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1.0  INTRODUCTION 
 

Aquafor Beech Limited was retained by the City of Pickering and Toronto and Region 

Conservation Authority (TRCA) to undertake a Hydrology Update Study for Duffins Creek.  The 

watershed is approximately 280 square kilometres and is situated within parts of Pickering, Ajax, 

Uxbridge, Whitchurch-Stouffville, and Markham, as illustrated in Figure 1.1. 

 

A hydrologic model based on HYMO was initially developed for Duffins Creek in 1979 (James 

F. MacLaren Limited, 1979).  The 1979 model was subsequently updated by Aquafor Beech Ltd 

using the INTERHYMO/OTTHYMO model in 1991, and again in 2002 using the VISUAL 

OTTHYMO model.  Since that time, urban development within the watershed has increased, 

including the construction of new stormwater management facilities.  Planning has also 

continued to progress in support of further urban development and associated stormwater 

management within an area referred to as the Seaton Lands (Figure 1.1). 

 

The current Duffins Creek Hydrology Update Study is being undertaken with the following key 

objectives: 

 

• Update the hydrologic modelling to reflect the landuse changes since the 2002 study;  

• Calibrate the updated model using rainfall-runoff data from recent storm events; 

• Test and update the stormwater management criteria developed as part of the previous 

2002 study; 

• Assess impacts to Regional Storm flows associated with proposed future urban 

development; and 

• Develop flood (quantity) control criteria to be implemented within proposed future 

development lands. 
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2.0 HYDROLOGIC MODEL SETUP 
 

2.1 Model Selection 
 

The hydrologic model selected for application in the study was VISUAL OTTHYMO, version 

2.4.  The model simulates watershed runoff response to individual storm events, and is an 

updated version of the same model applied as part of the previous 2002 Hydrology Update 

Study.  

 

The main advantage of version 2.4 from the previous versions of the VISUAL OTTHYMO is 

that version 2.4 allows the use of unlimited rain gauges, a function which allows users to more 

accurately reflect rainfall distribution across a watershed (previous versions limited the user to 4 

rain gauges).  

 

2.2 Model Discretization 
 

As illustrated in Figure 2.1, the Duffins Creek Watershed was divided into 56 subcatchments in 

order to provide peak flow estimates at key locations throughout the watershed.  The 

subcatchment boundaries are based on a detailed delineation of drainage boundaries from 

Toronto and Region Conservation Authority’s (TRCA) GIS database, using updated topographic 

information and a digital elevation model (DEM). 

 

2.3 Model Parameters 
 

The following techniques and model parameters were applied with the VISUAL OTTHYMO 

model to simulate rural and urban rainfall-runoff responses: 

 

• the CN* approach was used to determine direct runoff from pervious areas; 

• the Nash unit hydrograph was applied to simulate runoff response from rural areas; 
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• the Standard unit hydrograph was applied to simulated runoff response from urban areas; 

and 

• subcatchment time-to-peak was determined using an equation for basin lag time 

described by Watt and Chow (1985). 

 

The soils and landuse mapping in the TRCA geographical information system (GIS) database 

was used to derive the model parameters, including drainage areas, CN* values, percent 

imperviousness, basin slopes, and channel slopes.  Table 2.1 summarizes the assumed CN values 

based on soil types and land cover.  These were used to derive an initial estimate of the CN* 

values for each catchment in the hydrologic model.  Table 2.1 also summarizes the assumed 

percent impervious values based on landuse.  A summary of subcatchment parameters is 

provided in Appendix A.  Soils mapping, landuse maps and land cover maps used to derive the 

model parameters are also provided in Appendix A. 

 

 

Table 2.1 

Summary of Applied CN* Values and Impervious Percentage by Soils Type and Landuse 

Land Cover 
Percent 

Impervious 

CN* 

A 

Soils 

B 

Soils 

C 

Soils 

D 

Soils 

Rural – natural / undisturbed 0% 36 60 73 79 

Rural - Agriculture 0% 66 74 82 86 

Existing Urban (lawn) – very low impervious 15% 56 71 81 85 

Existing Urban (lawn) – average impervious 40% 56 71 81 85 

Existing Urban (lawn) – high impervious 55% 56 71 81 85 

Existing Urban (lawn) – very low impervious 75% 56 71 81 85 

Existing Urban (lawn) – 50% impervious 50% 56 71 81 85 
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2.4 Channel Routing 
 

Hydrographs were routed through channel elements within the model using the Variable Storage 

Coefficient method.  Previous TRCA HEC-RAS hydraulic modelling was used to estimate 

typical channel/valley cross-section dimensions for use in the VISUAL OTTYMO channel 

routing routines.  A summary of the information used for the channel routing elements is 

provided in Appendix A. 

 

2.5 Stormwater Management Facilities 
 

Where information was available, existing stormwater management facilities were incorporated 

into the updated hydrologic model using reservoir routing elements.   Information including 

contributing drainage area, control functionality, and pond rating curves were estimated from a 

review of TRCA’s stormwater pond database and the previous 2002 hydrologic model.   Table 

2.2 summarizes the stormwater management facilities incorporated into the hydrologic model.  

In summary, a total of twenty-seven existing facilities were included in the existing conditions 

model.  

 

A further ten approved facilities were included in the simulations for future landuse conditions 

(see Section 4.3). These facilities represent those which have been approved between the years 

2010, and 2012, such as ponds associated with the Duffins Heights and Ajax A9 development 

areas, or facilities which had approval prior to 2010, but have not been constructed 

 

In addition to the ponds outlined above, a number of reservoir routing elements were included in 

the model as part of the stormwater assessment completed for the Seaton development area.  It is 

understood that over 60 stormwater management facilities are proposed for the Seaton lands, 

however, for the stormwater management assessment, a single reservoir routing command was 

included per catchment to simulate the quantity control storage for all of the aggregate or 

“lumped” future urban development lands within those catchment.  The stormwater management 

assessment for the Seaton Lands is discussed in further detail in Section 5. 
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Pond ID Pond Name Municipality Catchment Facility Type Drainage Area Source of Rating Curve Info. Model Scenario
No. (Wet/Dry) Quality Erosion Flood (ha) (existing/future)

93.2 Pond 3 - Forest Ridge Subdivision Town of Ajax 8015 3 Wetland Yes No Yes 43.3 2002 hydrologic model Existing, Future
103 Voss Water Quality Pond City of Pickering 8009 4 Wet Pond Yes No Yes 5.3 2002 hydrologic model Existing, Future

263.1 Rougecrest Pond (Pond 2 of Liverpool Community) City of Pickering 8008 4 Dry Pond No Yes No 53.8 2002 hydrologic model Existing, Future
263 J.D.S. Investments Detention Pond: (Pond 1 Of Liverpool Community) City of Pickering 8007 5 Dry Pond No Yes No 35.2 2002 hydrologic model Existing, Future

228.3 Stouffville SC1 Town of Whitchurch Stouffville 8031 15 n/a n/a Yes Yes 65 TRCA Existing, Future
228.4 Stouffville SC2 Town of Whitchurch Stouffville 8032 15 n/a n/a Yes Yes 43 2002 hydrologic model Existing, Future
166 West Hill Developments Pond Town of Whitchurch Stouffville 8003 16 Wet Pond Single Celled Yes Yes Yes 52 2002 hydrologic model Existing, Future
185 Dulverton Holdings Swm Pond - Lehman's Pond Town of Whitchurch Stouffville 8001 16 Wet Pond Yes Yes Yes 5.8 2002 hydrologic model Existing, Future

228.2 Hillmount Properties Town of Whitchurch Stouffville 8002 17 Wet Pond Yes Yes Yes 44.5 TRCA Existing, Future
228 Tresstown Pond Town of Whitchurch Stouffville 8030 18 n/a n/a Yes Yes 54.92* TRCA Existing, Future 

228.1 Countryview Estates Pond Town of Whitchurch Stouffville 8043 20 Wet Pond Yes Yes Yes 33.1 2002 hydrologic model Future
295 Uxville Properties - West Pond Township of Uxbridge 8004 22 Dry Pond No Yes No 36 2002 hydrologic model Existing, Future

295.1 Uxville Properties - East Pond Township of Uxbridge 8005 22 Dry Pond No Yes No 133.6 2002 hydrologic model Existing, Future
1287 Goodwood SWM Facility n/a 8042 29 n/a n/a n/a n/a 24.5 TRCA Future
1288 Duffin Heights SWM Facility 1 City of Pickering 8039 33 Wet Pond Yes Yes Yes 28.15 TRCA Future
1289 Duffin Heights SWM Facility 2 City of Pickering 8040 33 Wet Pond Yes Yes Yes 17.5 TRCA Future
A9A A9 - Pond A n/a 8035 36 n/a n/a n/a n/a 11.9 TRCA Future
133 Barrett Meadows Pond City of Pickering 8010 36 Wet Pond Yes Yes Yes 21.2 2002 hydrologic model Existing, Future
320 Duffin Meadow Cemetery n/a 8011 36 Wet Pond Yes Yes Yes 12 2002 hydrologic model Existing, Future

1291 Duffin Heights SWM Facility 4 City of Pickering 8037 36 Wet Pond n/a n/a n/a 38.5 TRCA Future
1290 Duffin Heights SWM Facility 3 City of Pickering 8041 37 Wet Pond n/a n/a n/a 38.6 TRCA Future

93 Pond 1 - Forest Ridge Subdivision Town of Ajax 8013 41 Wet Pond Yes Yes Yes 91.6 2002 hydrologic model Existing, Future
93.1 Pond 2 - Forest Ridge Subdivision Town of Ajax 8014 41 Wet Pond Yes No Yes 9.7 2002 hydrologic model Existing, Future
92 Devonside Estates Pond Town of Ajax 8012 42 Wet Pond Yes Yes Yes 21.81 2002 hydrologic model Existing, Future

A9B A9 - Pond B Town of Ajax 8036 42 n/a Yes Yes n/a 15.6 TRCA Future
A9C A9 - Pond C Town of Ajax 8038 42 n/a Yes Yes n/a 12.2 TRCA Future
167 A7 Development Area Extended Detention Pond Town of Ajax 8019 54 Wet Pond Yes No Yes 39.6 2002 hydrologic model Existing, Future

207.2 Pond 3 - Neighbourhood 2 Area A6 Town of Ajax 8020 54 Wet Pond Yes No Yes 49.2 2002 hydrologic model Existing, Future
207.3 Pond 4 - A6N2 South SWM Facility Town of Ajax 8021 54 Hybrid Yes No Yes 64.9 2002 hydrologic model Existing, Future
279 A6 Community Nbh 1 - Pond 1 Town of Ajax 8018 55 Wet Pond Yes Yes Yes 16.3 TRCA Existing, Future

279.1 A6 Community Nbh 1 - Pond 2 Town of Ajax 8022 54 Wet Pond Yes Yes Yes 69 TRCA Existing, Future
279.2 Landwin Swm Pond Town of Ajax 8023 54 Wet Pond Yes Yes Yes 24.3 2002 hydrologic model Existing, Future
279.3 A6 Community Nbh 1 - Pond 4 (Schmigelsky) Town of Ajax 8024 54 Wet Pond Yes Yes Yes 10 2002 hydrologic model Existing, Future
184 Miller's Creek Pond - Area 8 Town of Ajax 8033 55 n/a Yes Yes Yes 70.11 TRCA Existing, Future

207.1 Pond 2 - Neighbourhood 2 Area A6 Town of Ajax 8017 55 Wet Pond Yes No Yes 70.5 2002 hydrologic model Existing, Future
1271 Stokegrove Town of Ajax 8016 55 Dry Pond No Yes No 6.1 TRCA Existing, Future
1273 Tauton-Westney Commercial Town of Ajax 8034 55 Wet Pond Yes Yes Yes 6.6 TRCA Future

* Note - Drainage area for Existing Landuse Scenario = 34.1 ha.  Drainage area for Future Landuse Scenario = 54.9 ha

Aquafor Beech Limited.

Table 2.2  Summary of Stormwater Management Facilities

Control TypeModel HYD 
Ref No.
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2.6 Stouffville Dam and Reservoir 
 

The updated Duffins Creek hydrologic model included a reservoir routing element to simulate 

the Stouffville dam and reservoir, located on Stouffville Creek, in the upper west portion of the 

watershed above Reesor Creek.  Table 2.3 summarizes the stage-storage-discharge rating curve 

that was applied. 

 

Table 2.3: Stouffville Dam and Reservoir Rating Curve 

   Elevation 
(m) 

Storage 
(ha.m) 

Discharge 
(m3/s) 

 
0.00 0.00 

272.87 0.01 0.32 
273.17 0.74 0.33 
273.25 1.39 0.80 
273.32 2.04 1.64 
273.40 2.68 2.74 
273.48 3.33 4.02 
273.55 4.04 5.48 
273.63 4.75 7.09 
273.70 5.46 8.83 
273.86 7.09 12.67 
274.16 10.80 21.58 
274.66 16.94 41.20 
275.03 21.40 70.32 
275.61 28.47 132.86 

 

 

2.7 Model Setup Summary 
 

In summary, the “base” Duffins Creek VISUAL OTTHYMO model for existing landuse 

conditions was setup using a total of 56 subcatchments.  Within each of the modelled 

subcatchments, any rural areas were simulated using a single “lumped” Nashyd command, any 

existing uncontrolled urban areas were simulated using a single “lumped” Standhyd command, 

while the drainage areas to any existing or approved stormwater management ponds were 
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simulated using separate Standhyd commands.  The “base” existing landuse model included a 

total of 56 subcatchments which were simulated using the following: 

 

• 58 Nashyd command elements to simulate runoff from rural areas; 

• 33 Standhyd command elements to simulate runoff from uncontrolled urban areas; 

• a further 27 Standhyd command elements to simulate runoff from urban areas controlled 

by stormwater management facilities; 

• 27 Route Reservoir command elements to simulate the existing stormwater management 

facilities; 

• an additional Route Reservoir command to simulate the Stouffville dam and reservoir; 

and 

• 31 Route Channel elements. 
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3.0 MODEL CALIBRATION AND VALIDATION 
 

The hydrologic model was adjusted and checked through calibration and verification to ensure 

that the model was representative of the study area.   

 

3.1 Model Calibration 
 

Outlined below are the main steps which were undertaken to calibrate the Duffins Creek 

hydrologic model: 

 

1. Streamflow data from ten different streamflow gauges within the Duffins Creek watershed, 

as well as rainfall data from nine rainfall gauges, either within or adjacent to the watershed, 

were collected and used in the model calibration.  The locations of the streamflow and 

rainfall gauges are illustrated in Figure 3.1. 

 

2. Several candidate rainfall-runoff events from 2003 to 2010 were screened and seven were 

selected for model calibration based on availability of gauge data and consistency of the 

rainfall distribution throughout the watershed.  A further three rainfall-runoff events from the 

year 2000 were selected for model verification (Section 3.2).  These three events were also 

used in the previous 2002 hydrology study for Duffins Creek (Aquafor, 2002).  A summary 

of the various streamflow gauges that were in operation for each of the calibration-validation 

events is provided in Table 3.1.  Table 3.2 summarizes the rainfall depths for each of the 

rainfall gauges that were in operation for the calibration-validation events. 

 

3. Observed runoff hydrographs were derived from streamflow gauge data by separating 

baseflows using a procedure provided in Linsley et al (1982).  Baseflow separation 

hydrographs are provided in Appendix B. 

 

4. For each storm event modelled, rainfall hyetographs were applied to the various 

subcatchments within the model using the observed rainfall data from the nearest adjacent 
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15-17 May 
2003

23-24 May 
2003

29-30 July 
2006

22-23 July 
2008

24 June 
2010

27-28 June 
2010

23 July 
2010

11 May 
2000

13 June 
2000

24 June 
2000

Reesor Creek HY999 3,541 a a a a a a

West Duffins Above Green River HC038 6,066 a a a a

West Duffins at Hwy 7 HY066 10,833 a a a

Michell Creek HY047 2,368 a a a a a a a

East Duffins Creek HY023 6,190 a a a a a a a

Brougham Creek HY010 1,479 a a a a a a a a a a

Duffiins Creek Above Pickering HC019 8,629 a a a a a a a

Urfe Creek HY065 1,496 a a a a a a a a a

Ganatsekiagon Creek HY028 1,304 a a a
Duffins Creek at Ajax HC049 25,789 a a a a a a a a a a

15-17 May 
2003

23-24 May 
2003

29-30 July 
2006

22-23 July 
2008

24 June 
2010

27-28 June 
2010

23 July 
2010

11 May 
2000

13 June 
2000

24 June 
2000

Ajax Works Yard 54 30 16.4 26.4 31 55.8
Claremont Shop 63 32.6 41 29.2 18 47.6

Greenwood Mushroom Farm 30.98 53.09 8.09 23.6 18.6 39
Goodwood Pumping Station 57.8 11.8 27.2 19.2 41.6

Lynde Creek Near Whitby 37.25
Lynde Creek Kinsale 103.25

Stouffville Works 17.6 61.8 45.4 41
Little Rouge at 16th 19.8 19.8 31.2 19.6 57.2
Brock West Landfill 35.2 29

Aquafor Beech Limited.

02HC018
02HC055
York02
HY043
HY009

HY031

Calibration Events and Recorded Rainfall Depths (mm) Validation Events

Table 3.2:  Summary of Available Rainfall Gauge and Recorded Rain Depths

Rainfall Gauge Name Gauge Number

HY001
HY015

CLOCA5

Calibration Events

Table 3.1:  Summary of Available Streamflow Gauges

Validation Events
Drainage 
Area (ha)

Gauge 
NumberStreamflow Guage Name
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rain gauges in operation during that event.  A summary of the application of the rainfall 

gauge data throughout the watershed for the various events is provided in Appendix C. 

 

5. In the calibration process, emphasis was placed first on minimizing the differences between 

observed and simulated runoff volumes.  This involved adjustment of the CN* parameter to 

match the observed runoff volumes on an event-by-event basis at each of the functioning 

streamflow gauges.  In doing so, the calibration process was accounting for the varying 

antecedent moisture conditions present at the time of each calibration storm event.  A 

summary of the adjustments to the CN* parameters is provided in Table 3.3. 

 

6. Following calibration of runoff volumes, emphasis was placed on minimizing the differences 

between observed and simulated peak flow rates, and matching the general hydrograph 

timing and shape.  This involved adjustment of the subcatchment time-to-peak (Tp) and unit 

hydrograph shape parameter (n).  It is important to note that, unlike the CN* parameter (step 

5), the “Tp” and “n” parameters were held constant for each subcatchment across all 

calibration events.  A summary of the “base” values versus calibrated values for these two 

model parameters are provided in Appendix A for each catchment.  In general, a factor of 1.5 

to 2.0 times the “base” value assumed in the initial model setup was often required to achieve 

a reasonable calibration over the range of events.  Similar adjustments were also applied in 

the previous 2002 study.   

 

7. Moderate adjustment to the Manning’s roughness coefficients within the channel routing 

elements were also applied to further improve hydrograph timing.  Values of 0.050 and 0.080 

were applied for the main channel and overbank components of the cross-sections. 

 

Results from the model calibration process are tabulated and illustrated in Table 3.4, 3.5 and 3.6 

which provides a summary of the observed versus simulated runoff depths, peak flow rates and 

times-to-peak for each event.  Corresponding observed versus simulated runoff hydrograph plots 

for each event are also provided in Appendix D.  As illustrated, good results were achieved, on 

average, for the various storm events and gauge sites. 
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15-17 May 
2003

23-24 May 
2003

29-30 July 
2006

22-23 July 
2008

24 June 
2010

27-28 June 
2010

23 July 
2010

Reesor Creek HY999 -20% 20% -50%
West Duffins Above Green River HC038 -30%

West Duffins at Hwy 7 HY066 -25% 5% -60%
Michell Creek HY047 15% 10% -20% -5% -15% 15% -45%

East Duffins Creek HY023 0% 0% -25% 10% -15% 15% -50%
Brougham Creek HY010 20% 10% -40% 25% 10% 20% -40%

Duffiins Creek Above Pickering HC019 10% 20% -15% 35%
Urfe Creek HY065 30% -15% 25% 25% 35% -30%

Ganatsekiagon Creek HY028 30% 35% -35%
Duffins Creek at Ajax HC049 10% 15% -40% 40% 20% 35% -30%

Aquafor Beech Limited.

Streamflow Guage Name Gauge Number

Calibration Events

Table 3.3:  Summary of CN* adjustments by Calibration Event



Storm:
Rainfall  Depth (mm)

Observed Simulated Difference Observed Simulated Difference Observed Simulated Difference Observed Simulated Difference Observed Simulated Difference Observed Simulated Difference Observed Simulated Difference
Volume Volume Volume Volume Volume Volume Volume Volume Volume Volume Volume Volume Volume Volume

(mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm)
Runoff Volume (mm)
Reesor Creek (HY999) 3.80 2.46 -35.4% 4.24 2.85 -32.9% 5.56 5.39 -3.0%
West Duffins Above Green River (HC038) 5.77 5.94 3.0%
West Duffins at Hwy 7 (HY066) 2.59 2.35 -9.4% 2.71 2.90 6.9% 3.51 3.53 0.7%
Michell Creek (HY047) 24.03 28.64 19.2% 7.93 7.75 -2.4% 9.12 8.45 -7.3% 2.55 2.66 4.0% 2.78 2.87 3.2% 2.81 2.85 1.5% 3.98 4.07 2.3%
East Duffins Creek (HY023) 16.57 21.75 31.2% 6.34 5.66 -10.7% 9.30 9.67 4.0% 1.93 2.02 4.7% 2.14 2.23 4.0% 2.15 2.27 5.5% 2.97 2.98 0.1%
Brougham Creek (HY010) 25.78 30.75 19.3% 6.96 7.19 3.4% 8.18 8.63 5.5% 10.13 9.49 -6.3% 5.50 5.72 4.1% 2.57 2.67 3.7% 4.97 4.68 -5.9%
Duffiins Creek Above Pickering (HC019) 21.82 23.28 6.7% 7.40 6.36 -14.0% 13.33 12.01 -9.9% 5.20 5.16 -0.7%
Urfe Creek (HY065) 10.94 12.56 14.8% 1.58 1.28 -19.5% 11.81 12.82 8.6% 10.89 10.72 -1.5% 8.04 8.54 6.1% 6.53 6.21 -4.8%
Ganatsekiagon Creek (HY028) 17.02 15.70 -7.7% 14.59 14.01 -4.0% 5.53 5.51 -0.5%
Duffins Creek at Ajax (HC049) 19.94 25.11 25.9% 8.21 8.49 3.4% 6.12 5.93 -3.1% 7.90 7.59 -4.0% 5.61 5.28 -5.9% 5.01 5.31 6.0% 4.75 4.72 -0.6%

Table 3.4 - Comparison of Observed vs. Simulated Runoff Volumes

May 15-17, 2003 May 23-24, 2003 July 29-30, 2006 July 22-23, 2008 June 24, 2010 June 27-28, 2010 July 23, 2010
29.0 mm 55.8 mm54.0 mm 30.0 mm 19.8 mm 16.4 mm 35.2 mm

Duffins Creek Calibration:  May 15‐17, 2003
Ob d Si l t d R ff V l

Duffins Creek Calibration:  May 23‐24, 2003
Ob d Si l d R ff V l

Duffins Creek Calibration:  July 29‐30, 2006 Duffins Creek Calibration:  July 22‐23, 2008
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Duffins Creek Calibration:  May 15‐17, 2003
Observed vs. Simulated Runoff Volumes
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Duffins Creek Calibration:  May 23‐24, 2003
Observed vs. Simulated Runoff Volumes
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Duffins Creek Calibration:  July 29‐30, 2006
Observed vs. Simulated Runoff Volumes
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Duffins Creek Calibration:  July 22‐23, 2008
Observed vs. Simulated Runoff Volumes
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Duffins Creek Calibration:  May23‐24, 2003
Observed vs. Simulated Runoff Volumes
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Duffins Creek Calibration:  July 29‐30, 2006
Observed vs. Simulated Runoff Volumes
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Duffins Creek Calibration:  July 22‐23, 2008
Observed vs. Simulated Runoff Volumes
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Storm:
Rainfall  Depth (mm)

Observed Simulated Difference Observed Simulated Difference Observed Simulated Difference Observed Simulated Difference Observed Simulated Difference Observed Simulated Difference Observed Simulated Difference
Flow (m3/s) Flow (m3/s) Flow (m3/s) Flow (m3/s) Flow (m3/s) Flow (m3/s) Flow (m3/s) Flow (m3/s) Flow (m3/s) Flow (m3/s) Flow (m3/s) Flow (m3/s) Flow (m3/s) Flow (m3/s)

Peak Flow (m3/s)
Reesor Creek (HY999) 3.10 2.07 -33.1% 3.50 4.03 15.2% 5.30 4.39 -17.2%
West Duffins Above Green River (HC038) 6.90 5.77 -16.4%
West Duffins at Hwy 7 (HY066) 6.50 3.99 -38.6% 6.50 5.76 -11.3% 9.30 6.51 -30.0%
Michell Creek (HY047) 14.90 15.59 4.6% 4.10 5.16 25.8% 6.60 6.31 -4.4% 1.80 2.82 56.7% 1.40 2.11 50.5% 1.50 2.20 46.6% 2.20 2.95 34.0%
East Duffins Creek (HY023) 24.00 28.01 16.7% 8.00 8.49 6.1% 17.20 18.28 6.3% 2.90 6.16 112.3% 3.10 4.02 29.7% 3.10 4.12 33.0% 4.90 5.28 7.7%
Brougham Creek (HY010) 9.10 10.95 20.3% 2.50 3.09 23.5% 3.80 3.87 1.9% 3.70 5.32 43.7% 3.10 2.93 -5.5% 1.10 1.40 26.9% 3.50 2.39 -31.6%
Duffiins Creek Above Pickering (HC019) 49.40 40.35 -18.3% 11.90 12.33 3.6% 40.20 26.24 -34.7% 13.90 15.78 13.5%
Urfe Creek (HY065) 3.20 4.07 27.1% 0.40 0.39 -1.8% 8.70 4.24 -51.3% 3.90 4.01 2.8% 2.30 2.97 29.3% 2.70 2.29 -15.3%
Ganatsekiagon Creek (HY028) 9.40 5.84 -37.9% 7.60 5.06 -33.4% 3.50 1.90 -45.7%
Duffins Creek at Ajax (HC049) 75.20 100.88 34.1% 33.60 36.10 7.4% 27.40 28.46 3.9% 47.30 38.79 -18.0% 29.50 25.70 -12.9% 21.50 23.25 8.1% 27.50 19.76 -28.2%

Table 3.5  - Comparison of Observed vs. Simulated Peak Flow Rates

June 24, 2010 June 27-28, 2010 July 23, 2010May 15-17, 2003 May 23-24, 2003 July 29-30, 2006 July 22-23, 2008
29.0 mm 55.8 mm54.0 mm 30.0 mm 19.8 mm 16.4 mm 35.2 mm

Duffins Creek Calibration:  May 15‐17, 2003
Observed vs. Simulated Peak Flows

Duffins Creek Calibration:  May 23‐24, 2003
Observed vs. Simulated Peak Flows

Duffins Creek Calibration:  July 29‐30, 2006
Observed vs. Simulated Peak Flows

Duffins Creek Calibration:  July 22‐23, 2008
Observed vs. Simulated Peak Flows
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Duffins Creek Calibration:  May 15‐17, 2003
Observed vs. Simulated Peak Flows
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Duffins Creek Calibration:  May 23‐24, 2003
Observed vs. Simulated Peak Flows
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Duffins Creek Calibration:  July 29‐30, 2006
Observed vs. Simulated Peak Flows
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Duffins Creek Calibration:  July 22‐23, 2008
Observed vs. Simulated Peak Flows
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Duffins Creek Calibration:  May 23‐24, 2003
Observed vs. Simulated Peak Flows
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Duffins Creek Calibration:  July 29‐30, 2006
Observed vs. Simulated Peak Flows
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Duffins Creek Calibration:  July 22‐23, 2008
Observed vs. Simulated Peak Flows
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Storm:
Rainfall  Depth (mm)

Observed Simulated Difference Observed Simulated Difference Observed Simulated Difference Observed Simulated Difference Observed Simulated Difference Observed Simulated Difference Observed Simulated Difference
Time to Time to Time to Time to Time to Time to Time to Time to Time to Time to Time to Time to Time to Time to
Peak (h) Peak (h) Peak (h) Peak (h) Peak (h) Peak (h) Peak (h) Peak (h) Peak (h) Peak (h) Peak (h) Peak (h) Peak (h) Peak (h)

Time to Peak (h)
Reesor Creek (HY999) 9.00 8.50 0.50 25.00 25.25 -0.25 9.00 10.00 -1.00
West Duffins Above Green River (HC038) 23.75 23.50 0.25
West Duffins at Hwy 7 (HY066) 10.00 12.00 -2.00 26.00 26.75 -0.75 10.00 12.50 -2.50
Michell Creek (HY047) 41.00 41.25 -0.25 33.00 32.00 1.00 17.00 19.00 -2.00 39.00 37.25 1.75 9.00 9.00 0.00 24.00 25.50 -1.50 8.00 10.00 -2.00
East Duffins Creek (HY023) 40.00 41.50 -1.50 33.00 32.50 0.50 16.00 18.00 -2.00 39.00 38.75 0.25 8.00 9.25 -1.25 25.00 25.75 -0.75 8.00 10.00 -2.00
Brougham Creek (HY010) 43.00 41.00 2.00 31.00 31.75 -0.75 21.00 18.25 2.75 37.00 39.75 -2.75 6.00 9.00 -3.00 23.00 25.25 -2.25 7.00 9.75 -2.75
Duffiins Creek Above Pickering (HC019) 43.25 43.50 -0.25 33.75 33.25 0.50 20.00 21.00 -1.00 40.00 40.50 -0.50
Urfe Creek (HY065) 0 35.00 32.50 2.50 22.00 23.25 -1.25 42.00 41.50 0.50 8.00 9.25 -1.25 23.00 25.25 -2.25 7.00 10.00 -3.00
Ganatsekiagon Creek (HY028) 0 8.00 10.25 -2.25 26.00 25.25 0.75 10.00 10.50 -0.50
Duffins Creek at Ajax (HC049) 47.75 47.00 0.75 35.25 35.75 -0.50 24.00 24.50 -0.50 42.00 43.50 -1.50 9.50 12.00 -2.50 28.75 28.25 0.50 14.00 14.25 -0.25

Table 3.6 - Comparison of Observed vs. Simulated Time-to-Peak

June 27-28, 2010 July 23, 2010May 15-17, 2003 May 23-24, 2003 July 29-30, 2006 July 22-23, 2008 June 24, 2010
29.0 mm 55.8 mm54.0 mm 30.0 mm 19.8 mm 16.4 mm 35.2 mm

Duffins Creek Calibration:  May 15‐17, 2003
Observed vs. Simulated Time‐to‐Peak

Duffins Creek Calibration:  May 23‐24, 2003
Observed vs. Simulated Time‐to‐Peak

Duffins Creek Calibration:  July 29‐30, 2006
Observed vs. Simulated Time‐to‐Peak

Duffins Creek Calibration:  July 22‐23, 2008
Observed vs. Simulated Time‐to‐Peak
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Duffins Creek Calibration:  May 15‐17, 2003
Observed vs. Simulated Time‐to‐Peak
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Duffins Creek Calibration:  May 23‐24, 2003
Observed vs. Simulated Time‐to‐Peak
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Duffins Creek Calibration:  July 29‐30, 2006
Observed vs. Simulated Time‐to‐Peak
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Duffins Creek Calibration:  July 22‐23, 2008
Observed vs. Simulated Time‐to‐Peak
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Duffins Creek Calibration:  June 24, 2010
Observed vs. Simulated Time‐to‐Peak
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Duffins Creek Calibration:  June 27‐28, 2010
Observed vs. Simulated Time‐to‐Peak
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Duffins Creek Calibration:  June 23, 2010
Observed vs. Simulated Time‐to‐Peak
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3.2 Model Validation 
 

Upon completion of the calibration process, the model was verified using three additional 

rainfall-runoff events from 2000.  Data from six streamflow gauges are available for the 

validation events (Table 3.1), however, only one rainfall gauge was operational at the time 

(Table 3.2). 

 

As noted in Section 3.1 above, the runoff volume for each event was calibrated by adjusting the 

CN* parameter (Table 3.3).  In doing so, the calibration process was accounting for the varying 

antecedent moisture conditions present at the time of each calibration storm event.  All other 

model parameters were held constant through the calibration process.   

 

Therefore, before the verification could be undertaken, a set of CN* adjustments had to be 

selected which would reflect the antecedent moisture conditions for each of the verification 

storm events.  In order to estimate appropriate CN* adjustments for these events, relationships 

were developed from the calibration results.  Specifically, relationships were developed between 

the CN* adjustments and the amount of precipitation recorded at the rain gauges in the days 

preceding the calibration storm events.    A 10-day antecedent precipitation index (API) was used 

for each storm (Bruce et al).  Plots of these relationships are provided in Appendix E.  Results 

from the corresponding calibration exercise from the 2002 Duffins Creek Hydrology Update 

Study (Aquafor Beech Ltd.) were also added to the plots to provide a greater range in values.  

The CN* adjustment values selected for the three 2000 validation storm events are also 

illustrated in the plots. 

 

Results from the model verification process are tabulated and illustrated in Table 3.7, 3.8 and 3.9 

which provides a summary of the observed versus simulated runoff depths, peak flow rates and 

times-to-peak for each event.  Corresponding observed versus simulated runoff hydrograph plots 

for each verification event are also provided in Appendix F.  As shown, although the model 

tended to marginally underestimate peak flows and volumes at some gauge sites for the 



Storm:
Rainfall Depth (mm)

Observed Simulated Difference Observed Simulated Difference Observed Simulated Difference
Volume Volume Volume Volume Volume Volume 

(mm) (mm) (mm) (mm) (mm) (mm)
Runoff Depth (mm)
Reesor Creek (HY999) 13 12.79 -3.8% 10.84 7.80 -28% 8.18 7.37 -10%
Duffiins Creek Above Pickering (HC019) 9.48 10.97 15.7% 12.03 13.83 15% 9.42 9.34 -1%
Duffins Creek at Ajax (HC049) 16.97 12.90 -24.0% 13.39 12.79 -5% 12.06 10.11 -16%
West Duffins Above Green River (HC038) 7.65 10.01 30.9% 8.19 8.60 5% 6.00 7.08 18%
Urfe Creek (HY065) 23.62 15.05 -36.3% 21.07 17.20 -18% 16.45 12.27 -25%
Brougham Creek (HY010) 15.73 12.48 -20.6% 18.85 13.05 -31% 14.42 9.94 -31%

61.8 mm 45.4 mm 41.0 mm
May 11, 2000 June 13, 2000 June 24, 2000

Table 3.7 - Comparison of Observed vs. Simulated Runoff Volumes for Validation Events
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Storm:
Rainfall Depth (mm)

Observed Simulated Difference Observed Simulated Difference Observed Simulated Difference
Flow Flow Flow Flow Flow Flow

(m3/s) (m3/s) (m3/s) (m3/s) (m3/s) (m3/s)
Flow (m3/s)

Reesor Creek (HY999) 9 7.94 -12.0% 7.84 5.21 -34% 6.51 5.62 -14%
Duffiins Creek Above Pickering (HC019) 16.47 20.32 23.4% 24.64 27.12 10% 18.90 20.44 8%
Duffins Creek at Ajax (HC049) 68.24 50.27 -26.3% 68.91 58.03 -16% 54.78 46.32 -15%
West Duffins Above Green River (HC038) 8.84 8.16 -7.7% 10.32 7.63 -26% 7.04 6.30 -10%
Urfe Creek (HY065) 9.35 4.44 -52.5% 7.16 5.17 -28% 5.04 4.24 -16%
Brougham Creek (HY010) 7.03 5.16 -26.7% 9.02 5.11 -43% 6.22 5.03 -19%

Table 3.8 - Comparison of Observed vs. Simulated Peak Flow for Validation Events

May 11, 2000 June 13, 2000 June 24, 2000
61.8 mm 45.4 mm 41.0 mm
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Storm:
Rainfall Depth (mm)

Observed Simulated Difference Observed Simulated Difference Observed Simulated Difference
Time to Time to Time to Time to Time to Time to
Peak (h) Peak (h) Peak (h) Peak (h) Peak (h) Peak (h)

Time: Hours
Reesor Creek (HY999) 51 51.50 0.50 11.00 13.75 2.75 36.00 34.25 -1.75
Duffiins Creek Above Pickering (HC019) 53.00 52.25 -0.75 13.00 14.00 1.00 35.00 35.25 0.25
Duffins Creek at Ajax (HC049) 56.25 54.75 -1.50 17.25 16.50 -0.75 37.25 37.75 0.50
West Duffins Above Green River (HC038) 49.00 54.50 5.50 10.00 16.25 6.25 34.00 38.00 4.00
Urfe Creek (HY065) 54.00 51.00 -3.00 16.00 13.25 -2.75 35.00 34.00 -1.00
Brougham Creek (HY010) 51.00 50.25 -0.75 14.00 12.75 -1.25 34.00 33.25 -0.75

May 11, 2000 June 13, 2000 June 24, 2000

Table 3.9 - Comparison of Observed vs. Simulated Time to Peak for Validation Events

61.8 mm 45.4 mm 41.0 mm
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validation events, it does provide a good representation of the rainfall-runoff response for the 

events. 

 

3.3 Calibration-Validation Summary 
 

As demonstrated through the calibration and validation process, good model results were 

achieved, on average, for the various storm events and gauge sites. 

 

Differences between the observed and simulated streamflow results were investigated further by 

the City of Pickering through a review of available radar data for each of the calibration and 

validation storm events.  This was important for the validation events, in particular, where data 

from only a single rainfall gauge was available to simulate the storm events over the whole 

watershed.  The results of this review are provided in Appendix G, and include a description of 

how each storm moved through the Duffins Creek watershed and a comparison of the rainfall 

amounts recorded with the radar data versus the rainfall gauges used in the modelling.  In many 

cases, the storm direction, rainfall patterns, and differences between rainfall amounts can help to 

explain some of the differences between the observed streamflows and the model results. 

 

In general, the simulated hydrograph characteristics (i.e. volume, peak flow, shape) were found 

to be reasonable given the variability and uncertainty associated with rainfall data and 

streamflow measurements.  In summary, the calibrated hydrologic model can be considered 

representative of the watershed. 

 

 

  



City Of Pickering / TRCA  11 February 2013 
2012 Duffins Creek Hydrology Update  

 Aquafor Beech Limited 11  

4.0 HYDROLOGIC ASSESSMENT AND DESIGN STORM FLOW 
ESTIMATES 

 

Peak flows were established at key locations in the study area for the existing and projected 

future landuse scenarios.  A design storm approach was used to estimate the 2, 5, 10, 25, 50, and 

100-year peak flows, and the Regulatory Storm.  The Regulatory Storm in the study area for 

floodplain management purposes is based on Hurricane Hazel. 

 

With a design storm approach, a rainfall input (i.e. duration, return period depth, and temporal 

distribution) is selected and design flows are determined using specified antecedent moisture 

conditions and a computational technique such as a hydrologic model.  It is assumed with this 

approach that peak flows which are generated are of approximately the same return period as the 

applied design storm. 

 

While the antecedent conditions present at the time of the storm events used in the calibration-

validation process were measurable from recorded data, the antecedent conditions prior to a 

future storm event or a synthetic design storm event are unknown and therefore assumptions 

must be made.  For the purposes of this study, average antecedent moisture conditions were 

assumed for the 2-year through 100-year design storms, while saturated antecedent moisture 

conditions were assumed for the Regional Storm event.  The CN parameters within the model 

were set accordingly for these combinations of design storms and antecedent conditions. 

 

4.1 Design Storm Selection 
 

The 12-hour AES design storm was selected for application to the Duffins Creek watershed.  The 

AES distribution was selected over both the U.S. Soil Conservation Service (SCS) and Chicago 

distributions, as it is more suitable for a Southern Ontario study area.  The 12-hour duration was 

selected as it is representative of the predominant type of storm which will cause flooding on a 

primarily rural watershed of this size.  Further, the 12-hour storm was typically found to be the 

critical duration in previous hydrologic studies of Duffins Creek (Aquafor, 1991).  Hyetographs 

for the 2-year through 100-year and Regulatory Storm events are provided in Appendix H. 
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4.2 Design Storm Flow Estimates - Existing Landuses 
 

The calibrated hydrologic model for Duffins Creek was used as the basis for estimating design 

storm flow rates.  The following assumptions and techniques were used to apply the design 

storms over the watershed hydrologic model: 

 

• for the 2-year through 100-year design storm events, average antecedent moisture 

conditions (AMC2) were assumed, and the CN values were set accordingly;; 

• for the Regional Storm event, saturated antecedent moisture conditions (AMC3) were 

assumed, and the CN values were set accordingly;; 

• areal reduction factors were applied to the Regional Storm rainfall depth using the 

“equivalent circular area method”; and 

• as per the Ontario Ministry of Natural Resources’ “Technical Guide – River and Stream 

Systems: Flooding Hazard Limit”, the routing effects associated with existing stormwater 

management facilities and the Stouffville dam were not considered for the Regional 

Storm model simulations. 

 

Peak flow estimates for the existing landuse scenario were obtained at key locations throughout 

the Duffins Creek Watershed.  Summarized in Table 4.1 are the estimated design flows at the 

“flow node” locations illustrated in Figure 4.1.  Peak flow estimates from the previous 2002 

Duffins Creek Hydrology Update Study are also included in Table 4.1 for comparison.  As 

shown, the peak flow estimates from the current 2012 study are lower at most locations than the 

estimates from the 2002 study.  Small increases over the 2002 estimates were noted for some 

design storms at locations within Stouffville Creek and Reesor Creek.  These differences are 

attributed to the improved calibration achieved in this study using more detailed streamflow and 

rainfall gauge coverage over the watershed. 

 

For comparison, the predicted design storm flow estimates were plotted against the observed 

flood frequency curves at the 02HC049 (Duffins Creek at Ajax) and 02HC019 (Duffins Creek 

above Pickering) streamflow gauges.  As shown in Figure 4.2 and 4.3, the hydrologic model 
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Model Areal

Flow Node Location Landuse Scenario Catchment HYD Drainage Area Reduction

Ref. No. (km2) Factor* 2 Yr 5 Yr 10 Yr 25 Yr 50 Yr 100 Yr Regional Storm

2.5 Stouffville Creek north of Bethesda Road Existing Landuses (2002 model) 1 2.8 1.5 2.5 3.1 4.1 4.8 5.6 22.3

Existing Landuses (2012) 17 9916 5.5 1.2 2.1 2.8 3.7 4.4 5.2 27.8

Future (Official Plan) Landuses 5.5 1.2 2.1 2.8 3.7 4.5 5.2 28.0

Future Landuses with Airport 5.5 1.2 2.1 2.8 3.7 4.5 5.2 28.0

2.4 Stouffville Creek south of Main Street

Existing Landuses (2012) 16 1608 8.4 4.1 5.8 7.1 8.9 10.2 12.5 52.8
Future (Official Plan) Landuses 8.4 4.4 6.2 7.6 9.4 10.9 13.2 53.7
Future Landuses with Airport 8.4 4.4 6.2 7.6 9.4 10.9 13.2 53.7

2.1 Stouffville Creek at Townline Road Existing Landuses (2002 model) 2 13.7 4.8 7.4 9.3 12.0 13.9 16.2 66.4

Existing Landuses (2012) 14 1402 13.9 3.6 5.4 6.8 8.6 10.0 11.5 75.2

Future (Official Plan) Landuses 13.9 3.7 5.6 6.9 8.8 10.2 11.8 76.2

Future Landuses with Airport 13.9 6.1 8.3 9.7 11.5 12.9 14.5 79.1

3.3 Reesor Creek at Bethesda Road

Existing Landuses (2012) 22 2207 10.0 2.1 3.4 4.3 5.5 6.5 7.5 38.0

Future (Official Plan) Landuses 10.0 2.1 3.4 4.3 5.5 6.5 7.5 38.0

Future Landuses with Airport 10.0 2.1 3.4 4.3 5.5 6.5 7.5 38.0

3.2 Trib of Reesor Creek conflunce with Ressor Creek at Main Street

Existing Landuses (2012) 21 2101 2.5 0.8 1.4 1.7 2.2 2.6 3.0 13.1

Future (Official Plan) Landuses 2.5 0.8 1.4 1.7 2.2 2.6 3.0 13.1

Future Landuses with Airport 2.5 0.8 1.4 1.7 2.2 2.6 3.0 13.1

3.1 Ressor Creek at Main Street

Existing Landuses (2012) 20 2006 12.1 2.8 4.3 5.3 6.6 7.7 8.8 46.5

Future (Official Plan) Landuses 12.1 2.7 4.2 5.3 6.6 7.7 8.8 48.1

Future Landuses with Airport 12.1 2.7 4.2 5.3 6.6 7.7 8.8 48.1

3 Reesor Creek at Townline road Existing Landuses (2002 model) 3 19.0 3.9 6.2 7.7 9.8 11.4 13.1 59.2

Existing Landuses (2012) 19 1902 18.6 4.5 6.8 8.4 10.5 12.3 14.2 65.4

Future (Official Plan) Landuses 18.6 4.4 6.8 8.4 10.5 12.3 14.2 65.5

Future Landuses with Airport 18.6 4.3 6.6 8.2 10.2 12.0 13.8 65.1

4.2 Reesor Creek at 8th Conc.  (Gauge HY999) Existing Landuses (2002 model) 9.6 15.5 19.7 25.6 30.2 35.1 170.6

Existing Landuses (2012) 13 1302 35.4 8.7 13.2 16.4 20.7 24.2 27.9 146.1

Future (Official Plan) Landuses 35.4 8.8 13.3 16.5 20.8 24.3 28.0 146.8

Future Landuses with Airport 35.4 11.8 15.6 18.1 21.5 24.0 26.6 143.7

4.1 Reesor Creek at Townline road/north of Green River Existing Landuses (2002 model) 4 39.5 9.2 14.4 18.0 23.0 26.8 30.9 134.8

Existing Landuses (2012) 12 1202 39.9 9.5 14.6 18.3 23.0 26.8 30.9 151.7

Future (Official Plan) Landuses 39.9 9.6 14.8 18.4 23.1 26.9 31.1 152.4

Future Landuses with Airport 39.9 24.8 32.9 39.0 45.9 51.1 56.3 149.8

5 West Duffins Creek north of Webb Road at Glasgow

Existing Landuses (2012) 28 2804 25.5 3.6 5.8 7.4 9.7 11.6 13.6 77.5

Future (Official Plan) Landuses 25.5 3.5 5.8 7.3 9.6 11.5 13.5 77.6

Future Landuses with Airport 25.5 3.5 5.8 7.3 9.6 11.5 13.5 77.6

6.1 West Duffins Creek south of Ninth Concession Road Existing Landuses (2002 model) 6 32.5 5.0 8.4 10.8 14.3 17.1 20.0 107.6

Existing Landuses (2012) 26 2604 31.2 4.4 7.2 9.2 12.0 14.3 16.8 87.6

Future (Official Plan) Landuses 31.2 4.4 7.2 9.1 12.0 14.2 16.7 88.0

Future Landuses with Airport 31.2 4.2 6.9 8.8 11.5 13.8 16.2 86.8

97.1%

99.2%

97.1%

95.4%

98.2%

97.1%

98.2%

100%

100.0%

100.0%

Table 4.1:  

Peak Flow Rate (m3/s)

100.0%

Summary of Estimated Design Flows for Various Landuse Scenarios



Model Areal

Flow Node Location Landuse Scenario Catchment HYD Drainage Area Reduction

Ref. No. (km2) Factor* 2 Yr 5 Yr 10 Yr 25 Yr 50 Yr 100 Yr Regional Storm

Table 4.1:  

Peak Flow Rate (m3/s)

Summary of Estimated Design Flows for Various Landuse Scenarios

7 Wixon Creek south of Ninth Concession Road Existing Landuses (2002 model) 7 10.8 2.1 3.3 4.2 5.4 6.4 7.4 34.6

Existing Landuses (2012) 27 2701 11.4 1.6 2.5 3.1 4.0 4.8 5.5 25.9

Future (Official Plan) Landuses 11.4 1.6 2.5 3.1 4.0 4.8 5.5 25.9

Future Landuses with Airport 2703 11.4 1.4 2.3 2.9 3.8 4.5 5.2 24.9

8.1 West Duffins Creek south of Seventh Concession Road Existing Landuses (2002 model) 8 48.5 8.1 13.3 17.0 22.3 26.4 30.8 150.4

Existing Landuses (2012) 25 2502 46.8 6.6 10.6 13.6 17.9 21.1 24.6 116.2

Future (Official Plan) Landuses 46.8 6.6 10.6 13.5 17.8 21.0 24.5 116.8

Future Landuses with Airport 46.8 16.4 22.0 25.5 30.0 33.4 36.7 106.4

10.1 West Duffins Creek above confluence with Reesor Creek (Gauge HC038) Existing Landuses (2002 model) 10 61.8 10.9 17.7 22.6 29.4 34.7 40.3 186.2

Existing Landuses (2012) 23 2302 60.7 9.1 14.6 18.5 24.2 28.3 33.0 145.8

Future (Official Plan) Landuses 60.7 9.1 14.5 18.4 24.1 28.2 32.9 146.4

Future Landuses with Airport 60.7 53.8 71.0 82.0 96.3 107.2 118.1 195.9

11.2 Tributary of West Duffins Creek Existing Landuses (2002 model) 1.0 1.6 2.0 2.6 3.0 3.5 15.0

Existing Landuses (2012) 11 1101 4.3 0.9 1.5 1.8 2.4 2.8 3.2 13.7

Future (Official Plan) Landuses 4.3 0.9 1.5 1.8 2.4 2.8 3.2 13.7

Future Landuses with Airport 1103 4.3 15.5 20.7 23.9 27.9 30.9 33.8 47.8

11.5 Whitevale Creek at Hwy 7

Existing Landuses (2012) 10 1004 108.3 19.2 30.5 38.4 49.8 58.3 67.5 302.6

Future (Official Plan) Landuses 108.3 19.2 30.6 38.4 49.7 58.3 67.5 303.1

Future Landuses with Airport 108.3 67.8 87.7 102.5 121.8 136.7 151.7 370.3

11.4 West Duffins Creek at Whitevale Road

Existing Landuses (2012) 7 704 115.5 20.3 32.4 40.7 52.6 61.6 71.2 316.9

Future (Official Plan) Landuses 115.5 20.1 32.1 40.1 51.7 60.6 70.1 311.4

Future Landuses with Airport 115.5 68.5 88.5 101.9 120.4 134.0 147.9 385.6

11.3 Whitevale Creek above confluence with West Duffins Creek Existing Landuses (2002 model) 11‐2 5.6 1.3 2.0 2.6 3.3 3.9 4.5 21.1

Existing Landuses (2012) 30 3004 5.5 1.3 2.0 2.6 3.3 3.9 4.5 21.2

Future (Official Plan) Landuses 5.5 10.0 13.1 15.2 18.2 20.3 22.4 39.2

Future Landuses with Airport 5.5 15.1 19.6 22.7 26.7 30.0 33.0 51.3

11.1 West Duffins Creek at Taunton Road/ at Clarkes Hollow Existing Landuses (2002 model) 11 126.1 23.9 38.3 48.5 63.0 73.9 85.0 354.4

Existing Landuses (2012) 6 604 119.8 20.9 33.6 41.9 54.2 63.6 73.6 311.6

Future (Official Plan) Landuses 119.8 20.6 33.1 41.3 53.3 62.5 72.3 305.5

Future Landuses with Airport 119.8 66.5 87.0 100.5 119.1 133.1 147.2 369.1

11.6 Small Trib confluence with West Duffins Creek at Taunton Road West

Existing Landuses (2012) 32 3201 1.4 0.8 1.2 1.6 2.0 2.3 2.7 9.6

Future (Official Plan) Landuses 3203 1.4 3.4 4.5 5.3 6.2 7.0 7.7 13.6

Future Landuses with Airport 1.4 3.4 4.5 5.3 6.2 7.0 7.7 13.6

12.2 West Duffins Creek at Valley Farm Road

Existing Landuses (2012) 5 508 132.8 22.2 36.4 44.8 57.5 67.3 77.6 325.9

Future (Official Plan) Landuses 132.8 21.4 35.2 43.0 55.0 64.4 74.3 312.0

Future Landuses with Airport 132.8 62.1 80.2 93.0 109.6 121.8 134.5 358.6

12.1 West Duffins Creek at Pickering Existing Landuses (2002 model) 12 135.1 24.8 39.9 50.5 65.5 76.9 88.6 368.2

Existing Landuses (2012) 4 414 134.6 22.3 36.5 45.0 57.7 67.4 77.7 326.2

Future (Official Plan) Landuses 134.6 21.4 35.3 43.1 55.1 64.4 74.3 312.1

Future Landuses with Airport 134.6 62.4 80.7 93.1 109.8 121.9 134.4 358.8

13.1 East Trib of Michell Creek at Brock Road

Existing Landuses (2012) 49 4903 8.1 1.8 2.8 3.6 4.6 5.5 6.4 34.0

Future (Official Plan) Landuses 8.1 3.2 4.8 6.1 8.1 9.4 10.7 38.0

Future Landuses with Airport 8.1 3.8 5.5 6.9 9.0 10.4 11.9 38.8

13 Michell Creek at Brock Road Existing Landuses (2002 model) 13 17.4 7.9 12.3 15.3 19.5 22.7 26.1 97.4

Existing Landuses (2012) 48 111 16.9 5.2 8.2 10.4 13.3 15.7 18.1 78.6

Future (Official Plan) Landuses 16.9 5.3 8.3 10.5 13.4 15.7 18.2 78.4

Future Landuses with Airport 16.9 13.2 18.0 21.4 26.1 29.7 33.1 86.9

97.1%

93.5%

89.4%

100.0%

89.4%

89.4%

99.2%

94.2%

100.0%

94.8%

99.2%

100.0%

94.8%
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14.1 Michell Creek above confluence with East Duffins Creek (Gauge HY047) Existing Landuses (2002 model) 14 23.6 10.5 16.6 20.8 26.8 31.4 35.8 129.5

Existing Landuses (2012) 47 4704 23.7 7.2 11.5 14.5 18.8 22.1 25.6 109.1

Future (Official Plan) Landuses 23.7 7.8 12.3 15.4 19.8 23.2 26.8 111.0

Future Landuses with Airport 23.7 18.3 24.8 29.5 35.7 40.4 45.5 123.3

19.2 East Duffins Creek at Claremont (Gauge HY023)

Existing Landuses (2012) 50 113 61.9 15.1 24.2 30.7 40.0 47.3 54.5 254.0

Future (Official Plan) Landuses 61.9 15.7 24.9 31.5 40.9 48.3 55.5 254.5

Future Landuses with Airport 61.9 20.2 28.1 33.9 41.6 47.7 54.9 248.7

19.1 East Duffins Creek at Whitevale Road/above Brougham Creek Existing Landuses (2002 model) 19 68.2 24.0 39.0 49.5 64.3 75.8 87.8 346.4

Existing Landuses (2012) 46 4604 67.9 15.0 24.6 31.1 40.6 48.0 55.7 249.1

Future (Official Plan) Landuses 67.9 15.6 25.3 31.9 41.5 48.9 56.8 247.8

Future Landuses with Airport 67.9 17.5 27.0 33.5 42.8 50.1 57.6 242.4

20.1 Brougham Creek north of Whitevale Road

Existing Landuses (2012) 45 4501 5.6 1.9 3.0 3.8 4.9 5.8 6.7 30.0

Future (Official Plan) Landuses 5.4 1.8 2.9 3.7 4.8 5.7 6.6 29.3

Future Landuses with Airport 4503 5.6 4.1 5.5 6.4 7.6 8.6 9.5 29.8

20 Brougham Creek south of Whitevale Road (Gauge HY010) Existing Landuses (2002 model) 20 15.5 6.8 10.7 13.3 17.0 19.8 22.8 88.3

Existing Landuses (2012) 44 4404 14.8 4.6 7.4 9.4 12.1 14.3 16.6 77.0

Future (Official Plan) Landuses 14.8 6.7 9.4 11.3 13.9 15.9 17.9 75.4

Future Landuses with Airport 14.8 26.4 35.1 41.0 48.5 55.3 61.1 111.2

21.2 East Duffins Creek at Taunton Road (Gauge HC019) Existing Landuses (2002 model) 21‐1 86.9 31.5 51.3 65.2 83.9 99.0 114.6 421.7

Existing Landuses (2012) 43 4304 86.3 19.3 31.5 39.8 52.0 61.5 71.6 303.2

Future (Official Plan) Landuses 86.3 19.9 32.2 40.6 52.8 62.4 72.5 299.4

Future Landuses with Airport 86.3 28.8 40.1 48.1 58.8 66.0 75.6 292.5

21.1 East Duffins Creek south of Rossland Road/above East Duffins Creek Existing Landuses (2002 model) 21 92.0 32.6 53.7 68.2 87.5 103.4 120.0 437.5

Existing Landuses (2012) 42 4208 89.3 19.1 30.7 38.9 50.8 60.2 70.1 307.5

Future (Official Plan) Landuses 89.3 19.7 31.4 39.7 51.5 60.9 70.7 301.4

Future Landuses with Airport 89.3 26.3 37.8 45.9 57.3 65.8 75.2 293.3

23.3 West Trib conflunce with Urfe Creek / South of Whitevale Road

Existing Landuses (2012) 38 3803 3.4 0.8 1.3 1.7 2.1 2.5 2.9 13.9

Future (Official Plan) Landuses 3.4 4.7 6.2 7.2 8.5 9.5 10.5 20.0

Future Landuses with Airport 3.4 10.0 12.9 14.9 17.4 19.4 21.3 32.2

23.2 East Trib conflunce with Urfe Creek / South of Whitevale Road

Existing Landuses (2012) 39 3903 3.5 0.7 1.0 1.3 1.7 2.0 2.3 11.3

Future (Official Plan) Landuses 3.5 2.3 3.1 3.6 4.3 4.8 5.4 13.4

Future Landuses with Airport 3.5 13.7 18.2 21.0 24.5 27.2 29.8 42.1

23.1 Urfe Creek south of Rossland Road/above East Duffins Creek (Gauge HY065) Existing Landuses (2002 model) 23 14.4 5.1 8.1 10.2 13.2 15.3 17.5 68.0

Existing Landuses (2012) 36 3608 15.0 3.1 4.9 6.2 8.1 9.5 11.0 52.6

Future (Official Plan) Landuses 14.9 8.6 11.5 13.4 16.0 18.0 20.1 72.1

Future Landuses with Airport 14.9 17.2 23.4 27.6 33.4 37.8 42.4 102.8

25.3 West Trib of Ganatsekiagon / South of Whitevale Road

Existing Landuses (2012) 34 3403 3.6 1.0 1.6 2.1 2.7 3.1 3.6 16.2

Future (Official Plan) Landuses 3.6 6.7 8.8 10.3 12.1 13.8 15.2 27.0

Future Landuses with Airport 3.6 10.4 13.6 15.8 18.6 20.7 23.1 35.9

25.4 East Trib of Ganatsekiagon / South of Whitevale Road

Existing Landuses (2012) 35 3503 3.4 1.0 1.5 1.9 2.5 3.0 3.4 15.7

Future (Official Plan) Landuses 3.4 6.9 9.1 10.5 12.6 14.1 15.6 27.0

Future Landuses with Airport 3.4 9.6 12.6 14.6 17.2 19.1 21.3 33.5

25.2 Ganatsekiagon Creek east of Brock Road / above East Duffins Creek Existing Landuses (2002 model) 25 12.9 4.4 6.9 8.7 11.1 13.0 14.9 59.4

Existing Landuses (2012) 33 3304 13.0 3.4 5.5 6.9 8.8 10.4 12.0 54.4

Future (Official Plan) Landuses 13.1 12.1 16.2 19.0 22.8 25.6 28.5 74.9

Future Landuses with Airport 13.1 14.9 19.8 23.1 27.9 31.6 35.7 85.3
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Model Areal

Flow Node Location Landuse Scenario Catchment HYD Drainage Area Reduction

Ref. No. (km2) Factor* 2 Yr 5 Yr 10 Yr 25 Yr 50 Yr 100 Yr Regional Storm

Table 4.1:  

Peak Flow Rate (m3/s)

Summary of Estimated Design Flows for Various Landuse Scenarios

26.5 East Duffins Creek at Pickering Existing Landuses (2002 model) 21 119.3 42.1 68.7 86.9 111.8 131.5 152.2 553.4

Existing Landuses (2012) 41 4112 119.5 24.7 39.3 49.8 64.9 76.8 89.4 398.5

Future (Official Plan) Landuses 119.5 24.7 38.7 48.7 63.2 74.6 86.7 371.3

Future Landuses with Airport 119.5 47.8 64.0 74.7 89.1 100.9 112.5 411.4

26.4 Duffins Creek at Kingston Road Existing Landuses (2002 model) 26 254.4 65.5 104.1 131.9 171.6 201.8 232.3 895.7

Existing Landuses (2012) 3 308 255.6 45.6 75.3 93.2 119.5 139.7 161.3 696.8

Future (Official Plan) Landuses 255.6 44.7 73.5 90.1 114.6 134.1 154.5 653.3

Future Landuses with Airport 255.6 107.7 141.5 164.9 196.0 219.1 243.2 759.2

27.3 Miller Creek at Taunton Road East

Existing Landuses (2012) 56 5603 4.6 1.5 2.5 3.1 4.0 4.7 5.5 27.8

Future (Official Plan) Landuses 4.6 1.8 2.8 3.7 4.7 5.6 6.4 28.8

Future Landuses with Airport 4.6 1.8 2.8 3.7 4.7 5.6 6.4 28.8

27.2 Millers Creek at Rossland Road East

Existing Landuses (2012) 55 5512 7.8 4.0 6.4 8.3 10.9 12.7 14.6 52.2

Future (Official Plan) Landuses 7.8 4.9 8.1 10.6 13.9 16.3 18.6 56.8

Future Landuses with Airport 7.8 4.9 8.1 10.6 13.9 16.3 18.6 56.8

27.1 Millers Creek at Kingston Road

Existing Landuses (2012) 54 5420 12.7 7.1 12.5 16.0 21.6 26.9 31.7 96.7

Future (Official Plan) Landuses 12.7 8.9 15.0 19.5 26.1 32.1 37.6 105.8

Future Landuses with Airport 12.7 8.9 15.0 19.5 26.1 32.1 37.6 105.8

27 Millers Creek south of Hwy 401/ above Duffins Creek Existing Landuses (2002 model) 27 17.0

Existing Landuses (2012) 53 5304 16.1 12.5 19.4 25.4 33.4 40.0 46.1 131.8

Future (Official Plan) Landuses 16.1 14.2 22.1 28.8 37.7 44.8 51.7 140.9

Future Landuses with Airport 16.1 14.2 22.1 28.8 37.7 44.8 51.7 140.9

28.1 Duffins Creek at Ajax (Gauge HC049)

Existing Landuses (2012) 2 204 258.0 45.4 74.3 92.6 118.6 138.9 160.5 666.1

Future (Official Plan) Landuses 258.0 44.6 72.1 89.5 113.8 133.0 153.6 625.0

Future Landuses with Airport 258.0 104.9 138.8 162.4 193.5 216.6 240.6 719.6

28 Duffins Creek at Lake Ontario Existing Landuses (2002 model) 28 283.1 69.5 110.2 139.1 180.7 212.7 244.8 900.8

Existing Landuses (2012) 1 14 280.2 34.9 58.5 73.8 97.9 115.6 135.0 581.5

Future (Official Plan) Landuses 280.2 37.8 61.9 76.7 99.5 117.0 135.6 560.1

Future Landuses with Airport 280.2 68.1 98.6 117.9 145.7 166.2 188.3 616.3

*  Areal Reduction Factor applied to Regional Storm
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FIGURE 4.2: 
Observed vs. Predicted Flood Frequency 

Streamflow Gauge 02HC049 (Duffins Creek at Ajax)

Observed Annual Peak Flows Log Pearson - Weighted SKEW 95% Upper 95% Lower Simulated 12 hour AES storm
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FIGURE 4.3: 
Observed vs. Predicted Flood Frequency 

Streamflow Gauge 02HC019 (Duffins Creek above Pickering)

Observed Annual Peak Flows Log Pearson - Station SKEW 95% Upper 95% Lower Simulated 12 hour AES storm
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results for the design storm events can be considered representative of the observed flood 

frequencies at these locations.   

 

4.3 Design Storm Flow Estimates - Future Landuses 
 

The hydrologic model was then setup in order to simulate two additional landuse scenarios 

associated with future urban development: 

 

• Future (Official Plan) Landuses - includes future urban development committed on 

Municipal Official Plans.  The majority of the future urban development is located within 

Seaton Lands, immediately north of the existing Pickering-Ajax urban boundary, together 

with other smaller pockets of future urban development in and around Pickering-Ajax 

and Whichurch-Stoufville; and 

• Future Landuses with Airport – This represents a “what if” scenario and includes 

additional potential future urban development, beyond the Official Plan, in the “airport 

lands”,  The assessment is intended to look at the impact of the development of the 

airport lands, located in the middle of the watershed, on the hydrology.  The land use for 

the airport lands that have been incorporated are based on the Pickering Airport Draft 

Plan Report (November 2004).  The report contains a number of runway sitings and 

configurations, and presents a preferred runway siting concept.  Given the number of 

configurations, incorporating significant detail into the delineation of the land cover for 

the airport is not worth while at this time.  The two common components of the plan were 

a green space area, located along the western and northern portions of the airport lands, 

and a future development area contained within the remainder of the lands.  The land 

cover was estimated with reference to Pearson Airport which has very dense commercial 

development in the surrounding areas.  As such, a 30m green space corridor was assumed 

for each of the existing headwater creeks within the development area, and the remainder 

was assumed to be developed with Industrial/Commercial uses (90% imperviousness). 

 

The existing, future (Official Plan) and future airport urban development lands are illustrated in 

Figure 4.4. 
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The TRCA GIS database was again used to derive the hydrologic model parameters associated 

with the future landuse scenarios listed above (i.e. CN values, percent impervious, etc.). It should 

be noted that the City’s Neighborhood Plans were used for model parameterization within the 

Seaton Lands.  Model parameters associated with future landuses are provided in Appendix A.  

Table 4.2 summarizes the percent imperviousness values assumed for future urban development. 

 

Table 4.2 

Summary of Parameters Applied to Future Urban Development Areas 

Land Cover 
Percent 

Impervious 

CN* 

A 

Soils 

B 

Soils 

C 

Soils 

D 

Soils 

Future Low Density Residential  60% 56 71 81 85 

Future Medium Density Residential 70% 56 71 81 85 

Future High Density Residential 80% 56 71 81 85 

Future Employment/Industrial/Commercial 95% 56 71 81 85 

 

With the exception of the twenty seven existing and ten approved stormwater management ponds 

(Table 2.2), the future (Official Plan) and “future with airport” landuse scenarios were modelled 

without any stormwater facilities in place to control increased runoff associated with the future 

development areas.  Table 4.1 compares the peak flows associated with these uncontrolled future 

landuses scenarios to the baseline existing conditions.  As shown, the largest peak flow increases 

are expected where significant development is planned (Figure 4.4) within small tributaries.  A 

summary of the predicted impacts from uncontrolled development under the Future (Official 

Plan) landuse scenario is provided below: 

 

• Stouffville Creek (node 2.1) - minor peak flow increases of approximately 2% or less for 

the 100-year flow and Regional Storm flow;  

• Reesor Creek (node 4.1) - minor peak flow increases of approximately 1% or less for the 

100-year flow and Regional Storm flow;  
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• West Duffins Creek south of Seventh Concession Road (node 8.1) – negligible changes 

for both the 100-year flow and Regional Storm flow;  

• Whitevale Creek above West Duffins Creek (node 11.3) – large increases of 

approximately 400% for the 100-year flow and over 80% for Regional Storm flow; 

• West Duffins Creek at Pickering (node 12.1) – minor decreases in both the 100-year 

flow and Regional Storm flow;  

• Mitchell Creek above East Duffins Creek (node 14.1) – minor increases of less than 5% 

in both the 100-year flow and Regional Storm flow;  

• Brougham Creek (node 20.0) - minor peak flow increase of less than 10% for the 100-

year flow and a minor decrease in the Regional Storm flow;  

• East Duffins Creek south of Rossland Road (node 21.1) – negligible increase of less 

than 1% for the 100-year flow and a minor decrease in the Regional Storm flow;  

• Urfe Creek above East Duffins Creek south of Rossland Road (node 23.1) – significant 

increases of approximately 80% for the 100-year flow and over 40% for Regional Storm 

flow;  

• Ganatsekiagon Creek above East Duffins Creek east of Brock Road (node 25.21) – 

large increases of approximately 140% for the 100-year flow and almost 40% for 

Regional Storm flow;  

• Duffins Creek at Kingston Road (node 26.4) - minor decrease in both the 100-year flow 

and the Regional Storm flow;  

• Millers Creek above Duffins Creek, south of Hwy. 401 (node 27.0) - minor increase of 

over 10% for the 100-year flow and over 5% for the Regional Storm flow;  

• Duffins Creek at Ajax (node 28.1) - minor decrease in both the 100-year flow and the 

Regional Storm flow; 
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5.0 SEATON LANDS STORMWATER MANAGEMENT CONTROLS 
 

Following the assessment of the impacts of future urban development on Duffins Creek flood 

flows, further modelling work was undertaken to develop a stormwater management mitigation 

strategy.  It is understood that stormwater controls will be necessary within many future urban 

development areas to mitigate potential water quality, erosion and flooding impacts.  In terms of 

flood (quantity) control, it is assumed that stormwater ponds and/or other techniques will be used 

to control runoff from future development such that the flood frequencies on the local and 

downstream tributary reaches do not increase beyond acceptable levels. 

 

This study focused on the establishment of flood control criteria for the Seaton Lands, where the 

majority of the future urban development will take place (Figure 4.4).  Development of 

additional stormwater criteria for other proposed urban development (i.e. outside of the Seaton 

Lands), will be investigated further by TRCA, under separate cover. 

 

5.1 Regional Storm Control Assessment 
 

Traditional flood control facilities are typically sized to prevent flow increases for the 2-year 

through 100-year events.  However, the impacts of the future landuse changes on the Regional 

Storm flows were also investigated in order to determine whether a Regional Storm control 

strategy or a downstream Flood Remediation Environmental Assessment was warranted to 

address the downstream impacted associated with the development of the Seaton Lands. 

 

As noted in Section 4.3, for the future landuse scenario, the only significant increases to the 

Regional Storm flows were found on the smaller tributaries within the Seaton Lands, such as 

Whitevale Creek, Urfe Creek, Ganatsekiagon Creek, as well as some of the small unnamed 

tributaries of the West Branch.  However, due to hydrograph timing, no significant increases are 

predicted on the East or West Branches of Duffins Creek, or downstream of the Seaton Lands, 

including the Main Branch reach through the Pickering and Ajax Special Policy Area (SPA), 

which are known flood-susceptible areas.  In, fact, minor decreases in Regional Storm flows are 
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predicted over this reach.  From a hydrograph timing perspective the existing conditions model 

represents the “worst case” scenario, as peak flows from tributary areas converge at the same 

time as peak flows from main branch areas (i.e. East and West Duffins Creek). The convergence 

of flows noted above dictates flows through the Pickering Ajax SPA.  

 

The slight decrease in Regional Flows through the Pickering Ajax SPA was also observed as part 

of the 2002 Hydrology Update, where a 4% decrease in Regional flows was observed.  

From a Regional Storm perspective, it is understood that increases to Regional flows, though 

local tributary areas, like the Whitevale, Ganatsekiagon, Urfe, and Brougham Creek represent a 

benefit from a watershed perspective, as peak flows through the Pickering Ajax SPA are 

reduced. It should be noted that the benefit of hydrograph timing through the SPA would not be 

realized if stormwater management controls, for the Regional storm, were applied for the 

purposes of addressing local increases for the sub-watersheds within the Seaton lands 

(Whitevale, Ganatsekiagon, Urfe, and Brougham Creek).  

 

The Regional Storm model results were reviewed with City and TRCA staff.  Given that the 

Regional Storm increases on the smaller local tributaries were expected to be contained within 

the valley corridors of the natural heritage systems, and given that no increases in flows were 

expected in the larger East, West, or Main Branches, it was concluded that a downstream Flood 

Remediation Environmental Assessment,   or additional stormwater management controls for the 

Regional Storm  are not required within the Seaton Lands. 

 

5. 2 2-Year to 100-Year Controls 
 

Further modelling was undertaken to estimate the necessary 2-year to 100-year flood control 

requirements for the Seaton Lands.  Reservoir routing was added to the 2012 hydrologic model 

to simulate stormwater management controls in the proposed future urban development areas 

within the Seaton Lands.  This included development lands in the following tributary 

catchments: 

 

• Unnamed Tributaries No. 1, 2 and 3 to West Duffins Creek (catchments 32, 8 and 9); 
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• Whitevale Creek Main and East Branches (catchments 30 and 31); 

• Ganatsekiagon Creek Main, West and East Branches (catchments 33, 34 and 35); 

• Urfe Creek Upper Main, Upper West, Upper East, and Lower East Branches (catchments 

37, 38, 39 and 40); and 

• Brougham Creek (catchment 44). 

 

With respect to those portions of the Seaton Lands which drain directly to the East or West 

Branches of Duffins Creek, it was assumed that flood control facilities would not be required.  

Review of the model results in Section 4.3 indicates that, even without any stormwater controls 

in the future (Official Plan) scenario, the changes to the flood flows within these reaches are 

negligible. 

 

The updated hydrologic model was used to assess two alternative quantity control strategies over 

the Seaton Lands: 

 

• using the unit flow strategy defined previously in the 2002 study; and 

• using updated unit flow criteria based on the pre-development unit flows from the current 

2012 model results. 

 

2002 Unit flow Strategy: 

The 2002 Duffins Creek Hydrology Update Study developed a set of unit flow equations to 

define pre-development release rate targets for stormwater facilities within future urban 

development lands.  The 2002 unit flow equations were developed for select catchments and 

applied over other hydrologically-similar adjacent catchments. 

 

This strategy was tested using the updated 2012 hydrologic model.  Within each of the 

catchments in the Seaton Lands, a single Standhyd command was used to simulate drainage from 

the aggregate or “lumped” future urban development area.  The applicable 2002 unit flow 

equations were then used to define 2-year to 100-year target release rates for the model’s 

reservoir routines, and sufficient storage was included in the routines to match these targets. 
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The model results using the 2002 unit flow strategy over the Seaton Lands are summarized in 

Table 5.1.  As shown, the large increases predicted for the 2-year through 100-year flood flows 

due to uncontrolled development on Whitevale Creek, Urfe Creek, and Ganetsekiagon Creek are 

significantly reduced using this strategy.  However many of these flows still exceed the pre-

development flood flows associated with existing landuses by up to approximately 30%. 

 

2012 Unit flow Strategy 

This strategy developed new unit flow stormwater target criteria based on pre-development unit 

flows from the updated 2012 model results.   

 

The pre-development unit flow rates were determined from the rural components of the existing 

landuse model for the catchments within the future Seaton Lands development.  These unit flows 

were used to set the 2-year through 100-year target release rates for the future landuse model’s 

reservoir routines, and sufficient storage was included in the routines to match the targets.  

Again, it was assumed that flood control facilities were not required for those lands draining 

directly to the East or West Branch of Duffins Creek. 

 

The model results using the 2012 unit flow strategy over the Seaton Lands are summarized in 

Table 5.1.  As shown, this strategy successfully mitigates the large flow increases that would 

otherwise occur on Whitevale Creek, Urfe Creek, and Ganetsekiagon Creek.  Further, the 2012 

strategy is marginally better than the 2002 unit flow strategy at matching existing flow rates on 

the West, East and downstream Main Branches. 

 

A summary of the target criteria for stormwater facilities within the Seaton Lands is provided in 

Table 5.2, including applicable catchments, target release rates and storage requirements.   

 

It is understood that some small drainage diversion may be permitted to take place between 

catchments, as development proceeds, in order to facilitate future road patterns and development 

layouts.  The following guidance is suggested for application of the stormwater management 

strategy in the cases of such diversions: 

 



Model Areal

Flow Node Location Catchment HYD Drainage Area Reduction Landuse Scenario Flood Control within Flood Control within other

Ref. No. (km2) Factor* Seaton Lands Future Development Lands 2 Yr 5 Yr 10 Yr 25 Yr 50 Yr 100 Yr

2.5 Stouffville Creek south of Bethesda Road 17 9916 Existing Landuses ‐ ‐ 1.2 2.1 2.8 3.7 4.4 5.2

Future (Official Plan) Landuses none none 1.2 2.1 2.8 3.7 4.5 5.2

Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 1.2 2.1 2.8 3.7 4.5 5.2

Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 1.2 2.1 2.8 3.7 4.5 5.2

2.4 Stouffville Creek south of Main Street 16 1608 Existing Landuses ‐ ‐ 4.1 5.8 7.1 8.9 10.2 12.5

Future (Official Plan) Landuses none none 4.4 6.2 7.6 9.4 10.9 13.2

Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 4.4 6.2 7.6 9.4 10.9 13.2
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 4.4 6.2 7.6 9.4 10.9 13.2

2.1 Stouffville Creek at Townline Road 14 1402 Existing Landuses ‐ ‐ 3.6 5.4 6.8 8.6 10.0 11.5

Future (Official Plan) Landuses none none 3.7 5.6 6.9 8.8 10.2 11.8

Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 3.7 5.6 6.9 8.8 10.2 11.8

Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 3.7 5.6 6.9 8.8 10.2 11.8

3.3 Reesor Creek at Bethesda Road 22 2207 Existing Landuses ‐ ‐ 2.1 3.4 4.3 5.5 6.5 7.5

Future (Official Plan) Landuses none none 2.1 3.4 4.3 5.5 6.5 7.5

Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 2.1 3.4 4.3 5.5 6.5 7.5

Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 2.1 3.4 4.3 5.5 6.5 7.5

3.2 Trib of Reesor Creek conflunce with Ressor Creek at Main Street 21 2101 Existing Landuses ‐ ‐ 0.8 1.4 1.7 2.2 2.6 3.0

Future (Official Plan) Landuses none none 0.8 1.4 1.7 2.2 2.6 3.0

Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 0.8 1.4 1.7 2.2 2.6 3.0

Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 0.8 1.4 1.7 2.2 2.6 3.0

3.1 Ressor Creek at Main Street 20 2006 Existing Landuses ‐ ‐ 2.8 4.3 5.3 6.6 7.7 8.8

Future (Official Plan) Landuses none none 2.7 4.2 5.3 6.6 7.7 8.8

Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 2.7 4.2 5.3 6.6 7.7 8.8

Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 2.7 4.2 5.3 6.6 7.7 8.8

3 Reesor Creek at Townline road 19 1902 Existing Landuses ‐ ‐ 4.5 6.8 8.4 10.5 12.3 14.2

Future (Official Plan) Landuses none none 4.4 6.8 8.4 10.5 12.3 14.2

Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 4.4 6.8 8.4 10.5 12.3 14.2

Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 4.4 6.8 8.4 10.5 12.3 14.2

4.2 Reesor Creek at 8th Conc.  (Gauge HY999) 13 1302 Existing Landuses ‐ ‐ 8.7 13.2 16.4 20.7 24.2 27.9

Future (Official Plan) Landuses none none 8.8 13.3 16.5 20.8 24.3 28.0

Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 8.8 13.3 16.5 20.8 24.3 28.0

Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 8.8 13.3 16.5 20.8 24.3 28.0

4.1 Reesor Creek at Townline road/north of Green River 12 1202 Existing Landuses ‐ ‐ 9.5 14.6 18.3 23.0 26.8 30.9

Future (Official Plan) Landuses none none 9.6 14.8 18.4 23.1 26.9 31.1

Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 9.6 14.8 18.4 23.1 26.9 31.1

Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 9.6 14.8 18.4 23.1 26.9 31.1

5 West Duffins Creek north of Webb Road at Glasgow 28 2804 Existing Landuses ‐ ‐ 3.6 5.8 7.4 9.7 11.6 13.6

Future (Official Plan) Landuses none none 3.5 5.8 7.3 9.6 11.5 13.5

Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 3.5 5.8 7.3 9.6 11.5 13.5

Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 3.5 5.8 7.3 9.6 11.5 13.5

6.1 West Duffins Creek south of Ninth Concession Road 26 2604 Existing Landuses ‐ ‐ 4.4 7.2 9.2 12.0 14.3 16.8

Future (Official Plan) Landuses none none 4.4 7.2 9.1 12.0 14.2 16.7

Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 4.4 7.2 9.1 12.0 14.2 16.7

Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 4.4 7.2 9.1 12.0 14.2 16.7

7 Wixon Creek south of Ninth Concession Road 27 2701 Existing Landuses ‐ ‐ 1.6 2.5 3.1 4.0 4.8 5.5

Future (Official Plan) Landuses none none 1.6 2.5 3.1 4.0 4.8 5.5

Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 1.6 2.5 3.1 4.0 4.8 5.5

Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 1.6 2.5 3.1 4.0 4.8 5.5

8.1 West Duffins Creek South of Seventh Concession Road 25 2502 Existing Landuses ‐ ‐ 6.6 10.6 13.6 17.9 21.1 24.6

Future (Official Plan) Landuses none none 6.6 10.6 13.5 17.8 21.0 24.5

Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 6.6 10.6 13.5 17.8 21.0 24.5

Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 6.6 10.6 13.5 17.8 21.0 24.5

10.1 West Duffins Creek above confluence with Reesor Creek (Gauge HC038) 23 2302 Existing Landuses ‐ ‐ 9.1 14.6 18.5 24.2 28.3 33.0

Future (Official Plan) Landuses none none 9.1 14.5 18.4 24.1 28.2 32.9

Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 9.1 14.5 18.4 24.1 28.2 32.9

Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 9.1 14.5 18.4 24.1 28.2 32.9

11.2 Tributary of West Duffins Creek 11 1101 Existing Landuses ‐ ‐ 0.9 1.5 1.8 2.4 2.8 3.2

Future (Official Plan) Landuses none none 0.9 1.5 1.8 2.4 2.8 3.2

Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 0.9 1.5 1.8 2.4 2.8 3.2

Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 0.9 1.5 1.8 2.4 2.8 3.2

11.5 Whitevale Creek at Hwy 7 10 1004 Existing Landuses ‐ ‐ 19.2 30.5 38.4 49.8 58.3 67.5

Future (Official Plan) Landuses none none 19.2 30.6 38.4 49.7 58.3 67.5

Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 19.2 30.6 38.4 49.7 58.3 67.5

Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 19.2 30.6 38.4 49.7 58.3 67.5

Table 5.1:  

Sumary of Estimated Design Flows for Various Stormwater Control Scenarios

Stormwater Management Scenario
Peak Flow Rate (m3/s)

5.5 100.0%

8.4 99.2%

13.9 98.2%

10.0 100.0%

2.5 100.0%

12.1 100.0%

18.6 97.1%

35.4 97.1%

39.9 95.4%

25.5 98.2%

31.2 97.1%

11.4 99.2%

46.8 94.8%

60.7 94.2%

4.3 100.0%

108.3 94.8%



Model Areal

Flow Node Location Catchment HYD Drainage Area Reduction Landuse Scenario Flood Control within Flood Control within other

Ref. No. (km2) Factor* Seaton Lands Future Development Lands 2 Yr 5 Yr 10 Yr 25 Yr 50 Yr 100 Yr

Table 5.1:  

Sumary of Estimated Design Flows for Various Stormwater Control Scenarios

Stormwater Management Scenario
Peak Flow Rate (m3/s)

11.4 West Duffins Creek at Whitevale Road 7 704 Existing Landuses ‐ ‐ 20.3 32.4 40.7 52.6 61.6 71.2

Future (Official Plan) Landuses none none 20.1 32.1 40.1 51.7 60.6 70.1

Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 20.5 32.6 40.8 52.7 61.7 71.4

Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 20.5 32.6 40.8 52.7 61.7 71.4

11.3 Whitevale Creek above confluence with West Duffins Creek 30 3004 Existing Landuses ‐ ‐ 1.3 2.0 2.6 3.3 3.9 4.5

Future (Official Plan) Landuses none none 10.0 13.1 15.2 18.2 20.3 22.4

Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 1.3 2.3 3.0 3.9 4.5 5.2

Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 1.2 1.9 2.4 3.1 3.7 4.2

11.1 West Duffins Creek at Taunton Road/at Clarkes Hollow 6 604 Existing Landuses ‐ ‐ 20.9 33.6 41.9 54.2 63.6 73.6

Future (Official Plan) Landuses none none 20.6 33.1 41.3 53.3 62.5 72.3

Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 21.0 33.7 42.0 54.2 63.6 73.6

Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 21.0 33.7 42.0 54.2 63.6 73.6

11.6 Small Trib confluence with West Duffins Creek at Taunton Road West 32 3201 1.4 Existing Landuses ‐ ‐ 0.8 1.2 1.6 2.0 2.3 2.7

3203 1.4 Future (Official Plan) Landuses none none 3.4 4.5 5.3 6.2 7.0 7.7

0.7 Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 0.5 0.9 1.1 1.5 1.7 2.0

0.7 Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 0.7 1.1 1.4 1.8 2.1 2.4

12.2 West Duffins Creek at Valley Farm Road 5 508 Existing Landuses ‐ ‐ 22.2 36.4 44.8 57.5 67.3 77.6

Future (Official Plan) Landuses none none 21.4 35.2 43.0 55.0 64.4 74.3

Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 22.4 36.4 44.8 57.4 67.1 77.5

Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 22.4 36.3 44.7 57.3 67.0 77.1

12.1 West Duffins Creek at Pickering 4 414 Existing Landuses ‐ ‐ 22.3 36.5 45.0 57.7 67.4 77.7

Future (Official Plan) Landuses none none 21.4 35.3 43.1 55.1 64.4 74.3

Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 22.4 36.5 44.9 57.5 67.2 77.5

Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 22.4 36.5 44.8 57.4 67.0 77.1

13.1 East Trib of Michell Creek at Brock Road 49 4903 Existing Landuses ‐ ‐ 1.8 2.8 3.6 4.6 5.5 6.4

Future (Official Plan) Landuses none none 3.2 4.8 6.1 8.1 9.4 10.7

Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 3.2 4.8 6.1 8.1 9.4 10.7

Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 3.2 4.8 6.1 8.1 9.4 10.7

13 Michell Creek at Brock Road 48 111 Existing Landuses ‐ ‐ 5.2 8.2 10.4 13.3 15.7 18.1

Future (Official Plan) Landuses none none 5.3 8.3 10.5 13.4 15.7 18.2

Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 5.3 8.3 10.5 13.4 15.7 18.2

Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 5.3 8.3 10.5 13.4 15.7 18.2

14.1 Michell Creek above confluence with East Duffins Creek (Gauge HY047) 47 4704 Existing Landuses ‐ ‐ 7.2 11.5 14.5 18.8 22.1 25.6

Future (Official Plan) Landuses none none 7.8 12.3 15.4 19.8 23.2 26.8

Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 7.8 12.3 15.4 19.8 23.2 26.8

Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 7.8 12.3 15.4 19.8 23.2 26.8

19.2 East Duffins Creek at Claremont (Gauge HY023) 50 113 Existing Landuses ‐ ‐ 15.1 24.2 30.7 40.0 47.3 54.5

Future (Official Plan) Landuses none none 15.7 24.9 31.5 40.9 48.3 55.5

Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 15.7 24.9 31.5 40.9 48.3 55.5

Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 15.7 24.9 31.5 40.9 48.3 55.5

19.1 East Duffins Creek at Whitevale Road/above Brougham Creek 46 4604 Existing Landuses ‐ ‐ 15.0 24.6 31.1 40.6 48.0 55.7

Future (Official Plan) Landuses none none 15.6 25.3 31.9 41.5 48.9 56.8

Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 15.6 25.3 31.9 41.5 48.9 56.8

Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 15.6 25.3 31.9 41.5 48.9 56.8

20.1 Brougham Creek north of Whitevale Road 45 4501 5.6 Existing Landuses ‐ ‐ 1.9 3.0 3.8 4.9 5.8 6.7

5.4 Future (Official Plan) Landuses none none 1.8 2.9 3.7 4.8 5.7 6.6

5.4 Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 1.8 2.9 3.7 4.8 5.7 6.6

5.4 Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 1.8 2.9 3.7 4.8 5.7 6.6

20 Brougham Creek south of Whitevale Road (Gauge HY010) 44 4404 Existing Landuses ‐ ‐ 4.6 7.4 9.4 12.1 14.3 16.6

Future (Official Plan) Landuses none none 6.7 9.4 11.3 13.9 15.9 17.9

Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 4.8 7.8 9.9 12.9 15.1 17.5

Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 4.6 7.4 9.4 12.1 14.3 16.6

21.2 East Duffins Creek at Taunton Road (Gauge HC019) 43 4304 Existing Landuses ‐ ‐ 19.3 31.5 39.8 52.0 61.5 71.6

Future (Official Plan) Landuses none none 19.9 32.2 40.6 52.8 62.4 72.5

Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 20.2 32.7 41.2 53.6 63.4 73.6

Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 20.0 32.4 40.9 53.2 62.9 73.1

21.1 East Duffins Creek south of Rossland Road/above East Duffins Creek 42 4208 Existing Landuses ‐ ‐ 19.1 30.7 38.9 50.8 60.2 70.1

Future (Official Plan) Landuses none none 19.7 31.4 39.7 51.5 60.9 70.7

Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 19.8 31.7 40.1 52.1 61.6 71.6

Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 19.7 31.5 39.8 51.8 61.2 71.1

23.3 West Trib conflunce with Urfe Creek / South of Whitevale Road 38 3803 Existing Landuses ‐ ‐ 0.8 1.3 1.7 2.1 2.5 2.9

Future (Official Plan) Landuses none none 4.7 6.2 7.2 8.5 9.5 10.5

Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 1.0 1.7 2.2 2.9 3.4 3.9

Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 0.8 1.2 1.6 2.0 2.4 2.7

115.5 93.5%

5.5 100.0%

119.8 89.4%

100.0%

132.8 89.4%

134.6 89.4%

8.1 99.2%

16.9 97.1%

23.7 94.8%

61.9 97.1%

67.9 94.2%

100.0%

14.8 100.0%

86.3 89.4%

89.3 89.4%

3.4 100.0%



Model Areal

Flow Node Location Catchment HYD Drainage Area Reduction Landuse Scenario Flood Control within Flood Control within other

Ref. No. (km2) Factor* Seaton Lands Future Development Lands 2 Yr 5 Yr 10 Yr 25 Yr 50 Yr 100 Yr

Table 5.1:  

Sumary of Estimated Design Flows for Various Stormwater Control Scenarios

Stormwater Management Scenario
Peak Flow Rate (m3/s)

23.2 East Trib conflunce with Urfe Creek / South of Whitevale Road 39 3903 Existing Landuses ‐ ‐ 0.7 1.0 1.3 1.7 2.0 2.3

Future (Official Plan) Landuses none none 2.3 3.1 3.6 4.3 4.8 5.4

Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 0.8 1.4 1.7 2.2 2.6 3.0

Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 0.7 1.1 1.4 1.8 2.1 2.4

23.1 Urfe Creek south of Rossland Road/above East Duffins Creek (Gauge HY065) 36 3608 15.0 Existing Landuses ‐ ‐ 3.1 4.9 6.2 8.1 9.5 11.0

14.9 Future (Official Plan) Landuses none none 8.6 11.5 13.4 16.0 18.0 20.1

14.9 Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 3.6 6.1 7.8 10.1 11.8 13.6

14.9 Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 2.9 4.6 5.9 7.6 9.0 10.3

25.3 West Trib of Ganatsekiagon / South of Whitevale Road 34 3403 Existing Landuses ‐ ‐ 1.0 1.6 2.1 2.7 3.1 3.6

Future (Official Plan) Landuses none none 6.7 8.8 10.3 12.1 13.8 15.2

Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 1.1 2.1 2.8 3.6 4.3 4.9

Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 0.9 1.5 1.9 2.5 2.9 3.3

25.4 East Trib of Ganatsekiagon / South of Whitevale Road 35 3503 Existing Landuses ‐ ‐ 1.0 1.5 1.9 2.5 3.0 3.4

Future (Official Plan) Landuses none none 6.9 9.1 10.5 12.6 14.1 15.6

Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 1.1 2.1 2.7 3.6 4.2 4.9

Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 0.9 1.5 1.9 2.4 2.8 3.2

25.2 Ganatsekiagon Creek east of Brock Road/above East Duffins Creek 33 3304 13.0 Existing Landuses ‐ ‐ 3.4 5.5 6.9 8.8 10.4 12.0

13.1 Future (Official Plan) Landuses none none 12.1 16.2 19.0 22.8 25.6 28.5

13.1 Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 3.7 6.6 8.4 10.9 12.8 14.7

13.1 Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 3.1 5.2 6.5 8.3 9.7 11.2

26.5 East Duffins Creek at Pickering 41 4112 Existing Landuses ‐ ‐ 24.7 39.3 49.8 64.9 76.8 89.4

Future (Official Plan) Landuses none none 24.7 38.7 48.7 63.2 74.6 86.7

Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 26.4 41.2 52.2 67.7 79.9 92.8

Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 25.1 39.9 50.4 65.3 77.1 89.5

26.4 Duffins Creek at Kingston Road 3 308 Existing Landuses ‐ ‐ 45.6 75.3 93.2 119.5 139.7 161.3

Future (Official Plan) Landuses none none 44.7 73.5 90.1 114.6 134.1 154.5

Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 47.4 76.9 94.9 121.1 141.3 162.9

Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 46.2 75.7 93.4 119.3 139.2 160.5

27.3 Miller Creek at Taunton Road East 56 5603 Existing Landuses ‐ ‐ 1.5 2.5 3.1 4.0 4.7 5.5

Future (Official Plan) Landuses none none 1.8 2.8 3.7 4.7 5.6 6.4

Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 1.8 2.8 3.7 4.7 5.6 6.4

Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 1.8 2.8 3.7 4.7 5.6 6.4

27.2 Millers Creek at Rossland Road East 55 5512 Existing Landuses ‐ ‐ 4.0 6.4 8.3 10.9 12.7 14.6

Future (Official Plan) Landuses none none 4.9 8.1 10.6 13.9 16.3 18.6

Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 4.9 8.1 10.6 13.9 16.3 18.6

Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 4.9 8.1 10.6 13.9 16.3 18.6

27.1 Millers Creek at Kingston Road 54 5420 Existing Landuses ‐ ‐ 7.1 12.5 16.0 21.6 26.9 31.7

Future (Official Plan) Landuses none none 8.9 15.0 19.5 26.1 32.1 37.6

Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 8.9 15.0 19.5 26.1 32.1 37.6

Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 8.9 15.0 19.5 26.1 32.1 37.6

27 Millers Creek south of Hwy 401/above Duffins Creek 53 5304 Existing Landuses ‐ ‐ 12.5 19.4 25.4 33.4 40.0 46.1

Future (Official Plan) Landuses none none 14.2 22.1 28.8 37.7 44.8 51.7

Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 14.2 22.1 28.8 37.7 44.8 51.7

Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 14.2 22.1 28.8 37.7 44.8 51.7

28.1 Duffins Creek at Ajax (Gauge HC049) 2 204 Existing Landuses ‐ ‐ 45.4 74.3 92.6 118.6 138.9 160.5

Future (Official Plan) Landuses none none 44.6 72.1 89.5 113.8 133.0 153.6

Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 47.2 76.1 94.2 120.2 140.4 161.9

Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 46.0 74.8 92.8 118.5 138.4 159.7

28 Duffins Creek at Lake Ontraio 1 14 Existing Landuses ‐ ‐ 34.9 58.5 73.8 97.9 115.6 135.0

Future (Official Plan) Landuses none none 37.8 61.9 76.7 99.5 117.0 135.6

Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 36.9 61.1 76.6 100.5 118.2 137.5

Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 36.0 60.0 75.3 98.8 116.4 135.5

*  Areal Reduction Factor applied to Regional Storm

3.5 100.0%

97.1%

3.6 100.0%

3.4 100.0%

97.1%

119.5 89.4%

255.6 89.4%

4.6 100.0%

7.8 99.2%

12.7 98.2%

16.1 98.2%

258.0 86.7%

280.2 86.7%



* Note:

1. For proposed small drainage diversions between adjacent catchments which both require quantity control, the 2-year through 100-year release rates and storage targets for the receiving catchment should be applied.

2. For proposed small drainage diversions directly to the Duffins Creek West Branch, quantity control is not required.

3. For proposed small drainage diversions to small tributaries of the Duffins Creek West Branch, quantity control is required, and the 2-year through 100-year release rates and storage targets for the originating catchment should be applied.

Existing Pre-development
Rural Urban (rural) Area (ha) Area (ha) % Impervious (L/s/ha) (L/s/imp-ha) (m3/ha) (m3/imp-ha)

2-year 3.67 3.83 328 342
5-year 5.89 6.16 417 435

10-year 7.45 7.78 470 492
25-year 9.65 10.09 540 564
50-year 11.37 11.88 589 616

100-year 13.19 13.79 639 668
2-year 3.02 3.38 313 351
5-year 4.80 5.39 404 453

10-year 6.05 6.78 456 511
25-year 7.80 8.74 525 588
50-year 9.16 10.26 575 645

100-year 10.59 11.87 626 701
2-year 2.31 2.76 305 363
5-year 3.70 4.41 392 467

10-year 4.68 5.57 447 533
25-year 6.04 7.20 518 618
50-year 7.11 8.47 571 680

100-year 8.24 9.82 623 743
2-year 2.38 2.83 302 359
5-year 3.80 4.51 391 464

10-year 4.80 5.70 445 529
25-year 6.19 7.36 517 615
50-year 7.27 8.64 569 676

100-year 8.42 10.00 620 738
2-year 5.62 6.44 272 311
5-year 8.84 10.13 349 400

10-year 11.10 12.72 393 450
25-year 14.23 16.31 451 517
50-year 16.63 19.07 494 566

100-year 19.17 21.97 536 614
2-year 2.86 3.59 279 349
5-year 4.64 5.82 362 453

10-year 5.91 7.40 412 517
25-year 7.70 9.66 478 600
50-year 9.12 11.43 526 660

100-year 10.62 13.32 573 719
2-year 2.86 3.53 282 349
5-year 4.56 5.63 367 454

10-year 5.76 7.11 419 518
25-year 7.44 9.18 486 600
50-year 8.74 10.79 535 660

100-year 10.11 12.49 584 722
2-year 2.81 3.41 290 351
5-year 4.51 5.46 375 454

10-year 5.71 6.91 428 518
25-year 7.40 8.96 496 600
50-year 8.72 10.55 545 660

100-year 10.12 12.24 593 718

TABLE 5.2:

Future Development Area
Model Catchment ID

Catchment No. Tributary Name

Seaton Lands - Stormwater Management Target Criteria*

8 West Duffins Creek 
Unnamed Tribuary No.2

801 804 156

305 311

91.0 96

9 West Duffins Creek 
Unnamed Tribuary No.3

901 904 237 65.5 89

106.7 8430 Whitevale Creek Main 
Branch

301

230

34

35

Ganatsekiagon Creek Main 
Branch

Ganatsekiagon Creek West 
Branch

Ganatsekiagon Creek East 
Branch

102.7 84

West Duffins Creek 
Unnamed Tribuary No.1

32

33 3301

3201 3202 141 68.5 87

3302 572 106.2 80

31 Whitevale Creek East Branch 3101 3104

3501 3505 335 149.3

Storm Event Unit Flow Release Rate Target Storage Requirements
2012 Unit Flow Stormwater Management*

83

3301 3304 359 153.0 81



* Note:

1. For proposed small drainage diversions between adjacent catchments which both require quantity control, the 2-year through 100-year release rates and storage targets for the receiving catchment should be applied.

2. For proposed small drainage diversions directly to the Duffins Creek West Branch, quantity control is not required.

3. For proposed small drainage diversions to small tributaries of the Duffins Creek West Branch, quantity control is required, and the 2-year through 100-year release rates and storage targets for the originating catchment should be applied.

Existing Pre-development
Rural Urban (rural) Area (ha) Area (ha) % Impervious (L/s/ha) (L/s/imp-ha) (m3/ha) (m3/imp-ha)

TABLE 5.2:

Future Development Area
Model Catchment ID

Catchment No. Tributary Name

Seaton Lands - Stormwater Management Target Criteria*

Storm Event Unit Flow Release Rate Target Storage Requirements
2012 Unit Flow Stormwater Management*

2-year 1.77 2.08 312 367
5-year 2.87 3.38 404 475

10-year 3.66 4.30 461 541
25-year 4.77 5.60 535 628
50-year 5.64 6.62 588 691

100-year 6.56 7.71 642 754
2-year 2.36 2.60 327 361
5-year 3.79 4.18 421 464

10-year 4.80 5.29 479 528
25-year 6.22 6.86 553 609
50-year 7.33 8.08 606 668

100-year 8.50 9.37 660 728
2-year 1.86 2.22 307 367
5-year 2.99 3.56 399 476

10-year 3.78 4.51 457 546
25-year 4.89 5.84 531 634
50-year 5.76 6.88 585 698

100-year 6.68 7.97 639 762
2-year 2.68 3.38 303 383
5-year 4.37 5.51 372 470

10-year 5.58 7.03 425 536
25-year 7.30 9.21 491 620
50-year 8.66 10.92 541 682

100-year 10.12 12.76 590 745
2-year 2.96 3.63 282 345
5-year 4.78 5.86 364 446

10-year 6.07 7.44 415 508
25-year 7.89 9.67 480 588
50-year 9.32 11.43 528 646

100-year 10.84 13.29 575 705

Urfe Creek Upper East 
Branch

Urfe Creek Lower East 
Branch

38

39

40

37 Urfe Creek Upper Main 
Branch

Urfe Creek Upper West 
Branch

3701 3703 385 109.8 85

4001 4002 215 36.2 79

3901 3904 349 44.6 84

3801 3804 338 86.5 91

44 Brougham Creek 4401 4405 898 104.6 82
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• for small drainage diversions between adjacent catchments which both require flood 

control (i.e. those listed in Table 5.2), the 2-year through 100-year release rates and 

storage targets for the receiving catchment should be applied, and should be based on the 

existing conditions drainage area to that catchment. 

• for small drainage diversions directly to the Duffins Creek West Branch, flood control is 

not required. 

• for small drainage diversions which discharge indirectly to the Duffins Creek West 

Branch (i.e. via small tributaries or gullies), flood control is required, and the 2-year 

through 100-year release rates and storage targets for the originating catchment should 

be applied.  The rates should be based on the existing conditions drainage area of the 

receiving catchment. 
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6.0 SUMMARY AND CONCLUSIONS 
 

 
1. A hydrologic model was setup for the Duffins Creek Watershed using the Visual 

Otthymo model, version 2.4, with model parameters derived from TRCA’s GIS database.  

The model was calibrated and verified based on a series of rainfall events which occurred 

between 2000 and 2010. 

 

2. Design flows for the 2-year to 100-year return periods and the Regional Storm were 

estimated for three scenarios using landuse information from TRCA’s GIS database: 

 
• Existing landuses; 

• Future landuses as defined in municipal Official Plans; and 

• Future Landuses with Airport which include a conservative assessment of the 

development of the Airport Lands. 

 

3.  Based on the Future (Official Plan) landuse scenario, without stormwater management 

controls, large increases in peak flows are anticipated where significant future 

development is planned within smaller tributaries, including Whitevale, Urfe, and 

Ganatsekiagon Creeks.  Smaller increases are also anticipated within Stouffville, Reesor, 

and Millers Creeks.  Negligible changes are predicted for the major tributary reaches. 

 

4.  Based on the “Future Landuses with Airport” scenario, without stormwater management 

controls, peak flow increases are expected at most locations throughout the watershed for 

both the 100-year event and Regional Storm. 

 

5.  A stormwater control strategy using the unit flow relationships derived as part of the 

2002 Hydrology Update Study for Duffins Creek was tested over the future development 

areas within the Seaton Lands.  This strategy was found to only partially mitigate the 

increases in peak flows that would occur due to the urban development, with many flood 
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flows on Whitevale, Urfe, and Ganetsekiagon Creeks still exceeding the pre-development 

rates by up to approximately 30%. 

 

6. A second stormwater control strategy based on pre-development unit flow rates from the 

updated 2012 model results was also tested over the future development areas within the 

Seaton Lands.  This strategy was found to successfully mitigate the large flow increases 

that would otherwise occur on Whitevale, Urfe, and Ganetsekiagon Creeks.  Further, the 

2012 strategy is marginally better at matching existing flow rates on the West, East and 

downstream Main Branches. 
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7.0 RECOMMENDATIONS 
 

1. The hydrologic model should be further verified when rainfall and streamflow data 

becomes available for future storm events which are larger than those used for the 

calibration. In addition, TRCA should consider the placement of additional precipitation 

and stream gauges, located at key locations within the watershed. Specifically, locations 

such as Millers Creek, and sub watersheds within the Airport Lands should be 

considered.  

 

2. On a routine basis, the model should be updated by development proponents as future 

development proceeds and future stormwater management facilities are constructed.  The 

Seaton development lands are expected to contain a significant number of ponds, 

including multiple ponds in each catchment.  In order to simplify the modelling 

procedures, and maintain the same approach used to generate unit flow rates, the model is 

to be updated by pond designers using a “lumped” approach to modelling for this 

development area.  These catchments generally contain three commands in VISUAL 

OTTHYMO to model the hydrology:  one Nashyd and two Standhyd commands.  Of the 

two Standhyd commands, one represents all drainage directed to ponds, and one 

represents uncontrolled drainage. 

 

As part of each development application, the three commands for each catchment are to 

be updated based on the information collected as part of the detailed design for each pond 

- no additional commands are required.  In the event that a given catchment does not 

currently have three commands assigned, the model may be updated to maintain the 

format described above (1 for developed areas with ponds, 1 for developed areas without 

ponds, 1 for undeveloped areas).  The proponent must reassess the watershed hydrology 

to ensure that no increases (both locally and/or globally) have occurred due to the 

development.  

 

At the functional servicing and draft plan stage, the proponent should complete the 
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modelling as described above based on the preliminary information available.  The report 

should outline the criteria for the pond and provide volumes to establish appropriate 

block sizing at a conceptual level.  The hydrology model is not to be formally updated 

until the detailed design stage. 

 

3. As part of the Future Official Plan landuse scenario, the following stormwater 

management recommendations should be applied to future urban development within the 

Seaton Lands: 

• Post-to-pre flood control for the 2-year through 100-year events should be 

implemented for drainage to the following tributaries: 

o Unnamed Tributaries No. 1, 2 and 3 to West Duffins Creek (catchments 32, 8 

and 9); 

o Whitevale Creek Main and East Branches (catchments 30 and 31); 

o Ganatsekiagon Creek Main, West and East Branches (catchments 33, 34 and 

35); 

o Urfe Creek Upper Main, Upper West, Upper East, and Lower East Branches 

(catchments 37, 38, 39 and 40); and 

o Brougham Creek (catchment 44). 

• Future stormwater management facilities within the above catchments should be 

designed using the unit release rates and storage targets summarized in Table 5.2. 

• In the case of proposed future drainage diversions within the Seaton Lands: 

o small diversions between adjacent catchments should be controlled using the 

target criteria for the receiving catchment; 

o for small diversions directly to the Duffins Creek West Branch, flood control 

is not required; 

o small diversions which drain indirectly to the Duffins Creek West Branch via 

smaller tributaries or gullies will require flood control, and the targets for the 

originating catchment should be applied. 

• Flood control for the Regional Storm is not required within the Seaton Lands. 
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4. A further hydrology update should be considered, if and when the Airport Lands are 

brought forward for development.  

 

5. The 2012 Duffins Creek Hydrology Update Report has included reasonable assumptions 

based on the best information available from current land use plans to delineate future 

land use conditions.  Any material deviations from the future land use conditions that 

have been outlined in this report may be subject to a Flood Remediation Environmental 

Assessment or Regional Control Analysis to be prepared to the satisfaction of the 

affected Municipality and TRCA.  Pre-consultation to determine the need for these 

studies should be arranged with TRCA. 

 

Respectfully submitted, 

 

AQUAFOR BEECH LIMITED 

 

 

 

 

 

                                                   

 

Greg R. Frew, P.Eng. 
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APPENDIX A: 
 

Hydrologic Model Setup: Model Parameters, Channel Routing, Soils 
and Landuse Mapping 
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Landuse Scenario Subcatchment SWM Pond # Total Area Rural Area Area Slope IA Urban IA DPI % imp % Direct Manning's "n"
Length Slope Unadjusted AMC II AMC III Rural base calibrated base calibrated Area Unadjusted AMC II AMC III pervious (IA imp) Connected Impervious Pervious Impervious Pervious

Catchment 1
Existing 1 617.2 393.5 4.1% 3744.4 0.34% 71 71 86 5.0 3 1.5 2.04 2.04 223.7 80 80 91 5 2 75% 64% 1221 40 0.013 0.25

Future (Official Plan) 1 617.2 208.7 4.1% 3744.4 0.34% 73 73 87 5.0 3 1.5 2.04 2.04 223.7 80 80 91 5 2 75% 64% 1221 40 0.013 0.25
184.7 81 92 5 2 81% 74% 1110 40 0.013 0.25

Ultimate (Airport) 1 617.2 208.7 4.1% 3744.4 0.34% 73 73 87 5.0 3 1.5 2.04 2.04 223.7 80 80 91 5 2 75% 64% 1221 40 0.013 0.25
184.7 81 92 5 2 81% 74% 1110 40 0.013 0.25

Catchment 2
Existing 2 236.1 59.1 3.8% 2364.5 0.61% 72 72 86 5.0 3 1.5 1.13 2.27 177.1 77 77 89 5 2 59% 45% 1087 40 0.013 0.25

Future (Official Plan) 2 236.1 33.1 3.8% 2364.5 0.61% 72 72 86 5.0 3 1.5 1.13 2.27 177.1 77 77 89 5 2 59% 45% 1087 40 0.013 0.25
25.9 80 91 5 2 90% 86% 415 40 0.013 0.25

Ultimate (Airport) 2 236.1 33.1 3.8% 2364.5 0.61% 72 72 86 5.0 3 1.5 1.13 2.27 177.1 77 77 89 5 2 59% 45% 1087 40 0.013 0.25
25.9 80 91 5 2 90% 86% 415 40 0.013 0.25

Catchment 3
Existing 3 113.4 36.2 3.7% 1502.7 1.93% 69 69 84 5.0 3 1.5 0.50 1.00 77.0 79 79 91 5 2 44% 29% 717 40 0.013 0.25

93 43.3 43.3 79 79 91 5 2 40% 25% 537 40 0.013 0.25
Future (Official Plan) 3 113.4 23.3 3.7% 1502.7 1.93% 66 66 82 5.0 3 1.5 0.50 1.00 77.0 79 79 91 5 2 44% 29% 717 40 0.013 0.25

93 43.3 43.3 79 91 5 2 40% 25% 537 40 0.013 0.25
13.0 82 92 5 2 49% 34% 294 40 0.013 0.25

Ultimate (Airport) 3 113.4 23.3 3.7% 1502.7 1.93% 66 66 82 5.0 3 1.5 0.50 1.00 77.0 79 79 91 5 2 44% 29% 717 40 0.013 0.25
93 43.3 43.3 79 91 5 2 40% 25% 537 40 0.013 0.25

13.0 82 92 5 2 49% 34% 294 40 0.013 0.25
Catchment 4

Existing 4 118.8 62.3 4.9% 2281.4 1.78% 63 63 80 5.0 3 1.5 0.72 1.44 56.5 71 71 86 5 2 42% 27% 613 40 0.013 0.25
103 5.3 5.3 71 71 86 5 2 40% 25% 188 40 0.013 0.25
263 53.1 53.1 71 71 86 5 2 40% 25% 595 40 0.013 0.25

Future (Official Plan) 4 118.8 40.6 4.9% 2281.4 1.78% 64 64 81 5.0 3 1.5 0.72 1.44 56.5 71 71 86 5 2 42% 27% 613 40 0.013 0.25
103 5.3 5.3 71 86 5 2 40% 25% 188 40 0.013 0.25
263 53.1 53.1 71 86 5 2 40% 25% 595 40 0.013 0.25

21.8 71 86 5 2 66% 53% 381 40 0.013 0.25
Ultimate (Airport) 4 118.8 40.6 4.9% 2281.4 1.78% 64 64 81 5.0 3 1.5 0.72 1.44 56.5 71 71 86 5 2 42% 27% 613 40 0.013 0.25

103 5.3 5.3 71 86 5 2 40% 25% 188 40 0.013 0.25
263 53.1 53.1 71 86 5 2 40% 25% 595 40 0.013 0.25

21.8 71 86 5 2 66% 53% 381 40 0.013 0.25
Catchment 5

Existing 5 573.1 573.3 8.9% 5636.2 1.45% 65 65 82 5.0 3 1.5 1.59 3.19
263 35.2 35.2 71 71 86 5 2 40% 25% 484 40 0.013 0.25

Future (Official Plan) 5 573.1 484.9 8.9% 5636.2 1.45% 63 63 80 5.0 3 1.5 1.59 3.19 71
263 35.2 35.2 71 86 5 2 40% 25% 484 40 0.013 0.25

88.2 71 86 5 2 79% 70% 767 40 0.013 0.25
Ultimate (Airport) 5 573.1 484.9 8.9% 5636.2 1.45% 63 63 80 5.0 3 1.5 1.59 3.19 71

263 35.2 35.2 71 86 5 2 40% 25% 484 40 0.013 0.25
88.2 71 86 5 2 79% 70% 767 40 0.013 0.25

Catchment 6
Existing 6 431.9 424.8 6.1% 3549.6 1.76% 71 71 86 5.0 3 1.5 1.02 2.05 7.3 71 71 86 5 2 15% 6% 220 40 0.013 0.25

Future (Official Plan) 6 431.9 399.5 6.1% 3549.6 1.76% 70 70 85 5.0 3 1.5 1.02 2.05 7.3 72 71 86 5 2 15% 6% 220 40 0.013 0.25
25.2 72 86 5 2 61% 47% 410 40 0.013 0.25

Ultimate (Airport) 6 431.9 399.5 6.1% 3549.6 1.76% 70 70 85 5.0 3 1.5 1.02 2.05 7.3 72 71 86 5 2 15% 6% 220 40 0.013 0.25
25.2 72 86 5 2 61% 47% 410 40 0.013 0.25

Catchment 7
Existing 7 314.1 291.4 6.2% 3386.9 1.28% 70 70 85 5.0 3 1.5 1.12 2.24 23.1 76 76 89 5 2 39% 24% 393 40 0.013 0.25

Future (Official Plan) 7 314.1 247.7 6.2% 3386.9 1.28% 72 72 86 5.0 3 1.5 1.12 2.24 23.1 75 76 89 5 2 39% 24% 393 40 0.013 0.25
43.3 75 88 5 2 61% 48% 537 40 0.013 0.25

Ultimate (Airport) 7 314.1 247.7 6.2% 3386.9 1.28% 72 72 86 5.0 3 1.5 1.12 2.24 23.1 75 76 89 5 2 39% 24% 393 40 0.013 0.25
43.9 75 88 5 2 60% 47% 541 40 0.013 0.25

Catchment 8
Existing 8 162.8 156.2 4.6% 2482.3 2.16% 71 71 86 5.0 3 1.5 0.71 1.43 6.5 72 72 86 5 2 75% 65% 208 40 0.013 0.25

Future (Official Plan) 8 162.8 65.3 4.6% 2482.3 2.16% 69 69 84 5.0 3 1.5 0.71 1.43 6.5 71 72 86 5 2 75% 65% 208 40 0.013 0.25
91.0 71 86 5 2 96% 94% 779 40 0.013 0.25

Ultimate (Airport) 8 162.8 34.0 4.6% 2482.3 2.16% 64 64 81 5.0 3 1.5 0.71 1.43 6.5 71 72 86 5 2 75% 65% 208 40 0.013 0.25
122.3 71 86 5 2 96% 94% 903 40 0.013 0.25

Catchment 9
Existing 9 239.0 237.3 3.9% 3183.4 1.40% 73 73 87 5.0 3 1.5 1.03 2.06 1.6 77 77 89 5 2 75% 65% 103 40 0.013 0.25

Future (Official Plan) 9 239.0 171.8 3.9% 3183.4 1.40% 70 70 85 5.0 3 1.5 1.03 2.06 1.6 72 77 89 5 2 75% 65% 103 40 0.013 0.25
65.5 72 86 5 2 89% 84% 661 40 0.013 0.25

Ultimate (Airport) 9 239.0 66.1 3.9% 3183.4 1.40% 64 64 81 5.0 3 1.5 1.03 2.06 1.6 80 77 89 5 2 75% 65% 103 40 0.013 0.25
171.3 72 86 5 2 93% 89% 1069 40 0.013 0.25

Catchment 10
Existing 10 348.9 344.2 4.0% 3271.4 1.40% 75 75 88 5.0 3 1.5 1.05 2.10 4.8 85 85 94 5 2 15% 6% 179 40 0.013 0.25

Future (Official Plan) 10 348.9 342.6 4.0% 3271.4 1.40% 75 75 88 5.0 3 1.5 1.05 2.10 4.8 85 85 94 5 2 15% 6% 179 40 0.013 0.25

Table A.1 Model Setup

Rural Parameters Urban Parameters
Flow Path Rural CN Nashyd "n" Time to Peak Urban CN Length



Landuse Scenario Subcatchment SWM Pond # Total Area Rural Area Area Slope IA Urban IA DPI % imp % Direct Manning's "n"
Length Slope Unadjusted AMC II AMC III Rural base calibrated base calibrated Area Unadjusted AMC II AMC III pervious (IA imp) Connected Impervious Pervious Impervious Pervious

Table A.1 Model Setup

Rural Parameters Urban Parameters
Flow Path Rural CN Nashyd "n" Time to Peak Urban CN Length

1.5 85 94 5 2 15% 6% 100 40 0.013 0.25
Ultimate (Airport) 10 348.9 227.4 4.0% 3271.4 1.40% 75 72 86 5.0 3 1.5 1.05 2.10 4.8 80 85 94 5 2 15% 6% 179 40 0.013 0.25

116.7 79 91 5 2 91% 87% 882 40 0.013 0.25
Catchment 11

Existing 11 431.0 431.0 3.2% 5281.2 1.00% 76 76 89 5.0 3 1.5 1.76 3.51
Future (Official Plan) 11 431.0 431.0 3.2% 5281.2 1.00% 76 76 89 5.0 3 1.5 1.76 3.51
Ultimate (Airport) 11 431.0 111.7 3.2% 5281.2 1.00% 70 70 85 5.0 3 1.5 1.76 3.51 77

319.4 77 89 5 2 95% 93% 1459 40 0.013 0.25
Catchment 12

Existing 12 447.3 447.3 4.4% 4303.6 1.28% 72 72 86 5.0 3 1.5 1.35 2.71
Future (Official Plan) 12 447.3 447.3 4.4% 4303.6 1.28% 73 73 87 5.0 3 1.5 1.35 2.71
Ultimate (Airport) 12 447.3 79.3 4.4% 4303.6 1.28% 67 67 83 5.0 3 1.5 1.35 2.71 72

368.0 72 89 5 2 95% 93% 1566 40 0.013 0.25
Catchment 13

Existing 13 289.3 289.3 2.8% 3405.5 1.20% 76 76 89 5.0 3 1.5 1.16 2.31
Future (Official Plan) 13 289.3 289.3 2.8% 3405.5 1.20% 75 75 88 5.0 3 1.5 1.16 2.31
Ultimate (Airport) 13 289.3 161.2 2.8% 3405.5 1.20% 69 69 84 5.0 3 1.5 1.16 2.31 77

128.1 77 89 5 2 95% 93% 924 40 0.013 0.25
Catchment 14

Existing 14 269.4 269.7 3.6% 3430.0 1.13% 76 76 89 5.0 3 1.5 1.19 1.78
Future (Official Plan) 14 269.4 269.7 3.6% 3430.0 1.13% 76 76 89 5.0 3 1.5 1.19 1.78
Ultimate (Airport) 14 269.4 197.2 3.6% 3430.0 1.13% 69 69 84 5.0 3 1.5 1.19 1.78 82

72.2 82 92 5 2 95% 93% 694 40 0.013 0.25
Catchment 15

Existing 15 55.5 55.5 4.0% 1563.9 2.07% 70 70 85 5.0 3 1.5 0.50 0.75
228 36.3 36.3 71 71 86 5 2 40% 25% 492 40 0.013 0.25
228 43.0 43.0 71 71 86 5 2 40% 25% 535 40 0.013 0.25

Future (Official Plan) 15 55.5 55.5 4.0% 1563.9 2.07% 70 70 85 5.0 3 1.5 0.50 0.75 71
228 36.3 36.3 71 86 5 2 40% 25% 492 40 0.013 0.25
228 43.0 43.0 71 86 5 2 40% 25% 535 40 0.013 0.25

Ultimate (Airport) 15 55.5 55.5 4.0% 1563.9 2.07% 70 70 85 5.0 3 1.5 0.50 0.75 71
228 36.3 36.3 71 86 5 2 40% 25% 492 40 0.013 0.25
228 43.0 43.0 71 86 5 2 40% 25% 535 40 0.013 0.25

Catchment 16
Existing 16 222.5 53.9 2.8% 3256.4 1.19% 67 67 83 5.0 3 1.5 1.12 1.68 168.6 72 72 86 5 2 41% 27% 1060 40 0.013 0.25

185 5.8 5.8 72 72 86 5 2 35% 21% 197 40 0.013 0.25
166 52.0 52.0 72 72 86 5 2 40% 25% 589 40 0.013 0.25

Future (Official Plan) 16 222.5 45.4 2.8% 3256.4 1.19% 65 65 82 5.0 3 1.5 1.12 1.68 168.6 72 72 86 5 2 41% 27% 1060 40 0.013 0.25
185 5.8 5.8 72 86 5 2 35% 21% 197 40 0.013 0.25
166 52.0 52.0 72 86 5 2 40% 25% 589 40 0.013 0.25

8.4 73 87 5 2 59% 46% 237 40 0.013 0.25
Ultimate (Airport) 16 222.5 45.4 2.8% 3256.4 1.19% 65 65 82 5.0 3 1.5 1.12 1.68 168.6 72 72 86 5 2 41% 27% 1060 40 0.013 0.25

185 5.8 5.8 72 86 5 2 35% 21% 197 40 0.013 0.25
166 52.0 52.0 72 86 5 2 40% 25% 589 40 0.013 0.25

8.4 73 87 5 2 59% 46% 237 40 0.013 0.25
Catchment 17

Existing 17 510.3 505.6 4.3% 4600.8 1.99% 70 70 85 5.0 3 1.5 1.20 1.80 4.6 71 71 86 5 2 24% 12% 175 40 0.013 0.25
228 44.5 44.5 71 71 86 5 2 40% 25% 545 40 0.013 0.25

Future (Official Plan) 17 510.3 499.1 4.3% 4600.8 1.99% 70 70 85 5.0 3 1.5 1.20 1.80 4.6 71 71 86 5 2 24% 12% 175 40 0.013 0.25
228 44.5 44.5 71 86 5 2 40% 25% 545 40 0.013 0.25

6.6 71 86 5 2 75% 65% 209 40 0.013 0.25
Ultimate (Airport) 17 510.3 499.1 4.3% 4600.8 1.99% 70 70 85 5.0 3 1.5 1.20 1.80 4.6 71 71 86 5 2 24% 12% 175 40 0.013 0.25

228 44.5 44.5 71 86 5 2 40% 25% 545 40 0.013 0.25
6.6 71 86 5 2 75% 65% 209 40 0.013 0.25

Catchment 18
Existing 18 114.2 93.4 3.2% 1950.0 1.54% 73 73 87 5.0 3 1.5 0.67 1.34

0.0 20.8 3.4% 450.0 1.54% 73 73 87 5.0 3 1.5 0.21 0.42
228 34.1 34.1 71 71 86 5 2 35% 21% 477 40 0.013 0.25

Future (Official Plan) 18 114.2 68.4 3.2% 1950.0 1.54% 74 74 88 5.0 3 1.5 0.67 1.34 71
24.9 71 86 5 2 74% 63% 408 40 0.013 0.25

228 54.9 54.9 71 86 5 2 74% 63% 605 40 0.013 0.25
Ultimate (Airport) 18 114.2 67.8 3.2% 1950.0 1.54% 68 68 84 5.0 3 1.5 0.67 1.34 71

25.6 71 86 5 2 75% 65% 408 40 0.013 0.25
228 54.9 54.9 71 86 5 2 74% 63% 605 40 0.013 0.25

Catchment 19
Existing 19 407.4 407.4 3.4% 5720.3 1.21% 75 75 88 5.0 3 1.5 1.73 2.60

Future (Official Plan) 19 407.4 407.4 3.4% 5720.3 1.21% 75 75 88 5.0 3 1.5 1.73 2.60
Ultimate (Airport) 19 407.4 406.7 3.4% 5720.3 1.21% 71 71 86 5.0 3 1.5 1.73 2.60 71

0.7 71 86 5 2 95% 93% 69 40 0.013 0.25



Landuse Scenario Subcatchment SWM Pond # Total Area Rural Area Area Slope IA Urban IA DPI % imp % Direct Manning's "n"
Length Slope Unadjusted AMC II AMC III Rural base calibrated base calibrated Area Unadjusted AMC II AMC III pervious (IA imp) Connected Impervious Pervious Impervious Pervious

Table A.1 Model Setup

Rural Parameters Urban Parameters
Flow Path Rural CN Nashyd "n" Time to Peak Urban CN Length

Catchment 20
Existing 20 213.2 148.9 3.5% 3039.4 1.27% 73 73 87 5.0 3 1.5 1.03 1.55 64.4 75 75 88 5 2 28% 15% 655 40 0.013 0.25

Future (Official Plan) 20 180.1 115.7 3.5% 3039.4 1.27% 73 73 87 5.0 3 1.5 1.03 1.55 64.4 76 75 88 5 2 28% 15% 655 40 0.013 0.25
228 33.1 33.1 79 91 5 2 51% 36% 470 40 0.013 0.25

Ultimate (Airport) 20 180.1 115.7 3.5% 3039.4 1.27% 73 73 87 5.0 3 1.5 1.03 1.55 64.4 76 75 88 5 2 28% 15% 655 40 0.013 0.25
228 33.1 33.1 79 91 5 2 51% 36% 470 40 0.013 0.25

Catchment 21
Existing 21 245.8 245.7 4.0% 3512.4 1.31% 73 73 87 5.0 3 1.5 1.14 1.72

Future (Official Plan) 21 245.8 245.7 4.0% 3512.4 1.31% 73 73 87 5.0 3 1.5 1.14 1.72
Ultimate (Airport) 21 245.8 245.7 4.0% 3512.4 1.31% 73 73 87 5.0 3 1.5 1.14 1.72

Catchment 22
Existing 22 827.8 827.8 7.7% 5879.3 0.99% 69 69 84 5.0 3 1.5 1.92 2.88 71

295.0 36.0 36.0 71 71 86 5 2 50% 35% 490 40 0.013 0.25
295.1 133.6 73.3 7.7% 5879.3 0.99% 69 69 84 5.0 3 1.5 1.92 2.88 60.3 71 71 86 5 2 50% 35% 634 40 0.013 0.25

Future (Official Plan) 22 827.8 827.8 7.7% 5879.3 0.99% 69 69 84 5.0 3 1.5 1.92 2.88 71
295.0 36.0 36.0 71 86 5 2 50% 35% 490 40 0.013 0.25
295.1 133.6 73.3 7.7% 5879.3 0.99% 69 69 84 5.0 3 1.5 1.92 2.88 60.3 71 86 5 2 50% 35% 634 40 0.013 0.25

Ultimate (Airport) 22 827.8 827.8 7.7% 5879.3 0.99% 69 69 84 5.0 3 1.5 1.92 2.88 71
295.0 36.0 36.0 71 86 5 2 50% 35% 490 40 0.013 0.25
295.1 133.6 73.3 7.7% 5879.3 0.99% 69 69 84 5.0 3 1.5 1.92 2.88 60.3 71 86 5 2 50% 35% 634 40 0.013 0.25

Catchment 23
Existing 23 259.9 259.6 3.6% 4800.5 1.31% 74 74 88 5.0 3 1.5 1.46 2.92

Future (Official Plan) 23 259.9 259.8 3.6% 4800.5 1.31% 72 72 86 5.0 3 1.5 1.46 2.92
Ultimate (Airport) 23 259.9 56.2 3.6% 4800.5 1.31% 67 67 83 5.0 3 1.5 1.46 2.92

203.7 71 86 5 2 95% 93% 1165 40 0.013 0.25
Catchment 24

Existing 24 1122.2 1122.2 2.6% 7544.2 0.83% 80 80 91 5.0 3 1.5 2.50 5.01
Future (Official Plan) 24 1122.2 1122.2 2.6% 7544.2 0.83% 80 80 91 5.0 3 1.5 2.50 5.01
Ultimate (Airport) 24 1122.2 380.6 2.6% 7544.2 0.83% 76 76 89 5.0 3 1.5 2.50 5.01

741.6 79 91 5 2 95% 93% 2224 40 0.013 0.25
Catchment 25

Existing 25 419.3 419.3 4.0% 4355.7 0.91% 73 73 87 5.0 3 1.5 1.56 3.12
Future (Official Plan) 25 419.3 419.3 4.0% 4355.7 0.91% 74 74 88 5.0 3 1.5 1.56 3.12
Ultimate (Airport) 25 419.3 100.4 4.0% 4355.7 0.91% 67 67 83 5.0 3 1.5 1.56 3.12

319.0 74 88 5 2 95% 93% 1458 40 0.013 0.25
Catchment 26

Existing 26 572.4 566.2 4.9% 6612.1 1.36% 79 79 91 5.0 3 1.5 1.86 3.71 6.1 83 83 93 5 2 15% 6% 202 40 0.013 0.25
Future (Official Plan) 26 572.4 566.3 4.9% 6612.1 1.36% 79 79 91 5.0 3 1.5 1.86 3.71 6.1 83 83 93 5 2 15% 6% 202 40 0.013 0.25
Ultimate (Airport) 26 572.4 544.1 4.9% 6612.1 1.36% 75 75 88 5.0 3 1.5 1.86 3.71 6.1 83 83 93 5 2 15% 6% 202 40 0.013 0.25

22.1 76 89 5 2 95% 93% 384 40 0.013 0.25
Catchment 27

Existing 27 1140.4 1140.4 6.6% 8325.8 1.10% 71 71 86 5.0 3 1.5 2.42 4.84
Future (Official Plan) 27 1140.4 1140.4 6.6% 8325.8 1.10% 71 71 86 5.0 3 1.5 2.42 4.84
Ultimate (Airport) 27 1140.4 1126.5 6.6% 8325.8 1.10% 69 69 84 5.0 3 1.5 2.42 4.84

13.9 75 88 5 2 95% 93% 305 40 0.013 0.25
Catchment 28

Existing 28 965.5 957.5 9.1% 5282.1 1.46% 57 57 75 5.0 3 1.5 1.51 2.26 8.0 71 71 86 5 2 15% 6% 231 40 0.013 0.25
Future (Official Plan) 28 965.5 957.5 9.1% 5282.1 1.46% 58 58 76 5.0 3 1.5 1.51 2.26 8.0 71 71 86 5 2 15% 6% 231 40 0.013 0.25
Ultimate (Airport) 28 965.5 957.5 9.1% 5282.1 1.46% 58 58 76 5.0 3 1.5 1.51 2.26 8.0 71 71 86 5 2 15% 6% 231 40 0.013 0.25

Catchment 29
Existing 29 1586.4 1576.1 7.5% 6619.2 0.79% 62 62 79 5.0 3 2 2.30 4.59 10.3 64 64 81 5 2 40% 25% 261 40 0.013 0.25

Future (Official Plan) 29 1561.9 1551.6 7.5% 6619.2 0.79% 62 62 79 5.0 3 2 2.30 4.59 10.3 60 64 81 0 0 40% 25% 261 40 0.013 0.25
1287 24.5 24.5 56 75 5 2 50% 35% 404 40 0.013 0.25

Ultimate (Airport) 29 1561.9 1551.6 7.5% 6619.2 0.79% 62 62 79 5.0 3 2 2.30 4.59 10.3 60 64 81 0 0 40% 25% 261 40 0.013 0.25
1287 24.5 24.5 56 75 5 2 50% 35% 404 40 0.013 0.25

Catchment 30
Existing 30 315.5 311.2 4.8% 4928.6 1.83% 71 71 86 5.0 3 1.5 1.31 2.62 4.5 71 71 86 5 2 73% 62% 173 40 0.013 0.25

Future (Official Plan) 30 315.5 204.3 4.8% 4928.6 1.83% 64 64 81 5.0 3 1.5 1.31 2.62 4.5 71 71 86 5 2 73% 62% 173 40 0.013 0.25
106.7 71 86 5 2 84% 77% 843 40 0.013 0.25

Ultimate (Airport) 30 315.5 157.6 4.8% 4928.6 1.83% 61 61 78 5.0 3 1.5 1.31 2.62 4.5 71 71 86 5 2 73% 62% 173 40 0.013 0.25
153.4 71 86 5 2 87% 82% 1011 40 0.013 0.25

Catchment 31
Existing 31 234.3 230.4 4.5% 4484.7 1.48% 72 72 86 5.0 3 1.5 1.32 2.64 3.6 72 72 86 5 2 75% 65% 156 40 0.013 0.25

Future (Official Plan) 31 234.3 128.0 4.5% 4484.7 1.48% 68 68 84 5.0 3 1.5 1.32 2.64 3.6 72 72 86 5 2 75% 65% 156 40 0.013 0.25
102.7 71 86 5 2 84% 77% 827 40 0.013 0.25

Ultimate (Airport) 31 234.3 70.3 4.5% 4484.7 1.48% 64 64 81 5.0 3 1.5 1.32 2.64 3.6 72 72 86 5 2 75% 65% 156 40 0.013 0.25
160.4 71 86 5 2 88% 83% 1034 40 0.013 0.25

Catchment 32
Existing 32 140.8 140.8 4.2% 2058.7 3.17% 70 70 85 5.0 3 1.5 0.53 1.06



Landuse Scenario Subcatchment SWM Pond # Total Area Rural Area Area Slope IA Urban IA DPI % imp % Direct Manning's "n"
Length Slope Unadjusted AMC II AMC III Rural base calibrated base calibrated Area Unadjusted AMC II AMC III pervious (IA imp) Connected Impervious Pervious Impervious Pervious

Table A.1 Model Setup

Rural Parameters Urban Parameters
Flow Path Rural CN Nashyd "n" Time to Peak Urban CN Length

Future (Official Plan) 32 140.8 72.4 4.2% 2058.7 3.17% 68 68 79 5.0 3 1.5 0.53 1.06 72
68.5 72 86 5 2 87% 81% 676 40 0.013 0.25

Ultimate (Airport) 32 140.8 72.4 4.2% 2058.7 3.17% 68 68 79 5.0 3 1.5 0.53 1.06 72
68.5 72 86 5 2 87% 81% 676 40 0.013 0.25

Catchment 33
Existing 33 602.0 542.2 7.3% 5180.5 2.18% 66 66 82 5.0 3 2 1.27 2.54

Future (Official Plan) 33 556.4 421.8 7.3% 5180.5 2.18% 62 62 79 5.0 3 2 1.27 2.54 29.9 71 68 84 5 2 40% 0% 0 0 0 0
106.2 71 86 5 2 80% 71% 841 40 0.013 0.25

1288 28.2 28.2 71 86 5 2 80% 71% 841 40 0.013 0.25
1289 17.5 17.5 71 86 5 2 80% 71% 841 40 0.013 0.25

Ultimate (Airport) 33 556.4 421.8 7.3% 5180.5 2.18% 62 62 79 5.0 3 2 1.27 2.54 29.9 71 68 84 5 2 40% 0% 0 0 0 0
106.2 71 86 5 2 80% 71% 841 40 0.013 0.25

1288 28.2 28.2 71 86 5 2 80% 71% 841 40 0.013 0.25
1289 17.5 17.5 71 86 5 2 80% 71% 841 40 0.013 0.25

Catchment 34
Existing 34 360.2 358.8 3.8% 6234.7 1.59% 72 72 86 5.0 3 2 1.67 3.33 1.4 71 71 86 5 2 75% 65% 95 40 0.013 0.25

Future (Official Plan) 34 360.2 205.9 3.8% 6234.7 1.59% 67 67 83 5.0 3 2 1.67 3.33 1.4 71 71 86 5 2 75% 65% 95 40 0.013 0.25
153.0 71 86 5 2 81% 73% 1010 40 0.013 0.25

Ultimate (Airport) 34 360.2 127.8 3.8% 6234.7 1.59% 62 62 79 5.0 3 2 1.67 3.33 1.4 71 71 86 5 2 75% 65% 95 40 0.013 0.25
231.1 71 86 5 2 86% 79% 1241 40 0.013 0.25

Catchment 35
Existing 35 341.8 335.4 5.0% 5940.8 1.72% 70 70 85 5.0 3 2 1.56 3.11 6.4 71 71 86 5 2 75% 65% 207 40 0.013 0.25

Future (Official Plan) 35 341.8 186.1 5.0% 5940.8 1.72% 66 66 82 5.0 3 2 1.56 3.11 6.4 71 71 86 5 2 75% 65% 207 40 0.013 0.25
149.3 71 86 5 2 83% 75% 998 40 0.013 0.25

Ultimate (Airport) 35 341.8 129.0 5.0% 5940.8 1.72% 63 63 80 5.0 3 2 1.56 3.11 6.4 71 71 86 5 2 75% 65% 207 40 0.013 0.25
206.3 71 86 5 2 86% 80% 1173 40 0.013 0.25

Catchment 36
Existing 36 168.5 168.5 4.7% 2854.0 1.86% 68 68 84 5.0 3 1.5 0.85 1.69

320 12.0 12.0 60 60 78 5 2 19% 8% 283 40 0.013 0.25
133 21.2 21.2 60 60 78 5 2 30% 16% 376 40 0.013 0.25

Future (Official Plan) 36 118.1 96.6 4.7% 2854.0 1.86% 62 62 79 5.0 3 1.5 0.85 1.69 69
320 12.0 12.0 60 78 5 2 19% 8% 283 40 0.013 0.25
133 21.2 21.2 60 78 5 2 30% 16% 376 40 0.013 0.25
A9A 11.9 11.9 73 87 5 2 74% 63% 282 40 0.013 0.25
1291 38.5 38.5 73 87 5 2 74% 63% 507 40 0.013 0.25

Ultimate (Airport) 36 118.1 96.6 4.7% 2854.0 1.86% 62 62 79 5.0 3 1.5 0.85 1.69 69
320 12.0 12.0 60 78 5 2 19% 8% 283 40 0.013 0.25
133 21.2 21.2 60 78 5 2 30% 16% 376 40 0.013 0.25
A9A 11.9 11.9 73 87 5 2 74% 63% 282 40 0.013 0.25
1291 38.5 38.5 73 87 5 2 74% 63% 507 40 0.013 0.25

Catchment 37
Existing 37 385.0 385.0 5.9% 5521.3 1.74% 66 66 82 5.0 3 1.5 1.46 2.92

Future (Official Plan) 37 346.4 256.7 5.9% 5521.3 1.74% 62 62 79 5.0 3 1.5 1.46 2.92 67
109.8 67 83 5 2 85% 79% 856 40 0.013 0.25

1290 38.6 38.6 67 83 5 2 85% 79% 282 40 0.013 0.25
Ultimate (Airport) 37 346.4 256.7 5.9% 5521.3 1.74% 62 62 79 5.0 3 1.5 1.46 2.92 67

109.8 67 83 5 2 85% 79% 856 40 0.013 0.25
1290 38.6 38.6 67 83 5 2 85% 79% 282 40 0.013 0.25

Catchment 38
Existing 38 343.9 337.7 5.0% 4827.4 2.09% 70 70 85 5.0 3 1.5 1.22 2.44 6.2 75 75 88 5 2 75% 65% 204 40 0.013 0.25

Future (Official Plan) 38 343.9 251.2 5.0% 4827.4 2.09% 67 67 83 5.0 3 1.5 1.22 2.44 6.2 72 75 88 5 2 75% 65% 204 40 0.013 0.25
Ultimate (Airport) 38 343.9 145.3 5.0% 4827.4 2.09% 62 62 79 5.0 3 1.5 1.22 2.44 6.2 72 75 88 5 2 75% 65% 204 40 0.013 0.25

192.4 71 86 5 2 94% 91% 1133 40 0.013 0.25
Catchment 39

Existing 39 350.5 349.4 4.8% 6458.0 1.82% 70 70 85 5.0 3 1.5 1.62 3.25 1.1 71 71 86 5 2 75% 65% 84 40 0.013 0.25
Future (Official Plan) 39 350.5 304.8 4.8% 6458.0 1.82% 72 72 86 5.0 3 1.5 1.62 3.25 1.1 69 71 86 5 2 75% 65% 84 40 0.013 0.25

44.6 69 84 5 2 84% 77% 545 40 0.013 0.25
Ultimate (Airport) 39 350.5 64.7 4.8% 6458.0 1.82% 63 63 80 5.0 3 1.5 1.62 3.25 1.1 69 71 86 5 2 75% 65% 84 40 0.013 0.25

284.7 71 86 5 2 94% 91% 1378 40 0.013 0.25
Catchment 40

Existing 40 215.0 214.7 5.9% 2905.4 2.33% 64 64 81 5.0 3 1.5 0.78 1.57
Future (Official Plan) 40 215.0 178.7 5.9% 2905.4 2.33% 65 65 82 5.0 3 1.5 0.78 1.57 75

36.2 75 88 5 2 79% 71% 492 40 0.013 0.25
Ultimate (Airport) 40 215.0 178.7 5.9% 2905.4 2.33% 65 65 82 5.0 3 1.5 0.78 1.57 75

36.2 75 88 5 2 79% 71% 492 40 0.013 0.25
Catchment 41

Existing 41 120.2 95.5 4.0% 2867.7 0.99% 64 64 81 5.0 3 2 1.09 2.18 24.7 80 80 91 5 2 41% 26% 406 40 0.013 0.25
93 91.6 91.6 80 80 91 5 2 40% 25% 781 40 0.013 0.25
93 9.7 9.7 80 80 91 5 2 40% 25% 254 40 0.013 0.25



Landuse Scenario Subcatchment SWM Pond # Total Area Rural Area Area Slope IA Urban IA DPI % imp % Direct Manning's "n"
Length Slope Unadjusted AMC II AMC III Rural base calibrated base calibrated Area Unadjusted AMC II AMC III pervious (IA imp) Connected Impervious Pervious Impervious Pervious

Table A.1 Model Setup

Rural Parameters Urban Parameters
Flow Path Rural CN Nashyd "n" Time to Peak Urban CN Length

Future (Official Plan) 41 120.2 68.9 4.0% 2867.7 0.99% 63 63 80 5.0 3 2 1.09 2.18 24.7 79 80 91 5 2 41% 26% 406 40 0.013 0.25
93 91.6 91.6 80 91 5 2 40% 25% 781 40 0.013 0.25
93 9.7 9.7 80 91 5 2 40% 25% 254 40 0.013 0.25

26.6 76 89 5 2 68% 55% 421 40 0.013 0.25
Ultimate (Airport) 41 120.2 68.9 4.0% 2867.7 0.99% 63 63 80 5.0 3 2 1.09 2.18 24.7 79 80 91 5 2 41% 26% 406 40 0.013 0.25

93 91.6 91.6 80 91 5 2 40% 25% 781 40 0.013 0.25
93 9.7 9.7 80 91 5 2 40% 25% 254 40 0.013 0.25

26.6 76 89 5 2 68% 55% 421 40 0.013 0.25
Catchment 42

Existing 42 279.7 279.7 5.9% 3749.6 1.31% 72 72 86 5.0 3 2 1.20 2.41
92 21.8 21.8 78 78 95 5 2 49% 34% 381 40 0.013 0.25

Future (Official Plan) 42 279.7 194.0 5.9% 3749.6 1.31% 69 69 84 5.0 3 2 1.20 2.41 77
92 21.8 21.8 78 95 5 2 49% 34% 381 40 0.013 0.25

57.9 77 89 5 2 70% 59% 621 40 0.013 0.25
A9B 15.6 15.6 77 89 5 2 70% 59% 322 40 0.013 0.25
A9C 12.2 12.2 77 89 5 2 70% 59% 285 40 0.013 0.25

Ultimate (Airport) 42 279.7 194.0 5.9% 3749.6 1.31% 69 69 84 5.0 3 2 1.20 2.41 77
92 21.8 21.8 78 95 5 2 49% 34% 381 40 0.013 0.25

57.9 77 89 5 2 70% 59% 621 40 0.013 0.25
A9B 15.6 15.6 77 89 5 2 70% 59% 322 40 0.013 0.25
A9C 12.2 12.2 77 89 5 2 70% 59% 285 40 0.013 0.25

Catchment 43
Existing 43 355.4 344.7 8.2% 3256.7 1.76% 64 64 81 5.0 3 2 0.96 1.44 10.6 65 65 82 5 2 15% 6% 265 40 0.013 0.25

Future (Official Plan) 43 355.4 344.7 8.2% 3256.7 1.76% 67 67 83 5.0 3 2 0.96 1.44 10.6 69 69 82 5 2 15% 6% 265 40 0.013 0.25
Ultimate (Airport) 43 355.4 344.7 8.2% 3256.7 1.76% 67 67 83 5.0 3 2 0.96 1.44 10.6 69 69 82 5 2 15% 6% 265 40 0.013 0.25

Catchment 44
Existing 44 923.2 898.2 5.3% 7430.1 1.93% 68 68 84 5.0 3 2 1.77 2.66 25.0 71 71 86 5 2 29% 16% 408 40 0.013 0.25

Future (Official Plan) 44 923.2 793.6 5.3% 7430.1 1.93% 68 68 84 5.0 3 2 1.77 2.66 25.0 69 71 86 5 2 29% 16% 408 40 0.013 0.25
104.6 68 84 5 2 82% 74% 835 40 0.013 0.25

Ultimate (Airport) 44 923.2 398.0 5.3% 7430.1 1.93% 62 62 79 5.0 3 2 1.77 2.66 25.0 69 71 86 5 2 29% 16% 408 40 0.013 0.25
500.2 71 86 5 2 89% 84% 1826 40 0.013 0.25

Catchment 45
Existing 45 555.6 555.6 6.1% 6901.0 1.79% 71 71 86 5.0 3 2 1.72 2.58

Future (Official Plan) 45 555.6 543.8 6.1% 6901.0 1.79% 71 71 86 5.0 3 2 1.72 2.58 72
11.8 72 86 5 2 95% 93% 280 40 0.013 0.25

Ultimate (Airport) 45 555.6 484.7 6.1% 6901.0 1.79% 70 70 85 5.0 3 2 1.72 2.58 72
70.9 71 86 5 2 95% 93% 687 40 0.013 0.25

Catchment 46
Existing 46 603.8 569.8 7.0% 5600.0 1.32% 66 66 82 5.0 3 2 1.65 2.47 34.1 70 70 85 5 2 15% 6% 477 40 0.013 0.25

Future (Official Plan) 46 603.8 506.5 7.0% 5600.0 1.32% 67 67 83 5.0 3 2 1.65 2.47 34.1 72 70 85 5 2 15% 6% 477 40 0.013 0.25
63.3 73 87 5 2 34% 20% 649 40 0.013 0.25

Ultimate (Airport) 46 603.8 506.5 7.0% 5600.0 1.32% 67 67 83 5.0 3 2 1.65 2.47 34.1 72 70 85 5 2 15% 6% 477 40 0.013 0.25
63.3 73 87 5 2 34% 20% 649 40 0.013 0.25

Catchment 47
Existing 47 680.3 641.3 6.7% 5849.9 2.15% 69 69 84 5.0 3 2 1.41 2.12 39.0 72 72 86 5 2 40% 25% 510 40 0.013 0.25

Future (Official Plan) 47 680.3 629.0 6.7% 5849.9 2.15% 73 73 87 5.0 3 2 1.41 2.12 39.0 73 72 86 5 2 40% 25% 510 40 0.013 0.25
12.3 74 88 5 2 12% 4% 286 40 0.013 0.25

Ultimate (Airport) 47 680.3 434.2 6.7% 5849.9 2.15% 72 72 86 5.0 3 2 1.41 2.12 39.0 73 72 86 5 2 40% 25% 510 40 0.013 0.25
207.1 71 86 5 2 82% 74% 1175 40 0.013 0.25

Catchment 48
Existing 48 878.1 877.6 4.3% 6579.9 1.46% 76 76 89 5.0 3 2 1.80 2.70 0.5 85 0 0 5 2 15% 6% 60 40 0.013 0.25

Future (Official Plan) 48 878.1 877.6 4.3% 6579.9 1.46% 76 76 89 5.0 3 2 1.80 2.70
Ultimate (Airport) 48 878.1 706.1 4.3% 6579.9 1.46% 74 74 88 5.0 3 2 1.80 2.70

171.5 74 88 5 2 95% 92% 1069 40 0.013 0.25
Catchment 49

Existing 49 810.1 734.6 7.3% 7831.5 1.54% 61 61 78 5.0 3 2 2.02 3.03 75.4 72 72 86 5 2 27% 14% 709 40 0.013 0.25
Future (Official Plan) 49 810.1 673.1 7.3% 7831.5 1.54% 61 61 78 5.0 3 2 2.02 3.03 75.4 73 72 86 5 2 27% 14% 709 40 0.013 0.25

61.5 74 88 5 2 48% 33% 640 40 0.013 0.25
Ultimate (Airport) 49 810.1 663.2 7.3% 7831.5 1.54% 61 61 78 5.0 3 2 2.02 3.03 75.4 73 72 86 5 2 27% 14% 709 40 0.013 0.25

71.5 74 88 5 2 57% 43% 690 40 0.013 0.25
Catchment 50

Existing 50 511.3 511.3 7.7% 4399.3 2.60% 69 69 84 5.0 3 2 1.04 1.56
Future (Official Plan) 50 511.3 511.3 7.7% 4399.3 2.60% 70 70 85 5.0 3 2 1.04 1.56
Ultimate (Airport) 50 511.3 511.3 7.7% 4399.3 2.60% 70 70 85 5.0 3 2 1.04 1.56

Catchment 51
Existing 51 719.5 716.0 8.8% 6549.3 2.53% 64 64 81 5.0 3 2 1.44 2.88 3.5 71 71 86 5 2 15% 6% 153 40 0.013 0.25

Future (Official Plan) 51 719.5 697.3 8.8% 6549.3 2.53% 64 64 81 5.0 3 2 1.44 2.88 3.5 72 71 86 5 2 15% 6% 153 40 0.013 0.25
18.7 72 86 5 2 39% 24% 353 40 0.013 0.25

Ultimate (Airport) 51 719.5 697.3 8.8% 6549.3 2.53% 64 64 81 5.0 3 2 1.44 2.88 3.5 72 71 86 5 2 15% 6% 153 40 0.013 0.25



Landuse Scenario Subcatchment SWM Pond # Total Area Rural Area Area Slope IA Urban IA DPI % imp % Direct Manning's "n"
Length Slope Unadjusted AMC II AMC III Rural base calibrated base calibrated Area Unadjusted AMC II AMC III pervious (IA imp) Connected Impervious Pervious Impervious Pervious

Table A.1 Model Setup

Rural Parameters Urban Parameters
Flow Path Rural CN Nashyd "n" Time to Peak Urban CN Length

18.7 72 86 5 2 39% 24% 353 40 0.013 0.25
Catchment 52

Existing 52 2589.2 2589.2 11.7% 9529.7 1.96% 65 65 82 5.0 3 2 2.14 4.29
Future (Official Plan) 52 2589.2 2572.8 11.7% 9529.7 1.96% 65 65 82 5.0 3 2 2.14 4.29

16.3 75 88 5 2 15% 6% 330 40 0.013 0.25
Ultimate (Airport) 52 2589.2 2572.8 11.7% 9529.7 1.96% 65 65 82 5.0 3 2 2.14 4.29

16.3 75 88 5 2 15% 6% 330 40 0.013 0.25
Catchment 53

Existing 53 334.0 28.4 4.0% 2869.6 1.24% 70 70 85 5.0 3 1.5 1.00 1.00 306.1 79 79 89 5 2 51% 36% 1429 40 0.013 0.25
Future (Official Plan) 53 334.0 18.3 4.0% 2869.6 1.24% 70 70 85 5.0 3 1.5 1.00 1.00 306.1 79 79 89 5 2 51% 36% 1429 40 0.013 0.25

9.6 80 91 5 2 92% 88% 253 40 0.013 0.25
Ultimate (Airport) 53 334.0 18.3 4.0% 2869.6 1.24% 70 70 85 5.0 3 1.5 1.00 1.00 306.1 79 79 89 5 2 51% 36% 1429 40 0.013 0.25

9.6 80 91 5 2 92% 88% 253 40 0.013 0.25
Catchment 54

Existing 54 234.0 87.8 3.8% 3873.9 0.68% 69 69 84 5.0 3 1.5 1.60 1.60 146.3 77 77 89 5 2 42% 27% 987 40 0.013 0.25
167 39.6 39.6 77 77 89 5 2 40% 25% 514 40 0.013 0.25
207 49.2 49.2 77 77 89 5 2 60% 46% 573 40 0.013 0.25
207 64.9 64.9 77 77 89 5 2 53% 39% 658 40 0.013 0.25
279 69.0 69.0 77 77 89 5 2 42% 27% 678 40 0.013 0.25
279 24.3 24.3 77 77 89 5 2 44% 29% 402 40 0.013 0.25
279 10.0 10.0 77 77 89 5 2 65% 52% 258 40 0.013 0.25

Future (Official Plan) 54 234.0 39.3 3.8% 3873.9 0.68% 68 68 84 5.0 3 1.5 1.60 1.60 146.3 77 77 89 5 2 42% 27% 987 40 0.013 0.25
167 39.6 39.6 77 89 5 2 40% 25% 514 40 0.013 0.25
207 49.2 49.2 77 89 5 2 60% 46% 573 40 0.013 0.25
207 64.9 64.9 77 89 5 2 53% 39% 658 40 0.013 0.25
279 69.0 69.0 77 89 5 2 42% 27% 678 40 0.013 0.25
279 24.3 24.3 77 89 5 2 44% 29% 402 40 0.013 0.25
279 10.0 10.0 77 89 5 2 65% 52% 258 40 0.013 0.25

48.4 74 88 5 2 2248% 1066% 568 40 0.013 0.25
Ultimate (Airport) 54 234.0 39.3 3.8% 3873.9 0.68% 68 68 84 5.0 3 1.5 1.60 1.60 146.3 77 77 89 5 2 42% 27% 987 40 0.013 0.25

167 39.6 39.6 77 89 5 2 40% 25% 514 40 0.013 0.25
207 49.2 49.2 77 89 5 2 60% 46% 573 40 0.013 0.25
207 64.9 64.9 77 89 5 2 53% 39% 658 40 0.013 0.25
279 69.0 69.0 77 89 5 2 42% 27% 678 40 0.013 0.25
279 24.3 24.3 77 89 5 2 44% 29% 402 40 0.013 0.25
279 10.0 10.0 77 89 5 2 65% 52% 258 40 0.013 0.25

48.4 74 88 5 2 22% 11% 568 40 0.013 0.25
Catchment 55

Existing 55 163.0 107.4 3.9% 2583.9 1.01% 67 67 83 5.0 3 1.5 0.99 0.99 55.1 72 72 86 5 2 41% 26% 606 40 0.013 0.25
184 70.1 70.1 72 72 86 5 2 41% 26% 684 40 0.013 0.25

1271 6.1 6.1 72 72 86 5 2 76% 66% 201 40 0.013 0.25
207 64.4 64.4 72 72 86 5 2 64% 51% 655 40 0.013 0.25
279 16.3 16.3 72 72 86 5 2 41% 26% 330 40 0.013 0.25

Future (Official Plan) 55 156.4 45.8 3.9% 2583.9 1.01% 67 67 83 5.0 3 1.5 0.99 0.99 55.1 72 72 86 5 2 41% 26% 606 40 0.013 0.25
184 70.1 70.1 72 86 5 2 41% 26% 684 40 0.013 0.25

1271 6.1 6.1 72 86 5 2 76% 66% 201 40 0.013 0.25
207 64.4 64.4 72 86 5 2 64% 51% 655 40 0.013 0.25
279 16.3 16.3 72 86 5 2 41% 26% 330 40 0.013 0.25

55.6 72 86 5 2 45% 30% 609 40 0.013 0.25
1273 6.6 6.6 72 86 5 2 45% 30% 210 40 0.013 0.25

Ultimate (Airport) 55 156.4 45.8 3.9% 2583.9 1.01% 67 67 83 5.0 3 1.5 0.99 0.99 55.1 72 72 86 5 2 41% 26% 606 40 0.013 0.25
184 70.1 70.1 72 86 5 2 41% 26% 684 40 0.013 0.25

1271 6.1 6.1 72 86 5 2 76% 66% 201 40 0.013 0.25
207 64.4 64.4 72 86 5 2 64% 51% 655 40 0.013 0.25
279 16.3 16.3 72 86 5 2 41% 26% 330 40 0.013 0.25

55.6 72 86 5 2 45% 30% 609 40 0.013 0.25
1273 6.6 6.6 72 86 5 2 45% 30% 210 40 0.013 0.25

Catchment 56
Existing 56 460.5 421.1 3.8% 4539.5 1.47% 64 64 81 5.0 3 1.5 1.34 1.34 39.4 71.3 71 86 5 2 29% 15% 513 40 0.013 0.25

Future (Official Plan) 56 460.475 413.06625 3.8% 4539.5 1.47% 67 67 83 5 3 1.5 1.34 1.34 39.4 71.4 71 86 5 2 41% 26% 513 40 0.013 0.25
8.0 72 86 5 2 41% 26% 231 40 0.013 0.25

Ultimate (Airport) 56 460.475 413.06625 3.8% 4539.5 1.47% 67 67 83 5 3 1.5 1.34 1.34 39.4 71.4 71 86 5 2 41% 26% 513 40 0.013 0.25
8.0 72 86 5 2 41% 26% 231 40 0.013 0.25



Stream Stream

Catchment Length Slope

(m) (%) channel overbank channel overbank Catchment River/Reach Cross‐section

1 5,892 0.02% 0.035 0.080 0.050 0.080 28 River 1/Reach 1 28.13

2 1,329 0.14% 0.035 0.080 0.050 0.080 26 Duffins Ck/Reach 2 26.19

3 1,007 0.20% 0.035 0.080 0.050 0.080 26 Duffins Ck/Reach 2 26.27

4 1,672 0.42% 0.035 0.080 0.050 0.080 12 River 1/Reach 1 12.09

5 7,918 0.64% 0.035 0.080 0.050 0.080 12 River 1/Reach 1 12.27

6 4,198 0.60% 0.035 0.080 0.050 0.080 11 River 1/Reach 1 11.12

7 3,362 0.45% 0.035 0.080 0.050 0.080 11 River 1/Reach 1 11.39

10 3,294 0.34% 0.035 0.080 0.050 0.080 11 River 1/Reach 1 11.54

12 4,549 0.72% 0.035 0.080 0.050 0.080 4 Reesor Creek/Reach 1 4.18

13 1,832 0.49% 0.035 0.080 0.050 0.080 4 Reesor Creek/Reach 1 4.4

14 4,079 0.35% 0.035 0.080 0.050 0.080 2 Stouffiville Creek/Reach 1 2.09

15 1,351 0.67% 0.035 0.080 0.050 0.080 2 Stouffiville Creek/Reach 1 2.3

16 1,828 0.84% 0.035 0.080 0.050 0.080 2 Stouffiville Creek/Reach 1 2.441

19 5,015 0.74% 0.035 0.080 0.050 0.080 3 Reesor Creek/Reach 1 3.04

20 2,916 0.79% 0.035 0.080 0.050 0.080 3 Reesor Creek/Reach 1 3.04

23 1,653 0.73% 0.035 0.080 0.050 0.080 10 West Duffins Creek/Reach 1 10.09

25 5,592 0.42% 0.035 0.080 0.050 0.080 8 West Duffins Creek/Reach 1 8.11

26 6,859 0.81% 0.035 0.080 0.050 0.080 6 West Duffins Creek/Reach 1 6.52

28 3,981 0.49% 0.035 0.080 0.050 0.080 5 West Duffins Creek/Reach 1 5.03

33 6,203 1.03% 0.035 0.080 0.050 0.080 25 River 1/Reach 1 25.29

36 2,409 0.69% 0.035 0.080 0.050 0.080 23 River 1/Reach 1 23.11

37 3,844 1.12% 0.035 0.080 0.050 0.080 23 River 1/Reach 1 23.26

41 2,838 0.29% 0.035 0.080 0.050 0.080 21 River 1/Reach 1 21.11

42 4,329 0.35% 0.035 0.080 0.050 0.080 21 River 1/Reach 1 21.2

43 3,526 0.38% 0.035 0.080 0.050 0.080 21‐1 River 1/Reach 1 21.58

46 7,078 0.49% 0.035 0.080 0.050 0.080 19 River 1/Reach 1 19.11

47 5,183 1.30% 0.035 0.080 0.050 0.080 14 East Duffins Creek/Mitchell Creek 14.35

50 2,650 0.95% 0.035 0.080 0.050 0.080 18 East Duffins Creek/Reach 2 18.06

53 2,590 0.67% 0.035 0.080 0.050 0.080 27 Millers Creek/Reach 1 27.18

54 2,588 0.22% 0.035 0.080 0.050 0.080 27 Millers Creek/Reach 1 27.39

55 2,469 0.37% 0.035 0.080 0.050 0.080 27 Miller Creek/Reach 1 27.65

HEC‐RAS model reference used for typical X‐Section

Table A.2 ‐ Model Setup: Channel Routing

Channel Routing

"base" Calibrated

Manning's n Manning's n
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Baseflow Separation - Storm Event -July 29-30,2006
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Baseflow Separation - Storm Event -July 22-23,2008
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Baseflow Separation - Storm Event -July 27-28,2010
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Baseflow Separation - Storm Event July 23, 2010



Baseflow Seperation - Storm Event - May 11, 2000
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Baseflow Seperation - Storm Event - June 13, 2000
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Baseflow Seperation - Storm Event - June 24, 2000
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APPENDIX C: 
 

  Model Calibration:  Rainfall Data Application 
 
  



Catchment # May15-17, 2003 May 23-24, 2003 July 29-30,2006 July 22-23, 2008 July 23,2010 June 24, 2010 June 27-28, 2010
1 Ajax Works Yard HY001 Ajax Works Yard HY001 02HC018 Ajax Works Yard HY001 Ajax Works Yard HY001 Ajax Works Yard HY001 Ajax Works Yard HY001
2 Ajax Works Yard HY001 Ajax Works Yard HY001 Little Rouge at 16th HY043 Ajax Works Yard HY001 Ajax Works Yard HY001 Ajax Works Yard HY001 Ajax Works Yard HY001
3 Ajax Works Yard HY001 Ajax Works Yard HY001 Little Rouge at 16th HY043 Ajax Works Yard HY001 Ajax Works Yard HY001 Brock West Landfill HY009 Brock West Landfill HY009
4 Ajax Works Yard HY001 Ajax Works Yard HY001 Little Rouge at 16th HY043 Ajax Works Yard HY001 Ajax Works Yard HY001 Brock West Landfill HY009 Brock West Landfill HY009
5 Ajax Works Yard HY001 Ajax Works Yard HY001 Little Rouge at 16th HY043 Little Rouge at 16th HY043 Little Rouge at 16th HY043 Brock West Landfill HY009 Brock West Landfill HY009
6 Claremont Shop HY015 Claremont Shop HY015 Little Rouge at 16th HY043 Little Rouge at 16th HY043 Little Rouge at 16th HY043 Brock West Landfill HY009 Brock West Landfill HY009
7 Claremont Shop HY015 Claremont Shop HY015 Little Rouge at 16th HY043 Little Rouge at 16th HY043 Little Rouge at 16th HY043 Little Rouge at 16th HY043 Little Rouge at 16th HY043
8 Claremont Shop HY015 Claremont Shop HY015 Little Rouge at 16th HY043 Little Rouge at 16th HY043 Little Rouge at 16th HY043 Little Rouge at 16th HY043 Little Rouge at 16th HY043
9 Claremont Shop HY015 Claremont Shop HY015 Little Rouge at 16th HY043 Little Rouge at 16th HY043 Little Rouge at 16th HY043 Little Rouge at 16th HY043 Little Rouge at 16th HY043

10 Claremont Shop HY015 Claremont Shop HY015 Little Rouge at 16th HY043 Little Rouge at 16th HY043 Little Rouge at 16th HY043 Little Rouge at 16th HY043 Little Rouge at 16th HY043
11 Claremont Shop HY015 Claremont Shop HY015 Little Rouge at 16th HY043 Little Rouge at 16th HY043 Little Rouge at 16th HY043 Little Rouge at 16th HY043 Little Rouge at 16th HY043
12 Claremont Shop HY015 Claremont Shop HY015 Little Rouge at 16th HY043 Little Rouge at 16th HY043 Little Rouge at 16th HY043 Little Rouge at 16th HY043 Little Rouge at 16th HY043
13 Claremont Shop HY015 Claremont Shop HY015 Stouffville Works York02 Little Rouge at 16th HY043 Little Rouge at 16th HY043 Little Rouge at 16th HY043 Little Rouge at 16th HY043
14 Claremont Shop HY015 Claremont Shop HY015 Stouffville Works York02 Little Rouge at 16th HY043 Little Rouge at 16th HY043 Little Rouge at 16th HY043 Little Rouge at 16th HY043
15 Claremont Shop HY015 Claremont Shop HY015 Stouffville Works York02 Little Rouge at 16th HY043 Little Rouge at 16th HY043 Little Rouge at 16th HY043 Little Rouge at 16th HY043
16 Claremont Shop HY015 Claremont Shop HY015 Stouffville Works York02 Goodwood Pumping Station HY031 Goodwood Pumping Station HY031 Goodwood Pumping Station HY031 Goodwood Pumping Station HY031
17 Claremont Shop HY015 Claremont Shop HY015 Stouffville Works York02 Goodwood Pumping Station HY031 Goodwood Pumping Station HY031 Goodwood Pumping Station HY031 Goodwood Pumping Station HY031
18 Claremont Shop HY015 Claremont Shop HY015 Stouffville Works York02 Little Rouge at 16th HY043 Little Rouge at 16th HY043 Little Rouge at 16th HY043 Little Rouge at 16th HY043
19 Claremont Shop HY015 Claremont Shop HY015 Stouffville Works York02 Little Rouge at 16th HY043 Little Rouge at 16th HY043 Little Rouge at 16th HY043 Little Rouge at 16th HY043
20 Claremont Shop HY015 Claremont Shop HY015 Stouffville Works York02 Goodwood Pumping Station HY031 Goodwood Pumping Station HY031 Goodwood Pumping Station HY031 Goodwood Pumping Station HY031
21 Claremont Shop HY015 Claremont Shop HY015 Stouffville Works York02 Goodwood Pumping Station HY031 Goodwood Pumping Station HY031 Goodwood Pumping Station HY031 Goodwood Pumping Station HY031
22 Claremont Shop HY015 Claremont Shop HY015 Stouffville Works York02 Goodwood Pumping Station HY031 Goodwood Pumping Station HY031 Goodwood Pumping Station HY031 Goodwood Pumping Station HY031
23 Claremont Shop HY015 Claremont Shop HY015 Little Rouge at 16th HY043 Little Rouge at 16th HY043 Little Rouge at 16th HY043 Little Rouge at 16th HY043 Little Rouge at 16th HY043
24 Claremont Shop HY015 Claremont Shop HY015 Little Rouge at 16th HY043 Little Rouge at 16th HY043 Claremont Shop HY015 Claremont Shop HY015 Claremont Shop HY015
25 Claremont Shop HY015 Claremont Shop HY015 Little Rouge at 16th HY043 Little Rouge at 16th HY043 Little Rouge at 16th HY043 Little Rouge at 16th HY043 Little Rouge at 16th HY043
26 Claremont Shop HY015 Claremont Shop HY015 Goodwood Pumping Station HY031 Goodwood Pumping Station HY031 Goodwood Pumping Station HY031 Goodwood Pumping Station HY031 Goodwood Pumping Station HY031
27 Claremont Shop HY015 Claremont Shop HY015 Goodwood Pumping Station HY031 Goodwood Pumping Station HY031 Goodwood Pumping Station HY031 Goodwood Pumping Station HY031 Goodwood Pumping Station HY031
28 Claremont Shop HY015 Claremont Shop HY015 Goodwood Pumping Station HY031 Goodwood Pumping Station HY031 Goodwood Pumping Station HY031 Goodwood Pumping Station HY031 Goodwood Pumping Station HY031
29 Claremont Shop HY015 Claremont Shop HY015 Goodwood Pumping Station HY031 Goodwood Pumping Station HY031 Goodwood Pumping Station HY031 Goodwood Pumping Station HY031 Goodwood Pumping Station HY031
30 Claremont Shop HY015 Claremont Shop HY015 Little Rouge at 16th HY043 Little Rouge at 16th HY043 Little Rouge at 16th HY043 Little Rouge at 16th HY043 Little Rouge at 16th HY043
31 Claremont Shop HY015 Claremont Shop HY015 Little Rouge at 16th HY043 Little Rouge at 16th HY043 Little Rouge at 16th HY043 Brock West Landfill HY009 Brock West Landfill HY009
32 Claremont Shop HY015 Claremont Shop HY015 Little Rouge at 16th HY043 Little Rouge at 16th HY043 Little Rouge at 16th HY043 Brock West Landfill HY009 Brock West Landfill HY009
33 Ajax Works Yard HY001 Ajax Works Yard HY001 Little Rouge at 16th HY043 Little Rouge at 16th HY043 Claremont Shop HY015 Brock West Landfill HY009 Brock West Landfill HY009
34 Claremont Shop HY015 Claremont Shop HY015 Little Rouge at 16th HY043 Little Rouge at 16th HY043 Claremont Shop HY015 Brock West Landfill HY009 Brock West Landfill HY009
35 Claremont Shop HY015 Claremont Shop HY015 Little Rouge at 16th HY043 Claremont Shop HY015 Claremont Shop HY015 Brock West Landfill HY009 Brock West Landfill HY009
36 Ajax Works Yard HY001 Ajax Works Yard HY001 Little Rouge at 16th HY043 Ajax Works Yard HY001 Ajax Works Yard HY001 Brock West Landfill HY009 Brock West Landfill HY009
37 Claremont Shop HY015 Claremont Shop HY015 Little Rouge at 16th HY043 Claremont Shop HY015 Claremont Shop HY015 Brock West Landfill HY009 Brock West Landfill HY009
38 Claremont Shop HY015 Claremont Shop HY015 Little Rouge at 16th HY043 Claremont Shop HY015 Claremont Shop HY015 Claremont Shop HY015 Claremont Shop HY015
39 Claremont Shop HY015 Claremont Shop HY015 Little Rouge at 16th HY043 Claremont Shop HY015 Claremont Shop HY015 Claremont Shop HY015 Claremont Shop HY015
40 Claremont Shop HY015 Claremont Shop HY015 Little Rouge at 16th HY043 Ajax Works Yard HY001 Claremont Shop HY015 Brock West Landfill HY009 Brock West Landfill HY009
41 Ajax Works Yard HY001 Ajax Works Yard HY001 Little Rouge at 16th HY043 Ajax Works Yard HY001 Ajax Works Yard HY001 Brock West Landfill HY009 Brock West Landfill HY009
42 Ajax Works Yard HY001 Ajax Works Yard HY001 Little Rouge at 16th HY043 Ajax Works Yard HY001 Ajax Works Yard HY001 Brock West Landfill HY009 Brock West Landfill HY009
43 Claremont Shop HY015 Claremont Shop HY015 02HC055 Claremont Shop HY015 Claremont Shop HY015 Brock West Landfill HY009 Brock West Landfill HY009
44 Claremont Shop HY015 Claremont Shop HY015 Little Rouge at 16th HY043 Little Rouge at 16th HY043 Claremont Shop HY015 Claremont Shop HY015 Claremont Shop HY015
45 Claremont Shop HY015 Claremont Shop HY015 02HC055 Claremont Shop HY015 Claremont Shop HY015 Claremont Shop HY015 Claremont Shop HY015
46 Claremont Shop HY015 Claremont Shop HY015 02HC055 Claremont Shop HY015 Claremont Shop HY015 Claremont Shop HY015 Claremont Shop HY015
47 Claremont Shop HY015 Claremont Shop HY015 Little Rouge at 16th HY043 Claremont Shop HY015 Claremont Shop HY015 Claremont Shop HY015 Claremont Shop HY015
48 Claremont Shop HY015 Claremont Shop HY015 Goodwood Pumping Station HY031 Goodwood Pumping Station HY031 Claremont Shop HY015 Goodwood Pumping Station HY031 Goodwood Pumping Station HY031
49 Claremont Shop HY015 Claremont Shop HY015 Goodwood Pumping Station HY031 Goodwood Pumping Station HY031 Goodwood Pumping Station HY031 Goodwood Pumping Station HY031 Goodwood Pumping Station HY031
50 Claremont Shop HY015 Claremont Shop HY015 02HC055 Claremont Shop HY015 Claremont Shop HY015 Claremont Shop HY015 Claremont Shop HY015
51 Claremont Shop HY015 Claremont Shop HY015 Goodwood Pumping Station HY031 Goodwood Pumping Station HY031 Goodwood Pumping Station HY031 Goodwood Pumping Station HY031 Goodwood Pumping Station HY031
52 CLOCA5 CLOCA5 CLOCA5 CLOCA5 CLOCA5 CLOCA5 CLOCA5
53 Ajax Works Yard HY001 Ajax Works Yard HY001 02HC018 Ajax Works Yard HY001 Ajax Works Yard HY001 Ajax Works Yard HY001 Ajax Works Yard HY001
54 Ajax Works Yard HY001 Ajax Works Yard HY001 02HC018 Ajax Works Yard HY001 Ajax Works Yard HY001 Ajax Works Yard HY001 Ajax Works Yard HY001
55 Ajax Works Yard HY001 Ajax Works Yard HY001 02HC055 Ajax Works Yard HY001 Ajax Works Yard HY001 Ajax Works Yard HY001 Ajax Works Yard HY001
56 Claremont Shop HY015 Claremont Shop HY015 02HC055 Claremont Shop HY015 Claremont Shop HY015 Claremont Shop HY015 Claremont Shop HY015

Calibration Event

Appendix C - Rainfall Data Application for Calibration Events
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Figure C.1: (May 15-17, 2003)
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Figure C.2: (May 23-24, 2003)
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Figure C.3: (July 29-30, 2006)
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Figure C.4: (July 22-23, 2008)
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Figure C.5: (July 23, 2010)
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Figure C.6: (June 24, 2010)
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Figure C.7: (June 27-28, 2010)
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Model Calibration: Observed vs. Simulated Calibration Event 
Results 

 
  



Calibration Results - Storm Event - May 15-17, 2003
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Model Calibration: May 15-17, 2003
Mitchel Creek at Claremont (HY047)
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Model Calibration: May 15-17, 2003
E. Duffins at Claremont (HY023)
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Model Calibration: May 15-17, 2003
Brougham Creek (HY010)
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Model Calibration: May 15-17, 2003
Duffins above Pickering (HC019)
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Model Calibration: May 23-24, 2003
Duffins Creek at Ajax (HC049)
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Model Calibration: May 23-24, 2003
Urfe Creek (HC065)
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Mitchel Creek at Claremont (HY047)
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E. Duffins at Claremont (HY023)

Gauged Runoff Modelled Runoff

0.0

10.0

20.0

30.0

0 12 24 36 48 60 72 84 96 108

120

Fl
ow

 (c
m

s)

Time (Hours)

Model Calibration: May 23-24, 2003
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Calibration Results - Storm Event - May23-24,2003
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Model Calibration: July 29-30, 2006
Duffins Creek at Ajax (HC049)
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Model Calibration: July 29-30, 2006
W. Duffins above Green River (HC038)
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Model Calibration: July 29-30, 2006
Urfe Creek (HC065)
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Model Calibration: July 29-30, 2006
Duffins above Pickering (HC019)
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Calibration Results - Storm Event -July 29-30,2008
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Calibration Results - Storm Event -July 22 - 23, 2008
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Calibration Results - Storm Event -June 24,2010
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0.00

10.00

20.00

30.00

0 12 24 36 48 60 72 84

Fl
ow

 (c
m

s)

Time (Hours)

Model Calibration: July 23, 2010
Duffins Creek at Ajax (HC049)

Gauged Runoff Modelled Runoff

0.00

10.00

20.00

0.00

12.00

24.00

36.00

48.00

60.00

72.00

84.00

Fl
ow

 (c
m

s)

Time (Hours)

Model Calibration: July 23, 2010
W. Duffins at HWY 7 (HY066)

Gauged Runoff Modelled Runoff

0.00

10.00

20.00

0.00

12.00

24.00

36.00

48.00

60.00

72.00

84.00

Fl
ow

 (c
m

s)

Time (Hours)

Model Calibration: July 23, 2010
Reesor Creek at 8th Conc. (HY999)

Gauged Runoff Modelled Runoff

0.00

10.00

20.00

30.00

0.00

12.00

24.00

36.00

48.00

60.00

72.00

84.00

Fl
ow

 (c
m

s)

Time (Hours)

Model Calibration: July 23, 2010
Ganetsekiagon Creek (HC028)

Gauged Runoff Modelled Runoff

0.00

10.00

20.00

0.00

12.00

24.00

36.00

48.00

60.00

72.00

84.00

Fl
ow

 (c
m

s)

Time (Hours)

Model Calibration: July 23, 2010
Urfe Creek (HC065)

Gauged Runoff Modelled Runoff

0.00

10.00

20.00

0.00

12.00

24.00

36.00

48.00

60.00

72.00

84.00

Fl
ow

 (c
m

s)

Time (Hours)

Model Calibration: July 23, 2010
Brougham Creek (HY010)

Gauged Runoff Modelled Runoff

0.00

10.00

20.00

0 12 24 36 48 60 72 84

Fl
ow

 (c
m

s)

Time (Hours)

Model Calibration: July 23, 2010
E. Duffins at Claremont (HY023)

Gauged Runoff Modelled Runoff

0.00

10.00

20.00

0.00

12.00

24.00

36.00

48.00

60.00

72.00

84.00

Fl
ow

 (c
m

s)

Time (Hours)

Model Calibration: July 23, 2010
Mitchel Creek Claremont (HY047)

Gauged Runoff Modelled Runoff

Calibration Results - Storm Event -July 23,2010



City Of Pickering / TRCA  11 February 2013 
2012 Duffins Creek Hydrology Update  

 Aquafor Beech Limited  

 
 
 
 
 
 
 
 
 
 

APPENDIX E: 
 

Model Calibration:  Antecedent Rainfall Relationships 
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APPENDIX F: 
 

Model Calibration: Observed vs. Simulated Validation Event 
Results 
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Validation Results - June 13, 2000
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Validation Results - June 24, 2000
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APPENDIX G: 
 

Model Calibration:  Review of Radar Data 
 
  



 

 
 
 
 
To: Nick Lorrain 

Water Resources Coordinator 
November 9, 2012

 
From: Tom Dole 

Water Resources Engineer 
 
Copy: Senior Water Resources Engineer 
 
Subject: 2012 Duffins Creek Hydrology Update  - Calibration/ Validation Event Summary  
 
 
 
The following is a brief description of the calibration and validation results. The intent of the analysis is to explain large discrepancies 
(greater than 25%) between simulated and observed flows.  
 
 
 
 
 
 
 
 
 
 
 
 
 
. 

Memo
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Event:   May 15-17, 2003 
Rainfall Total: 
HY001 –53mm HY015 – 62.1 CLOCA 5 – 51.8 mm 
 
Average 5-Day API 26 mm 

 
 
The event came from the southeast with the highest rainfall totals in the southern and eastern portion of the watershed. The calibration 
model used rainfall from HY001, HY015 and CLOCA 5. According to the rainfall totals from the radar data, gauges HY001 and HY015 
had some of the highest rainfall totals. The calibration model was run using rainfall from the portions of the watershed which received 
the most rainfall. Given that, it is understandable that the simulated flows tended to be higher than observed.       
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Event:   May 23-24, 2003 
Rainfall Total: 
HY001 –30 mm HY009 – 26.4 mm CLOCA 5 – 30.9 
 
Average 5-Day API 10 mm 

 
 
The event came from the southwest with the highest rainfall totals in the southwest part of the watershed according to the rainfall data. 
The calibration model used rainfall from HY001, HY015 and CLOCA 5. The recorded rainfall at these gauges was fairly uniform which 
is confirmed by the radar data. The simulated and observed flows were very close at the lake. However, the model did tend to 
overpredict flows at the subwatershed level.  
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Event:   July 29-30, 2006 
Rainfall Total:   
HY031 – 57.8mm 02HC018 – 98.5mm 02HC055 – 103.3mm 
CLOCA 5 – 53.1mm HY043 – 19.8mm  
 
Average 5-Day API 8 

 
 
The event came in a narrow band from the northwest. The highest rainfall totals were throughout the centre of the watershed. The 
radar data and recorded rainfall differed rather significantly. Despite the non-uniform rainfall pattern, the use of multiple rain gauges 
led to good agreement between simulated and observed results.  
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Event: July 23, 2008 
Rainfall Total: 
HY001 – 16.4mm HY015 – 41mm HY031 – 11.8mm 
CLOCA 5 – 8.1mm HY043 – 19.8mm  
 
Average 5-Day API 52 mm 

 
 
Rainfall distribution in this event was very uneven. The radar showed characteristics of localized thunderstorm cells. The highest 
rainfall amounts were concentrated in a band through the centre of the watershed. From the radar data it is apparent that the available 
rain gauges missed the areas with the highest rainfall amounts. This is confirmed by the observed flows being significantly higher than 
simulated in the more central subwatersheds such as Urfe Creek.  
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Simulated flows were significantly higher than observed on the East Duffins Creek and Michell Creek. Rainfall data for these 
catchments was taken from HY015, HY031 and CLOCA 5. The radar data confirms that the use of data from HY015 for Catchments 
4701, 4702 and 5001 is appropriate given that the rainfall was most intense in these catchments. However, the flows from the 
catchments using data from HY015 are driving up the flows which suggests that the rainfall totals within these catchments were lower.  
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Event: June 24, 2010 
Rainfall Total: 
HY001 – 26.4mm HY009 – 35.2mm HY015 – 29.2mm 
HY031 – 27.2mm HY043 – 31.2mm CLOCA 5 – 23.6mm 
 
Average 5-Day API 18 mm 

 
 
This system came from the west. The rainfall distribution for this event was relatively even with some more intense pockets through 
the centre of the watershed. Rainfall totals from the gauges were quite close. However, there are no gauges within the central areas 
which had the higher rainfall totals.  
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There was good agreement between simulated and observed peak flows. The simulated flows for Mitchell Creek were relatively higher 
than observed. This can be explained by the areal distribution of rainfall as the radar data indicates that there was a lot less rain within 
the Mitchell Creek subwatershed than what fell at the surrounding gauges.  
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Event: June 27, 28, 2010 
Rainfall Total: 
HY001 –31.0 mm HY009 – 29.0 mm HY015 – 18.0 mm 
HY031 – 19.2 mm HY043 –19.6 mm CLOCA 5 –18.6 mm 
 
Average 5-Day API 57 mm 

 
 
This system came from the west. The model showed good agreement with the observed data. The notable exception being Michell 
Creek where simulated flows were higher than observed. According to the radar data the rainfall totals within the catchment were 
slightly lower than the recorded data at the gauges. This may explain some of the difference between simulated and observed.  
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Event: July 23, 2010  
Rainfall Total: 
HY001 –55.8 mm HY015 – 47.6 mm HY031 – 41.6 mm 
HY043 – 57.2 mm CLOCA 5 – 39.0mm  
 
Average 5-Day API 11 mm 

 
 
This system came from the west. According to the radar data this was a fairly uniform event although the radar’s rainfall totals were 
lower than the recorded values. The simulated and observed flows were in good agreement.  
Event: May 11, 2000 
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Rainfall Total: 
York 02 – Stouffville WWTP – 61.2 mm  
 
Average 5-Day API 10 mm 

 
 
This system came from the west. With the exception of the East Duffins HC019 gauge, observed flows were all higher than simulated. 
This is to be expected given that the rainfall data is taken from York 02-Stouffville WWTP which, according to the radar data, 
experienced lower rainfall totals than other parts of the watershed. Observed flows in Urfe Creek were much higher than simulated. 
This is to be expected as, according to the radar data, the Urfe Creek subwatershed experienced significantly higher rainfall totals 
than Stouffville.  
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Event: June 13, 2000 
Rainfall Total: 
York 02-Stouffville WWTP – 45.4 mm  
 
Average 5-Day API 8 mm 

 
 
This system came from the west. The rainfall was relatively evenly distributed. Simulated and observed flows were in good agreement. 
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Event: June 24, 2000 
Rainfall Total 
York02-WWTP Stouffville – 41.0 mm  
 
Average 5-Day API 9 mm 

 
 
The system came from the south. The rainfall distribution was relatively even although there were higher rainfall totals in the very 
southern portion of the watershed. There was good agreement between simulated and observed flows.  
Trends 
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APPENDIX H: 
 

Design Storm Hyetographs 



Time (mins) Rainfall (mm/hr)
0 0.40

15 0.40
30 0.40
45 0.40
60 0.40
75 0.40
90 0.40

105 0.40
120 2.60
135 2.60
150 2.60
165 2.60
180 7.40
195 7.40
210 7.40
225 7.40
240 20.00
255 20.00
270 20.00
285 20.00
300 5.60
315 5.60
330 5.60
345 5.60
360 3.00
375 3.00
390 3.00
405 3.00
420 1.70
435 1.70
450 1.70
465 1.70
480 0.90
495 0.90
510 0.90
525 0.90
540 0.40
555 0.40
570 0.40
585 0.40
600 0.40
615 0.40
630 0.40
645 0.40
660 0.40
675 0.40
690 0.40
705 0.40

Table H.1 - Design Storm Hyetograph for 2 year AES storm



Time (mins) Rainfall (mm/hr)
0 0.60

15 0.60
30 0.60
45 0.60
60 0.60
75 0.60
90 0.60

105 0.60
120 3.30
135 3.30
150 3.30
165 3.30
180 9.40
195 9.40
210 9.40
225 9.40
240 25.40
255 25.40
270 25.40
285 25.40
300 7.20
315 7.20
330 7.20
345 7.20
360 3.90
375 3.90
390 3.90
405 3.90
420 2.20
435 2.20
450 2.20
465 2.20
480 1.10
495 1.10
510 1.10
525 1.10
540 0.60
555 0.60
570 0.60
585 0.60
600 0.60
615 0.60
630 0.60
645 0.60
660 0.60
675 0.60
690 0.60
705 0.60

Table H.2 - Design Storm Hyetograph for 5 year AES storm



Time (mins) Rainfall (mm/hr)
0 0.60

15 0.60
30 0.60
45 0.60
60 0.60
75 0.60
90 0.60

105 0.60
120 3.80
135 3.80
150 3.80
165 3.80
180 10.70
195 10.70
210 10.70
225 10.70
240 29.00
255 29.00
270 29.00
285 29.00
300 8.20
315 8.20
330 8.20
345 8.20
360 4.40
375 4.40
390 4.40
405 4.40
420 2.50
435 2.50
450 2.50
465 2.50
480 1.30
495 1.30
510 1.30
525 1.30
540 0.60
555 0.60
570 0.60
585 0.60
600 0.60
615 0.60
630 0.60
645 0.60
660 0.60
675 0.60
690 0.60
705 0.60

Table H.3 - Design Storm Hyetograph for 10 year AES storm



Time (mins) Rainfall (mm/hr)
0 0.70

15 0.70
30 0.70
45 0.70
60 0.70
75 0.70
90 0.70

105 0.70
120 4.40
135 4.40
150 4.40
165 4.40
180 12.40
195 12.40
210 12.40
225 12.40
240 33.50
255 33.50
270 33.50
285 33.50
300 9.50
315 9.50
330 9.50
345 9.50
360 5.10
375 5.10
390 5.10
405 5.10
420 2.90
435 2.90
450 2.90
465 2.90
480 1.50
495 1.50
510 1.50
525 1.50
540 0.70
555 0.70
570 0.70
585 0.70
600 0.70
615 0.70
630 0.70
645 0.70
660 0.70
675 0.70
690 0.70
705 0.70

Table H.4 - Design Storm Hyetograph for 25 year AES storm



Time (mins) Rainfall (mm/hr)
0 0.80

15 0.80
30 0.80
45 0.80
60 0.80
75 0.80
90 0.80

105 0.80
120 4.80
135 4.80
150 4.80
165 4.80
180 13.60
195 13.60
210 13.60
225 13.60
240 36.90
255 36.90
270 36.90
285 36.90
300 10.40
315 10.40
330 10.40
345 10.40
360 5.60
375 5.60
390 5.60
405 5.60
420 3.20
435 3.20
450 3.20
465 3.20
480 1.60
495 1.60
510 1.60
525 1.60
540 0.80
555 0.80
570 0.80
585 0.80
600 0.80
615 0.80
630 0.80
645 0.80
660 0.80
675 0.80
690 0.80
705 0.80

Table H.5 - Design Storm Hyetograph for 50 year AES storm



Time (mins) Rainfall (mm/hr)
0 0.90

15 0.90
30 0.90
45 0.90
60 0.90
75 0.90
90 0.90

105 0.90
120 5.20
135 5.20
150 5.20
165 5.20
180 14.90
195 14.90
210 14.90
225 14.90
240 40.20
255 40.20
270 40.20
285 40.20
300 11.40
315 11.40
330 11.40
345 11.40
360 6.10
375 6.10
390 6.10
405 6.10
420 3.50
435 3.50
450 3.50
465 3.50
480 1.70
495 1.70
510 1.70
525 1.70
540 0.90
555 0.90
570 0.90
585 0.90
600 0.90
615 0.90
630 0.90
645 0.90
660 0.90
675 0.90
690 0.90
705 0.90

Table H.6 - Design Storm Hyetograph for 100 year AES storm



Time (mins) Rainfall (mm/hr)
0 6.0

15 6.0
30 6.0
45 6.0
60 4.0
75 4.0
90 4.0

105 4.0
120 6.0
135 6.0
150 6.0
165 6.0
180 13.0
195 13.0
210 13.0
225 13.0
240 17.0
255 17.0
270 17.0
285 17.0
300 13.0
315 13.0
330 13.0
345 13.0
360 23.0
375 23.0
390 23.0
405 23.0
420 13.0
435 13.0
450 13.0
465 13.0
480 13.0
495 13.0
510 13.0
525 13.0
540 53.0
555 53.0
570 53.0
585 53.0
600 38.0
615 38.0
630 38.0
645 38.0
660 13.0
675 13.0
690 13.0
705 13.0

Table H.7 - Design Storm Hyetograph for Hurrian Hazel
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8.0 REPORT ADDENDUM: 

STORMWATER MANAGEMENT CONTROLS FOR NON-SEATON LANDS 

 

Subsequent to the completion of the 2012 Duffins Creek Hydrology Update Study (11 February 

2013), further modelling and analyses work has been completed on behalf of TRCA to develop 

stormwater management target criteria for future urban development lands within the Duffins 

Creek Watershed. 

 

Background 

 

The 2012 Duffins Creek Hydrology Update Study was undertaken for both the City of Pickering 

and TRCA and included the development, calibration and application of an updated Visual 

Otthymo hydrologic model for the Duffins Creek watershed.  Section 5 of the report focused on 

the development of stormwater management target criteria for the Seaton Lands, which represent 

a significant portion of the future (Official Plan) development lands within the City of Pickering.  

The additional work completed as part of this addendum focuses on the development of 

stormwater management target criteria for the balance of the future (Official Plan) development 

lands within the watershed (i.e. future developments located outside of the Seaton Lands). 

 

2-Year to 100-Year Controls 

 

As noted in Section 5, it is understood that stormwater controls will be necessary within future 

urban development areas to mitigate potential water quality, erosion and flooding impacts.  In 

terms of flood (quantity) control, it is assumed that stormwater ponds and/or other techniques will 

be used to control runoff from future development to prevent significant increases in flood flows 

on the downstream tributary reaches.  Therefore, further modelling was undertaken to estimate the 

necessary 2-year to 100-year flood control requirements for the future (Official Plan) development 

lands outside of the Seaton Lands. 
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Through previous modelling work for the 2002 Duffins Creek Hydrology Update Study, it is 

understood that, due to hydrograph timing, flood control is not required for future urban 

development lands draining directly to the Lower Main, East or West Branches south of Highway 

No. 7.  The stormwater modelling assessment therefore focused on the remaining future (non-

Seaton) development lands identified in Official Plans.  This includes the following tributary 

catchments: 

 

• West Branch, north of Highway No. 7 (catchment 10); 

• Stouffville Creek (catchments 16, 17, 18); 

• Reesor Creek (catchment 20) 

• East Branch, north of Highway No. 7 (catchments 46 (partial), 51, 52); 

• Brougham Creek (catchment 45); 

• Mitchell Creek (catchments 47, 49); and 

• Millers Creek (catchments 53, 54, 55, 56). 

 

As was done in Section 5 for the Seaton Lands, unit stormwater target criteria were developed for 

each of these catchments based on pre-development unit flows from the updated 2012 model 

results.  The hydrologic model parameters and setup for the future landuse scenario are 

summarized in Appendix A. 

 

Reservoir routing was added to each of the catchments to simulate stormwater management 

controls in the proposed future urban development areas.  The pre-development unit flow rates 

were determined from the rural components of the existing landuse model for each of the 

catchments.  These unit flows were used to set the 2-year through 100-year target release rates for 

the future landuse model’s reservoir routines, and sufficient storage was included in the routines to 

match the targets. 

 

A summary of the target criteria for conceptual sizing of stormwater facilities within the non-
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Seaton lands is provided in Table 8.1, including applicable catchments, target release rates and 

storage requirements.  Table 8.1 also summarizes the total future development area, in hectares, 

and the aggregate impervious percentage within each catchment, based on the future (Official 

Plan) landuses.   

 

Given that the proposed landuses and associated percent imperviousness within each future 

development area are expected to vary over a wide range, the target unit release rates and storage 

requirements are listed both on a “per hectare” basis and on a “per impervious hectare” basis.  

Proposed stormwater facilities serving catchments with impervious levels up to those assumed in 

Table 8.1 should be designed using the basic unit storage values specified (i.e. m3/ha).  Proposed 

SWM ponds serving catchments with impervious levels that exceed those assumed in Table 8.1 

should be designed using the unit storage values that are specified on a per impervious hectare 

basis (i.e. m3/imp.ha).  These target values are intended to provide preliminary estimates for use in 

the conceptual sizing of future stormwater facilities.  Further planning and design at the block 

planning or detailed design stages of development may require further hydrologic modelling to 

refine the targets based on the proposed landuse characteristics and impervious components, to the 

satisfaction of the municipality and TRCA. 

 

Model results using the 2012 unit flow strategy over both the Seaton Lands and non-Seaton Lands 

are summarized in Table 8.2.  As shown, this strategy is successful in preventing any significant 

increases in flood flows, with changes at most key flow node location generally being less than 

5%.   

 

Regional Storm Controls 

 

As noted in Section 5.1 of the report, stormwater management controls for the Regional Storm are 

not required for the future (Official Plan) landuse scenario, given that Regional Storm flow 

increases on the smaller local tributaries were expected to be contained within the valley corridors 

of the natural heritage systems, and given that no increases in flows were expected in the larger 
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East, West, or Main Branches, including the reach through the Pickering and Ajax Special Policy 

Area (SPA), which is a known flood-susceptible area.  In fact, due to hydrograph timing, minor 

decreases in Regional Storm flows are predicted over this reach. 

 

Should future development plans be proposed which are beyond the landuses and impervious 

values assumed in this study, additional hydrologic modelling may be required to further 

investigate the potential impacts to Regional Storm flows and the possible need for additional 

controls.  Such requirements would be investigated as part of the development approval process. 

 



Existing Pre-development
Rural Urban (rural) Area (ha) Area (ha) % Impervious (L/s/ha) (L/s/imp-ha) (m3/ha) (m3/imp-ha)

2-year 3.20 21.31 151 1004
5-year 5.06 33.74 206 1375

10-year 6.36 42.38 249 1658
25-year 8.16 54.41 308 2054
50-year 9.56 63.70 352 2346

100-year 11.02 73.48 399 2658
2-year 2.84 4.81 206 349
5-year 4.58 7.77 274 464

10-year 5.83 9.87 319 541
25-year 7.59 12.86 378 640
50-year 8.98 15.22 422 715

100-year 10.46 17.74 467 791
2-year 3.00 4.00 261 347
5-year 4.81 6.41 336 448

10-year 6.09 8.12 385 513
25-year 7.89 10.52 448 598
50-year 9.30 12.40 495 661

100-year 10.79 14.39 544 725
2-year 4.13 5.58 238 322
5-year 6.61 8.93 312 422

10-year 8.33 11.26 358 483
25-year 10.75 14.53 416 562
50-year 12.63 17.07 458 619

100-year 14.61 19.75 501 677
2-year 3.37 3.55 329 346
5-year 5.40 5.69 418 440

10-year 6.83 7.19 471 496
25-year 8.84 9.30 542 571
50-year 10.40 10.95 593 624

100-year 12.06 12.69 644 678
2-year 2.92 8.59 136 400
5-year 4.74 13.93 192 565

10-year 6.03 17.73 229 674
25-year 7.87 23.15 279 822
50-year 9.32 27.40 317 933

100-year 10.86 31.94 356 1047
2-year 3.63 30.29 82 684
5-year 5.86 48.81 124 1037

10-year 7.43 61.89 154 1280
25-year 9.65 80.38 194 1619
50-year 11.39 94.90 225 1877

100-year 13.24 110.32 258 2148
2-year 2.10 4.38 190 395
5-year 3.44 7.16 259 540

10-year 4.40 9.17 305 636
25-year 5.78 12.05 365 761
50-year 6.87 14.32 410 854

100-year 8.04 16.76 456 949
2-year 2.42 6.21 153 392
5-year 3.94 10.11 213 547

10-year 5.03 12.90 253 649
25-year 6.58 16.88 306 786
50-year 7.81 20.02 346 887

100-year 9.11 23.37 387 993
2-year 1.81 12.04 111 740
5-year 2.93 19.56 169 1125

10-year 3.73 24.90 207 1382
25-year 4.88 32.51 260 1734
50-year 5.77 38.49 301 2004

100-year 6.73 44.85 342 2282
2-year 4.47 4.86 306 333
5-year 7.22 7.85 391 425

10-year 9.19 9.99 442 480
25-year 11.94 12.97 505 549
50-year 14.08 15.31 551 599

100-year 16.37 17.80 597 649
2-year 3.14 14.29 108 492
5-year 5.08 23.09 158 719

10-year 6.44 29.25 193 875
25-year 8.36 38.00 239 1086
50-year 9.86 44.83 274 1245

100-year 11.47 52.13 311 1412
2-year 4.06 9.02 149 332
5-year 6.58 14.63 204 454

10-year 8.39 18.64 241 535
25-year 10.95 24.33 288 639
50-year 12.97 28.82 323 717

100-year 15.13 33.62 358 797
2-year 3.00 7.32 153 372
5-year 4.90 11.94 209 509

10-year 6.26 15.26 246 601
25-year 8.20 19.99 295 720
50-year 9.73 23.72 335 817

100-year 11.36 27.71 374 912

TABLE 8.1:

Future Development Area
Model Catchment ID

Catchment No. Tributary Name

Stormwater Management Target Criteria:  Future Development Lands (Non-Seaton Lands)

10
West Duffins Creek above 
confluence with Reesor 

Creek
1001 1005 344

1705 506

1.6 15

16 Stouffville Creek south of 
Main Street

1601 1609 54 8.4 59

6.6 7517 Stouffville Creek North of 
Bethesda Road

1701

93

47

49

East Duffins Creek at 
WhitevaleRoad/above 

Brougham Creek

Michell Creek above 
confluence with East 

Duffins Creek

East Trib of Michell Creek at 
Brock Road

25.0 74

Brougham Creek north of 
Whitevale Road

45

46 4601

4501 4502 556 11.8 95

4605 570 63.3 34

18 Stouffville Creek North of 
Regional Road 5

1801 1806

4901 4904 735 61.5

Storm Event

Millers Creek south of Hwy 
401/above Duffins Creek

Millers Creek at Kingston 
Road

52

53

54

51 Michell Creek near 
Claremont

Michell Creek at Regional 
Road 5

5101 5104 716 18.7 39

Unit Flow Release Rate Target Storage Requirements
2012 Unit Flow Stormwater Management*

5401 5421 88 48.4 22

5301 5305 28 9.6 92

5201 5202 2589 16.3 15

48

4701 4705 641 12.3 12

55 Millers Creek at Rossland 
Road East

5501 5513 107 55.6 45

56 Miller Creek at Taunton 
Road East

5601 5604 421 8.0 41



Model
Flow Node Location Catchment HYD Drainage Area Landuse Scenario Flood Control within Flood Control within other

Ref. No. (km2) Seaton Lands Future Development Lands 2 Yr 5 Yr 10 Yr 25 Yr 50 Yr 100 Yr
2.5 Stouffville Creek south of Bethesda Road 17 9916 Existing Landuses - - 1.2 2.1 2.8 3.7 4.4 5.2

Future (Official Plan) Landuses none none 1.2 2.1 2.8 3.7 4.5 5.2
Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 1.2 2.1 2.8 3.7 4.5 5.2
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 1.2 2.1 2.8 3.7 4.5 5.2
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands 2012 Unit Flows(non-Seaton Lands) 1.2 2.1 2.8 3.7 4.4 5.2

2.4 Stouffville Creek south of Main Street 16 1608 Existing Landuses - - 4.1 5.8 7.1 8.9 10.2 12.5
Future (Official Plan) Landuses none none 4.4 6.2 7.6 9.4 10.9 13.2
Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 4.4 6.2 7.6 9.4 10.9 13.2
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 4.4 6.2 7.6 9.4 10.9 13.2
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands 2012 Unit Flows(non-Seaton Lands) 4.1 5.8 7.1 8.8 10.2 12.5

2.1 Stouffville Creek at Townline Road 14 1402 Existing Landuses - - 3.6 5.4 6.8 8.6 10.0 11.5
Future (Official Plan) Landuses none none 3.7 5.6 6.9 8.8 10.2 11.8
Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 3.7 5.6 6.9 8.8 10.2 11.8
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 3.7 5.6 6.9 8.8 10.2 11.8
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands 2012 Unit Flows(non-Seaton Lands) 3.7 5.5 6.8 8.6 10.0 11.6

3.3 Reesor Creek at Bethesda Road 22 2207 Existing Landuses - - 2.1 3.4 4.3 5.5 6.5 7.5
Future (Official Plan) Landuses none none 2.1 3.4 4.3 5.5 6.5 7.5
Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 2.1 3.4 4.3 5.5 6.5 7.5
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 2.1 3.4 4.3 5.5 6.5 7.5
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands 2012 Unit Flows(non-Seaton Lands) 2.1 3.4 4.3 5.5 6.5 7.5

3.2 Trib of Reesor Creek conflunce with Ressor Creek at Main Street 21 2101 Existing Landuses - - 0.8 1.4 1.7 2.2 2.6 3.0
Future (Official Plan) Landuses none none 0.8 1.4 1.7 2.2 2.6 3.0
Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 0.8 1.4 1.7 2.2 2.6 3.0
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 0.8 1.4 1.7 2.2 2.6 3.0
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands 2012 Unit Flows(non-Seaton Lands) 0.8 1.4 1.7 2.2 2.6 3.0

3.1 Ressor Creek at Main Street 20 2006 Existing Landuses - - 2.8 4.3 5.3 6.6 7.7 8.8
Future (Official Plan) Landuses none none 2.7 4.2 5.3 6.6 7.7 8.8
Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 2.7 4.2 5.3 6.6 7.7 8.8
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 2.7 4.2 5.3 6.6 7.7 8.8
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands 2012 Unit Flows(non-Seaton Lands) 2.7 4.2 5.3 6.6 7.7 8.8

3 Reesor Creek at Townline road 19 1902 Existing Landuses - - 4.5 6.8 8.4 10.5 12.3 14.2
Future (Official Plan) Landuses none none 4.4 6.8 8.4 10.5 12.3 14.2
Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 4.4 6.8 8.4 10.5 12.3 14.2
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 4.4 6.8 8.4 10.5 12.3 14.2
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands 2012 Unit Flows(non-Seaton Lands) 4.4 6.8 8.4 10.5 12.3 14.2

4.2 Reesor Creek at 8th Conc.  (Gauge HY999) 13 1302 Existing Landuses - - 8.7 13.2 16.4 20.7 24.2 27.9
Future (Official Plan) Landuses none none 8.8 13.3 16.5 20.8 24.3 28.0
Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 8.8 13.3 16.5 20.8 24.3 28.0
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 8.8 13.3 16.5 20.8 24.3 28.0
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands 2012 Unit Flows(non-Seaton Lands) 8.7 13.3 16.5 20.8 24.2 28.0

4.1 Reesor Creek at Townline road/north of Green River 12 1202 Existing Landuses - - 9.5 14.6 18.3 23.0 26.8 30.9
Future (Official Plan) Landuses none none 9.6 14.8 18.4 23.1 26.9 31.1
Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 9.6 14.8 18.4 23.1 26.9 31.1
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 9.6 14.8 18.4 23.1 26.9 31.1
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands 2012 Unit Flows(non-Seaton Lands) 9.5 14.7 18.4 23.0 26.9 31.1

5 West Duffins Creek north of Webb Road at Glasgow 28 2804 Existing Landuses - - 3.6 5.8 7.4 9.7 11.6 13.6
Future (Official Plan) Landuses none none 3.5 5.8 7.3 9.6 11.5 13.5
Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 3.5 5.8 7.3 9.6 11.5 13.5
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 3.5 5.8 7.3 9.6 11.5 13.5
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands 2012 Unit Flows(non-Seaton Lands) 3.5 5.8 7.3 9.6 11.5 13.5

6.1 West Duffins Creek south of Ninth Concession Road 26 2604 Existing Landuses - - 4.4 7.2 9.2 12.0 14.3 16.8
Future (Official Plan) Landuses none none 4.4 7.2 9.1 12.0 14.2 16.7
Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 4.4 7.2 9.1 12.0 14.2 16.7
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 4.4 7.2 9.1 12.0 14.2 16.7
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands 2012 Unit Flows(non-Seaton Lands) 4.4 7.2 9.1 12.0 14.2 16.7

7 Wixon Creek south of Ninth Concession Road 27 2701 Existing Landuses - - 1.6 2.5 3.1 4.0 4.8 5.5
Future (Official Plan) Landuses none none 1.6 2.5 3.1 4.0 4.8 5.5
Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 1.6 2.5 3.1 4.0 4.8 5.5
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 1.6 2.5 3.1 4.0 4.8 5.5
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands 2012 Unit Flows(non-Seaton Lands) 1.6 2.5 3.1 4.0 4.8 5.5

8.1 West Duffins Creek South of Seventh Concession Road 25 2502 Existing Landuses - - 6.6 10.6 13.6 17.9 21.1 24.6
Future (Official Plan) Landuses none none 6.6 10.6 13.5 17.8 21.0 24.5
Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 6.6 10.6 13.5 17.8 21.0 24.5
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 6.6 10.6 13.5 17.8 21.0 24.5
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands 2012 Unit Flows(non-Seaton Lands) 6.6 10.6 13.5 17.8 21.0 24.5

10.1 West Duffins Creek above confluence with Reesor Creek (Gauge HC038) 23 2302 Existing Landuses - - 9.1 14.6 18.5 24.2 28.3 33.0
Future (Official Plan) Landuses none none 9.1 14.5 18.4 24.1 28.2 32.9
Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 9.1 14.5 18.4 24.1 28.2 32.9
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 9.1 14.5 18.4 24.1 28.2 32.9
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands 2012 Unit Flows(non-Seaton Lands) 9.1 14.5 18.4 24.1 28.2 32.9

11.2 Tributary of West Duffins Creek 11 1101 Existing Landuses - - 0.9 1.5 1.8 2.4 2.8 3.2
Future (Official Plan) Landuses none none 0.9 1.5 1.8 2.4 2.8 3.2
Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 0.9 1.5 1.8 2.4 2.8 3.2
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 0.9 1.5 1.8 2.4 2.8 3.2
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands 2012 Unit Flows(non-Seaton Lands) 0.9 1.5 1.8 2.4 2.8 3.2

11.5 Whitevale Creek at Hwy 7 10 1004 Existing Landuses - - 19.2 30.5 38.4 49.8 58.3 67.5
Future (Official Plan) Landuses none none 19.2 30.6 38.4 49.7 58.3 67.5
Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 19.2 30.6 38.4 49.7 58.3 67.5
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 19.2 30.6 38.4 49.7 58.3 67.5
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands 2012 Unit Flows(non-Seaton Lands) 19.2 30.5 38.4 49.7 58.3 67.5

Table 8.2:  
Sumary of Estimated Design Flows for Various Stormwater Control Scenarios

Stormwater Management Scenario Peak Flow Rate (m3/s)
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Model
Flow Node Location Catchment HYD Drainage Area Landuse Scenario Flood Control within Flood Control within other

Ref. No. (km2) Seaton Lands Future Development Lands 2 Yr 5 Yr 10 Yr 25 Yr 50 Yr 100 Yr

Table 8.2:  
Sumary of Estimated Design Flows for Various Stormwater Control Scenarios

Stormwater Management Scenario Peak Flow Rate (m3/s)

11.4 West Duffins Creek at Whitevale Road 7 704 Existing Landuses - - 20.3 32.4 40.7 52.6 61.6 71.2
Future (Official Plan) Landuses none none 20.1 32.1 40.1 51.7 60.6 70.1
Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 20.5 32.6 40.8 52.7 61.7 71.4
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 20.5 32.6 40.8 52.7 61.7 71.4
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands 2012 Unit Flows(non-Seaton Lands) 20.5 32.5 40.8 52.7 61.7 71.3

11.3 Whitevale Creek above confluence with West Duffins Creek 30 3004 Existing Landuses - - 1.3 2.0 2.6 3.3 3.9 4.5
Future (Official Plan) Landuses none none 10.0 13.1 15.2 18.2 20.3 22.4
Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 1.3 2.3 3.0 3.9 4.5 5.2
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 1.2 1.9 2.4 3.1 3.7 4.2
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands 2012 Unit Flows(non-Seaton Lands) 1.2 1.9 2.4 3.1 3.6 4.2

11.1 West Duffins Creek at Taunton Road/at Clarkes Hollow 6 604 Existing Landuses - - 20.9 33.6 41.9 54.2 63.6 73.6
Future (Official Plan) Landuses none none 20.6 33.1 41.3 53.3 62.5 72.3
Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 21.0 33.7 42.0 54.2 63.6 73.6
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 21.0 33.7 42.0 54.2 63.6 73.6
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands 2012 Unit Flows(non-Seaton Lands) 21.0 33.6 41.9 54.2 63.5 73.5

11.6 Small Trib confluence with West Duffins Creek at Taunton Road West 32 3201 1.4 Existing Landuses - - 0.8 1.2 1.6 2.0 2.3 2.7
3203 1.4 Future (Official Plan) Landuses none none 3.4 4.5 5.3 6.2 7.0 7.7

0.7 Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 0.5 0.9 1.1 1.5 1.7 2.0
0.7 Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 0.7 1.1 1.4 1.8 2.1 2.4
0.7 Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands 2012 Unit Flows(non-Seaton Lands) 0.3 0.5 0.6 0.8 0.9 1.1

12.2 West Duffins Creek at Valley Farm Road 5 508 Existing Landuses - - 22.2 36.4 44.8 57.5 67.3 77.6
Future (Official Plan) Landuses none none 21.4 35.2 43.0 55.0 64.4 74.3
Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 22.4 36.4 44.8 57.4 67.1 77.5
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 22.4 36.3 44.7 57.3 67.0 77.1
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands 2012 Unit Flows(non-Seaton Lands) 22.3 36.2 44.6 57.2 66.8 77.0

12.1 West Duffins Creek at Pickering 4 414 Existing Landuses - - 22.3 36.5 45.0 57.7 67.4 77.7
Future (Official Plan) Landuses none none 21.4 35.3 43.1 55.1 64.4 74.3
Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 22.4 36.5 44.9 57.5 67.2 77.5
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 22.4 36.5 44.8 57.4 67.0 77.1
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands 2012 Unit Flows(non-Seaton Lands) 22.3 36.3 44.7 57.3 66.8 76.9

13.1 East Trib of Michell Creek at Brock Road 49 4903 Existing Landuses - - 1.8 2.8 3.6 4.6 5.5 6.4
Future (Official Plan) Landuses none none 3.2 4.8 6.1 8.1 9.4 10.7
Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 3.2 4.8 6.1 8.1 9.4 10.7
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 3.2 4.8 6.1 8.1 9.4 10.7
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands 2012 Unit Flows(non-Seaton Lands) 1.8 2.8 3.6 4.7 5.5 6.4

13 Michell Creek at Brock Road 48 111 Existing Landuses - - 5.2 8.2 10.4 13.3 15.7 18.1
Future (Official Plan) Landuses none none 5.3 8.3 10.5 13.4 15.7 18.2
Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 5.3 8.3 10.5 13.4 15.7 18.2
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 5.3 8.3 10.5 13.4 15.7 18.2
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands 2012 Unit Flows(non-Seaton Lands) 5.2 8.2 10.4 13.3 15.7 18.1

14.1 Michell Creek above confluence with East Duffins Creek (Gauge HY047) 47 4704 Existing Landuses - - 7.2 11.5 14.5 18.8 22.1 25.6
Future (Official Plan) Landuses none none 7.8 12.3 15.4 19.8 23.2 26.8
Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 7.8 12.3 15.4 19.8 23.2 26.8
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 7.8 12.3 15.4 19.8 23.2 26.8
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands 2012 Unit Flows(non-Seaton Lands) 7.6 12.0 15.1 19.5 22.9 26.5

19.2 East Duffins Creek at Claremont (Gauge HY023) 50 113 Existing Landuses - - 15.1 24.2 30.7 40.0 47.3 54.5
Future (Official Plan) Landuses none none 15.7 24.9 31.5 40.9 48.3 55.5
Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 15.7 24.9 31.5 40.9 48.3 55.5
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 15.7 24.9 31.5 40.9 48.3 55.5
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands 2012 Unit Flows(non-Seaton Lands) 15.5 24.7 31.3 40.7 48.2 55.4

19.1 East Duffins Creek at Whitevale Road/above Brougham Creek 46 4604 Existing Landuses - - 15.0 24.6 31.1 40.6 48.0 55.7
Future (Official Plan) Landuses none none 15.6 25.3 31.9 41.5 48.9 56.8
Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 15.6 25.3 31.9 41.5 48.9 56.8
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 15.6 25.3 31.9 41.5 48.9 56.8
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands 2012 Unit Flows(non-Seaton Lands) 15.4 25.2 31.9 41.4 48.9 56.8

20.1 Brougham Creek north of Whitevale Road 45 4501 5.6 Existing Landuses - - 1.9 3.0 3.8 4.9 5.8 6.7
5.4 Future (Official Plan) Landuses none none 1.8 2.9 3.7 4.8 5.7 6.6
5.4 Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 1.8 2.9 3.7 4.8 5.7 6.6
5.4 Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 1.8 2.9 3.7 4.8 5.7 6.6
5.4 Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands 2012 Unit Flows(non-Seaton Lands) 1.8 2.9 3.7 4.8 5.7 6.6

20 Brougham Creek south of Whitevale Road (Gauge HY010) 44 4404 Existing Landuses - - 4.6 7.4 9.4 12.1 14.3 16.6
Future (Official Plan) Landuses none none 6.7 9.4 11.3 13.9 15.9 17.9
Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 4.8 7.8 9.9 12.9 15.1 17.5
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 4.6 7.4 9.4 12.1 14.3 16.6
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands 2012 Unit Flows(non-Seaton Lands) 4.6 7.4 9.4 12.1 14.3 16.6

21.2 East Duffins Creek at Taunton Road (Gauge HC019) 43 4304 Existing Landuses - - 19.3 31.5 39.8 52.0 61.5 71.6
Future (Official Plan) Landuses none none 19.9 32.2 40.6 52.8 62.4 72.5
Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 20.2 32.7 41.2 53.6 63.4 73.6
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 20.0 32.4 40.9 53.2 62.9 73.1
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands 2012 Unit Flows(non-Seaton Lands) 19.7 32.1 40.6 52.9 62.6 72.8

21.1 East Duffins Creek south of Rossland Road/above East Duffins Creek 42 4208 Existing Landuses - - 19.1 30.7 38.9 50.8 60.2 70.1
Future (Official Plan) Landuses none none 19.7 31.4 39.7 51.5 60.9 70.7
Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 19.8 31.7 40.1 52.1 61.6 71.6
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 19.7 31.5 39.8 51.8 61.2 71.1
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands 2012 Unit Flows(non-Seaton Lands) 19.4 31.1 39.4 51.3 60.7 70.6

23.3 West Trib conflunce with Urfe Creek / South of Whitevale Road 38 3803 Existing Landuses - - 0.8 1.3 1.7 2.1 2.5 2.9
Future (Official Plan) Landuses none none 4.7 6.2 7.2 8.5 9.5 10.5
Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 1.0 1.7 2.2 2.9 3.4 3.9
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 0.8 1.2 1.6 2.0 2.4 2.7
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Flow Node Location Catchment HYD Drainage Area Landuse Scenario Flood Control within Flood Control within other

Ref. No. (km2) Seaton Lands Future Development Lands 2 Yr 5 Yr 10 Yr 25 Yr 50 Yr 100 Yr

Table 8.2:  
Sumary of Estimated Design Flows for Various Stormwater Control Scenarios

Stormwater Management Scenario Peak Flow Rate (m3/s)

Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands 2012 Unit Flows(non-Seaton Lands) 0.8 1.2 1.5 2.0 2.4 2.8
23.2 East Trib conflunce with Urfe Creek / South of Whitevale Road 39 3903 Existing Landuses - - 0.7 1.0 1.3 1.7 2.0 2.3

Future (Official Plan) Landuses none none 2.3 3.1 3.6 4.3 4.8 5.4
Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 0.8 1.4 1.7 2.2 2.6 3.0
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 0.7 1.1 1.4 1.8 2.1 2.4
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands 2012 Unit Flows(non-Seaton Lands) 0.7 1.1 1.4 1.8 2.1 2.4

23.1 Urfe Creek south of Rossland Road/above East Duffins Creek (Gauge HY065) 36 3608 15.0 Existing Landuses - - 3.1 4.9 6.2 8.1 9.5 11.0
14.9 Future (Official Plan) Landuses none none 8.6 11.5 13.4 16.0 18.0 20.1
14.9 Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 3.6 6.1 7.8 10.1 11.8 13.6
14.9 Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 2.9 4.6 5.9 7.6 9.0 10.3
14.9 Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands 2012 Unit Flows(non-Seaton Lands) 2.9 4.6 5.8 7.6 8.9 10.3

25.3 West Trib of Ganatsekiagon / South of Whitevale Road 34 3403 Existing Landuses - - 1.0 1.6 2.1 2.7 3.1 3.6
Future (Official Plan) Landuses none none 6.7 8.8 10.3 12.1 13.8 15.2
Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 1.1 2.1 2.8 3.6 4.3 4.9
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 0.9 1.5 1.9 2.5 2.9 3.3
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands 2012 Unit Flows(non-Seaton Lands) 0.9 1.5 1.9 2.4 2.9 3.3

25.4 East Trib of Ganatsekiagon / South of Whitevale Road 35 3503 Existing Landuses - - 1.0 1.5 1.9 2.5 3.0 3.4
Future (Official Plan) Landuses none none 6.9 9.1 10.5 12.6 14.1 15.6
Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 1.1 2.1 2.7 3.6 4.2 4.9
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 0.9 1.5 1.9 2.4 2.8 3.2
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands 2012 Unit Flows(non-Seaton Lands) 0.9 1.4 1.8 2.3 2.8 3.2

25.2 Ganatsekiagon Creek east of Brock Road/above East Duffins Creek 33 3304 13.0 Existing Landuses - - 3.4 5.5 6.9 8.8 10.4 12.0
13.1 Future (Official Plan) Landuses none none 12.1 16.2 19.0 22.8 25.6 28.5
13.1 Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 3.7 6.6 8.4 10.9 12.8 14.7
13.1 Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 3.1 5.2 6.5 8.3 9.7 11.2
13.1 Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands 2012 Unit Flows(non-Seaton Lands) 3.1 5.1 6.4 8.2 9.6 11.1

26.5 East Duffins Creek at Pickering 41 4112 Existing Landuses - - 24.7 39.3 49.8 64.9 76.8 89.4
Future (Official Plan) Landuses none none 24.7 38.7 48.7 63.2 74.6 86.7
Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 26.4 41.2 52.2 67.7 79.9 92.8
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 25.1 39.9 50.4 65.3 77.1 89.5
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands 2012 Unit Flows(non-Seaton Lands) 24.8 39.2 49.6 64.5 76.2 88.6

26.4 Duffins Creek at Kingston Road 3 308 Existing Landuses - - 45.6 75.3 93.2 119.5 139.7 161.3
Future (Official Plan) Landuses none none 44.7 73.5 90.1 114.6 134.1 154.5
Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 47.4 76.9 94.9 121.1 141.3 162.9
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 46.2 75.7 93.4 119.3 139.2 160.5
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands 2012 Unit Flows(non-Seaton Lands) 45.9 75.0 92.7 118.6 138.6 159.9

27.3 Miller Creek at Taunton Road East 56 5603 Existing Landuses - - 1.5 2.5 3.1 4.0 4.7 5.5
Future (Official Plan) Landuses none none 1.8 2.8 3.7 4.7 5.6 6.4
Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 1.8 2.8 3.7 4.7 5.6 6.4
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 1.8 2.8 3.7 4.7 5.6 6.4
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands 2012 Unit Flows(non-Seaton Lands) 1.7 2.7 3.4 4.3 5.1 5.9

27.2 Millers Creek at Rossland Road East 55 5512 Existing Landuses - - 4.0 6.4 8.3 10.9 12.7 14.6
Future (Official Plan) Landuses none none 4.9 8.1 10.6 13.9 16.3 18.6
Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 4.9 8.1 10.6 13.9 16.3 18.6
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 4.9 8.1 10.6 13.9 16.3 18.6
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands 2012 Unit Flows(non-Seaton Lands) 4.2 6.6 8.6 11.2 13.0 14.9

27.1 Millers Creek at Kingston Road 54 5420 Existing Landuses - - 7.1 12.5 16.0 21.6 26.9 31.7
Future (Official Plan) Landuses none none 8.9 15.0 19.5 26.1 32.1 37.6
Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 8.9 15.0 19.5 26.1 32.1 37.6
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 8.9 15.0 19.5 26.1 32.1 37.6
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands 2012 Unit Flows(non-Seaton Lands) 7.2 12.6 16.1 21.8 27.1 31.9

27 Millers Creek south of Hwy 401/above Duffins Creek 53 5304 Existing Landuses - - 12.5 19.4 25.4 33.4 40.0 46.1
Future (Official Plan) Landuses none none 14.2 22.1 28.8 37.7 44.8 51.7
Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 14.2 22.1 28.8 37.7 44.8 51.7
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 14.2 22.1 28.8 37.7 44.8 51.7
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands 2012 Unit Flows(non-Seaton Lands) 12.6 19.4 25.5 33.5 40.1 46.3

28.1 Duffins Creek at Ajax (Gauge HC049) 2 204 Existing Landuses - - 45.4 74.3 92.6 118.6 138.9 160.5
Future (Official Plan) Landuses none none 44.6 72.1 89.5 113.8 133.0 153.6
Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 47.2 76.1 94.2 120.2 140.4 161.9
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 46.0 74.8 92.8 118.5 138.4 159.7
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands 2012 Unit Flows(non-Seaton Lands) 45.7 74.0 92.0 117.7 137.7 159.0

28 Duffins Creek at Lake Ontraio 1 14 Existing Landuses - - 34.9 58.5 73.8 97.9 115.6 135.0
Future (Official Plan) Landuses none none 37.8 61.9 76.7 99.5 117.0 135.6
Future (Official Plan) Landuses 2002 Unit Flows over Seaton Lands none 36.9 61.1 76.6 100.5 118.2 137.5
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands none 36.0 60.0 75.3 98.8 116.4 135.5
Future (Official Plan) Landuses 2012 Unit Flows over Seaton Lands 2012 Unit Flows(non-Seaton Lands) 35.8 59.5 74.7 98.3 115.9 135.0

*  Areal Reduction Factor applied to Regional Storm
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