
System as a Well (Powers et al, 2007):

where: Q = dewatering rate, m
3
/s

K = hydraulic conductivity, m/s

H = distance from the static water level to the bottom of the aquifer, m

h = height of the bottom of the excavation above the bottom of the aquifer, m

R0 = radius of influence (m), calculated by:

rw = radius of the well, which in this case equals a single well of large radius rs, calculated by:

Therefore, drainage as radial flow to the system as a well may be calculated as follows:

Excavation 

Length (a)

Excavation 

Width (b)

Hydraulic 

Conductivity (K)
H h

Radius of 

Influence (R0)
Distance to Line 

Source (L)

Radius of Large 

Well (rw)

(m) (m) (m/s) (m) (m) (m) (m) (m) (m
3
/s) L/s L/min L/day

10 2 1.0E-06 7.78 6 6.5 2.7 1.1 1.4E-04 0.14 8.2 12,000

Notes:

Assumptions for hydrogeological Setting:

1. An unconfined aquifer is assumed with a total thickness of 7.78 metres (to 10 mbg).

mbg = metres below grade

Data Input: RV

Validated: CLP

2. Dewatering is calculated for an excavation 10 m long, 2 m wide, and 4 m deep

3. Hydraulic conductivity value of 1.0 x 10 -6 m/s based on typical range for limestone bedrock

Table C6: Estimated Rate of Dewatering (Trench)

Calculated Dewatering Rate (Q)

𝑄 =
π𝐾(𝐻2−ℎ2)

𝑙𝑛𝑅0/𝑟𝑤
+2*(

𝑥𝐾(𝐻2−ℎ2)

2𝐿
)

𝑟𝑤 = 𝑟𝑠 = √
𝑏 ∗ 𝑏

π

𝑅0 = 𝑟𝑤 + 3000(𝐻 − ℎ) 𝐾

Ground Surface

Static Water Level

H

h

Dewatered Area

Assumed Base of Aquifer



 

 

 

 

 

 

 

 

 

 

 

 

Appendix D 

Surface Water Culvert Photos 

Hydrogeological Evaluation, Proposed Subdivision 

1983358 Ontario Inc 



Appendix D: Surface Water Culvert Photos 

 

Photos above (A and B) show culvert north of Sandy Hook Road and some dirt in culvert (no 

water). Photos below (C and D) show ditch along Sandy Hook Rd (north side). Photos were 

taken by Malroz staff on January 11, 2021. 

A B 

C D 
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Active coordinate
43° 59' 45" N, 77° 10' 15" W (43.995833,-77.170833)

Retrieved: Thu, 20 Aug 2020 13:48:47 GMT

Location summary
These are the locations in the selection.

IDF Curve: 43° 59' 45" N, 77° 10' 15" W (43.995833,-77.170833)

Results
An IDF curve was found.

Coordinate: 43.995833, -77.170833
IDF curve year: 2010

Map data ©2020 GoogleReport a map error
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https://maps.google.com/maps?ll=43.994995,-77.171043&z=8&t=m&hl=en-US&gl=US&mapclient=apiv3
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Coefficient summary

IDF Curve: 43° 59' 45" N, 77° 10' 15" W (43.995833,-77.170833)

Retrieved: Thu, 20 Aug 2020 13:48:47 GMT

Data year: 2010
IDF curve year: 2010

Return period 2-yr 5-yr 10-yr 25-yr 50-yr 100-yr

A 21.2 28.2 32.8 38.5 42.8 47.0

B -0.699 -0.699 -0.699 -0.699 -0.699 -0.699

Statistics

Rainfall intensity (mm hr-1)

Duration 5-min 10-min 15-min 30-min 1-hr 2-hr 6-hr 12-hr 24-hr

2-yr 120.4 74.2 55.9 34.4 21.2 13.1 6.1 3.7 2.3

5-yr 160.2 98.7 74.3 45.8 28.2 17.4 8.1 5.0 3.1

10-yr 186.3 114.8 86.4 53.2 32.8 20.2 9.4 5.8 3.6

25-yr 218.7 134.7 101.5 62.5 38.5 23.7 11.0 6.8 4.2

50-yr 243.1 149.8 112.8 69.5 42.8 26.4 12.2 7.5 4.6

100-yr 267.0 164.4 123.9 76.3 47.0 29.0 13.4 8.3 5.1

Rainfall depth (mm)

Duration 5-min 10-min 15-min 30-min 1-hr 2-hr 6-hr 12-hr 24-hr

2-yr 10.0 12.4 14.0 17.2 21.2 26.1 36.4 44.8 55.2

5-yr 13.3 16.4 18.6 22.9 28.2 34.7 48.4 59.6 73.4

10-yr 15.5 19.1 21.6 26.6 32.8 40.4 56.2 69.3 85.4

25-yr 18.2 22.5 25.4 31.3 38.5 47.4 66.0 81.3 100.2

50-yr 20.3 25.0 28.2 34.7 42.8 52.7 73.4 90.4 111.4

100-yr 22.2 27.4 31.0 38.1 47.0 57.9 80.6 99.3 122.3

Terms of Use
You agree to the Terms of Use of this site by reviewing, using, or interpreting these data.

Ontario Ministry of Transportation | Terms and Conditions | About
Last Modified: September 2016

http://www.mto.gov.on.ca/IDF_Curves/results_out.shtml?coords=43.995833,-77.170833&rt=2
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Loyalist Heights Subdivision
Appendix 'B' - Stormwater Management Calculations

Pre Development Site Land-use

NORTH PARCEL

Drainage Area: 5.34 ha

Land Use Area (Ha) Runoff Coefficient C x A CN Value CN x A
Pavement 0.00 0.90 0.00 98 0
Roofs 0.00 0.90 0.00 98 0
Wooded 0.00 0.25 0.00 70 0
Croplands 5.34 0.25 1.34 58 310

Total 5.34 1.34 310

58
Composite Runoff Coefficient: 0.25

0%

Watershed Length 550 m
Elevation - Top: 104.00 m

Elevation - Bottom: 90.50 m
Watershed Slope: 2.5%

Time of Concentration, Tc = 48 minutes (calculated using the Airport Method for C < 0.4)

Watershed Time to Peak, TP = 32 minutes (2/3 of Tc)

SOUTH PARCEL

Drainage Area: 20.49 ha

Land Use Area (Ha) Runoff Coefficient C x A CN Value CN x A
Pavement 0.00 0.90 0.00 98 0
Roofs 0.00 0.90 0.00 98 0
Wooded 5.40 0.25 1.35 70 378
Croplands 15.09 0.25 3.77 58 875

Total 20.49 5.12 1253

61
Composite Runoff Coefficient: 0.25

0%

Watershed Length 670 m
Elevation - Top: 97.50 m

Elevation - Bottom: 90.50 m
Watershed Slope: 1.0%

Time of Concentration, Tc = 71 minutes (calculated using the Airport Method for C < 0.4)

Watershed Time to Peak, TP = 47 minutes (2/3 of Tc)

EXTERNAL DRAINAGE

Drainage Area: 6.22 ha

Land Use Area (Ha) Runoff Coefficient C x A CN Value CN x A
Pavement 0.00 0.90 0.00 98 0
Roofs 0.00 0.90 0.00 98 0
Wooded 0.00 0.25 0.00 70 0
Croplands 6.22 0.25 1.56 58 361

Total 6.22 1.56 361

58
Composite Runoff Coefficient: 0.25

0%

Watershed Length 750 m
Elevation - Top: 99.50 m

Elevation - Bottom: 90.50 m
Watershed Slope: 1.2%

Time of Concentration, Tc = 71 minutes (calculated using the Airport Method for C < 0.4)

Watershed Time to Peak, TP = 48 minutes (2/3 of Tc)

Composite CN Value:

% Imperviousness:

Composite CN Value:

% Imperviousness:

Composite CN Value:

% Imperviousness:



Loyalist Heights Subdivision
Appendix 'B' - Stormwater Management Calculations

Post Development Site Land-use

Area 200
Post-Development Peak Flows 

Drainage Area: 1.84 ha
(MTO Design Chart 1.07)

Land Use Area (Ha) Runoff Coefficient C x A
SCS Curve 

Number CN x A
Pavement 0.24 0.90 0.22 98 24
Roofs 0.95 0.90 0.86 98 93
Wooded 0.00 0.20 0.00 70 0
Landscaped Areas 0.65 0.25 0.16 58 38

Total 1.84 1.23 154

Composite CN Value: 84 Watershed Length: 267 m
Composite Runoff Coefficient: 0.67 Watershed ∆ Elevation: 7.50 m

% Imperviousness: 65% Watershed Slope (%): 2.8%

Time of Concentration(1): 29.3 minutes

Area 201
Post-Development Peak Flows 

Drainage Area: 0.86 ha
(MTO Design Chart 1.07)

Land Use Area (Ha) Runoff Coefficient C x A
SCS Curve 

Number CN x A
Pavement 0.05 0.90 0.05 98 5
Roofs 0.12 0.90 0.11 98 12
Wooded 0.00 0.20 0.00 70 0
Grass 0.69 0.25 0.17 58 40

Total 0.86 0.33 57

Composite CN Value: 66 Watershed Length: 135 m
Composite Runoff Coefficient: 0.38 Watershed ∆ Elevation: 3.00 m

% Imperviousness: 20% Watershed Slope (%): 2.2%

Time of Concentration(1): 16.7 minutes

Area 202
Post-Development Peak Flows 

Drainage Area: 0.96 ha
(MTO Design Chart 1.07)

Land Use Area (Ha) Runoff Coefficient C x A
SCS Curve 

Number CN x A
Pavement 0.06 0.90 0.05 98 6
Roofs 0.18 0.90 0.16 98 18
Wooded 0.00 0.20 0.00 70 0
Grass 0.72 0.25 0.18 58 42

Total 0.96 0.40 65

Composite CN Value: 68 Watershed Length: 96 m
Composite Runoff Coefficient: 0.41 Watershed ∆ Elevation: 4.75 m

% Imperviousness: 25% Watershed Slope (%): 4.9%

Time of Concentration(1): 10.0 minutes

1. Time of Concentration for urban watersheds based on the Bransby-Williams Formula: Tc = 0.057*L/(Sw0.2*A0.1)



Loyalist Heights Subdivision
Appendix 'B' - Stormwater Management Calculations

Post Development Site Land-use

Area 203
Post-Development Peak Flows 

Drainage Area: 1.68 ha
(MTO Design Chart 1.07)

Land Use Area (Ha) Runoff Coefficient C x A
SCS Curve 

Number CN x A
Pavement 0.33 0.90 0.30 98 32
Roofs 0.51 0.90 0.46 98 50
Wooded 0.00 0.20 0.00 70 0
Grass 0.84 0.25 0.21 58 49

Total 1.68 0.97 131

Composite CN Value: 78 Watershed Length: 200 m
Composite Runoff Coefficient: 0.58 Watershed ∆ Elevation: 6.00 m

% Imperviousness: 50% Watershed Slope (%): 3.0%

Time of Concentration(1): 21.8 minutes

Area 204
Post-Development Peak Flows 

Drainage Area: 8.18 ha
(MTO Design Chart 1.07)

Land Use Area (Ha) Runoff Coefficient C x A
SCS Curve 

Number CN x A
Pavement 1.80 0.90 1.62 98 176
Roofs 2.25 0.90 2.03 98 221
Wooded 0.00 0.20 0.00 70 0
Grass 4.13 0.25 1.03 58 240

Total 8.18 4.68 636

Composite CN Value: 78 Watershed Length: 355 m
Composite Runoff Coefficient: 0.57 Watershed ∆ Elevation: 2.00 m

% Imperviousness: 50% Watershed Slope (%): 0.6%

Time of Concentration(1): 46.2 minutes

Area 205
Post-Development Peak Flows 

Drainage Area: 2.68 ha
(MTO Design Chart 1.07)

Land Use Area (Ha) Runoff Coefficient C x A
SCS Curve 

Number CN x A
Pavement 0.95 0.90 0.86 98 93
Roofs 1.06 0.90 0.95 98 104
Wooded 0.00 0.20 0.00 70 0
Grass 0.67 0.25 0.17 58 39

Total 2.68 1.98 236

Composite CN Value: 88 Watershed Length: 280 m
Composite Runoff Coefficient: 0.74 Watershed ∆ Elevation: 3.50 m

% Imperviousness: 75% Watershed Slope (%): 1.3%

Time of Concentration(1): 34.7 minutes

1. Time of Concentration for urban watersheds based on the Bransby-Williams Formula: Tc = 0.057*L/(Sw0.2*A0.1)



Loyalist Heights Subdivision
Appendix 'B' - Stormwater Management Calculations

Post Development Site Land-use

Area 206
Post-Development Peak Flows 

Drainage Area: 6.22 ha
(MTO Design Chart 1.07)

Land Use Area (Ha) Runoff Coefficient C x A
SCS Curve 

Number CN x A
Pavement 0.00 0.90 0.00 98 0
Roofs 0.00 0.90 0.00 98 0
Wooded 0.00 0.20 0.00 70 0
Croplands 8.35 0.25 2.09 58 484

Total 8.35 2.09 484

Composite CN Value: 58 Watershed Length: 750 m
Composite Runoff Coefficient: 0.25 Watershed ∆ Elevation: 9.00 m

% Imperviousness: 0% Watershed Slope (%): 1.2%

Time of Concentration, Tc = 71 minutes (calculated using the Airport Method for C < 0.4)

Watershed Time to Peak, TP = 48 minutes (2/3 of Tc)

Area 207
Post-Development Peak Flows 

Drainage Area: 0.78 ha
(MTO Design Chart 1.07)

Land Use Area (Ha) Runoff Coefficient C x A
SCS Curve 

Number CN x A
Pavement 0.00 0.90 0.00 98 0
Roofs 0.00 0.90 0.00 98 0
Wooded 0.00 0.20 0.00 70 0
Vegetated 0.78 0.25 0.20 58 45

Total 0.78 0.20 45

Composite CN Value: 58 Watershed Length: 170 m
Composite Runoff Coefficient: 0.25 Watershed ∆ Elevation: 0.85 m

% Imperviousness: 0% Watershed Slope (%): 0.5%

Time of Concentration, Tc = 23 minutes (Minimum based on Tp)

Watershed Time to Peak, TP = 15 minutes (2/3 of Tc)

Area 208
Post-Development Peak Flows 

Drainage Area: 0.94 ha
(MTO Design Chart 1.07)

Land Use Area (Ha) Runoff Coefficient C x A
SCS Curve 

Number CN x A
Pavement 0.00 0.90 0.00 98 0
Roofs 0.00 0.90 0.00 98 0
Wooded 0.00 0.20 0.00 70 0
Pond 0.94 0.25 0.24 58 55

Total 0.94 0.24 55

Composite CN Value: 58 Watershed Length: 140 m
Composite Runoff Coefficient: 0.25 Watershed ∆ Elevation: 3.50 m

% Imperviousness: 0% Watershed Slope (%): 2.5%

Time of Concentration, Tc = 23 minutes (Minimum based on Tp)

Watershed Time to Peak, TP = 15 minutes (2/3 of Tc)

1. Time of Concentration for urban watersheds based on the Bransby-Williams Formula: Tc = 0.057*L/(Sw0.2*A0.1)



Loyalist Heights Subdivision
Appendix 'B' - Stormwater Management Calculations

Post Development Site Land-use

Area 209
Post-Development Peak Flows 

Drainage Area: 2.19 ha
(MTO Design Chart 1.07)

Land Use Area (Ha) Runoff Coefficient C x A
SCS Curve 

Number CN x A
Pavement 0.13 0.90 0.12 98 13
Roofs 0.10 0.90 0.09 98 10
Wooded 0.00 0.20 0.00 70 0
Grass 1.96 0.25 0.49 58 114

Total 2.19 0.70 136

Composite CN Value: 62 Watershed Length: 340 m
Composite Runoff Coefficient: 0.32 Watershed ∆ Elevation: 3.50 m

% Imperviousness: 11% Watershed Slope (%): 1.0%

Area 210
Post-Development Peak Flows 

Drainage Area: 5.72 ha
(MTO Design Chart 1.07)

Land Use Area (Ha) Runoff Coefficient C x A
SCS Curve 

Number CN x A
Pavement 0.00 0.90 0.00 98 0
Roofs 0.00 0.90 0.00 98 0
Wooded 5.40 0.25 1.35 70 378
Grass 0.32 0.25 0.08 58 19

Total 5.72 1.43 397

Composite CN Value: 69 Watershed Length: 280 m
Composite Runoff Coefficient: 0.25 Watershed ∆ Elevation: 3.00 m

% Imperviousness: 0% Watershed Slope (%): 1.1%

Time of Concentration, Tc = 45 minutes (calculated using the Airport Method for C < 0.4)

Watershed Time to Peak, TP = 30 minutes (2/3 of Tc)

1. Time of Concentration for urban watersheds based on the Bransby-Williams Formula: Tc = 0.057*L/(Sw0.2*A0.1)



Loyalist Heights Subdivision
Appendix 'B' - Stormwater Management Calculations

Water Quality Sizing Calculations

Sub-Catchment Area % Imperviousness
Area 200 1.84 65%
Area 201 0.86 20%
Area 202 0.96 25%
Area 203 1.68 50%
Area 204 8.18 50%
Area 205 2.68 75%
Area 206 6.22 0%
Area 207 0.78 0%
Area 208 0.94 0%
Total 24.14 35%
Contributing Area 24.14 ha
% Imperviousness 35%
Storage Volume for Impervious Level(1) 140 m3/ha

Water Quality Storage Volume 3379.6 m3

Extended Detention Volume 965.6 m3

Permanent Pool Volume 2414 m3

Permanent Pool Depth 1 m

Step 1: Determine the width of the bottom of the pond (X in metres)

X = = 25.70 m
~ 26 m

Where: h p = the average depth of the permanent pool

PV = the permanent pool volume (m3)

Step 2: Determine the depth of the extended detention in the wet pond (h e  in metres)

he = = 0.3156

~ 0.35

Where: EV = extended detention volume = 965.6 m3

Step 3: Determine the area if land required for the wet pond (LA in m2)

LA = = 3312.663 m2

Step 4: Determine the extended detention drawdown time (t in hours)

t = = 24.08 hours
~ 24 hours

Where: Ap = surface area of the pond 5525 m2

C(2) = discharge coefficient 0.62
Ao = 145mm orifice plate area 0.027 m2

g = gravitational acceleration constant 9.81 m/s2

h1 = starting water elevation 0.35

h2 = ending water elevation 0

Therefore a 187mm diameter orifice plate will allow for a 24 hour extended detention drawdown time.
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Loyalist Heights Subdivision
Appendix 'B' - Stormwater Management Calculations

Outlet Structure Rating Curve

Outlet Structure #1 Sizing:
24.14
35%

1 m
90.5 m Invert of Weir 90.85 m
187 mm Weir Length 1.3 m

0.027 m2

Ponding 
Elevation

Ponding 
Depth

Orifice
 Head

Orifice 
Discharge

Weir
 Head Weir Discharge

Total Headwall 
Disharge

Average Ponding 
Area

Ponding 
Volume

(m) (mm) (m) l/sec (m) l/sec m3/s (m2) (m3)

90.5 0 0.00 0.0 0.00 0.0 0.000 4700.00 0.0
90.55 50 0.00 5.4 0.00 0.0 0.005 4768.90 254.4
90.6 100 0.01 10.8 0.00 0.0 0.011 4843.80 508.8

90.65 150 0.06 17.3 0.00 0.0 0.017 4919.20 763.2
90.7 200 0.11 23.8 0.00 0.0 0.024 4995.10 1017.6

90.75 250 0.16 28.9 0.00 0.0 0.029 5071.50 1272.0
90.8 300 0.21 33.2 0.00 0.0 0.033 5148.40 1526.4

90.85 350 0.26 37.0 0.00 0.0 0.037 5492.00 1780.8
90.9 400 0.31 40.4 0.05 25.9 0.066 5303.70 2092.0

90.95 450 0.36 43.6 0.10 73.0 0.117 5382.10 2403.2
91 500 0.41 46.5 0.15 133.6 0.180 5461.00 2714.4

91.05 550 0.46 49.3 0.20 204.9 0.254 5540.40 3025.6
91.1 600 0.51 51.9 0.25 285.2 0.337 5620.30 3336.8

91.15 650 0.56 54.5 0.30 373.4 0.428 5700.70 3648.0
91.2 700 0.61 56.8 0.35 468.5 0.525 5781.60 3959.2

91.25 750 0.66 59.1 0.40 570.0 0.629 5863.00 4270.4
91.3 800 0.71 61.4 0.45 677.3 0.739 5944.90 4581.6

91.35 850 0.76 63.5 0.50 789.7 0.853 6027.30 4892.8
91.4 900 0.81 65.6 0.55 907.0 0.973 6110.20 5204.0

91.45 950 0.86 67.6 0.60 1028.8 1.096 6193.60 5515.2
91.5 1000 0.91 69.5 0.65 1154.6 1.224 7008.00 5826.4

Diameter of Control Orifice:
Area of Control Orifice:

Total Controlled Area:
% Imperviousness

Max Ponding Elev.:
Invert of Orifice:
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Appendix C                                                      
Visual Otthymo Model Schematics             

and Output 



Loyalist Heights Subdivision 
Appendix ‘C’ – Visual Otthymo Model Output 

 

Predevelopment – 2-Year Storm Scenario 

 

 

 

Predevelopment – 5-Year Storm Scenario 
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Appendix ‘C’ – Visual Otthymo Model Output 

 

Predevelopment – 10-Year Storm Scenario 

 

 

 

Predevelopment – 25-Year Storm Scenario 
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Appendix ‘C’ – Visual Otthymo Model Output 

 

Predevelopment – 50-Year Storm Scenario 

 

 

 

Predevelopment – 100-Year Storm Scenario 

 

 



Loyalist Heights Subdivision 
Appendix ‘C’ – Visual Otthymo Model Output 

Post Development – 2-Year Storm Scenario 
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Appendix ‘C’ – Visual Otthymo Model Output 

Post Development – 5-Year Storm Scenario 
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Appendix ‘C’ – Visual Otthymo Model Output 

Post Development – 10-Year Storm Scenario 
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Appendix ‘C’ – Visual Otthymo Model Output 

Post Development – 25-Year Storm Scenario 

 



Loyalist Heights Subdivision 
Appendix ‘C’ – Visual Otthymo Model Output 

Post Development – 50-Year Storm Scenario 
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Appendix ‘C’ – Visual Otthymo Model Output 

Post Development – 100-Year Storm Scenario 

 


