tributary headwaters are presented in 
Figure 5.  

The mean annual precipitation in the area is about 833 mm, of which 288 mm (or 36%) is 
returned to the atmosphere through evapotranspiration/sublimation. About 60% of the mean 
annual precipitation appears as total flow (496 mm), of which 83% appears as runoff (355mm), 
and 17% as baseflow (141 mm). About 4% (33 mm) of the mean annual precipitation is lost to 
groundwater storage. 
 
For the existing conditions water budget, runoff comprises the largest component of the outputs 
(runoff, evapotranspiration and infiltration). Infiltration is approximately half the proportion of 
runoff.  One of the reasons for the low existing conditions estimates for evapotranspiration and 
high estimates of runoff is the relatively high amount of industrial area (38%) found within the 
existing conditions landuses. Infiltration is also relatively low in comparison to runoff for this 
reason and because the study area soils have low infiltration rates (modelled as 2mm/hr).  
 
 
 
 
 
 



Figure 5 - Water Balance and Land Use Composition (South Albion) 
Predevelopment Conditions 
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3.1.2 Existing Conditions Erosion Analysis  

For each modelling scenario, the erosion assessment is completed at five locations along 
Clarkway Tributary (Reaches T1R1, T1R4, Reach 3, Reach 2 and Reach 1) as illustrated in 
Figure 6. The results of the erosion analysis for existing conditions, future uncontrolled 
conditions, traditional storm water management, and traditional plus LID stormwater 
management scenarios are presented in Figures 7, 8, 9, 10 and 11. Exceedence times for the 3 
thresholds analyzed are presented in Table 2.   
 
In general, flows tend to increase at each successive reach moving from the furthest upstream 
location i.e. reach T1R1 to the furthest downstream location i.e. Reach 1 (R1). The trend of 
increasing flow is evident in both the high flows (the steep portion of the flow duration curves) 
and the baseflows (the flat portion of the flow duration curves). These increases in flow are 
associated with increase in the amount of land draining to the Clarkway Tributary at each 
successive downstream reach.  
 
For the existing conditions, exceedence of bankfull flow occurs in the range of 2 to 5 percent of 
the time of the total flow record (6 years).  In contrast, motion of substrate corresponding to the 
D50 substrate size generally occurs in the range of 2 to 15 percent of the time. Exceedence of the 
flow occuring at 1/3 of the bankfull depth generally occurs in the range of 10 to 30 percent of the 
time. The remainder of the time flows are contained within the bottom third of the channel.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 



 
 
 
 
 
 
 



 



 



 



 



Table 2: Erosion Analysis - Percent Exceedence of Critical Flows for Different Substrate Sizes and Channel Depths 
 

 
 
 
 
 

Location WDM 
Erosion Section 

I.D. 

Flow at 0.3 x Bankfull Depth D50 Substrate Size Flow at Bankfull Depth 

QCrit 

   (m3/s) 

Exceedence Time 
(%) 

QCrit 

   (m3/s) 

Exceedence Time 
(%) Flow 

 
(m3/s) 

Exceedence Time 
(%) 

Existing 
Future 

Uncontrolled 

Future  
with 

Ponds 
Existing 

Future 
Uncontrolled 

Future  
with 

Ponds 
Existing 

Future 
Uncontrolled 

Future  
with 

Ponds 

Outlet of ESA 5A Dev 200 T1R1 0.02 15 11 25 0.08 4 5 7.5 0.14 3 3.8 3.8 

Outlet of ESA 5B Dev 300 T1R4 0.04 9 9 20 0.01 89 26 50 0.36 1.25 2.5 1.5 

Confluence of 
ESA 5 + 6 + 7 

800 R3 0.08 14 12 19 0.69 2 3 2.5 1.25 0.9 1.7 0.9 

Confluence of 
ESA 5 + 6 + 7 + 8 

1100 R2 0.06 17 25 29 0.1 13 11 20 0.47 3 4 3.5 

Outlet for all Clarkway s/c at 
Mayfield Rd. 

1300 R1 0.07 28 19 30 0.4 3.5 4.5 5 0.54 3 4 4 

Notes:  
1. Total Time of Modelling Flow Duration Assessment 1991-1996  = 6yrs = 2190days = 52560 hours 
2. Erosion control section of Ponds designed with extended detention of 25mm (from each contributing developing drainage area) released over 24 hours 

 



3.2 Alternative 1: Future Development – No Controls 

The second modelling scenario examines proposed future development within the South Albion 
Employment Lands. This modelling scenario has been assessed in order to define the hydrologic 
impacts of the proposed development if it were to take place without any stormwater controls. It 
is important to understand that this scenario was assessed for comparison purposes only and is 
not intended to become the preferred alternative. 
 
To develop this modelling scenario, the existing conditions hydrologic model was modified to 
reflect proposed conditions landuses. The proposed conditions for the employment lands are 
conversion of land primarily from agriculture to industrial landuses within the Option 1 areas 
(illustrated in Figure 1.1 of the main body of the report). An impervious value of 80% was 
applied to the proposed industrial landuses.   

3.2.1 Future Conditions No Controls - Water Balance Assessment 

Results of the proposed conditions water budget analysis (average annual water balance 
partitioning) for each catchment within the Clarkway Tributary headwaters are presented in 
Figure 12.  

In the proposed conditions water budget, runoff is by far the largest component comprising 60% 
of the precipitation. This illustrates the hydrologic trend that occurs with urbanization; as 
imperviousness increases so does the amount of runoff thereby leaving less water available to 
infiltrate or evapotranspirate.  
 

Due to reduced moisture retention there is less evaporation/evapotranspiration from impervious 
surfaces than there is from pervious land surfaces. For this reason, under the proposed landuses 
the evapotranspiration component of the water balance drops from approximately 36% of the 
rainfall (existing conditions) to 28% of the rainfall (proposed conditions). Similarly, due to the 
hard surfacing of the ground under proposed conditions, the runoff volume is generally three 
times that occurring in the existing conditions and the level of infiltration is about half of what 
occurs in the existing conditions.   



Figure 12 - Water Balance and Land Use Composition (South Albion) 
Post Development Conditions 
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3.2.2 Future Conditions No Controls – Erosion Assessment 

The results of the erosion analysis for the future uncontrolled conditions scenario are presented in 
Figures 7, 8, 9, 10 and 11. Exceedence times for the 3 thresholds analyzed are presented in Table 
2.   
 
In general, the higher flows (the steep portion of the flow duration curve) that occur during and 
following rainfall events are elevated relative to the existing conditions. In contrast the base flows 
(the flat portion of the flow duration curve) that occur in the dry weather between rainfall events 
are considerably lower relative to the existing conditions. These changes are attributable to the 
change in land use (rooftops, ashphalt etc.) and the corresponding increase in runoff and decrease 
in infiltration. Without stormwater management, negative channel impacts can be expected from 
both the increased duration and frequency of high flows, and from the reduced baseflows. 
 
The implication of the hydrologic changes associated with development on the assessed 
thresholds is twofold:  
 

1. The exceedence time for flows in the upper two thirds of the channel and for the D50 
substrate size is generally increased due to the increase in the percent of time of high to 
mid flow periods; and  
 

2. The exceedence time for flows moving through the bottom third of the channel are 
generally decreased (reduced baseflow).  

The MOE SWM Planning and Design Manual states (on 3-25): “It should be noted that erosion is 
a normal aspect of river behavior …the active channel, however, is not formed by any single 
event. Its form is the consequence of the sum of forces exerted on the boundary by a range of 
events, from those that partially fill the active channel (from about mid-bankfull) to the bankfull 
event. Mid-bankfull flows, which rarely occur prior to urbanization, occur frequently following 
development.”.  
 
The increase in mid-bankfull flows that often occurs following development are problematic 
because these flows are responsible for much of the channel formation process. These events may 
be the ones that perform most of the work in shaping the channel, and therefore are the ones most 
important to control when development occurs. 
 
Relative to the existing conditions, the D50 erosion threshold is exceeded for a longer duration in 
the future uncontrolled scenario for all but one of the reaches assessed. In addition, every 
substrate size larger than D50 is exceeded for a longer duration in the future uncontrolled scenario. 



What this means is that if the area were to develop without stormwater controls the overall 
morphological (or erosional) response of the system (to changes in discharge) would be increased 
movement of many sediment sizes (relative to existing conditions) and movement of larger 
sediment sizes which were stable in the existing conditions.    

3.3 Alternative 2: Traditional SWM with “End-of-Pipe” Stormwater Ponds 

This modelling scenario examines proposed development with traditional stormwater controls i.e. 
with end-of-pipe storm water management (SWM) ponds. This modelling scenario is assessed to 
determine if traditional stormwater management is sufficient to mitigate the impacts associated 
with the anticipated development. 
 
To develop this modelling scenario, the proposed conditions hydrologic model was modified by 
directing runoff from developing areas within the Employment Lands to storm sewer systems that 
outlet at SWM ponds for water quality, erosion control, and flood control before discharging into 
the receiving stream. The location of the proposed SWM ponds is illustrated on Figure 13.  

3.3.1 Traditional SWM - Water Balance Assessment 

The water balance for this modelling scenario is the same as that for Alternative 1(future landuse 
conditions with no stormwater control – Figure 12).  
 
 
 
 
 
 
 
 
 
 
 
 
 



 



3.3.2 Traditional ‘End of Pipe’ Stormwater Ponds – Erosion Assessment 

The results of the erosion analysis for the future landuses with traditional SWM scenario are 
presented in Figures 7, 8, 9, 10 and 11. Exceedence times for the 3 thresholds analyzed are 
presented in Table 2.  The effect of the SWM ponds on discharge rates within erosions reach 
sections (Figure 6) are relevant as each of the 5 reaches assessed is located directly downstream of 
a proposed SWM pond location. 
 
In general, the effect of the ponds on the flow duration curves is seen in the high flows and mid 
range flows. The effect of the ponds on baseflows is negligible. The flood control portion of the 
ponds controls post development flows to predevelopment levels for larger storm events (i.e. the 
2, 5, 10, 25, 50, 100 & regional storm events).  This effect is seen in the steep portion of the flow 
duration curve (flows that are only exceeded approximately 1% of the total flow record). In this 
range flows are well matched to the existing conditions.  
 
The effect of the erosion control portion of the proposed SWM ponds can be seen in the mid 
range portion of the flow duration curve. The erosion control component of proposed ponds is 
designed to capture the runoff resulting from a 25mm rainfall event and release this volume 
slowly over 24hours.   Despite the implementation of SWM ponds, negative channel impacts can 
be expected from both the increased duration of intermediate flows, and from the reduced 
baseflows (relative to existing conditions). These two effects are illustrated graphically as area 1 
and area 2 in Figure 14. 
 
Exeedence times associated with entrainment of the D50 substrate size are elevated in this 
scenario. In this analysis, the geomorphic benefit of the ponds occurs for sediment sizes larger 
than the D50. For example due to peak flow control the likelihood of erosion for larger materials 
such as the D84 is matched well to the existing conditions.  
 
However, erosion of the D50 substrate sizes is elevated in this scenario relative to both existing 
conditions and future uncontrolled conditions. This is because sands and silts are a significant 
component of the channel boundary materials in the study area watercourse. The storage and 
release of the flood and erosion control volumes results in increase of the mid range flows. Even 
these low flows outletting from the erosion control portion of the pond (which are generally in the 
range of 0.1 m3/s) are sufficient to move the D50 particle size.  
 
 
 



 

 
 
 



There are three potential solutions to this problem: (1) develop less of the study area or retain 
more pervious area within the development limits, (2) use the SWM ponds to capture a larger 
erosion control volume than 25mm and release it over a longer duration than 24hrs or (3) 
implement LID stormwater measures to reduce the volume of water directed to SWM ponds.  
 
Since SWM ponds have negligible effect on baseflow rates, the baseflows in this scenario remain 
low relative to existing conditions and potential negative impacts from reduced baseflows remain.  

3.4   Alternative 3: Traditional and Contemporary Stormwater Controls 

This modelling scenario examines proposed development with traditional stormwater controls i.e. 
with end-of-pipe SWM ponds and contemporary SWM controls i.e. LID measures.  This 
modelling scenario is developed to determine if traditional stormwater management coupled with 
contemporary stormwater management measures is sufficient to mitigate impacts associated with 
the proposed development. This alternative builds on the traditional alternative by also 
implementing low impact development techniques at the lot-level and along conveyance routes. 
 
To develop this modelling scenario, runoff from all impervious surfaces (rooftops, roads, parking 
areas) within developing areas is directed to LID facilities. These facilities are designed to collect 
the first 5mm (50m3/ha) of runoff and to infiltrate this volume of water to the groundwater 
system. From the groundwater system a portion of this volume is lost to deeper groundwater 
storage whilst the majority is released back to the study area watercourses (in the appropriate 
stream reaches and at appropriate groundwater discharge rates). 

3.4.1 Traditional and Contemporary Stormwater Controls - Water Balance Assessment 

A water budget assessment for proposed landuse conditions with LID measures has not been 
completed for this draft report.     
 
In the Town of Caledon there is no requirement (criteria) to restore the water balance to 
predevelopment levels. For this reason, the footprint area of LID stormwater controls will likely 
be driven by the volume reductions (of stormwater) required to meet objectives related to the 
erosion analysis.  
 
If requested a capture target (m3/ impervious hectare) can be provided that will restore infiltration 
to predevelopment levels. Provided that the determined target can be infiltrated, the water balance 
can be restored under the proposed landuses.  For the majority of soil conditions found in the 
South Albion study areas infiltration of the required target volumes may not be completely 
feasible.  



Alternately, a site level analysis may be completed to determine the volume of water that can be 
infiltrated given the constraints of a maximum footprint area (for on-site LID infiltration 
facilities) and the infiltration rate of the native underlying soils. If this option is pursued, the 
resulting maximum capture target would then be used for both the water balance and erosion 
assessments.  

3.4.2 Traditional and Contemporary Stormwater Controls – Erosion Assessment 

The results of the erosion analysis for the future landuses with traditional and contemporary 
SWM controls scenario are presented in Figures 7, 8, 9, 10 and 11.   
 
For the erosion analysis, the modelling scenario incorporating LID has been performed assuming 
that 5mm (50m3/ha) of stormwater has been captured and infiltrated by LID stormwater measures. 
A feasibility assessment should be conducted to confirm this assumption is valid given the study 
area soils and reasonable land allocation to stormwater management objectives. 
 
The effect of LID measures (capture of 5mm from proposed impervious surfaces) is seen in the 
baseflow portion of the flow duration curves. Low impact development techniques typically 
provide treatment for smaller more frequent storm events and are not intended to provide 
significant benefits for large infrequent flood events. In general, infiltration of 5mm from 
impervious surfaces is sufficient to restore baseflow levels approximately halfway back to 
existing conditions levels.  
 
The low impact development measures reduce runoff volumes and therefore should reduce the 
duration and frequency of intermediate flows so that exceedence time for the D50 erosion 
threshold should be improved relative to Alternative 2. This effect is not demonstrated i.e. is not 
observed in the flow duration curves. A refinement in the way the outlet of the erosion control 
portion of the SWM ponds is modeled may be required to demonstrate this effect.  
 
 
 
 
 
 




