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BLOCK 11

3.0m Sidewalk

0.018 ha. (0.04 ac.)

BLOCK 10

3.0m Sidewalk

0.021 ha. (0.05 ac.)
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             VALDOR ENGINEERING INC.
                    741 Rowntree Dairy Road, Suite 2, Woodbridge, ON L4L 5T9

                    Tel: 905-264-0054   Fax: 905-264-0069   info@valdor-engineering.com

                    www.valdor-engineering.com

TABLE A1: DOMESTIC WATER CONSUMPTION DEMAND CALCULATION

Project Name: Corseed Subdivision, Town of Grand Valley

File: 14118

Date: March 2018

Conditions:

Average Day Demand 450 L/person/day

Maximum Day Factor 2.75

Peak Hour Factor 4.13

Consumption Demand:

Equivalent Domestic Maximum Peak

Population Demand Day Hour

Demand Demand

(persons) (L/min) (L/min) (L/min)

Residential Units 380 119 327 490

Mixed Use 50 16 43 65

Commercial 22 7 19 28

Total 452 141 388 583



VALDOR ENGINEERING INC.
741 Rowntree Dairy Road, Suite 2, Woodbridge, ON L4L 5T9

Tel: 905-264-0054   Fax: 905-264-0069   info@valdor-engineering.com

www.valdor-engineering.com

TABLE A2: REQUIRED FIRE FLOW CALCULATION
In accordance to Water Supply for Public Fire Protection, Fire Underwriters Survey 1999

Project Name: Corseed Subdivision Notes: DETACHED DWELLING

File: 14118 Assume:

Date: March 2018 - 3,500 sq.ft total floor area

- interior unit for max exposure

Type of Construction - Ordinary Construction

C = 1.0

Total Floor Area: 325 sq.m

A = 325 sq.m

(Total Floor Area includes all storeys, but excludes basements at least 50 percent below grade)

F  = 220 C 

F  = 3,966 L/min

F  = 4,000 (to nearest 1,000 Lmin)

Occupancy Factor Charge

Type: Limited Combustible -15%

f 1  = -15%

F'  = F  x (1+f 1 )

F'  = 3,400 L/min

Sprinkler Credit

Charge

NFPA 13 Sprinkler Standard: NO 0%

Standard Water Supply: NO 0%

Fully Supervised System: NO 0%

Total Charge to Fire Flow: f 2  = 0%

Exposure Factor Charge

Side 1 - Distance to  Building (m): 0 to 3m 25%

Side 2 - Distance to  Building (m): 0 to 3m 25%

Side 3 - Distance to  Building (m): 3.1 to 10m 20%

Side 4 - Distance to  Building (m): 3.1 to 10m 20%

f 3  = 75% (maximum of 75%)

F''  = F'  + F'  x f 2  + F' x f 3

F''  = 5,950 L/min

REQUIRED FIRE FLOW

F''  = 6,000 L/min (to nearest 1,000 L/min)
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             VALDOR ENGINEERING INC.
                    741 Rowntree Dairy Road, Suite 2, Woodbridge, ON L4L 5T9

                    Tel: 905-264-0054   Fax: 905-264-0069   info@valdor-engineering.com

                    www.valdor-engineering.com

TABLE B1: SEWAGE FLOW CALCULATIONS

Project Name: Corseed Subdivision, Town of Grand Valley

File: 14118

Date: October 2018

Conditions:

Average Daily Flow: 450 L/person/day

Residential Peaking Factor: where K H  = Harmon Peaking Factor

(max. 4.0, min. 2.0)

p = population in thousands

Extraneous Flow (I ): 0.20 L/ha/s. (infiltration)

Design Flow (Q D ): Q x K H  + I

Commercial Flow Rate*: 3.75 L/day/sq.m.Floor Area

Commercial Floor Area**: 2,170.00 sq.m **assume 25% of lot area

Commercial Flow: 8,137.50 L/day

0.09 L/s

Per capita Rate: 343.00 L/person/day

Equivalent Population: 24 People

Consumption Demand:

Land Use Area Equivalent Average Harmon Peak Extraneous Total

Population Daily Peaking Daily Flow Flow

Flow Factor Flow

(ha.) (persons) (L/s) (L/s) (L/s) (L/s)

Residential Units 5.14 460 2.40 3.99 9.57 1.03 10.59

Mixed Use Units 0.46 35 0.18 4.00 0.72 0.09 0.81

Commercial units 0.87 24 0.09 4.00 0.38 0.17 0.55

Parks & Open Space 0.32 0.06 0.06

Road Allowance 2.42 0.48 0.48

Total 9.20 519 2.67 10.66 1.84 12.50

*average as per the 2008 MOE 

Guideline, Table 5-3

P
K H +

+=
4

14
1
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Consultant:     Town of Grand Valley

VALDOR ENGINEERING INC. Engineering and Public Works Department Design: O. Beaudin, P.Eng.

741 Rowntree Dairy Road, Suite 2, Woodbridge, Ontario, L4L 5T9  S T O R M  S E W E R  D E S I G N  S H E E T Checked: D. Giugovaz, P.Eng.

Tel: 905-264-0054   Fax: 905-264-0069   info@valdor-engineering.com Approved: P.Zourntos, P.Eng

Project Name: Corseed Subdivision Date: October 2018

Project No: 14118

Street A R A x R Accum. Tc 5 Year Design Size of Grade Nominal Full Flow Length Time in Total

FROM MH TO MH (ha) A x R (min) I   (mm/hr) Flow Pipe (mm) (%) Capacity Velocity (m) Sect. (min) Time (min) Remarks

Qd (m
3
/s) Qc (m

3
/s) (m/s)

Qd / Qc

NOTE: All flows are provided by the VO2 model.

MINOR SYSTEM FLOW TO

SWM POND FOREBAY INLET

Note: Pipe sized to convey the 5-year flow from local streets 

(Catchment 202: 0.887 cms) and the 10-year flow from the collector 

road (Catchment 102: 0.010 cms, Catchment 201: 1.029 cms). Total 

minor system flow is 1.926 cms. Flows obtained from VO2 model 

results.

CATCHMENTS 

102, 201 & 202
MH 101 9.07 1.926

MH 101 HW 1 1.926 1200 0.50 2.757 2.46 58.8 0.40 0.40 70%

RUNOFF COEFFICIENTS (R)                    Town of Grand Valley

   Engineering and Public Works Department

0.30 : PARK - OPEN SPACES - CEMETARIES

0.45 : SINGLE FAMILY RESIDENTIAL 3                 STORM SEWER DESIGN SHEET

0.65 : TOWN HOUSES 2

0.50 : APARTMENTS & MEDIUM DENSITY 1 SCALE: N.T.S. DATE: October 2018

No.                                                                                                REVISION DATE AUTH DRAWN BY: -- DWG. No. 

S:\Projects\2014\14118\Reports\FSR\5-October 2018_FSR Third Submission\Appendices\Appendix C - Storm Drainage\14118 - Storm Sewer Design_Mar 2018.xls1 of 1



Short Duration Rainfall Intensity−Duration−Frequency Data

Données sur I’intensité, la durée et la fréquence des chutes de pluie de courte durée
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Elevation / Altitude
417 m

Return Periods/
Périodes de retour
Years / ans

2014/12/21





Functional Servicing Report 
Corseed Subdivision, Town of Grand Valley 

October 2018 
File: 14118 

 

 

 
 

 
 
 
 
 

APPENDIX  “D” 
 

Stormwater Management Calculations 
  



Project: Corseed Subdivision

File: 14118

Date: October 2018

Subcatchment
Area                              

(ha)

DT                                  

(min)
CN Number 

IA                      

(mm)

Tp                                                                

(hr)

101 5.09 5 65 8.0 0.42

102 0.18 5 65 8.0 0.06

103 8.72 5 77 7.5 0.50

Total 13.99

VALDOR ENGINEERING INC.

Table D.1: Existing VO2 Model Parameters



Project: Corseed Subdivision

File: 14118

Date: October 2018

Subcatchment
Area                              

(ha)

DT                                  

(min)
TIMP XIMP CN

IA

(mm)

101 5.09 5 - - 65 8.0

102 0.18 5 - - 65 8.0

201 4.22 5 0.70 0.55 68 5.0

202 4.67 5 0.70 0.55 68 5.0

203 0.91 5 0.50 0.50 68 5.0

Total 15.07

VALDOR ENGINEERING INC.

Table D.2: Proposed VO2 Model Parameters



Project: Corseed Subdivision

File: 14118

Date: October 2018

Type Area (ha)

Row Crops (HSG 'BC') 0.000 85 7 0.35

Meadow (HSG 'BC') 5.090 65 8 0.28

Forest (HSG 'BC') 0.000 63 10 0.25

Row Crops (HSG 'BC') 0.000 85 7 0.35

Meadow (HSG 'BC') 0.180 65 8 0.28

Forest (HSG 'BC') 0.000 63 10 0.25

Row Crops (HSG 'BC') 5.497 85 7 0.35

Meadow (HSG 'BC') 2.591 65 8 0.28

Forest (HSG 'BC') 0.632 63 10 0.25

0.280

C-Value

101 5.09 65 8.0

Area                                     

Weighted                     

C-Value

VALDOR ENGINEERING INC.

Table D.3: Calculation of CN Values, Initial Abstractions and Runoff Coefficients

Watershed 
Area                             

(ha)

Land Use and Land Cover

CN

Area                                     

Weighted                     

CN

IA (mm)

Area                                     

Weighted                     

IA (mm)

102 0.18 65 8.0 0.280

0.322103 8.72 77 7.5



Project: Corseed Subdivision

File: 14118

Date: October 2018

Subcatchment

C                      

Runoff Coefficient 

(Area Weighted)

L(m)                   

Catchment 

Length

Highest 

Elevation                            

(m)

Lowest 

Elevation                   

(m) 

S(%)                      

Catchment 

Slope

Tc                            

(min)

Tp                               

(hr)

101 0.28 200 468.21 466.21 1.00 37.9 0.42

102 0.28 11 471.55 470.98 5.00 5.3 0.06

103 0.32 365 471.61 467.05 1.25 45.1 0.50

Note:

1) Tp calculation is based on Airport Method and

VALDOR ENGINEERING INC.

Table D.4: Calculation of Time to Peak

( )
33.0

5.01.126.3

w

c
S

LC
T

×−×= cP
TT 67.0=



Corseed Subdivision

Town of Grand Valley

14118

October 2018

Elevation Sec Area Avg Area Sec Volume Cumulative Volume Stage

Volume Above NWL Active m
3
/s

(m) (m
2
) (m

2
) (m

3
) (m

3
) (m

3
) (m) Orifice #1 Spillway Total

(Weir Flow) (Orifice Flow)

Invert Elevation (m) 467.30 467.80 467.80 468.50 Flow

Diameter (mm)/Length (m) 100 1.30 1.30 30.00

Height (m) - 0.20 0.20

Orifice Area (m
2
) 0.0079 0.2600 0.2600 -

Weir Equation:  Q=1.837xLxH
1.5

Forebay Below NWL Orifice Eq'n:  Q = 0.6A(2gH)
0.5

465.30 55 - - 0 Bottom of Forebay Spillway Design:  Q=1.67xLxH
1.5

466.30 393 224 224 224 -

467.30 886 640 640 864 NWL

Main Cell Below NWL

465.30 566 - - 0 Bottom of Main Cell

466.30 1,162 864 864 864 -

467.30 1,989 1,576 1,576 2,440 NWL

Forebay & Main Cell Above NWL

467.30 2,875 - - 3,303 0 NWL 0.00 0.000 0.000 Permanent Pool Provided

467.60 3,364 3,119 936 4,239 936 0.30 0.010 0.010

467.65 3,445 3,404 170 4,409 1,106 0.35 0.011 0.011

467.70 3,526 3,486 174 4,583 1,280 0.40 0.012 0.012

467.75 3,608 3,567 178 4,762 1,459 0.45 0.013 0.013

467.80 3,689 3,648 182 4,944 1,641 Extended Detention 0.50 0.014 0.000 - 0.014 Extended Detention Provided

467.85 3,771 3,730 186 5,131 1,828 0.55 0.015 0.024 - 0.039

467.90 3,852 3,811 191 5,321 2,018 0.60 0.015 0.069 - 0.084

468.00 4,028 3,940 394 5,715 2,412 0.70 0.017 0.194 - 0.211

468.10 4,205 4,116 412 6,127 2,824 0.80 0.018 - 0.309 0.327

468.30 4,557 4,381 876 7,003 3,700 1.00 0.020 - 0.437 0.457

468.50 4,870 4,713 943 7,946 4,643 Spillway 1.20 0.022 - 0.535 0.000 0.558 100-year Storage Provided

468.60 5,026 4,948 495 8,440 5,137 1.30 0.023 - 0.578 1.584 2.186

468.70 5,184 5,105 510 8,951 5,648 1.40 0.024 - 0.618 4.481 5.123

469.00 5,658 5,421 1,626 10,577 7,274 Top of Berm 1.70 0.027 - 0.725 17.713 18.465 Top of Berm

Comments:

1
Discharge

Project No.:

Date:

Orifice #2

Table D.5

SWM POND STAGE-STORAGE TABLE

Project Name:

Municipality:

Stage Storage Curve Outlet Structure



Corseed Subdivision

SWM Facility (Wet Pond)
Town of Grand Valley

Project No.:   14118

VALDOR ENGINEERING INC.
741 Rowntree Dairy Road, Suite 2, Woodbridge, Ontario. L4L 5T9

Tel: 905-264-0054  Fax: 905-264-0069

www.valdor-engineering.com

TABLE D.6:  SWM FACILITY SIZING FOR WATER QUALITY CONTROL
Source: Stormwater Management Planning and Design Manual (Table 3.2),

Ministry of the Environment, Ontario, March 2003

35% 55% 70% 85%

Infiltration 25 30 35 40

Wetlands
2 80 105 120 140

Wet Pond
2 140 190 225 250

Hybrid Wet Pond/Wetland
4 110 150 175 195

Infiltration 20 20 25 30

Wetlands 60 70 80 90

Wet Pond 90 110 130 150

Hybrid Wet Pond/Wetland 75 90 105 120

Infiltration 20 20 20 20

Wetlands 60 60 60 60

Wet Pond 60 75 85 95

Hybrid Wet Pond/Wetland 60 70 75 80

Dry Pond 90 150 200 240

1. Table 3.2 was based on specific design parameters (depth, length to width ratio) for each type of end-of-pipe

    stormwater management facility.  The values of these parameters are provided in Appendix I of the Manual.

    All values in Table 4.1 are based on a 24 hour detention.

2. For wetlands, wet ponds and hybrid ponds, all of the storage, except 40 m
3
/ha, in Table 3.2 represents the permanent

    pool volume.  The 40 m
3
/ha represents the extended detention storage.

3. For hybrid ponds, 50% to 60% of the permanent pool volume shall be contained in deeper portions of the facility.

WET POND

   HYB - hybrid wet pond/wetland, DP - dry pond)

1

70.0 %

185.0 m
3
/ha

9.070 ha

1,678 m
3

Area:

Total Required Volume:

Level 3

PERMANENT POOL CALCULATOR

SWMP Type: (IN - infiltration, WET - wetlands, WP - wet pond,

Protection Level: (1 - 80% TSS, 2 - 70% TSS, 3 - 60% TSS)

Storage Volume (m
3
/ha) for

Impervious Level

Average Imperviousness:

Volume Level:

Level 1

Level 2

Protection Level SWMP Type

Excluding Extended Detention



VALDOR ENGINEERING INC.

Project: Corseed Subdivision

File: 14118

Date: October 2018

Table D.7: Extended Detention Requirements

Event Area (ha) R.V. (mm)
Required Ext. Det. 

Volume (m
3
)

Provided Ext. Det. 

Volume (m
3
)

25mm 4-hour 

Chicago Storm
9.98 14.88 1,485 1,641



Corseed Subdivision

Town of Grand Valley

14118

October 2018

Extended Detention - SWM Pond

Orifice Sizing

Orifice Size 100 mm

Orifice Invert 467.30 m

Orifice Area 0.007854 sq. m
1
EDLerosion 467.80 m y = mx + b

NWL 467.30 m C2 = m

C2 1628.3 C3 = b

C3 2875.0

h 0.4500 m

Drawdown Time 53.8 hr

 

Date:

Table D.8: SWM Facility Operation - Extended Detention

Erosion Control Drawdown Time

Project Name:

Municipality:

Project No.:

y = 1628.3x + 2875
R² = 1

0

500

1,000

1,500

2,000
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3,000

3,500

4,000
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Head Above Orifice (m)

Pond Area vs Head Above Orifice
(Active Storage)



VALDOR ENGINEERING INC.

Project: Corseed Subdivision

File: 14118

Date: October 2018

Table D.9: Critical Storm Analysis

6-hour SCS 3,626

12-hour SCS 3,241

24-hour SCS 3,000

1-hour AES 3,902 Critical Storm

6-hour AES 3,484

12-hour AES 3,044

24-hour AES 2,905

3-hour Chicago 3,772

Storm 

Distribution

Theoretical 100-year Storage 

Volume Required (m
³
)

Note



Project Description

Solve For Discharge

Input Data

Headwater Elevation 467.80 m

Crest Elevation 467.30 m

Tailwater Elevation 467.30 m

Crest Surface Type Gravel

Crest Breadth 6.00 m

Crest Length 4.00 m

Results

Discharge 2.294 m³/s

Headwater Height Above Crest 0.50 m

Tailwater Height Above Crest 0.00 m

Weir Coefficient 1.62 SI

Submergence Factor 1.00

Adjusted Weir Coefficient 1.62 SI

Flow Area 2.00 m²

Velocity 1.15 m/s

Wetted Perimeter 5.00 m

Top Width 4.00 m

SWM Pond: Forebay Weir

10/16/2018 1:55:12 PM

Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 1of1Page



Culvert Calculator Report

SWM Pond: Bottom Draw Outlet Pipe

s:\...\culvertmaster\14118_pipe calculations.cvm

10/16/18  02:06:05 PM

Valdor Engineering I , WOODBRI

© Bentley Systems, Inc.    Haestad Methods Solution Center    Watertown, CT 06795 USA    +1-203-755-1666

Project Engineer: OBeaudin

CulvertMaster v3.3 [03.03.00.04]

Page 1

Solve For: Discharge

Culvert Summary

Allowable HW Elevation 467.80 m Headwater Depth/Height 6.56

Computed Headwater Elevation 467.80 m Discharge 0.0798 m³/s

Inlet Control HW Elev. 467.64 m Tailwater Elevation 467.30 m

Outlet Control HW Elev. 467.80 m Control Type Outlet Control

Grades

Upstream Invert 465.80 m Downstream Invert 467.30 m

Length 31.10 m Constructed Slope -0.048232 m/m

Hydraulic Profile

Profile CompositeA2PressureProfile Depth, Downstream 0.22 m

Slope Type Adverse Normal Depth 0.00 m

Flow Regime Subcritical Critical Depth 0.22 m

Velocity Downstream 1.42 m/s Critical Slope 0.007087 m/m

Section

Section Shape Circular Mannings Coefficient 0.012

Section MaterialCorrugated HDPE (Smooth Interior) Span 0.30 m

Section Size 300 mm Rise 0.30 m

Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 467.80 m Upstream Velocity Head 0.06 m

Ke 0.20 Entrance Loss 0.01 m

Inlet Control Properties

Inlet Control HW Elev. 467.64 m Flow Control Transition

Inlet Type Beveled ring, 33.7° bevels Area Full 0.1 m²

K 0.00180 HDS 5 Chart 3

M 2.50000 HDS 5 Scale B

C 0.02430 Equation Form 1

Y 0.83000



Culvert Calculator Report

SWM Pond: Quantity Outlet Pipe - 100yr Controlled Flow

s:\...\culvertmaster\14118_pipe calculations.cvm

10/16/18  02:06:05 PM

Valdor Engineering I , WOODBRI

© Bentley Systems, Inc.    Haestad Methods Solution Center    Watertown, CT 06795 USA    +1-203-755-1666

Project Engineer: OBeaudin

CulvertMaster v3.3 [03.03.00.04]

Page 2

Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation 468.50 m Headwater Depth/Height 0.61

Computed Headwater Elevation 467.45 m Discharge 0.5530 m³/s

Inlet Control HW Elev. 467.41 m Tailwater Elevation 467.35 m

Outlet Control HW Elev. 467.45 m Control Type Outlet Control

Grades

Upstream Invert 467.08 m Downstream Invert 467.00 m

Length 15.60 m Constructed Slope 0.005128 m/m

Hydraulic Profile

Profile S1 Depth, Downstream 0.35 m

Slope Type Steep Normal Depth 0.19 m

Flow Regime Subcritical Critical Depth 0.21 m

Velocity Downstream 0.88 m/s Critical Slope 0.003684 m/m

Section

Section Shape Box Mannings Coefficient 0.013

Section Material Concrete Span 1.80 m

Section Size 1800 x 600 mm Rise 0.60 m

Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 467.45 m Upstream Velocity Head 0.07 m

Ke 0.50 Entrance Loss 0.04 m

Inlet Control Properties

Inlet Control HW Elev. 467.41 m Flow Control Unsubmerged

Inlet Type 90° headwall w 45° bevels Area Full 1.1 m²

K 0.49500 HDS 5 Chart 10

M 0.66700 HDS 5 Scale 2

C 0.03140 Equation Form 2

Y 0.82000



Project Description

Solve For Headwater Elevation

Input Data

Discharge 0.553 m³/s

Crest Elevation 467.25 m

Tailwater Elevation 467.25 m

Crest Surface Type Paved

Crest Breadth 0.30 m

Crest Length 10.00 m

Results

Headwater Elevation 467.35 m

Headwater Height Above Crest 0.10 m

Tailwater Height Above Crest 0.00 m

Weir Coefficient 1.70 SI

Submergence Factor 1.00

Adjusted Weir Coefficient 1.70 SI

Flow Area 1.02 m²

Velocity 0.54 m/s

Wetted Perimeter 10.20 m

Top Width 10.00 m

SWM Pond: Level Spreader - 100yr Controlled Flow

10/16/2018 2:05:39 PM

Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 1of1Page



Project Description

Solve For Headwater Elevation

Input Data

Discharge 4.098 m³/s

Crest Elevation 468.50 m

Tailwater Elevation 468.50 m

Crest Surface Type Gravel

Crest Breadth 8.00 m

Crest Length 30.00 m

Results

Headwater Elevation 468.70 m

Headwater Height Above Crest 0.20 m

Tailwater Height Above Crest 0.00 m

Weir Coefficient 1.51 SI

Submergence Factor 1.00

Adjusted Weir Coefficient 1.51 SI

Flow Area 6.04 m²

Velocity 0.68 m/s

Wetted Perimeter 30.40 m

Top Width 30.00 m

SWM Pond: Emergency Spillway - 100yr Uncontrolled Flow

10/16/2018 1:57:50 PM

Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 1of1Page
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Figure D.1: HEC-RAS Model Schematic 



VALDOR ENGINEERING INC.

Project: Corseed Subdivision

File: 14118

Date: March 2018

Table D.10: HEC-RAS FLOW DATA

Boyne Creek drainage area upstream of Grand River (km²): 32.7

Boyne Creek Regional flow at Grand River (cms): 102

Transposition of Flood Discharges Method (MTO Drainage Management Manual, 1997, Eq. 8.31):

Regional flow at flow nodes as per the Transposition of Flood Discharges Method:

Flow Node ¹HEC-RAS XS
Upstream Drainage 

Area (km²)
Regional Flow (cms)

1 - 20.3 71.3

2 28 22.9 78.1

3 23 26.4 86.9

4 17 30.4 96.6

5 11 32.7 102.0

Notes:

1-The flow at each flow node is applied to the HEC-RAS cross-sections upstream of that flow node.



VALDOR ENGINEERING INC.

Project: Corseed Subdivision

File: 14118

Date: March 2018

Table D.11: EXISTING CONDITIONS HEC-RAS OUTPUT

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(m3/s) (m) (m) (m) (m) (m/m) (m/s) (m2) (m)  

1 28 Regulatory 78.10 465.66 469.45 469.47 0.00 1.18 211.82 150.29 0.2

1 27 Regulatory 78.10 465.29 469.45 468.39 469.45 0.00 0.48 692.27 564.91 0.08

1 26 Bridge

1 25 Regulatory 78.10 465.55 468.02 468.02 468.18 0.00 2.52 138.66 395.02 0.52

1 24 Regulatory 78.10 464.94 467.33 467.38 0.00 1.90 189.87 362.08 0.41

1 23 Regulatory 86.90 464.62 467.05 467.05 467.18 0.00 2.78 162.40 447.68 0.59

1 22 Regulatory 86.90 464.53 466.88 466.90 0.00 1.41 273.68 466.95 0.3

1 21 Regulatory 86.90 464.03 466.85 466.86 0.00 1.03 352.05 427.29 0.2

1 20 Regulatory 86.90 463.67 466.66 466.71 0.00 1.83 182.88 196.87 0.34

1 19 Regulatory 86.90 463.09 465.58 465.58 466.17 0.01 4.29 45.73 46.52 0.9

1 18 Regulatory 86.90 462.39 465.23 465.31 0.00 2.01 106.78 69.94 0.39

1 17 Regulatory 96.60 461.82 465.01 465.09 0.00 1.49 127.41 82.27 0.27

1 16 Regulatory 96.60 461.06 464.86 464.98 0.00 2.34 108.83 57.87 0.39

1 15 Regulatory 96.60 459.58 464.80 461.69 464.93 0.00 1.64 77.59 124.97 0.23

1 14 Culvert

1 13 Regulatory 96.60 459.62 462.50 462.35 463.71 0.01 4.90 20.15 27.65 0.93

1 12 Regulatory 96.60 459.93 462.55 462.79 0.00 2.92 79.38 63.50 0.59

1 11 Regulatory 102.00 459.44 461.52 461.52 462.00 0.01 3.51 57.13 73.66 0.81

1 10 Regulatory 102.00 458.26 460.79 460.92 0.00 2.55 115.57 105.06 0.53

1 9 Regulatory 102.00 457.24 459.64 459.63 460.23 0.01 4.25 52.78 47.27 0.89

1 8 Regulatory 102.00 456.56 459.84 459.89 0.00 1.32 163.96 99.09 0.24

1 7 Regulatory 102.00 455.70 459.81 459.84 0.00 1.15 226.68 102.82 0.18

1 6 Regulatory 102.00 454.22 459.80 459.82 0.00 0.78 350.64 138.02 0.11

1 5 Regulatory 102.00 452.53 459.80 459.81 0.00 0.44 709.28 206.56 0.05

1 4 Regulatory 102.00 450.67 459.77 452.78 459.80 0.00 0.86 301.77 342.75 0.09

1 3 Culvert

1 2 Regulatory 102.00 450.65 454.10 454.38 0.00 2.60 54.68 95.50 0.45

1 1 Regulatory 102.00 449.23 454.23 452.29 454.23 0.00 0.50 699.43 308.10 0.07
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Figure D.2: VO2 Model Schematic – Existing Conditions 
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============================================================================================
=============== 
   
       V    V   I    SSSSS  U   U    A    L 
       V    V   I    SS     U   U   A A   L 
        V  V    I     SS    U   U  AAAAA  L 
        V  V    I      SS   U   U  A   A  L 
         VV     I    SSSSS  UUUUU  A   A  LLLLL 
     
        OOO   TTTTT  TTTTT  H   H  Y   Y  M   M   OOO    TM, Version 2.0 
       O   O    T      T    H   H   Y Y   MM MM  O   O 
       O   O    T      T    H   H    Y    M   M  O   O   Licensed To: Valdor Engineering                                 
        OOO     T      T    H   H    Y    M   M   OOO                 VO2-0156        
 
Developed and Distributed by Greenland International Consulting Inc. 
Copyright 1996, 2001 Schaeffer & Associates Ltd. 
All rights reserved. 
   
   
                   *****  D E T A I L E D   O U T P U T ***** 
 
 
  Input   filename: C:\Program Files\Visual OTTHYMO v2.0\voin.dat                                                                            
  Output  filename: S:\Projects\2014\14118\Hydrotechnical\0-
Working\VO2\VO2\14118\14118_Existing.out                                         
  Summary filename: S:\Projects\2014\14118\Hydrotechnical\0-
Working\VO2\VO2\14118\14118_Existing.sum                                         
 
 
DATE: 10/16/2018                           TIME: 2:13:10 PM      
 
USER:                                                    
 
 
   

COMMENTS: Existing Conditions VO2 Model Output 
 
   
--------------------------------------------------------------------------------------------
--------------- 
  **************************** 

  ** SIMULATION NUMBER:   2 ** 2-year 1-hour AES 
  **************************** 
   
   
-------------------- 
|    READ STORM    |    Filename: S:\Projects\2014\14118\Hydrotechnical\        
|                  |              3-FSR Submission_March 2018\VO2\VO2\Storms\   
|                  |              AES_1H_2Y.STM                                 
| Ptotal= 25.60 mm |    Comments: 2yr/1hr Fergus Shand Dam 2007 (AES Curve 
-------------------- 
                 TIME    RAIN |  TIME    RAIN |  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |   hrs   mm/hr |   hrs   mm/hr 
                  .08     .00 |   .42   46.08 |   .75   24.58 |  1.08    3.07 
                  .17    3.07 |   .50   86.02 |   .83   15.36 | 
                  .25    9.22 |   .58   46.08 |   .92    9.22 | 
                  .33   24.58 |   .67   36.86 |  1.00    3.07 | 
   
------------------------------------------------------------------------------- 
 
-------------------- 
| CALIB            | 
| NASHYD    (0103) |   Area    (ha)=   8.72   Curve Number   (CN)= 77.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   7.50   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=    .50 
  
     Unit Hyd Qpeak  (cms)=    .666 
  
     PEAK FLOW       (cms)=    .084 (i) 

     TIME TO PEAK    (hrs)=   1.167 
     RUNOFF VOLUME    (mm)=   3.486 
     TOTAL RAINFALL   (mm)=  25.601 
     RUNOFF COEFFICIENT   =    .136 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| NASHYD    (0102) |   Area    (ha)=    .18   Curve Number   (CN)= 65.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   8.00   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=    .06 
  
     Unit Hyd Qpeak  (cms)=    .115 
  
     PEAK FLOW       (cms)=    .002 (i) 
     TIME TO PEAK    (hrs)=    .667 
     RUNOFF VOLUME    (mm)=   1.720 
     TOTAL RAINFALL   (mm)=  25.601 
     RUNOFF COEFFICIENT   =    .067 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
  
-------------------- 
| ADD HYD   (0001) | 
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V. 
--------------------         (ha)    (cms)    (hrs)     (mm) 
          ID1= 1 (0103):     8.72    .084     1.17     3.49 
        + ID2= 2 (0102):      .18    .002      .67     1.72 
          ================================================== 
          ID = 3 (0001):     8.90    .084     1.17     3.45 
  
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| NASHYD    (0101) |   Area    (ha)=   5.09   Curve Number   (CN)= 65.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   8.00   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=    .42 
  
     Unit Hyd Qpeak  (cms)=    .463 
  
     PEAK FLOW       (cms)=    .032 (i) 
     TIME TO PEAK    (hrs)=   1.083 
     RUNOFF VOLUME    (mm)=   2.006 
     TOTAL RAINFALL   (mm)=  25.601 
     RUNOFF COEFFICIENT   =    .078 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
  
-------------------- 
| ADD HYD   (0002) | 
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V. 
--------------------         (ha)    (cms)    (hrs)     (mm) 
          ID1= 1 (0001):     8.90    .084     1.17     3.45 
        + ID2= 2 (0101):     5.09    .032     1.08     2.01 
          ================================================== 
          ID = 3 (0002):    13.99    .115     1.08     2.93 
  
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY. 
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------------------------------------------------------------------------------- 
  **************************** 

  ** SIMULATION NUMBER:   3 ** 5-year 1-hour AES 
  **************************** 
   
   
-------------------- 
|    READ STORM    |    Filename: S:\Projects\2014\14118\Hydrotechnical\        
|                  |              3-FSR Submission_March 2018\VO2\VO2\Storms\   
|                  |              AES_1H_5Y.STM                                 
| Ptotal= 39.20 mm |    Comments: 5yr/1hr Fergus Shand Dam 2007 (AES Curve 
-------------------- 
                 TIME    RAIN |  TIME    RAIN |  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |   hrs   mm/hr |   hrs   mm/hr 
                  .08     .00 |   .42   70.56 |   .75   37.63 |  1.08    4.70 
                  .17    4.70 |   .50  131.71 |   .83   23.52 | 
                  .25   14.11 |   .58   70.56 |   .92   14.11 | 
                  .33   37.63 |   .67   56.45 |  1.00    4.70 | 
   
------------------------------------------------------------------------------- 
 
-------------------- 
| CALIB            | 
| NASHYD    (0103) |   Area    (ha)=   8.72   Curve Number   (CN)= 77.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   7.50   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=    .50 
  
     Unit Hyd Qpeak  (cms)=    .666 
  
     PEAK FLOW       (cms)=    .222 (i) 
     TIME TO PEAK    (hrs)=   1.083 
     RUNOFF VOLUME    (mm)=   9.340 
     TOTAL RAINFALL   (mm)=  39.198 
     RUNOFF COEFFICIENT   =    .238 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| NASHYD    (0102) |   Area    (ha)=    .18   Curve Number   (CN)= 65.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   8.00   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=    .06 
  
     Unit Hyd Qpeak  (cms)=    .115 
  
     PEAK FLOW       (cms)=    .006 (i) 
     TIME TO PEAK    (hrs)=    .667 
     RUNOFF VOLUME    (mm)=   4.972 
     TOTAL RAINFALL   (mm)=  39.198 
     RUNOFF COEFFICIENT   =    .127 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
  
-------------------- 
| ADD HYD   (0001) | 
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V. 
--------------------         (ha)    (cms)    (hrs)     (mm) 
          ID1= 1 (0103):     8.72    .222     1.08     9.34 
        + ID2= 2 (0102):      .18    .006      .67     4.97 
          ================================================== 
          ID = 3 (0001):     8.90    .223     1.08     9.25 
  
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 

| CALIB            | 
| NASHYD    (0101) |   Area    (ha)=   5.09   Curve Number   (CN)= 65.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   8.00   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=    .42 
  
     Unit Hyd Qpeak  (cms)=    .463 
  
     PEAK FLOW       (cms)=    .092 (i) 
     TIME TO PEAK    (hrs)=   1.083 
     RUNOFF VOLUME    (mm)=   5.794 
     TOTAL RAINFALL   (mm)=  39.198 
     RUNOFF COEFFICIENT   =    .148 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
  
-------------------- 
| ADD HYD   (0002) | 
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V. 
--------------------         (ha)    (cms)    (hrs)     (mm) 
          ID1= 1 (0001):     8.90    .223     1.08     9.25 
        + ID2= 2 (0101):     5.09    .092     1.08     5.79 
          ================================================== 
          ID = 3 (0002):    13.99    .315     1.08     7.99 
  
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY. 
  
------------------------------------------------------------------------------- 
  **************************** 

  ** SIMULATION NUMBER:   4 ** 10-year 1-hour AES 
  **************************** 
   
   
-------------------- 
|    READ STORM    |    Filename: S:\Projects\2014\14118\Hydrotechnical\        
|                  |              3-FSR Submission_March 2018\VO2\VO2\Storms\   
|                  |              AES_1H_10Y.STM                                
| Ptotal= 48.30 mm |    Comments: 10yr/1hr Fergus Shand Dam 2007 (AES Curv 
-------------------- 
                 TIME    RAIN |  TIME    RAIN |  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |   hrs   mm/hr |   hrs   mm/hr 
                  .08     .00 |   .42   86.94 |   .75   46.37 |  1.08    5.80 
                  .17    5.80 |   .50  162.29 |   .83   28.98 | 
                  .25   17.39 |   .58   86.94 |   .92   17.39 | 
                  .33   46.37 |   .67   69.55 |  1.00    5.80 | 
   
------------------------------------------------------------------------------- 
 
-------------------- 
| CALIB            | 
| NASHYD    (0103) |   Area    (ha)=   8.72   Curve Number   (CN)= 77.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   7.50   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=    .50 
  
     Unit Hyd Qpeak  (cms)=    .666 
  
     PEAK FLOW       (cms)=    .339 (i) 
     TIME TO PEAK    (hrs)=   1.083 
     RUNOFF VOLUME    (mm)=  14.268 
     TOTAL RAINFALL   (mm)=  48.302 
     RUNOFF COEFFICIENT   =    .295 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| NASHYD    (0102) |   Area    (ha)=    .18   Curve Number   (CN)= 65.0 
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|ID= 1 DT= 5.0 min |   Ia      (mm)=   8.00   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=    .06 
  
     Unit Hyd Qpeak  (cms)=    .115 
  
     PEAK FLOW       (cms)=    .010 (i) 
     TIME TO PEAK    (hrs)=    .583 
     RUNOFF VOLUME    (mm)=   7.870 
     TOTAL RAINFALL   (mm)=  48.302 
     RUNOFF COEFFICIENT   =    .163 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
  
-------------------- 
| ADD HYD   (0001) | 
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V. 
--------------------         (ha)    (cms)    (hrs)     (mm) 
          ID1= 1 (0103):     8.72    .339     1.08    14.27 
        + ID2= 2 (0102):      .18    .010      .58     7.87 
          ================================================== 
          ID = 3 (0001):     8.90    .340     1.08    14.14 
  
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| NASHYD    (0101) |   Area    (ha)=   5.09   Curve Number   (CN)= 65.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   8.00   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=    .42 
  
     Unit Hyd Qpeak  (cms)=    .463 
  
     PEAK FLOW       (cms)=    .145 (i) 
     TIME TO PEAK    (hrs)=   1.083 
     RUNOFF VOLUME    (mm)=   9.172 
     TOTAL RAINFALL   (mm)=  48.302 
     RUNOFF COEFFICIENT   =    .190 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
  
-------------------- 
| ADD HYD   (0002) | 
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V. 
--------------------         (ha)    (cms)    (hrs)     (mm) 
          ID1= 1 (0001):     8.90    .340     1.08    14.14 
        + ID2= 2 (0101):     5.09    .145     1.08     9.17 
          ================================================== 
          ID = 3 (0002):    13.99    .486     1.08    12.33 
  
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY. 
  
------------------------------------------------------------------------------- 
  **************************** 

  ** SIMULATION NUMBER:   5 ** 25-year 1-hour AES 
  **************************** 
   
   
-------------------- 
|    READ STORM    |    Filename: S:\Projects\2014\14118\Hydrotechnical\        
|                  |              3-FSR Submission_March 2018\VO2\VO2\Storms\   
|                  |              AES_1H_25Y.STM                                
| Ptotal= 59.70 mm |    Comments: 25yr/1hr Fergus Shand Dam 2007 (AES Curv 
-------------------- 
                 TIME    RAIN |  TIME    RAIN |  TIME    RAIN |  TIME    RAIN 

                  hrs   mm/hr |   hrs   mm/hr |   hrs   mm/hr |   hrs   mm/hr 
                  .08     .00 |   .42  107.46 |   .75   57.31 |  1.08    7.16 
                  .17    7.16 |   .50  200.59 |   .83   35.82 | 
                  .25   21.49 |   .58  107.46 |   .92   21.49 | 
                  .33   57.31 |   .67   85.97 |  1.00    7.16 | 
   
------------------------------------------------------------------------------- 
 
-------------------- 
| CALIB            | 
| NASHYD    (0103) |   Area    (ha)=   8.72   Curve Number   (CN)= 77.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   7.50   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=    .50 
  
     Unit Hyd Qpeak  (cms)=    .666 
  
     PEAK FLOW       (cms)=    .506 (i) 
     TIME TO PEAK    (hrs)=   1.083 
     RUNOFF VOLUME    (mm)=  21.274 
     TOTAL RAINFALL   (mm)=  59.698 
     RUNOFF COEFFICIENT   =    .356 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| NASHYD    (0102) |   Area    (ha)=    .18   Curve Number   (CN)= 65.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   8.00   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=    .06 
  
     Unit Hyd Qpeak  (cms)=    .115 
  
     PEAK FLOW       (cms)=    .015 (i) 
     TIME TO PEAK    (hrs)=    .583 
     RUNOFF VOLUME    (mm)=  12.168 
     TOTAL RAINFALL   (mm)=  59.698 
     RUNOFF COEFFICIENT   =    .204 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
  
-------------------- 
| ADD HYD   (0001) | 
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V. 
--------------------         (ha)    (cms)    (hrs)     (mm) 
          ID1= 1 (0103):     8.72    .506     1.08    21.27 
        + ID2= 2 (0102):      .18    .015      .58    12.17 
          ================================================== 
          ID = 3 (0001):     8.90    .507     1.08    21.09 
  
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| NASHYD    (0101) |   Area    (ha)=   5.09   Curve Number   (CN)= 65.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   8.00   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=    .42 
  
     Unit Hyd Qpeak  (cms)=    .463 
  
     PEAK FLOW       (cms)=    .225 (i) 
     TIME TO PEAK    (hrs)=   1.000 
     RUNOFF VOLUME    (mm)=  14.180 
     TOTAL RAINFALL   (mm)=  59.698 
     RUNOFF COEFFICIENT   =    .238 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
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------------------------------------------------------------------------------- 
  
-------------------- 
| ADD HYD   (0002) | 
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V. 
--------------------         (ha)    (cms)    (hrs)     (mm) 
          ID1= 1 (0001):     8.90    .507     1.08    21.09 
        + ID2= 2 (0101):     5.09    .225     1.00    14.18 
          ================================================== 
          ID = 3 (0002):    13.99    .731     1.08    18.58 
  
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY. 
  
------------------------------------------------------------------------------- 
  **************************** 

  ** SIMULATION NUMBER:   6 ** 50-year 1-hour AES 
  **************************** 
   
   
-------------------- 
|    READ STORM    |    Filename: S:\Projects\2014\14118\Hydrotechnical\        
|                  |              3-FSR Submission_March 2018\VO2\VO2\Storms\   
|                  |              AES_1H_50Y.STM                                
| Ptotal= 68.20 mm |    Comments: 50yr/1hr Fergus Shand Dam 2007 (AES Curv 
-------------------- 
                 TIME    RAIN |  TIME    RAIN |  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |   hrs   mm/hr |   hrs   mm/hr 
                  .08     .00 |   .42  122.76 |   .75   65.47 |  1.08    8.18 
                  .17    8.18 |   .50  229.15 |   .83   40.92 | 
                  .25   24.55 |   .58  122.76 |   .92   24.55 | 
                  .33   65.47 |   .67   98.21 |  1.00    8.18 | 
   
------------------------------------------------------------------------------- 
 
-------------------- 
| CALIB            | 
| NASHYD    (0103) |   Area    (ha)=   8.72   Curve Number   (CN)= 77.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   7.50   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=    .50 
  
     Unit Hyd Qpeak  (cms)=    .666 
  
     PEAK FLOW       (cms)=    .641 (i) 
     TIME TO PEAK    (hrs)=   1.083 
     RUNOFF VOLUME    (mm)=  26.976 
     TOTAL RAINFALL   (mm)=  68.198 
     RUNOFF COEFFICIENT   =    .396 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| NASHYD    (0102) |   Area    (ha)=    .18   Curve Number   (CN)= 65.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   8.00   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=    .06 
  
     Unit Hyd Qpeak  (cms)=    .115 
  
     PEAK FLOW       (cms)=    .019 (i) 
     TIME TO PEAK    (hrs)=    .583 
     RUNOFF VOLUME    (mm)=  15.786 
     TOTAL RAINFALL   (mm)=  68.198 
     RUNOFF COEFFICIENT   =    .231 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 

  
-------------------- 
| ADD HYD   (0001) | 
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V. 
--------------------         (ha)    (cms)    (hrs)     (mm) 
          ID1= 1 (0103):     8.72    .641     1.08    26.98 
        + ID2= 2 (0102):      .18    .019      .58    15.79 
          ================================================== 
          ID = 3 (0001):     8.90    .643     1.08    26.75 
  
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| NASHYD    (0101) |   Area    (ha)=   5.09   Curve Number   (CN)= 65.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   8.00   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=    .42 
  
     Unit Hyd Qpeak  (cms)=    .463 
  
     PEAK FLOW       (cms)=    .292 (i) 
     TIME TO PEAK    (hrs)=   1.000 
     RUNOFF VOLUME    (mm)=  18.396 
     TOTAL RAINFALL   (mm)=  68.198 
     RUNOFF COEFFICIENT   =    .270 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
  
-------------------- 
| ADD HYD   (0002) | 
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V. 
--------------------         (ha)    (cms)    (hrs)     (mm) 
          ID1= 1 (0001):     8.90    .643     1.08    26.75 
        + ID2= 2 (0101):     5.09    .292     1.00    18.40 
          ================================================== 
          ID = 3 (0002):    13.99    .933     1.08    23.71 
  
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY. 
  
------------------------------------------------------------------------------- 
  **************************** 

  ** SIMULATION NUMBER:   7 ** 100-year 1-hour AES 
  **************************** 
   
   
-------------------- 
|    READ STORM    |    Filename: S:\Projects\2014\14118\Hydrotechnical\        
|                  |              3-FSR Submission_March 2018\VO2\VO2\Storms\   
|                  |              AES_1H_100Y.STM                               
| Ptotal= 76.60 mm |    Comments: 100yr/1hr Fergus Shand Dam 2007 (AES Cur 
-------------------- 
                 TIME    RAIN |  TIME    RAIN |  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |   hrs   mm/hr |   hrs   mm/hr 
                  .08     .00 |   .42  137.88 |   .75   73.54 |  1.08    9.19 
                  .17    9.19 |   .50  257.38 |   .83   45.96 | 
                  .25   27.58 |   .58  137.88 |   .92   27.58 | 
                  .33   73.54 |   .67  110.30 |  1.00    9.19 | 
   
------------------------------------------------------------------------------- 
 
-------------------- 
| CALIB            | 
| NASHYD    (0103) |   Area    (ha)=   8.72   Curve Number   (CN)= 77.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   7.50   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=    .50 
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     Unit Hyd Qpeak  (cms)=    .666 
  
     PEAK FLOW       (cms)=    .783 (i) 
     TIME TO PEAK    (hrs)=   1.083 
     RUNOFF VOLUME    (mm)=  32.935 
     TOTAL RAINFALL   (mm)=  76.601 
     RUNOFF COEFFICIENT   =    .430 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| NASHYD    (0102) |   Area    (ha)=    .18   Curve Number   (CN)= 65.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   8.00   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=    .06 
  
     Unit Hyd Qpeak  (cms)=    .115 
  
     PEAK FLOW       (cms)=    .024 (i) 
     TIME TO PEAK    (hrs)=    .583 
     RUNOFF VOLUME    (mm)=  19.661 
     TOTAL RAINFALL   (mm)=  76.601 
     RUNOFF COEFFICIENT   =    .257 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
  
-------------------- 
| ADD HYD   (0001) | 
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V. 
--------------------         (ha)    (cms)    (hrs)     (mm) 
          ID1= 1 (0103):     8.72    .783     1.08    32.94 
        + ID2= 2 (0102):      .18    .024      .58    19.66 
          ================================================== 
          ID = 3 (0001):     8.90    .785     1.08    32.67 
  
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| NASHYD    (0101) |   Area    (ha)=   5.09   Curve Number   (CN)= 65.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   8.00   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=    .42 
  
     Unit Hyd Qpeak  (cms)=    .463 
  
     PEAK FLOW       (cms)=    .364 (i) 
     TIME TO PEAK    (hrs)=   1.000 
     RUNOFF VOLUME    (mm)=  22.913 
     TOTAL RAINFALL   (mm)=  76.601 
     RUNOFF COEFFICIENT   =    .299 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
  
-------------------- 
| ADD HYD   (0002) | 
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V. 
--------------------         (ha)    (cms)    (hrs)     (mm) 
          ID1= 1 (0001):     8.90    .785     1.08    32.67 
        + ID2= 2 (0101):     5.09    .364     1.00    22.91 
          ================================================== 
          ID = 3 (0002):    13.99   1.145     1.08    29.12 
  
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY. 
  

------------------------------------------------------------------------------- 
   
 FINISH 
============================================================================================
=============== 
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Figure D.3: VO2 Model Schematic – Proposed Conditions 
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============================================================================================
=============== 
   
       V    V   I    SSSSS  U   U    A    L 
       V    V   I    SS     U   U   A A   L 
        V  V    I     SS    U   U  AAAAA  L 
        V  V    I      SS   U   U  A   A  L 
         VV     I    SSSSS  UUUUU  A   A  LLLLL 
     
        OOO   TTTTT  TTTTT  H   H  Y   Y  M   M   OOO    TM, Version 2.0 
       O   O    T      T    H   H   Y Y   MM MM  O   O 
       O   O    T      T    H   H    Y    M   M  O   O   Licensed To: Valdor Engineering                                 
        OOO     T      T    H   H    Y    M   M   OOO                 VO2-0156        
 
Developed and Distributed by Greenland International Consulting Inc. 
Copyright 1996, 2001 Schaeffer & Associates Ltd. 
All rights reserved. 
   
   
                   *****  D E T A I L E D   O U T P U T ***** 
 
 
  Input   filename: C:\Program Files\Visual OTTHYMO v2.0\voin.dat                                                                            
  Output  filename: S:\Projects\2014\14118\Hydrotechnical\0-
Working\VO2\VO2\14118\14118_Proposed.out                                         
  Summary filename: S:\Projects\2014\14118\Hydrotechnical\0-
Working\VO2\VO2\14118\14118_Proposed.sum                                         
 
 
DATE: 10/16/2018                           TIME: 2:15:35 PM      
 
USER:                                                    
 
 
   

COMMENTS: Proposed Conditions VO2 Model Output 
 
   
--------------------------------------------------------------------------------------------
--------------- 
  **************************** 

  ** SIMULATION NUMBER:   1 ** 25mm Chicago 
  **************************** 
   
   
-------------------- 
|    READ STORM    |    Filename: S:\Projects\2014\14118\Hydrotechnical\        
|                  |              3-FSR Submission_March 2018\VO2\VO2\Storms\   
|                  |              25mmchi.stm                                   
| Ptotal= 25.02 mm |    Comments: 25mm CHICAGO Storm                       
-------------------- 
                 TIME    RAIN |  TIME    RAIN |  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |   hrs   mm/hr |   hrs   mm/hr 
                  .17    2.17 |  1.17    6.20 |  2.17    5.62 |  3.17    2.95 
                  .33    2.38 |  1.33   12.18 |  2.33    4.80 |  3.33    2.76 
                  .50    2.66 |  1.50   41.67 |  2.50    4.21 |  3.50    2.62 
                  .67    3.03 |  1.67   15.28 |  2.67    3.78 |  3.67    2.47 
                  .83    3.58 |  1.83    9.22 |  2.83    3.45 |  3.83    2.35 
                 1.00    4.47 |  2.00    6.88 |  3.00    3.18 |  4.00    2.23 
   
------------------------------------------------------------------------------- 
 
-------------------- 
| CALIB            | 
| NASHYD    (0102) |   Area    (ha)=    .18   Curve Number   (CN)= 65.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   8.00   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=    .06 
  
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP. 

 
   
                               ---- TRANSFORMED HYETOGRAPH ---- 
                 TIME    RAIN |  TIME    RAIN |  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |   hrs   mm/hr |   hrs   mm/hr 
                 .083    2.17 | 1.083    6.20 | 2.083    5.62 |  3.08    2.95 
                 .167    2.17 | 1.167    6.20 | 2.167    5.62 |  3.17    2.95 
                 .250    2.38 | 1.250   12.18 | 2.250    4.80 |  3.25    2.76 
                 .333    2.38 | 1.333   12.18 | 2.333    4.80 |  3.33    2.76 
                 .417    2.66 | 1.417   41.67 | 2.417    4.21 |  3.42    2.62 
                 .500    2.66 | 1.500   41.67 | 2.500    4.21 |  3.50    2.62 
                 .583    3.03 | 1.583   15.28 | 2.583    3.78 |  3.58    2.47 
                 .667    3.03 | 1.667   15.28 | 2.667    3.78 |  3.67    2.47 
                 .750    3.58 | 1.750    9.22 | 2.750    3.45 |  3.75    2.35 
                 .833    3.58 | 1.833    9.22 | 2.833    3.45 |  3.83    2.35 
                 .917    4.47 | 1.917    6.88 | 2.917    3.18 |  3.92    2.23 
                1.000    4.47 | 2.000    6.88 | 3.000    3.18 |  4.00    2.23 
   
     Unit Hyd Qpeak  (cms)=    .115 
  
     PEAK FLOW       (cms)=    .001 (i) 
     TIME TO PEAK    (hrs)=   1.500 
     RUNOFF VOLUME    (mm)=   1.616 
     TOTAL RAINFALL   (mm)=  25.023 
     RUNOFF COEFFICIENT   =    .065 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| STANDHYD  (0202) |   Area    (ha)=   4.67 
|ID= 1 DT= 5.0 min |   Total Imp(%)=  70.00   Dir. Conn.(%)=  55.00 
-------------------- 
                              IMPERVIOUS    PERVIOUS (i) 
     Surface Area     (ha)=       3.27         1.40 
     Dep. Storage     (mm)=       1.00         5.00 
     Average Slope     (%)=       1.00         2.00 
     Length            (m)=     176.40        40.00 
     Mannings n           =       .013         .250 
  
     Max.Eff.Inten.(mm/hr)=      41.67         6.26 
                over (min)        5.00        30.00 
     Storage Coeff.  (min)=       5.10 (ii)   26.47 (ii) 
     Unit Hyd. Tpeak (min)=       5.00        30.00 
     Unit Hyd. peak  (cms)=        .21          .04 
                                                           *TOTALS* 
     PEAK FLOW       (cms)=        .27          .01           .269 (iii) 
     TIME TO PEAK    (hrs)=       1.50         2.08           1.50 
     RUNOFF VOLUME    (mm)=      24.02         4.64          15.30 
     TOTAL RAINFALL   (mm)=      25.02        25.02          25.02 
     RUNOFF COEFFICIENT   =        .96          .19            .61 
  
  
       (i) CN PROCEDURE SELECTED FOR PERVIOUS LOSSES: 
            CN*  =  68.0    Ia = Dep. Storage  (Above) 
      (ii) TIME STEP (DT) SHOULD BE SMALLER OR EQUAL 
           THAN THE STORAGE COEFFICIENT. 
     (iii) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| STANDHYD  (0201) |   Area    (ha)=   4.22 
|ID= 1 DT= 5.0 min |   Total Imp(%)=  70.00   Dir. Conn.(%)=  55.00 
-------------------- 
                              IMPERVIOUS    PERVIOUS (i) 
     Surface Area     (ha)=       2.95         1.27 
     Dep. Storage     (mm)=       1.00         5.00 
     Average Slope     (%)=       1.00         2.00 
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     Length            (m)=     167.70        40.00 
     Mannings n           =       .013         .250 
  
     Max.Eff.Inten.(mm/hr)=      41.67         6.26 
                over (min)        5.00        30.00 
     Storage Coeff.  (min)=       4.94 (ii)   26.32 (ii) 
     Unit Hyd. Tpeak (min)=       5.00        30.00 
     Unit Hyd. peak  (cms)=        .22          .04 
                                                           *TOTALS* 
     PEAK FLOW       (cms)=        .24          .01           .245 (iii) 
     TIME TO PEAK    (hrs)=       1.50         2.08           1.50 
     RUNOFF VOLUME    (mm)=      24.02         4.64          15.30 
     TOTAL RAINFALL   (mm)=      25.02        25.02          25.02 
     RUNOFF COEFFICIENT   =        .96          .19            .61 
  
***** WARNING: STORAGE COEFF. IS SMALLER THAN TIME STEP! 
  
       (i) CN PROCEDURE SELECTED FOR PERVIOUS LOSSES: 
            CN*  =  68.0    Ia = Dep. Storage  (Above) 
      (ii) TIME STEP (DT) SHOULD BE SMALLER OR EQUAL 
           THAN THE STORAGE COEFFICIENT. 
     (iii) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
  
-------------------- 
| ADD HYD   (0001) | 
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V. 
--------------------         (ha)    (cms)    (hrs)     (mm) 
          ID1= 1 (0202):     4.67    .269     1.50    15.30 
        + ID2= 2 (0201):     4.22    .245     1.50    15.30 
          ================================================== 
          ID = 3 (0001):     8.89    .514     1.50    15.30 
  
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY. 
  
------------------------------------------------------------------------------- 
  
-------------------- 
| ADD HYD   (0002) | 
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V. 
--------------------         (ha)    (cms)    (hrs)     (mm) 
          ID1= 1 (0102):      .18    .001     1.50     1.62 
        + ID2= 2 (0001):     8.89    .514     1.50    15.30 
          ================================================== 
          ID = 3 (0002):     9.07    .515     1.50    15.03 
  
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| STANDHYD  (0203) |   Area    (ha)=    .91 
|ID= 1 DT= 5.0 min |   Total Imp(%)=  50.00   Dir. Conn.(%)=  50.00 
-------------------- 
                              IMPERVIOUS    PERVIOUS (i) 
     Surface Area     (ha)=        .46          .46 
     Dep. Storage     (mm)=       1.00         5.00 
     Average Slope     (%)=       1.00         2.00 
     Length            (m)=      77.90        25.00 
     Mannings n           =       .013         .250 
  
     Max.Eff.Inten.(mm/hr)=      41.67         2.35 
                over (min)        5.00        30.00 
     Storage Coeff.  (min)=       3.12 (ii)   27.00 (ii) 
     Unit Hyd. Tpeak (min)=       5.00        30.00 
     Unit Hyd. peak  (cms)=        .27          .04 
                                                           *TOTALS* 
     PEAK FLOW       (cms)=        .05          .00           .051 (iii) 
     TIME TO PEAK    (hrs)=       1.50         2.08           1.50 

     RUNOFF VOLUME    (mm)=      24.02         2.87          13.43 
     TOTAL RAINFALL   (mm)=      25.02        25.02          25.02 
     RUNOFF COEFFICIENT   =        .96          .11            .54 
  
***** WARNING: STORAGE COEFF. IS SMALLER THAN TIME STEP! 
  
       (i) CN PROCEDURE SELECTED FOR PERVIOUS LOSSES: 
            CN*  =  68.0    Ia = Dep. Storage  (Above) 
      (ii) TIME STEP (DT) SHOULD BE SMALLER OR EQUAL 
           THAN THE STORAGE COEFFICIENT. 
     (iii) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
  
-------------------- 
| ADD HYD   (0004) | 
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V. 
--------------------         (ha)    (cms)    (hrs)     (mm) 
          ID1= 1 (0002):     9.07    .515     1.50    15.03 
        + ID2= 2 (0203):      .91    .051     1.50    13.43 
          ================================================== 
          ID = 3 (0004):     9.98    .566     1.50    14.88 
  
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| RESERVOIR (0507) | 
| IN= 2---> OUT= 1 | 
| DT=  5.0 min     |     OUTFLOW    STORAGE   |  OUTFLOW    STORAGE 
--------------------      (cms)     (ha.m.)   |   (cms)     (ha.m.) 
                           .0000      .0000   |    .0841      .2018 
                           .0104      .0936   |    .2110      .2412 
                           .0114      .1106   |    .3271      .2824 
                           .0123      .1280   |    .4574      .3700 
                           .0132      .1459   |    .5576      .4643 
                           .0140      .1641   |   2.1858      .5137 
                           .0390      .1828   |   5.1234      .5648 
  
                                AREA     QPEAK     TPEAK       R.V. 
                                (ha)     (cms)     (hrs)       (mm) 
     INFLOW : ID= 2 (0004)      9.98       .57      1.50      14.88 
     OUTFLOW: ID= 1 (0507)      9.98       .01      4.25      14.65 
  
                   PEAK   FLOW   REDUCTION [Qout/Qin](%)=  2.24 
                   TIME SHIFT OF PEAK FLOW         (min)=165.00 
                   MAXIMUM  STORAGE   USED       (ha.m.)=  .1352 
  
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| NASHYD    (0101) |   Area    (ha)=   5.09   Curve Number   (CN)= 65.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   8.00   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=    .42 
  
     Unit Hyd Qpeak  (cms)=    .463 
  
     PEAK FLOW       (cms)=    .012 (i) 
     TIME TO PEAK    (hrs)=   2.333 
     RUNOFF VOLUME    (mm)=   1.884 
     TOTAL RAINFALL   (mm)=  25.023 
     RUNOFF COEFFICIENT   =    .075 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
  
-------------------- 
| ADD HYD   (0006) | 
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V. 



File: 14118 VO2 Model Output – Proposed Conditions October 2018  

 3

--------------------         (ha)    (cms)    (hrs)     (mm) 
          ID1= 1 (0507):     9.98    .013     4.25    14.65 
        + ID2= 2 (0101):     5.09    .012     2.33     1.88 
          ================================================== 
          ID = 3 (0006):    15.07    .023     2.42    10.34 
  
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY. 
  
------------------------------------------------------------------------------- 
  **************************** 

  ** SIMULATION NUMBER:   2 ** 2-year 1-hour AES 
  **************************** 
   
   
-------------------- 
|    READ STORM    |    Filename: S:\Projects\2014\14118\Hydrotechnical\        
|                  |              3-FSR Submission_March 2018\VO2\VO2\Storms\   
|                  |              AES_1H_2Y.STM                                 
| Ptotal= 25.60 mm |    Comments: 2yr/1hr Fergus Shand Dam 2007 (AES Curve 
-------------------- 
                 TIME    RAIN |  TIME    RAIN |  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |   hrs   mm/hr |   hrs   mm/hr 
                  .08     .00 |   .42   46.08 |   .75   24.58 |  1.08    3.07 
                  .17    3.07 |   .50   86.02 |   .83   15.36 | 
                  .25    9.22 |   .58   46.08 |   .92    9.22 | 
                  .33   24.58 |   .67   36.86 |  1.00    3.07 | 
   
------------------------------------------------------------------------------- 
 
-------------------- 
| CALIB            | 
| NASHYD    (0102) |   Area    (ha)=    .18   Curve Number   (CN)= 65.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   8.00   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=    .06 
  
     Unit Hyd Qpeak  (cms)=    .115 
  
     PEAK FLOW       (cms)=    .002 (i) 
     TIME TO PEAK    (hrs)=    .667 
     RUNOFF VOLUME    (mm)=   1.720 
     TOTAL RAINFALL   (mm)=  25.601 
     RUNOFF COEFFICIENT   =    .067 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| STANDHYD  (0202) |   Area    (ha)=   4.67 
|ID= 1 DT= 5.0 min |   Total Imp(%)=  70.00   Dir. Conn.(%)=  55.00 
-------------------- 
                              IMPERVIOUS    PERVIOUS (i) 
     Surface Area     (ha)=       3.27         1.40 
     Dep. Storage     (mm)=       1.00         5.00 
     Average Slope     (%)=       1.00         2.00 
     Length            (m)=     176.40        40.00 
     Mannings n           =       .013         .250 
  
     Max.Eff.Inten.(mm/hr)=      86.02        18.30 
                over (min)        5.00        20.00 
     Storage Coeff.  (min)=       3.81 (ii)   17.74 (ii) 
     Unit Hyd. Tpeak (min)=       5.00        20.00 
     Unit Hyd. peak  (cms)=        .25          .06 
                                                           *TOTALS* 
     PEAK FLOW       (cms)=        .52          .04           .527 (iii) 
     TIME TO PEAK    (hrs)=        .50          .92            .50 
     RUNOFF VOLUME    (mm)=      24.60         4.86          15.72 
     TOTAL RAINFALL   (mm)=      25.60        25.60          25.60 
     RUNOFF COEFFICIENT   =        .96          .19            .61 

  
***** WARNING: STORAGE COEFF. IS SMALLER THAN TIME STEP! 
  
       (i) CN PROCEDURE SELECTED FOR PERVIOUS LOSSES: 
            CN*  =  68.0    Ia = Dep. Storage  (Above) 
      (ii) TIME STEP (DT) SHOULD BE SMALLER OR EQUAL 
           THAN THE STORAGE COEFFICIENT. 
     (iii) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| STANDHYD  (0201) |   Area    (ha)=   4.22 
|ID= 1 DT= 5.0 min |   Total Imp(%)=  70.00   Dir. Conn.(%)=  55.00 
-------------------- 
                              IMPERVIOUS    PERVIOUS (i) 
     Surface Area     (ha)=       2.95         1.27 
     Dep. Storage     (mm)=       1.00         5.00 
     Average Slope     (%)=       1.00         2.00 
     Length            (m)=     167.70        40.00 
     Mannings n           =       .013         .250 
  
     Max.Eff.Inten.(mm/hr)=      86.02        18.30 
                over (min)        5.00        20.00 
     Storage Coeff.  (min)=       3.70 (ii)   17.62 (ii) 
     Unit Hyd. Tpeak (min)=       5.00        20.00 
     Unit Hyd. peak  (cms)=        .25          .06 
                                                           *TOTALS* 
     PEAK FLOW       (cms)=        .48          .04           .480 (iii) 
     TIME TO PEAK    (hrs)=        .50          .92            .50 
     RUNOFF VOLUME    (mm)=      24.60         4.86          15.72 
     TOTAL RAINFALL   (mm)=      25.60        25.60          25.60 
     RUNOFF COEFFICIENT   =        .96          .19            .61 
  
***** WARNING: STORAGE COEFF. IS SMALLER THAN TIME STEP! 
  
       (i) CN PROCEDURE SELECTED FOR PERVIOUS LOSSES: 
            CN*  =  68.0    Ia = Dep. Storage  (Above) 
      (ii) TIME STEP (DT) SHOULD BE SMALLER OR EQUAL 
           THAN THE STORAGE COEFFICIENT. 
     (iii) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
  
-------------------- 
| ADD HYD   (0001) | 
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V. 
--------------------         (ha)    (cms)    (hrs)     (mm) 
          ID1= 1 (0202):     4.67    .527      .50    15.72 
        + ID2= 2 (0201):     4.22    .480      .50    15.72 
          ================================================== 
          ID = 3 (0001):     8.89   1.007      .50    15.72 
  
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY. 
  
------------------------------------------------------------------------------- 
  
-------------------- 
| ADD HYD   (0002) | 
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V. 
--------------------         (ha)    (cms)    (hrs)     (mm) 
          ID1= 1 (0102):      .18    .002      .67     1.72 
        + ID2= 2 (0001):     8.89   1.007      .50    15.72 
          ================================================== 
          ID = 3 (0002):     9.07   1.008      .50    15.44 
  
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
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| CALIB            | 
| STANDHYD  (0203) |   Area    (ha)=    .91 
|ID= 1 DT= 5.0 min |   Total Imp(%)=  50.00   Dir. Conn.(%)=  50.00 
-------------------- 
                              IMPERVIOUS    PERVIOUS (i) 
     Surface Area     (ha)=        .46          .46 
     Dep. Storage     (mm)=       1.00         5.00 
     Average Slope     (%)=       1.00         2.00 
     Length            (m)=      77.90        25.00 
     Mannings n           =       .013         .250 
  
     Max.Eff.Inten.(mm/hr)=      86.02         7.01 
                over (min)        5.00        20.00 
     Storage Coeff.  (min)=       2.34 (ii)   17.75 (ii) 
     Unit Hyd. Tpeak (min)=       5.00        20.00 
     Unit Hyd. peak  (cms)=        .30          .06 
                                                           *TOTALS* 
     PEAK FLOW       (cms)=        .10          .01           .103 (iii) 
     TIME TO PEAK    (hrs)=        .50          .92            .50 
     RUNOFF VOLUME    (mm)=      24.60         3.03          13.80 
     TOTAL RAINFALL   (mm)=      25.60        25.60          25.60 
     RUNOFF COEFFICIENT   =        .96          .12            .54 
  
***** WARNING: STORAGE COEFF. IS SMALLER THAN TIME STEP! 
  
       (i) CN PROCEDURE SELECTED FOR PERVIOUS LOSSES: 
            CN*  =  68.0    Ia = Dep. Storage  (Above) 
      (ii) TIME STEP (DT) SHOULD BE SMALLER OR EQUAL 
           THAN THE STORAGE COEFFICIENT. 
     (iii) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
  
-------------------- 
| ADD HYD   (0004) | 
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V. 
--------------------         (ha)    (cms)    (hrs)     (mm) 
          ID1= 1 (0002):     9.07   1.008      .50    15.44 
        + ID2= 2 (0203):      .91    .103      .50    13.80 
          ================================================== 
          ID = 3 (0004):     9.98   1.111      .50    15.29 
  
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| RESERVOIR (0507) | 
| IN= 2---> OUT= 1 | 
| DT=  5.0 min     |     OUTFLOW    STORAGE   |  OUTFLOW    STORAGE 
--------------------      (cms)     (ha.m.)   |   (cms)     (ha.m.) 
                           .0000      .0000   |    .0841      .2018 
                           .0104      .0936   |    .2110      .2412 
                           .0114      .1106   |    .3271      .2824 
                           .0123      .1280   |    .4574      .3700 
                           .0132      .1459   |    .5576      .4643 
                           .0140      .1641   |   2.1858      .5137 
                           .0390      .1828   |   5.1234      .5648 
  
                                AREA     QPEAK     TPEAK       R.V. 
                                (ha)     (cms)     (hrs)       (mm) 
     INFLOW : ID= 2 (0004)      9.98      1.11       .50      15.29 
     OUTFLOW: ID= 1 (0507)      9.98       .01      1.58      15.06 
  
                   PEAK   FLOW   REDUCTION [Qout/Qin](%)=  1.19 
                   TIME SHIFT OF PEAK FLOW         (min)= 65.00 
                   MAXIMUM  STORAGE   USED       (ha.m.)=  .1463 
  
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 

| NASHYD    (0101) |   Area    (ha)=   5.09   Curve Number   (CN)= 65.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   8.00   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=    .42 
  
     Unit Hyd Qpeak  (cms)=    .463 
  
     PEAK FLOW       (cms)=    .032 (i) 
     TIME TO PEAK    (hrs)=   1.083 
     RUNOFF VOLUME    (mm)=   2.006 
     TOTAL RAINFALL   (mm)=  25.601 
     RUNOFF COEFFICIENT   =    .078 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
  
-------------------- 
| ADD HYD   (0006) | 
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V. 
--------------------         (ha)    (cms)    (hrs)     (mm) 
          ID1= 1 (0507):     9.98    .013     1.58    15.06 
        + ID2= 2 (0101):     5.09    .032     1.08     2.01 
          ================================================== 
          ID = 3 (0006):    15.07    .045     1.08    10.65 
  
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY. 
  
------------------------------------------------------------------------------- 
  **************************** 

  ** SIMULATION NUMBER:   3 ** 5-year 1-hour AES 
  **************************** 
   
   
-------------------- 
|    READ STORM    |    Filename: S:\Projects\2014\14118\Hydrotechnical\        
|                  |              3-FSR Submission_March 2018\VO2\VO2\Storms\   
|                  |              AES_1H_5Y.STM                                 
| Ptotal= 39.20 mm |    Comments: 5yr/1hr Fergus Shand Dam 2007 (AES Curve 
-------------------- 
                 TIME    RAIN |  TIME    RAIN |  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |   hrs   mm/hr |   hrs   mm/hr 
                  .08     .00 |   .42   70.56 |   .75   37.63 |  1.08    4.70 
                  .17    4.70 |   .50  131.71 |   .83   23.52 | 
                  .25   14.11 |   .58   70.56 |   .92   14.11 | 
                  .33   37.63 |   .67   56.45 |  1.00    4.70 | 
   
------------------------------------------------------------------------------- 
 
-------------------- 
| CALIB            | 
| NASHYD    (0102) |   Area    (ha)=    .18   Curve Number   (CN)= 65.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   8.00   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=    .06 
  
     Unit Hyd Qpeak  (cms)=    .115 
  
     PEAK FLOW       (cms)=    .006 (i) 
     TIME TO PEAK    (hrs)=    .667 
     RUNOFF VOLUME    (mm)=   4.972 
     TOTAL RAINFALL   (mm)=  39.198 
     RUNOFF COEFFICIENT   =    .127 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| STANDHYD  (0202) |   Area    (ha)=   4.67 
|ID= 1 DT= 5.0 min |   Total Imp(%)=  70.00   Dir. Conn.(%)=  55.00 
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-------------------- 
                              IMPERVIOUS    PERVIOUS (i) 
     Surface Area     (ha)=       3.27         1.40 
     Dep. Storage     (mm)=       1.00         5.00 
     Average Slope     (%)=       1.00         2.00 
     Length            (m)=     176.40        40.00 
     Mannings n           =       .013         .250 
  
     Max.Eff.Inten.(mm/hr)=     131.71        44.95 
                over (min)        5.00        10.00 
     Storage Coeff.  (min)=       3.22 (ii)    8.18 (ii) 
     Unit Hyd. Tpeak (min)=       5.00        10.00 
     Unit Hyd. peak  (cms)=        .27          .13 
                                                           *TOTALS* 
     PEAK FLOW       (cms)=        .83          .13           .887 (iii) 
     TIME TO PEAK    (hrs)=        .50          .67            .50 
     RUNOFF VOLUME    (mm)=      38.20        11.13          26.02 
     TOTAL RAINFALL   (mm)=      39.20        39.20          39.20 
     RUNOFF COEFFICIENT   =        .97          .28            .66 
  
***** WARNING: STORAGE COEFF. IS SMALLER THAN TIME STEP! 
  
       (i) CN PROCEDURE SELECTED FOR PERVIOUS LOSSES: 
            CN*  =  68.0    Ia = Dep. Storage  (Above) 
      (ii) TIME STEP (DT) SHOULD BE SMALLER OR EQUAL 
           THAN THE STORAGE COEFFICIENT. 
     (iii) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| STANDHYD  (0201) |   Area    (ha)=   4.22 
|ID= 1 DT= 5.0 min |   Total Imp(%)=  70.00   Dir. Conn.(%)=  55.00 
-------------------- 
                              IMPERVIOUS    PERVIOUS (i) 
     Surface Area     (ha)=       2.95         1.27 
     Dep. Storage     (mm)=       1.00         5.00 
     Average Slope     (%)=       1.00         2.00 
     Length            (m)=     167.70        40.00 
     Mannings n           =       .013         .250 
  
     Max.Eff.Inten.(mm/hr)=     131.71        44.95 
                over (min)        5.00        10.00 
     Storage Coeff.  (min)=       3.12 (ii)    8.08 (ii) 
     Unit Hyd. Tpeak (min)=       5.00        10.00 
     Unit Hyd. peak  (cms)=        .27          .13 
                                                           *TOTALS* 
     PEAK FLOW       (cms)=        .76          .12           .807 (iii) 
     TIME TO PEAK    (hrs)=        .50          .67            .50 
     RUNOFF VOLUME    (mm)=      38.20        11.13          26.02 
     TOTAL RAINFALL   (mm)=      39.20        39.20          39.20 
     RUNOFF COEFFICIENT   =        .97          .28            .66 
  
***** WARNING: STORAGE COEFF. IS SMALLER THAN TIME STEP! 
  
       (i) CN PROCEDURE SELECTED FOR PERVIOUS LOSSES: 
            CN*  =  68.0    Ia = Dep. Storage  (Above) 
      (ii) TIME STEP (DT) SHOULD BE SMALLER OR EQUAL 
           THAN THE STORAGE COEFFICIENT. 
     (iii) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
  
-------------------- 
| ADD HYD   (0001) | 
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V. 
--------------------         (ha)    (cms)    (hrs)     (mm) 
          ID1= 1 (0202):     4.67    .887      .50    26.02 
        + ID2= 2 (0201):     4.22    .807      .50    26.02 
          ================================================== 

          ID = 3 (0001):     8.89   1.693      .50    26.02 
  
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY. 
  
------------------------------------------------------------------------------- 
  
-------------------- 
| ADD HYD   (0002) | 
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V. 
--------------------         (ha)    (cms)    (hrs)     (mm) 
          ID1= 1 (0102):      .18    .006      .67     4.97 
        + ID2= 2 (0001):     8.89   1.693      .50    26.02 
          ================================================== 
          ID = 3 (0002):     9.07   1.698      .50    25.60 
  
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| STANDHYD  (0203) |   Area    (ha)=    .91 
|ID= 1 DT= 5.0 min |   Total Imp(%)=  50.00   Dir. Conn.(%)=  50.00 
-------------------- 
                              IMPERVIOUS    PERVIOUS (i) 
     Surface Area     (ha)=        .46          .46 
     Dep. Storage     (mm)=       1.00         5.00 
     Average Slope     (%)=       1.00         2.00 
     Length            (m)=      77.90        25.00 
     Mannings n           =       .013         .250 
  
     Max.Eff.Inten.(mm/hr)=     131.71        19.79 
                over (min)        5.00        10.00 
     Storage Coeff.  (min)=       1.97 (ii)    6.74 (ii) 
     Unit Hyd. Tpeak (min)=       5.00        10.00 
     Unit Hyd. peak  (cms)=        .31          .14 
                                                           *TOTALS* 
     PEAK FLOW       (cms)=        .16          .02           .167 (iii) 
     TIME TO PEAK    (hrs)=        .50          .75            .50 
     RUNOFF VOLUME    (mm)=      38.20         7.61          22.90 
     TOTAL RAINFALL   (mm)=      39.20        39.20          39.20 
     RUNOFF COEFFICIENT   =        .97          .19            .58 
  
***** WARNING: STORAGE COEFF. IS SMALLER THAN TIME STEP! 
  
       (i) CN PROCEDURE SELECTED FOR PERVIOUS LOSSES: 
            CN*  =  68.0    Ia = Dep. Storage  (Above) 
      (ii) TIME STEP (DT) SHOULD BE SMALLER OR EQUAL 
           THAN THE STORAGE COEFFICIENT. 
     (iii) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
  
-------------------- 
| ADD HYD   (0004) | 
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V. 
--------------------         (ha)    (cms)    (hrs)     (mm) 
          ID1= 1 (0002):     9.07   1.698      .50    25.60 
        + ID2= 2 (0203):      .91    .167      .50    22.90 
          ================================================== 
          ID = 3 (0004):     9.98   1.865      .50    25.35 
  
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| RESERVOIR (0507) | 
| IN= 2---> OUT= 1 | 
| DT=  5.0 min     |     OUTFLOW    STORAGE   |  OUTFLOW    STORAGE 
--------------------      (cms)     (ha.m.)   |   (cms)     (ha.m.) 
                           .0000      .0000   |    .0841      .2018 
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                           .0104      .0936   |    .2110      .2412 
                           .0114      .1106   |    .3271      .2824 
                           .0123      .1280   |    .4574      .3700 
                           .0132      .1459   |    .5576      .4643 
                           .0140      .1641   |   2.1858      .5137 
                           .0390      .1828   |   5.1234      .5648 
  
                                AREA     QPEAK     TPEAK       R.V. 
                                (ha)     (cms)     (hrs)       (mm) 
     INFLOW : ID= 2 (0004)      9.98      1.87       .50      25.35 
     OUTFLOW: ID= 1 (0507)      9.98       .17      1.08      25.12 
  
                   PEAK   FLOW   REDUCTION [Qout/Qin](%)=  9.11 
                   TIME SHIFT OF PEAK FLOW         (min)= 35.00 
                   MAXIMUM  STORAGE   USED       (ha.m.)=  .2286 
  
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| NASHYD    (0101) |   Area    (ha)=   5.09   Curve Number   (CN)= 65.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   8.00   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=    .42 
  
     Unit Hyd Qpeak  (cms)=    .463 
  
     PEAK FLOW       (cms)=    .092 (i) 
     TIME TO PEAK    (hrs)=   1.083 
     RUNOFF VOLUME    (mm)=   5.794 
     TOTAL RAINFALL   (mm)=  39.198 
     RUNOFF COEFFICIENT   =    .148 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
  
-------------------- 
| ADD HYD   (0006) | 
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V. 
--------------------         (ha)    (cms)    (hrs)     (mm) 
          ID1= 1 (0507):     9.98    .170     1.08    25.12 
        + ID2= 2 (0101):     5.09    .092     1.08     5.79 
          ================================================== 
          ID = 3 (0006):    15.07    .262     1.08    18.60 
  
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY. 
  
------------------------------------------------------------------------------- 
  **************************** 

  ** SIMULATION NUMBER:   4 ** 10-year 1-hour AES 
  **************************** 
   
   
-------------------- 
|    READ STORM    |    Filename: S:\Projects\2014\14118\Hydrotechnical\        
|                  |              3-FSR Submission_March 2018\VO2\VO2\Storms\   
|                  |              AES_1H_10Y.STM                                
| Ptotal= 48.30 mm |    Comments: 10yr/1hr Fergus Shand Dam 2007 (AES Curv 
-------------------- 
                 TIME    RAIN |  TIME    RAIN |  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |   hrs   mm/hr |   hrs   mm/hr 
                  .08     .00 |   .42   86.94 |   .75   46.37 |  1.08    5.80 
                  .17    5.80 |   .50  162.29 |   .83   28.98 | 
                  .25   17.39 |   .58   86.94 |   .92   17.39 | 
                  .33   46.37 |   .67   69.55 |  1.00    5.80 | 
   
------------------------------------------------------------------------------- 
 
-------------------- 
| CALIB            | 

| NASHYD    (0102) |   Area    (ha)=    .18   Curve Number   (CN)= 65.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   8.00   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=    .06 
  
     Unit Hyd Qpeak  (cms)=    .115 
  
     PEAK FLOW       (cms)=    .010 (i) 
     TIME TO PEAK    (hrs)=    .583 
     RUNOFF VOLUME    (mm)=   7.870 
     TOTAL RAINFALL   (mm)=  48.302 
     RUNOFF COEFFICIENT   =    .163 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| STANDHYD  (0202) |   Area    (ha)=   4.67 
|ID= 1 DT= 5.0 min |   Total Imp(%)=  70.00   Dir. Conn.(%)=  55.00 
-------------------- 
                              IMPERVIOUS    PERVIOUS (i) 
     Surface Area     (ha)=       3.27         1.40 
     Dep. Storage     (mm)=       1.00         5.00 
     Average Slope     (%)=       1.00         2.00 
     Length            (m)=     176.40        40.00 
     Mannings n           =       .013         .250 
  
     Max.Eff.Inten.(mm/hr)=     162.29        66.40 
                over (min)        5.00        10.00 
     Storage Coeff.  (min)=       2.96 (ii)    7.52 (ii) 
     Unit Hyd. Tpeak (min)=       5.00        10.00 
     Unit Hyd. peak  (cms)=        .28          .13 
                                                           *TOTALS* 
     PEAK FLOW       (cms)=       1.05          .19          1.132 (iii) 
     TIME TO PEAK    (hrs)=        .50          .67            .50 
     RUNOFF VOLUME    (mm)=      47.30        16.22          33.31 
     TOTAL RAINFALL   (mm)=      48.30        48.30          48.30 
     RUNOFF COEFFICIENT   =        .98          .34            .69 
  
***** WARNING: STORAGE COEFF. IS SMALLER THAN TIME STEP! 
  
       (i) CN PROCEDURE SELECTED FOR PERVIOUS LOSSES: 
            CN*  =  68.0    Ia = Dep. Storage  (Above) 
      (ii) TIME STEP (DT) SHOULD BE SMALLER OR EQUAL 
           THAN THE STORAGE COEFFICIENT. 
     (iii) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| STANDHYD  (0201) |   Area    (ha)=   4.22 
|ID= 1 DT= 5.0 min |   Total Imp(%)=  70.00   Dir. Conn.(%)=  55.00 
-------------------- 
                              IMPERVIOUS    PERVIOUS (i) 
     Surface Area     (ha)=       2.95         1.27 
     Dep. Storage     (mm)=       1.00         5.00 
     Average Slope     (%)=       1.00         2.00 
     Length            (m)=     167.70        40.00 
     Mannings n           =       .013         .250 
  
     Max.Eff.Inten.(mm/hr)=     162.29        66.40 
                over (min)        5.00        10.00 
     Storage Coeff.  (min)=       2.87 (ii)    7.43 (ii) 
     Unit Hyd. Tpeak (min)=       5.00        10.00 
     Unit Hyd. peak  (cms)=        .28          .13 
                                                           *TOTALS* 
     PEAK FLOW       (cms)=        .95          .18          1.029 (iii) 
     TIME TO PEAK    (hrs)=        .50          .67            .50 
     RUNOFF VOLUME    (mm)=      47.30        16.22          33.31 
     TOTAL RAINFALL   (mm)=      48.30        48.30          48.30 
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     RUNOFF COEFFICIENT   =        .98          .34            .69 
  
***** WARNING: STORAGE COEFF. IS SMALLER THAN TIME STEP! 
  
       (i) CN PROCEDURE SELECTED FOR PERVIOUS LOSSES: 
            CN*  =  68.0    Ia = Dep. Storage  (Above) 
      (ii) TIME STEP (DT) SHOULD BE SMALLER OR EQUAL 
           THAN THE STORAGE COEFFICIENT. 
     (iii) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
  
-------------------- 
| ADD HYD   (0001) | 
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V. 
--------------------         (ha)    (cms)    (hrs)     (mm) 
          ID1= 1 (0202):     4.67   1.132      .50    33.31 
        + ID2= 2 (0201):     4.22   1.029      .50    33.31 
          ================================================== 
          ID = 3 (0001):     8.89   2.162      .50    33.31 
  
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY. 
  
------------------------------------------------------------------------------- 
  
-------------------- 
| ADD HYD   (0002) | 
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V. 
--------------------         (ha)    (cms)    (hrs)     (mm) 
          ID1= 1 (0102):      .18    .010      .58     7.87 
        + ID2= 2 (0001):     8.89   2.162      .50    33.31 
          ================================================== 
          ID = 3 (0002):     9.07   2.170      .50    32.81 
  
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| STANDHYD  (0203) |   Area    (ha)=    .91 
|ID= 1 DT= 5.0 min |   Total Imp(%)=  50.00   Dir. Conn.(%)=  50.00 
-------------------- 
                              IMPERVIOUS    PERVIOUS (i) 
     Surface Area     (ha)=        .46          .46 
     Dep. Storage     (mm)=       1.00         5.00 
     Average Slope     (%)=       1.00         2.00 
     Length            (m)=      77.90        25.00 
     Mannings n           =       .013         .250 
  
     Max.Eff.Inten.(mm/hr)=     162.29        30.53 
                over (min)        5.00        10.00 
     Storage Coeff.  (min)=       1.81 (ii)    6.20 (ii) 
     Unit Hyd. Tpeak (min)=       5.00        10.00 
     Unit Hyd. peak  (cms)=        .32          .15 
                                                           *TOTALS* 
     PEAK FLOW       (cms)=        .20          .03           .211 (iii) 
     TIME TO PEAK    (hrs)=        .50          .67            .50 
     RUNOFF VOLUME    (mm)=      47.30        11.52          29.40 
     TOTAL RAINFALL   (mm)=      48.30        48.30          48.30 
     RUNOFF COEFFICIENT   =        .98          .24            .61 
  
***** WARNING: STORAGE COEFF. IS SMALLER THAN TIME STEP! 
  
       (i) CN PROCEDURE SELECTED FOR PERVIOUS LOSSES: 
            CN*  =  68.0    Ia = Dep. Storage  (Above) 
      (ii) TIME STEP (DT) SHOULD BE SMALLER OR EQUAL 
           THAN THE STORAGE COEFFICIENT. 
     (iii) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 

  
-------------------- 
| ADD HYD   (0004) | 
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V. 
--------------------         (ha)    (cms)    (hrs)     (mm) 
          ID1= 1 (0002):     9.07   2.170      .50    32.81 
        + ID2= 2 (0203):      .91    .211      .50    29.40 
          ================================================== 
          ID = 3 (0004):     9.98   2.382      .50    32.50 
  
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| RESERVOIR (0507) | 
| IN= 2---> OUT= 1 | 
| DT=  5.0 min     |     OUTFLOW    STORAGE   |  OUTFLOW    STORAGE 
--------------------      (cms)     (ha.m.)   |   (cms)     (ha.m.) 
                           .0000      .0000   |    .0841      .2018 
                           .0104      .0936   |    .2110      .2412 
                           .0114      .1106   |    .3271      .2824 
                           .0123      .1280   |    .4574      .3700 
                           .0132      .1459   |    .5576      .4643 
                           .0140      .1641   |   2.1858      .5137 
                           .0390      .1828   |   5.1234      .5648 
  
                                AREA     QPEAK     TPEAK       R.V. 
                                (ha)     (cms)     (hrs)       (mm) 
     INFLOW : ID= 2 (0004)      9.98      2.38       .50      32.50 
     OUTFLOW: ID= 1 (0507)      9.98       .31      1.00      32.27 
  
                   PEAK   FLOW   REDUCTION [Qout/Qin](%)= 13.16 
                   TIME SHIFT OF PEAK FLOW         (min)= 30.00 
                   MAXIMUM  STORAGE   USED       (ha.m.)=  .2778 
  
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| NASHYD    (0101) |   Area    (ha)=   5.09   Curve Number   (CN)= 65.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   8.00   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=    .42 
  
     Unit Hyd Qpeak  (cms)=    .463 
  
     PEAK FLOW       (cms)=    .145 (i) 
     TIME TO PEAK    (hrs)=   1.083 
     RUNOFF VOLUME    (mm)=   9.172 
     TOTAL RAINFALL   (mm)=  48.302 
     RUNOFF COEFFICIENT   =    .190 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
  
-------------------- 
| ADD HYD   (0006) | 
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V. 
--------------------         (ha)    (cms)    (hrs)     (mm) 
          ID1= 1 (0507):     9.98    .313     1.00    32.27 
        + ID2= 2 (0101):     5.09    .145     1.08     9.17 
          ================================================== 
          ID = 3 (0006):    15.07    .459     1.00    24.47 
  
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY. 
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------------------------------------------------------------------------------- 
  **************************** 

  ** SIMULATION NUMBER:   5 ** 25-year 1-hour AES 
  **************************** 
   
   
-------------------- 
|    READ STORM    |    Filename: S:\Projects\2014\14118\Hydrotechnical\        
|                  |              3-FSR Submission_March 2018\VO2\VO2\Storms\   
|                  |              AES_1H_25Y.STM                                
| Ptotal= 59.70 mm |    Comments: 25yr/1hr Fergus Shand Dam 2007 (AES Curv 
-------------------- 
                 TIME    RAIN |  TIME    RAIN |  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |   hrs   mm/hr |   hrs   mm/hr 
                  .08     .00 |   .42  107.46 |   .75   57.31 |  1.08    7.16 
                  .17    7.16 |   .50  200.59 |   .83   35.82 | 
                  .25   21.49 |   .58  107.46 |   .92   21.49 | 
                  .33   57.31 |   .67   85.97 |  1.00    7.16 | 
   
------------------------------------------------------------------------------- 
 
-------------------- 
| CALIB            | 
| NASHYD    (0102) |   Area    (ha)=    .18   Curve Number   (CN)= 65.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   8.00   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=    .06 
  
     Unit Hyd Qpeak  (cms)=    .115 
  
     PEAK FLOW       (cms)=    .015 (i) 
     TIME TO PEAK    (hrs)=    .583 
     RUNOFF VOLUME    (mm)=  12.168 
     TOTAL RAINFALL   (mm)=  59.698 
     RUNOFF COEFFICIENT   =    .204 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| STANDHYD  (0202) |   Area    (ha)=   4.67 
|ID= 1 DT= 5.0 min |   Total Imp(%)=  70.00   Dir. Conn.(%)=  55.00 
-------------------- 
                              IMPERVIOUS    PERVIOUS (i) 
     Surface Area     (ha)=       3.27         1.40 
     Dep. Storage     (mm)=       1.00         5.00 
     Average Slope     (%)=       1.00         2.00 
     Length            (m)=     176.40        40.00 
     Mannings n           =       .013         .250 
  
     Max.Eff.Inten.(mm/hr)=     200.59        96.75 
                over (min)        5.00        10.00 
     Storage Coeff.  (min)=       2.72 (ii)    6.91 (ii) 
     Unit Hyd. Tpeak (min)=       5.00        10.00 
     Unit Hyd. peak  (cms)=        .29          .14 
                                                           *TOTALS* 
     PEAK FLOW       (cms)=       1.32          .29          1.452 (iii) 
     TIME TO PEAK    (hrs)=        .50          .67            .50 
     RUNOFF VOLUME    (mm)=      58.70        23.35          42.79 
     TOTAL RAINFALL   (mm)=      59.70        59.70          59.70 
     RUNOFF COEFFICIENT   =        .98          .39            .72 
  
***** WARNING: STORAGE COEFF. IS SMALLER THAN TIME STEP! 
  
       (i) CN PROCEDURE SELECTED FOR PERVIOUS LOSSES: 
            CN*  =  68.0    Ia = Dep. Storage  (Above) 
      (ii) TIME STEP (DT) SHOULD BE SMALLER OR EQUAL 
           THAN THE STORAGE COEFFICIENT. 
     (iii) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 

  
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| STANDHYD  (0201) |   Area    (ha)=   4.22 
|ID= 1 DT= 5.0 min |   Total Imp(%)=  70.00   Dir. Conn.(%)=  55.00 
-------------------- 
                              IMPERVIOUS    PERVIOUS (i) 
     Surface Area     (ha)=       2.95         1.27 
     Dep. Storage     (mm)=       1.00         5.00 
     Average Slope     (%)=       1.00         2.00 
     Length            (m)=     167.70        40.00 
     Mannings n           =       .013         .250 
  
     Max.Eff.Inten.(mm/hr)=     200.59        96.75 
                over (min)        5.00        10.00 
     Storage Coeff.  (min)=       2.64 (ii)    6.83 (ii) 
     Unit Hyd. Tpeak (min)=       5.00        10.00 
     Unit Hyd. peak  (cms)=        .29          .14 
                                                           *TOTALS* 
     PEAK FLOW       (cms)=       1.19          .26          1.320 (iii) 
     TIME TO PEAK    (hrs)=        .50          .67            .50 
     RUNOFF VOLUME    (mm)=      58.70        23.35          42.79 
     TOTAL RAINFALL   (mm)=      59.70        59.70          59.70 
     RUNOFF COEFFICIENT   =        .98          .39            .72 
  
***** WARNING: STORAGE COEFF. IS SMALLER THAN TIME STEP! 
  
       (i) CN PROCEDURE SELECTED FOR PERVIOUS LOSSES: 
            CN*  =  68.0    Ia = Dep. Storage  (Above) 
      (ii) TIME STEP (DT) SHOULD BE SMALLER OR EQUAL 
           THAN THE STORAGE COEFFICIENT. 
     (iii) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
  
-------------------- 
| ADD HYD   (0001) | 
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V. 
--------------------         (ha)    (cms)    (hrs)     (mm) 
          ID1= 1 (0202):     4.67   1.452      .50    42.79 
        + ID2= 2 (0201):     4.22   1.320      .50    42.79 
          ================================================== 
          ID = 3 (0001):     8.89   2.772      .50    42.79 
  
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY. 
  
------------------------------------------------------------------------------- 
  
-------------------- 
| ADD HYD   (0002) | 
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V. 
--------------------         (ha)    (cms)    (hrs)     (mm) 
          ID1= 1 (0102):      .18    .015      .58    12.17 
        + ID2= 2 (0001):     8.89   2.772      .50    42.79 
          ================================================== 
          ID = 3 (0002):     9.07   2.786      .50    42.18 
  
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| STANDHYD  (0203) |   Area    (ha)=    .91 
|ID= 1 DT= 5.0 min |   Total Imp(%)=  50.00   Dir. Conn.(%)=  50.00 
-------------------- 
                              IMPERVIOUS    PERVIOUS (i) 
     Surface Area     (ha)=        .46          .46 
     Dep. Storage     (mm)=       1.00         5.00 
     Average Slope     (%)=       1.00         2.00 
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     Length            (m)=      77.90        25.00 
     Mannings n           =       .013         .250 
  
     Max.Eff.Inten.(mm/hr)=     200.59        46.27 
                over (min)        5.00        10.00 
     Storage Coeff.  (min)=       1.66 (ii)    5.69 (ii) 
     Unit Hyd. Tpeak (min)=       5.00        10.00 
     Unit Hyd. peak  (cms)=        .32          .15 
                                                           *TOTALS* 
     PEAK FLOW       (cms)=        .25          .05           .269 (iii) 
     TIME TO PEAK    (hrs)=        .50          .67            .50 
     RUNOFF VOLUME    (mm)=      58.70        17.17          37.93 
     TOTAL RAINFALL   (mm)=      59.70        59.70          59.70 
     RUNOFF COEFFICIENT   =        .98          .29            .64 
  
***** WARNING: STORAGE COEFF. IS SMALLER THAN TIME STEP! 
  
       (i) CN PROCEDURE SELECTED FOR PERVIOUS LOSSES: 
            CN*  =  68.0    Ia = Dep. Storage  (Above) 
      (ii) TIME STEP (DT) SHOULD BE SMALLER OR EQUAL 
           THAN THE STORAGE COEFFICIENT. 
     (iii) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
  
-------------------- 
| ADD HYD   (0004) | 
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V. 
--------------------         (ha)    (cms)    (hrs)     (mm) 
          ID1= 1 (0002):     9.07   2.786      .50    42.18 
        + ID2= 2 (0203):      .91    .269      .50    37.93 
          ================================================== 
          ID = 3 (0004):     9.98   3.054      .50    41.80 
  
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| RESERVOIR (0507) | 
| IN= 2---> OUT= 1 | 
| DT=  5.0 min     |     OUTFLOW    STORAGE   |  OUTFLOW    STORAGE 
--------------------      (cms)     (ha.m.)   |   (cms)     (ha.m.) 
                           .0000      .0000   |    .0841      .2018 
                           .0104      .0936   |    .2110      .2412 
                           .0114      .1106   |    .3271      .2824 
                           .0123      .1280   |    .4574      .3700 
                           .0132      .1459   |    .5576      .4643 
                           .0140      .1641   |   2.1858      .5137 
                           .0390      .1828   |   5.1234      .5648 
  
                                AREA     QPEAK     TPEAK       R.V. 
                                (ha)     (cms)     (hrs)       (mm) 
     INFLOW : ID= 2 (0004)      9.98      3.05       .50      41.80 
     OUTFLOW: ID= 1 (0507)      9.98       .42      1.00      41.57 
  
                   PEAK   FLOW   REDUCTION [Qout/Qin](%)= 13.82 
                   TIME SHIFT OF PEAK FLOW         (min)= 30.00 
                   MAXIMUM  STORAGE   USED       (ha.m.)=  .3471 
  
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| NASHYD    (0101) |   Area    (ha)=   5.09   Curve Number   (CN)= 65.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   8.00   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=    .42 
  
     Unit Hyd Qpeak  (cms)=    .463 
  
     PEAK FLOW       (cms)=    .225 (i) 
     TIME TO PEAK    (hrs)=   1.000 

     RUNOFF VOLUME    (mm)=  14.180 
     TOTAL RAINFALL   (mm)=  59.698 
     RUNOFF COEFFICIENT   =    .238 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
  
-------------------- 
| ADD HYD   (0006) | 
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V. 
--------------------         (ha)    (cms)    (hrs)     (mm) 
          ID1= 1 (0507):     9.98    .422     1.00    41.57 
        + ID2= 2 (0101):     5.09    .225     1.00    14.18 
          ================================================== 
          ID = 3 (0006):    15.07    .647     1.00    32.32 
  
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY. 
  
------------------------------------------------------------------------------- 
  **************************** 

  ** SIMULATION NUMBER:   6 ** 50-year 1-hour AES 
  **************************** 
   
   
-------------------- 
|    READ STORM    |    Filename: S:\Projects\2014\14118\Hydrotechnical\        
|                  |              3-FSR Submission_March 2018\VO2\VO2\Storms\   
|                  |              AES_1H_50Y.STM                                
| Ptotal= 68.20 mm |    Comments: 50yr/1hr Fergus Shand Dam 2007 (AES Curv 
-------------------- 
                 TIME    RAIN |  TIME    RAIN |  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |   hrs   mm/hr |   hrs   mm/hr 
                  .08     .00 |   .42  122.76 |   .75   65.47 |  1.08    8.18 
                  .17    8.18 |   .50  229.15 |   .83   40.92 | 
                  .25   24.55 |   .58  122.76 |   .92   24.55 | 
                  .33   65.47 |   .67   98.21 |  1.00    8.18 | 
   
------------------------------------------------------------------------------- 
 
-------------------- 
| CALIB            | 
| NASHYD    (0102) |   Area    (ha)=    .18   Curve Number   (CN)= 65.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   8.00   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=    .06 
  
     Unit Hyd Qpeak  (cms)=    .115 
  
     PEAK FLOW       (cms)=    .019 (i) 
     TIME TO PEAK    (hrs)=    .583 
     RUNOFF VOLUME    (mm)=  15.786 
     TOTAL RAINFALL   (mm)=  68.198 
     RUNOFF COEFFICIENT   =    .231 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| STANDHYD  (0202) |   Area    (ha)=   4.67 
|ID= 1 DT= 5.0 min |   Total Imp(%)=  70.00   Dir. Conn.(%)=  55.00 
-------------------- 
                              IMPERVIOUS    PERVIOUS (i) 
     Surface Area     (ha)=       3.27         1.40 
     Dep. Storage     (mm)=       1.00         5.00 
     Average Slope     (%)=       1.00         2.00 
     Length            (m)=     176.40        40.00 
     Mannings n           =       .013         .250 
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     Max.Eff.Inten.(mm/hr)=     229.15       121.42 
                over (min)        5.00        10.00 
     Storage Coeff.  (min)=       2.58 (ii)    6.55 (ii) 
     Unit Hyd. Tpeak (min)=       5.00        10.00 
     Unit Hyd. peak  (cms)=        .29          .14 
                                                           *TOTALS* 
     PEAK FLOW       (cms)=       1.52          .36          1.699 (iii) 
     TIME TO PEAK    (hrs)=        .50          .67            .50 
     RUNOFF VOLUME    (mm)=      67.20        29.11          50.06 
     TOTAL RAINFALL   (mm)=      68.20        68.20          68.20 
     RUNOFF COEFFICIENT   =        .99          .43            .73 
  
***** WARNING: STORAGE COEFF. IS SMALLER THAN TIME STEP! 
  
       (i) CN PROCEDURE SELECTED FOR PERVIOUS LOSSES: 
            CN*  =  68.0    Ia = Dep. Storage  (Above) 
      (ii) TIME STEP (DT) SHOULD BE SMALLER OR EQUAL 
           THAN THE STORAGE COEFFICIENT. 
     (iii) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| STANDHYD  (0201) |   Area    (ha)=   4.22 
|ID= 1 DT= 5.0 min |   Total Imp(%)=  70.00   Dir. Conn.(%)=  55.00 
-------------------- 
                              IMPERVIOUS    PERVIOUS (i) 
     Surface Area     (ha)=       2.95         1.27 
     Dep. Storage     (mm)=       1.00         5.00 
     Average Slope     (%)=       1.00         2.00 
     Length            (m)=     167.70        40.00 
     Mannings n           =       .013         .250 
  
     Max.Eff.Inten.(mm/hr)=     229.15       121.42 
                over (min)        5.00        10.00 
     Storage Coeff.  (min)=       2.50 (ii)    6.48 (ii) 
     Unit Hyd. Tpeak (min)=       5.00        10.00 
     Unit Hyd. peak  (cms)=        .29          .14 
                                                           *TOTALS* 
     PEAK FLOW       (cms)=       1.38          .33          1.543 (iii) 
     TIME TO PEAK    (hrs)=        .50          .67            .50 
     RUNOFF VOLUME    (mm)=      67.20        29.11          50.06 
     TOTAL RAINFALL   (mm)=      68.20        68.20          68.20 
     RUNOFF COEFFICIENT   =        .99          .43            .73 
  
***** WARNING: STORAGE COEFF. IS SMALLER THAN TIME STEP! 
  
       (i) CN PROCEDURE SELECTED FOR PERVIOUS LOSSES: 
            CN*  =  68.0    Ia = Dep. Storage  (Above) 
      (ii) TIME STEP (DT) SHOULD BE SMALLER OR EQUAL 
           THAN THE STORAGE COEFFICIENT. 
     (iii) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
  
-------------------- 
| ADD HYD   (0001) | 
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V. 
--------------------         (ha)    (cms)    (hrs)     (mm) 
          ID1= 1 (0202):     4.67   1.699      .50    50.06 
        + ID2= 2 (0201):     4.22   1.543      .50    50.06 
          ================================================== 
          ID = 3 (0001):     8.89   3.242      .50    50.06 
  
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY. 
  
------------------------------------------------------------------------------- 
  
-------------------- 
| ADD HYD   (0002) | 

|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V. 
--------------------         (ha)    (cms)    (hrs)     (mm) 
          ID1= 1 (0102):      .18    .019      .58    15.79 
        + ID2= 2 (0001):     8.89   3.242      .50    50.06 
          ================================================== 
          ID = 3 (0002):     9.07   3.260      .50    49.38 
  
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| STANDHYD  (0203) |   Area    (ha)=    .91 
|ID= 1 DT= 5.0 min |   Total Imp(%)=  50.00   Dir. Conn.(%)=  50.00 
-------------------- 
                              IMPERVIOUS    PERVIOUS (i) 
     Surface Area     (ha)=        .46          .46 
     Dep. Storage     (mm)=       1.00         5.00 
     Average Slope     (%)=       1.00         2.00 
     Length            (m)=      77.90        25.00 
     Mannings n           =       .013         .250 
  
     Max.Eff.Inten.(mm/hr)=     229.15        59.42 
                over (min)        5.00        10.00 
     Storage Coeff.  (min)=       1.58 (ii)    5.40 (ii) 
     Unit Hyd. Tpeak (min)=       5.00        10.00 
     Unit Hyd. peak  (cms)=        .33          .16 
                                                           *TOTALS* 
     PEAK FLOW       (cms)=        .28          .06           .313 (iii) 
     TIME TO PEAK    (hrs)=        .50          .67            .50 
     RUNOFF VOLUME    (mm)=      67.20        21.86          44.52 
     TOTAL RAINFALL   (mm)=      68.20        68.20          68.20 
     RUNOFF COEFFICIENT   =        .99          .32            .65 
  
***** WARNING: STORAGE COEFF. IS SMALLER THAN TIME STEP! 
  
       (i) CN PROCEDURE SELECTED FOR PERVIOUS LOSSES: 
            CN*  =  68.0    Ia = Dep. Storage  (Above) 
      (ii) TIME STEP (DT) SHOULD BE SMALLER OR EQUAL 
           THAN THE STORAGE COEFFICIENT. 
     (iii) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
  
-------------------- 
| ADD HYD   (0004) | 
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V. 
--------------------         (ha)    (cms)    (hrs)     (mm) 
          ID1= 1 (0002):     9.07   3.260      .50    49.38 
        + ID2= 2 (0203):      .91    .313      .50    44.52 
          ================================================== 
          ID = 3 (0004):     9.98   3.573      .50    48.93 
  
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| RESERVOIR (0507) | 
| IN= 2---> OUT= 1 | 
| DT=  5.0 min     |     OUTFLOW    STORAGE   |  OUTFLOW    STORAGE 
--------------------      (cms)     (ha.m.)   |   (cms)     (ha.m.) 
                           .0000      .0000   |    .0841      .2018 
                           .0104      .0936   |    .2110      .2412 
                           .0114      .1106   |    .3271      .2824 
                           .0123      .1280   |    .4574      .3700 
                           .0132      .1459   |    .5576      .4643 
                           .0140      .1641   |   2.1858      .5137 
                           .0390      .1828   |   5.1234      .5648 
  
                                AREA     QPEAK     TPEAK       R.V. 
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                                (ha)     (cms)     (hrs)       (mm) 
     INFLOW : ID= 2 (0004)      9.98      3.57       .50      48.93 
     OUTFLOW: ID= 1 (0507)      9.98       .49      1.00      48.70 
  
                   PEAK   FLOW   REDUCTION [Qout/Qin](%)= 13.74 
                   TIME SHIFT OF PEAK FLOW         (min)= 30.00 
                   MAXIMUM  STORAGE   USED       (ha.m.)=  .4025 
  
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| NASHYD    (0101) |   Area    (ha)=   5.09   Curve Number   (CN)= 65.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   8.00   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=    .42 
  
     Unit Hyd Qpeak  (cms)=    .463 
  
     PEAK FLOW       (cms)=    .292 (i) 
     TIME TO PEAK    (hrs)=   1.000 
     RUNOFF VOLUME    (mm)=  18.396 
     TOTAL RAINFALL   (mm)=  68.198 
     RUNOFF COEFFICIENT   =    .270 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
  
-------------------- 
| ADD HYD   (0006) | 
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V. 
--------------------         (ha)    (cms)    (hrs)     (mm) 
          ID1= 1 (0507):     9.98    .491     1.00    48.70 
        + ID2= 2 (0101):     5.09    .292     1.00    18.40 
          ================================================== 
          ID = 3 (0006):    15.07    .783     1.00    38.47 
  
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY. 
  
------------------------------------------------------------------------------- 
  **************************** 

  ** SIMULATION NUMBER:   7 ** 100-year 1-hour AES 
  **************************** 
   
   
-------------------- 
|    READ STORM    |    Filename: S:\Projects\2014\14118\Hydrotechnical\        
|                  |              3-FSR Submission_March 2018\VO2\VO2\Storms\   
|                  |              AES_1H_100Y.STM                               
| Ptotal= 76.60 mm |    Comments: 100yr/1hr Fergus Shand Dam 2007 (AES Cur 
-------------------- 
                 TIME    RAIN |  TIME    RAIN |  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |   hrs   mm/hr |   hrs   mm/hr 
                  .08     .00 |   .42  137.88 |   .75   73.54 |  1.08    9.19 
                  .17    9.19 |   .50  257.38 |   .83   45.96 | 
                  .25   27.58 |   .58  137.88 |   .92   27.58 | 
                  .33   73.54 |   .67  110.30 |  1.00    9.19 | 
   
------------------------------------------------------------------------------- 
 
-------------------- 
| CALIB            | 
| NASHYD    (0102) |   Area    (ha)=    .18   Curve Number   (CN)= 65.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   8.00   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=    .06 
  
     Unit Hyd Qpeak  (cms)=    .115 
  
     PEAK FLOW       (cms)=    .024 (i) 
     TIME TO PEAK    (hrs)=    .583 

     RUNOFF VOLUME    (mm)=  19.661 
     TOTAL RAINFALL   (mm)=  76.601 
     RUNOFF COEFFICIENT   =    .257 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| STANDHYD  (0202) |   Area    (ha)=   4.67 
|ID= 1 DT= 5.0 min |   Total Imp(%)=  70.00   Dir. Conn.(%)=  55.00 
-------------------- 
                              IMPERVIOUS    PERVIOUS (i) 
     Surface Area     (ha)=       3.27         1.40 
     Dep. Storage     (mm)=       1.00         5.00 
     Average Slope     (%)=       1.00         2.00 
     Length            (m)=     176.40        40.00 
     Mannings n           =       .013         .250 
  
     Max.Eff.Inten.(mm/hr)=     257.38       147.19 
                over (min)        5.00        10.00 
     Storage Coeff.  (min)=       2.46 (ii)    6.25 (ii) 
     Unit Hyd. Tpeak (min)=       5.00        10.00 
     Unit Hyd. peak  (cms)=        .30          .15 
                                                           *TOTALS* 
     PEAK FLOW       (cms)=       1.72          .44          1.948 (iii) 
     TIME TO PEAK    (hrs)=        .50          .67            .50 
     RUNOFF VOLUME    (mm)=      75.60        35.10          57.37 
     TOTAL RAINFALL   (mm)=      76.60        76.60          76.60 
     RUNOFF COEFFICIENT   =        .99          .46            .75 
  
***** WARNING: STORAGE COEFF. IS SMALLER THAN TIME STEP! 
  
       (i) CN PROCEDURE SELECTED FOR PERVIOUS LOSSES: 
            CN*  =  68.0    Ia = Dep. Storage  (Above) 
      (ii) TIME STEP (DT) SHOULD BE SMALLER OR EQUAL 
           THAN THE STORAGE COEFFICIENT. 
     (iii) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| STANDHYD  (0201) |   Area    (ha)=   4.22 
|ID= 1 DT= 5.0 min |   Total Imp(%)=  70.00   Dir. Conn.(%)=  55.00 
-------------------- 
                              IMPERVIOUS    PERVIOUS (i) 
     Surface Area     (ha)=       2.95         1.27 
     Dep. Storage     (mm)=       1.00         5.00 
     Average Slope     (%)=       1.00         2.00 
     Length            (m)=     167.70        40.00 
     Mannings n           =       .013         .250 
  
     Max.Eff.Inten.(mm/hr)=     257.38       147.19 
                over (min)        5.00        10.00 
     Storage Coeff.  (min)=       2.39 (ii)    6.18 (ii) 
     Unit Hyd. Tpeak (min)=       5.00        10.00 
     Unit Hyd. peak  (cms)=        .30          .15 
                                                           *TOTALS* 
     PEAK FLOW       (cms)=       1.56          .40          1.769 (iii) 
     TIME TO PEAK    (hrs)=        .50          .67            .50 
     RUNOFF VOLUME    (mm)=      75.60        35.10          57.37 
     TOTAL RAINFALL   (mm)=      76.60        76.60          76.60 
     RUNOFF COEFFICIENT   =        .99          .46            .75 
  
***** WARNING: STORAGE COEFF. IS SMALLER THAN TIME STEP! 
  
       (i) CN PROCEDURE SELECTED FOR PERVIOUS LOSSES: 
            CN*  =  68.0    Ia = Dep. Storage  (Above) 
      (ii) TIME STEP (DT) SHOULD BE SMALLER OR EQUAL 
           THAN THE STORAGE COEFFICIENT. 
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     (iii) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
  
-------------------- 
| ADD HYD   (0001) | 
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V. 
--------------------         (ha)    (cms)    (hrs)     (mm) 
          ID1= 1 (0202):     4.67   1.948      .50    57.37 
        + ID2= 2 (0201):     4.22   1.769      .50    57.37 
          ================================================== 
          ID = 3 (0001):     8.89   3.717      .50    57.37 
  
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY. 
  
------------------------------------------------------------------------------- 
  
-------------------- 
| ADD HYD   (0002) | 
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V. 
--------------------         (ha)    (cms)    (hrs)     (mm) 
          ID1= 1 (0102):      .18    .024      .58    19.66 
        + ID2= 2 (0001):     8.89   3.717      .50    57.37 
          ================================================== 
          ID = 3 (0002):     9.07   3.741      .50    56.62 
  
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| STANDHYD  (0203) |   Area    (ha)=    .91 
|ID= 1 DT= 5.0 min |   Total Imp(%)=  50.00   Dir. Conn.(%)=  50.00 
-------------------- 
                              IMPERVIOUS    PERVIOUS (i) 
     Surface Area     (ha)=        .46          .46 
     Dep. Storage     (mm)=       1.00         5.00 
     Average Slope     (%)=       1.00         2.00 
     Length            (m)=      77.90        25.00 
     Mannings n           =       .013         .250 
  
     Max.Eff.Inten.(mm/hr)=     257.38        73.44 
                over (min)        5.00        10.00 
     Storage Coeff.  (min)=       1.51 (ii)    5.15 (ii) 
     Unit Hyd. Tpeak (min)=       5.00        10.00 
     Unit Hyd. peak  (cms)=        .33          .16 
                                                           *TOTALS* 
     PEAK FLOW       (cms)=        .32          .08           .357 (iii) 
     TIME TO PEAK    (hrs)=        .50          .67            .50 
     RUNOFF VOLUME    (mm)=      75.60        26.82          51.21 
     TOTAL RAINFALL   (mm)=      76.60        76.60          76.60 
     RUNOFF COEFFICIENT   =        .99          .35            .67 
  
***** WARNING: STORAGE COEFF. IS SMALLER THAN TIME STEP! 
  
       (i) CN PROCEDURE SELECTED FOR PERVIOUS LOSSES: 
            CN*  =  68.0    Ia = Dep. Storage  (Above) 
      (ii) TIME STEP (DT) SHOULD BE SMALLER OR EQUAL 
           THAN THE STORAGE COEFFICIENT. 
     (iii) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
  
-------------------- 
| ADD HYD   (0004) | 
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V. 
--------------------         (ha)    (cms)    (hrs)     (mm) 
          ID1= 1 (0002):     9.07   3.741      .50    56.62 
        + ID2= 2 (0203):      .91    .357      .50    51.21 
          ================================================== 

          ID = 3 (0004):     9.98   4.098      .50    56.13 
  
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| RESERVOIR (0507) | 
| IN= 2---> OUT= 1 | 
| DT=  5.0 min     |     OUTFLOW    STORAGE   |  OUTFLOW    STORAGE 
--------------------      (cms)     (ha.m.)   |   (cms)     (ha.m.) 
                           .0000      .0000   |    .0841      .2018 
                           .0104      .0936   |    .2110      .2412 
                           .0114      .1106   |    .3271      .2824 
                           .0123      .1280   |    .4574      .3700 
                           .0132      .1459   |    .5576      .4643 
                           .0140      .1641   |   2.1858      .5137 
                           .0390      .1828   |   5.1234      .5648 
  
                                AREA     QPEAK     TPEAK       R.V. 
                                (ha)     (cms)     (hrs)       (mm) 
     INFLOW : ID= 2 (0004)      9.98      4.10       .50      56.13 
     OUTFLOW: ID= 1 (0507)      9.98       .55      1.00      55.90 
  
                   PEAK   FLOW   REDUCTION [Qout/Qin](%)= 13.49 
                   TIME SHIFT OF PEAK FLOW         (min)= 30.00 
                   MAXIMUM  STORAGE   USED       (ha.m.)=  .4606 
  
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| NASHYD    (0101) |   Area    (ha)=   5.09   Curve Number   (CN)= 65.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   8.00   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=    .42 
  
     Unit Hyd Qpeak  (cms)=    .463 
  
     PEAK FLOW       (cms)=    .364 (i) 
     TIME TO PEAK    (hrs)=   1.000 
     RUNOFF VOLUME    (mm)=  22.913 
     TOTAL RAINFALL   (mm)=  76.601 
     RUNOFF COEFFICIENT   =    .299 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
  
-------------------- 
| ADD HYD   (0006) | 
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V. 
--------------------         (ha)    (cms)    (hrs)     (mm) 
          ID1= 1 (0507):     9.98    .553     1.00    55.90 
        + ID2= 2 (0101):     5.09    .364     1.00    22.91 
          ================================================== 
          ID = 3 (0006):    15.07    .916     1.00    44.76 
  
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY. 
  
------------------------------------------------------------------------------- 
--------------------------------------------------------------------------------------------
--------------- 
  **************************** 

  ** SIMULATION NUMBER:   8 ** Regional Storm (Hurricane Hazel) 
  **************************** 
   
   
-------------------- 
|    READ STORM    |    Filename: S:\Projects\2014\14118\Hydro                  
|                  |              technical\0-Working\VO2\VO2\Storms\Hazel.stm  
| Ptotal=212.00 mm |    Comments: * Regional Storm - 12 Hour HAZEL         
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-------------------- 
                 TIME    RAIN |  TIME    RAIN |  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |   hrs   mm/hr |   hrs   mm/hr 
                  .50    4.00 |  3.50   12.00 |  6.50   22.00 |  9.50   50.00 
                 1.00    8.00 |  4.00   12.00 |  7.00   26.00 | 10.00   56.00 
                 1.50    4.00 |  4.50   16.00 |  7.50   12.00 | 10.50   38.00 
                 2.00    4.00 |  5.00   18.00 |  8.00   12.00 | 11.00   38.00 
                 2.50    6.00 |  5.50   12.00 |  8.50   12.00 | 11.50   14.00 
                 3.00    8.00 |  6.00   14.00 |  9.00   14.00 | 12.00   12.00 
   
------------------------------------------------------------------------------- 
 
-------------------- 
| CALIB            | 
| NASHYD    (0102) |   Area    (ha)=    .18   Curve Number   (CN)= 82.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   8.00   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=    .06 
  
         NOTE:  RAINFALL WAS TRANSFORMED TO   5.0 MIN. TIME STEP. 
 
   
                               ---- TRANSFORMED HYETOGRAPH ---- 
                 TIME    RAIN |  TIME    RAIN |  TIME    RAIN |  TIME    RAIN 
                  hrs   mm/hr |   hrs   mm/hr |   hrs   mm/hr |   hrs   mm/hr 
                 .083    4.00 | 3.083   12.00 | 6.083   22.00 |  9.08   50.00 
                 .167    4.00 | 3.167   12.00 | 6.167   22.00 |  9.17   50.00 
                 .250    4.00 | 3.250   12.00 | 6.250   22.00 |  9.25   50.00 
                 .333    4.00 | 3.333   12.00 | 6.333   22.00 |  9.33   50.00 
                 .417    4.00 | 3.417   12.00 | 6.417   22.00 |  9.42   50.00 
                 .500    4.00 | 3.500   12.00 | 6.500   22.00 |  9.50   50.00 
                 .583    8.00 | 3.583   12.00 | 6.583   26.00 |  9.58   56.00 
                 .667    8.00 | 3.667   12.00 | 6.667   26.00 |  9.67   56.00 
                 .750    8.00 | 3.750   12.00 | 6.750   26.00 |  9.75   56.00 
                 .833    8.00 | 3.833   12.00 | 6.833   26.00 |  9.83   56.00 
                 .917    8.00 | 3.917   12.00 | 6.917   26.00 |  9.92   56.00 
                1.000    8.00 | 4.000   12.00 | 7.000   26.00 | 10.00   56.00 
                1.083    4.00 | 4.083   16.00 | 7.083   12.00 | 10.08   38.00 
                1.167    4.00 | 4.167   16.00 | 7.167   12.00 | 10.17   38.00 
                1.250    4.00 | 4.250   16.00 | 7.250   12.00 | 10.25   38.00 
                1.333    4.00 | 4.333   16.00 | 7.333   12.00 | 10.33   38.00 
                1.417    4.00 | 4.417   16.00 | 7.417   12.00 | 10.42   38.00 
                1.500    4.00 | 4.500   16.00 | 7.500   12.00 | 10.50   38.00 
                1.583    4.00 | 4.583   18.00 | 7.583   12.00 | 10.58   38.00 
                1.667    4.00 | 4.667   18.00 | 7.667   12.00 | 10.67   38.00 
                1.750    4.00 | 4.750   18.00 | 7.750   12.00 | 10.75   38.00 
                1.833    4.00 | 4.833   18.00 | 7.833   12.00 | 10.83   38.00 
                1.917    4.00 | 4.917   18.00 | 7.917   12.00 | 10.92   38.00 
                2.000    4.00 | 5.000   18.00 | 8.000   12.00 | 11.00   38.00 
                2.083    6.00 | 5.083   12.00 | 8.083   12.00 | 11.08   14.00 
                2.167    6.00 | 5.167   12.00 | 8.167   12.00 | 11.17   14.00 
                2.250    6.00 | 5.250   12.00 | 8.250   12.00 | 11.25   14.00 
                2.333    6.00 | 5.333   12.00 | 8.333   12.00 | 11.33   14.00 
                2.417    6.00 | 5.417   12.00 | 8.417   12.00 | 11.42   14.00 
                2.500    6.00 | 5.500   12.00 | 8.500   12.00 | 11.50   14.00 
                2.583    8.00 | 5.583   14.00 | 8.583   14.00 | 11.58   12.00 
                2.667    8.00 | 5.667   14.00 | 8.667   14.00 | 11.67   12.00 
                2.750    8.00 | 5.750   14.00 | 8.750   14.00 | 11.75   12.00 
                2.833    8.00 | 5.833   14.00 | 8.833   14.00 | 11.83   12.00 
                2.917    8.00 | 5.917   14.00 | 8.917   14.00 | 11.92   12.00 
                3.000    8.00 | 6.000   14.00 | 9.000   14.00 | 12.00   12.00 
   
     Unit Hyd Qpeak  (cms)=    .115 
  
     PEAK FLOW       (cms)=    .022 (i) 
     TIME TO PEAK    (hrs)=  10.000 
     RUNOFF VOLUME    (mm)= 137.473 
     TOTAL RAINFALL   (mm)= 212.000 
     RUNOFF COEFFICIENT   =    .648 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 

  
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| STANDHYD  (0202) |   Area    (ha)=   4.67 
|ID= 1 DT= 5.0 min |   Total Imp(%)=  70.00   Dir. Conn.(%)=  55.00 
-------------------- 
                              IMPERVIOUS    PERVIOUS (i) 
     Surface Area     (ha)=       3.27         1.40 
     Dep. Storage     (mm)=       1.00         5.00 
     Average Slope     (%)=       1.00         2.00 
     Length            (m)=     176.40        40.00 
     Mannings n           =       .013         .250 
  
     Max.Eff.Inten.(mm/hr)=      56.00        81.45 
                over (min)        5.00        15.00 
     Storage Coeff.  (min)=       4.53 (ii)   12.19 (ii) 
     Unit Hyd. Tpeak (min)=       5.00        15.00 
     Unit Hyd. peak  (cms)=        .23          .09 
                                                           *TOTALS* 
     PEAK FLOW       (cms)=        .40          .31           .708 (iii) 
     TIME TO PEAK    (hrs)=      10.00        10.00          10.00 
     RUNOFF VOLUME    (mm)=     211.00       180.73         197.38 
     TOTAL RAINFALL   (mm)=     212.00       212.00         212.00 
     RUNOFF COEFFICIENT   =       1.00          .85            .93 
  
***** WARNING: STORAGE COEFF. IS SMALLER THAN TIME STEP! 
  
       (i) CN PROCEDURE SELECTED FOR PERVIOUS LOSSES: 
            CN*  =  84.0    Ia = Dep. Storage  (Above) 
      (ii) TIME STEP (DT) SHOULD BE SMALLER OR EQUAL 
           THAN THE STORAGE COEFFICIENT. 
     (iii) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| STANDHYD  (0201) |   Area    (ha)=   4.22 
|ID= 1 DT= 5.0 min |   Total Imp(%)=  70.00   Dir. Conn.(%)=  55.00 
-------------------- 
                              IMPERVIOUS    PERVIOUS (i) 
     Surface Area     (ha)=       2.95         1.27 
     Dep. Storage     (mm)=       1.00         5.00 
     Average Slope     (%)=       1.00         2.00 
     Length            (m)=     167.70        40.00 
     Mannings n           =       .013         .250 
  
     Max.Eff.Inten.(mm/hr)=      56.00        81.45 
                over (min)        5.00        15.00 
     Storage Coeff.  (min)=       4.39 (ii)   12.05 (ii) 
     Unit Hyd. Tpeak (min)=       5.00        15.00 
     Unit Hyd. peak  (cms)=        .23          .09 
                                                           *TOTALS* 
     PEAK FLOW       (cms)=        .36          .28           .640 (iii) 
     TIME TO PEAK    (hrs)=      10.00        10.00          10.00 
     RUNOFF VOLUME    (mm)=     211.00       180.73         197.38 
     TOTAL RAINFALL   (mm)=     212.00       212.00         212.00 
     RUNOFF COEFFICIENT   =       1.00          .85            .93 
  
***** WARNING: STORAGE COEFF. IS SMALLER THAN TIME STEP! 
  
       (i) CN PROCEDURE SELECTED FOR PERVIOUS LOSSES: 
            CN*  =  84.0    Ia = Dep. Storage  (Above) 
      (ii) TIME STEP (DT) SHOULD BE SMALLER OR EQUAL 
           THAN THE STORAGE COEFFICIENT. 
     (iii) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
  
-------------------- 
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| ADD HYD   (0001) | 
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V. 
--------------------         (ha)    (cms)    (hrs)     (mm) 
          ID1= 1 (0202):     4.67    .708    10.00   197.38 
        + ID2= 2 (0201):     4.22    .640    10.00   197.38 
          ================================================== 
          ID = 3 (0001):     8.89   1.347    10.00   197.38 
  
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY. 
  
------------------------------------------------------------------------------- 
  
-------------------- 
| ADD HYD   (0002) | 
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V. 
--------------------         (ha)    (cms)    (hrs)     (mm) 
          ID1= 1 (0102):      .18    .022    10.00   137.47 
        + ID2= 2 (0001):     8.89   1.347    10.00   197.38 
          ================================================== 
          ID = 3 (0002):     9.07   1.369    10.00   196.19 
  
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY. 
  
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| STANDHYD  (0203) |   Area    (ha)=    .91 
|ID= 1 DT= 5.0 min |   Total Imp(%)=  50.00   Dir. Conn.(%)=  50.00 
-------------------- 
                              IMPERVIOUS    PERVIOUS (i) 
     Surface Area     (ha)=        .46          .46 
     Dep. Storage     (mm)=       1.00         5.00 
     Average Slope     (%)=       1.00         2.00 
     Length            (m)=      77.90        25.00 
     Mannings n           =       .013         .250 
  
     Max.Eff.Inten.(mm/hr)=      56.00        52.71 
                over (min)        5.00        10.00 
     Storage Coeff.  (min)=       2.77 (ii)    9.65 (ii) 
     Unit Hyd. Tpeak (min)=       5.00        10.00 
     Unit Hyd. peak  (cms)=        .28          .11 
                                                           *TOTALS* 
     PEAK FLOW       (cms)=        .07          .07           .137 (iii) 
     TIME TO PEAK    (hrs)=      10.00        10.00          10.00 
     RUNOFF VOLUME    (mm)=     211.00       167.78         189.39 
     TOTAL RAINFALL   (mm)=     212.00       212.00         212.00 
     RUNOFF COEFFICIENT   =       1.00          .79            .89 
  
***** WARNING: STORAGE COEFF. IS SMALLER THAN TIME STEP! 
  
       (i) CN PROCEDURE SELECTED FOR PERVIOUS LOSSES: 
            CN*  =  84.0    Ia = Dep. Storage  (Above) 
      (ii) TIME STEP (DT) SHOULD BE SMALLER OR EQUAL 
           THAN THE STORAGE COEFFICIENT. 
     (iii) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
  
-------------------- 
| ADD HYD   (0004) | 
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V. 
--------------------         (ha)    (cms)    (hrs)     (mm) 
          ID1= 1 (0002):     9.07   1.369    10.00   196.19 
        + ID2= 2 (0203):      .91    .137    10.00   189.39 
          ================================================== 
          ID = 3 (0004):     9.98   1.506    10.00   195.57 
  
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY. 
  
------------------------------------------------------------------------------- 

-------------------- 
| RESERVOIR (0507) | 
| IN= 2---> OUT= 1 | 
| DT=  5.0 min     |     OUTFLOW    STORAGE   |  OUTFLOW    STORAGE 
--------------------      (cms)     (ha.m.)   |   (cms)     (ha.m.) 
                           .0000      .0000   |    .0841      .2018 
                           .0104      .0936   |    .2110      .2412 
                           .0114      .1106   |    .3271      .2824 
                           .0123      .1280   |    .4574      .3700 
                           .0132      .1459   |    .5576      .4643 
                           .0140      .1641   |   2.1858      .5137 
                           .0390      .1828   |   5.1234      .5648 
  
                                AREA     QPEAK     TPEAK       R.V. 
                                (ha)     (cms)     (hrs)       (mm) 
     INFLOW : ID= 2 (0004)      9.98      1.51     10.00     195.57 
     OUTFLOW: ID= 1 (0507)      9.98      1.49     10.00     195.34 
  
                   PEAK   FLOW   REDUCTION [Qout/Qin](%)= 98.66 
                   TIME SHIFT OF PEAK FLOW         (min)=   .00 
                   MAXIMUM  STORAGE   USED       (ha.m.)=  .4928 
  
------------------------------------------------------------------------------- 
-------------------- 
| CALIB            | 
| NASHYD    (0101) |   Area    (ha)=   5.09   Curve Number   (CN)= 82.0 
|ID= 1 DT= 5.0 min |   Ia      (mm)=   8.00   # of Linear Res.(N)= 3.00 
--------------------   U.H. Tp(hrs)=    .42 
  
     Unit Hyd Qpeak  (cms)=    .463 
  
     PEAK FLOW       (cms)=    .642 (i) 
     TIME TO PEAK    (hrs)=  10.167 
     RUNOFF VOLUME    (mm)= 160.196 
     TOTAL RAINFALL   (mm)= 212.000 
     RUNOFF COEFFICIENT   =    .756 
  
     (i) PEAK FLOW DOES NOT INCLUDE BASEFLOW IF ANY. 
  
------------------------------------------------------------------------------- 
  
-------------------- 
| ADD HYD   (0006) | 
|   1 +  2 =  3    |         AREA    QPEAK    TPEAK     R.V. 
--------------------         (ha)    (cms)    (hrs)     (mm) 
          ID1= 1 (0507):     9.98   1.486    10.00   195.34 
        + ID2= 2 (0101):     5.09    .642    10.17   160.20 
          ================================================== 
          ID = 3 (0006):    15.07   2.102    10.00   183.47 
  
     NOTE:  PEAK FLOWS DO NOT INCLUDE BASEFLOWS IF ANY. 
  
------------------------------------------------------------------------------- 
   
 FINISH 
============================================================================================
=============== 
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File: 14118

Date: October 2018

Pervious Impervious Impervious

Area Area Area Percent of

Without Without With Basic Existing

Infiltration Infiltration Infiltration Precipitation Evapotranspiration Surplus Runoff Infiltration Infiltration

BMP's BMP's BMP's (m
3
) (m

3
) (m

3
) (m

3
) (m

3
) (%)

Area (ha) 5.090 0.000 0.000

HSG BC n/a BC

Weighted WHC (mm) 200 n/a 200

Infiltration Factor 0.545 0.00 0.000

Precipitation (mm) 792.7 792.7 792.7

Evapotranspiration (mm) 586 0.0 586

Surplus (mm) 204 792.7 204

Infiltration (mm) 111.1 0.0 0.0

Runoff (mm) 92.7 792.7 203.8

Area (ha) 5.090 0.000 0.000

HSG BC n/a BC

Weighted WHC (mm) 200 n/a 200

Infiltration Factor 0.545 0.00 0.000

Precipitation (mm) 792.7 792.7 792.7

Evapotranspiration (mm) 586 0.0 586

Surplus (mm) 204 792.7 204

Infiltration (mm) 111.1 0.0 0.0

Runoff (mm) 92.7 792.7 203.8

Area (ha) 9.800 0.000 0.000

HSG BC n/a BC

Weighted WHC (mm) 195 n/a 195

Infiltration Factor 0.515 0.00 0.000

Precipitation (mm) 792.7 792.7 792.7

Evapotranspiration (mm) 585 0.0 585

Surplus (mm) 205 792.7 205

Infiltration (mm) 105.9 0.0 0.0

Runoff (mm) 99.6 792.7 205.5

Area (ha) 4.514 5.286 0.000

HSG BC n/a BC

Weighted WHC (mm) 100 n/a 100

Infiltration Factor 0.545 0.00 0.431

Precipitation (mm) 792.7 792.7 792.7

Evapotranspiration (mm) 533 0.0 533

Surplus (mm) 256 792.7 256

Infiltration (mm) 139.7 0.0 110.4

Runoff (mm) 116.6 792.7 146.0

Area (ha) 4.514 4.176 1.110

HSG BC n/a BC

Weighted WHC (mm) 100 n/a 100

Infiltration Factor 0.545 0.00 0.431

Precipitation (mm) 792.7 792.7 792.7

Evapotranspiration (mm) 533 0.0 533

Surplus (mm) 256 792.7 256

Infiltration (mm) 139.7 0.0 110.4

Runoff (mm) 116.6 792.7 146.0

See Table E.6

Notes:

1.  Site water balance calculations based on methodology per  Stormwater Management Planning and Design Manual  (MOE, March 2003).

2. Basic Infiltration BMP's consist of roof leaders that discharge to pervious areas.

3.  Enhanced Infiltration BMP's consist of the proposed infiltration trenches.

VALDOR ENGINEERING INC.

53,475 6,306 60.877,685 24,060

TOTAL SITE VOLUMES

40,348 29,850 10,375

100.3

47,168

5,654 100.0

7,531 72.6

4,721

7531 + 2875

29,977 47,521

Proposed 

(Developed)

(With Enhanced Infiltration 

BMP's)

39,990

10,407

9.80

9.80

9.80

77,685

Proposed 

(Developed)

(No Infiltration BMPs)

Proposed 

(Developed)

(With Basic Infiltration 

BMPs)

Site Area 

(ha)

Water Balance 

Components

5.09

Condition

Existing 

(Not to be developed)

Proposed 

(Undeveloped)
10,375 4,721 5,654

Corseed Subdivision, Town of Grand Valley

100.0

Table E.1: Site Water Balance Calculations (Annual)

40,348

10,377 100.0

5.09

Existing 

(To be developed)
9.80 77,685 57,312 20,135 9,758

29,850



Date: October 2018

Existing Conditions (Pervious Area) Proposed Conditions (Pervious Area) Existing Conditions (Pervious Area) Proposed Conditions (Pervious Area)

(Not to be developed) (Not to be developed) (To be developed) (To be developed)

BC HSG BC HSG BC HSG BC HSG

Moderately Rooted Crops Lawn Moderately Rooted Crops Lawn

0 Area (ha) 0 Area (ha) 5.597 Area (ha) 3.124 Area (ha)

175 WHC (mm) 100 WHC (mm) 175 WHC (mm) 100 WHC (mm)

Pasture and Shrubs Pasture and Shrubs Pasture and Shrubs Pasture and Shrubs

5.09 Area (ha) 5.09 Area (ha) 3.588 Area (ha) 0 Area (ha)

200 WHC (mm) 200 WHC (mm) 200 WHC (mm) 200 WHC (mm)

Mature Forests Area-Weighted WHC Mature Forests Area-Weighted WHC

0 Area (ha) 200.0 WHC (mm) 0.615 Area (ha) 100.0 WHC (mm)

350 WHC (mm) 350 WHC (mm)

Area-Weighted WHC Area-Weighted WHC

200.0 WHC (mm) 195.1 WHC (mm)

Urban Lawns/Shallow Rooted Crops

Fine Sand A 50

AB 63

Fine Sandy Loam B 75

BC 100

Silt Loam, Muck C 125

Clay Loam CD 100

Clay D 75

Moderately Rooted Crops 

Fine Sand A 75

AB 113

Fine Sandy Loam B 150

BC 175

Silt Loam,Muck C 200

Clay Loam CD 200

Clay D 150

Pasture and Shrubs

Fine Sand A 100

AB 125

Fine Sandy Loam B 150

BC 200

Silt Loam, Muck C 250

Clay Loam CD 250

Clay D 200

Mature Forests

Fine Sand A 250

AB 275

Fine Sandy Loam B 300

BC 350

Silt Loam, Muck C 400

Clay Loam CD 400

Clay D 350

VALDOR 

Per MOE Methodology (SWM Planning & Design Manual, MOE, March 2003)

File: 14118

Table E.2: Water Holding Capacity (WHC) Calculations



Topography

0.3 Flat Land (avg slope < 0.06%)

0.225 0.06% to 0.27%

0.15 Rolling Land (avg slope between 0.28% and 0.38%)

0.125 0.39% to 2.7%

0.1 Hilly Land (avg slope between 2.8% and 4.7%)

Soils

0.4 HSG A - open sandy loam

0.35 HSG AB

0.3 HSG B

0.27 HSG BC

0.23 HSG C

0.2 HSG CD - medium combinations of clay and loam

0.1 HSG D - tight impervious clay

Cover

0.1 cultivated land (crops)

0.15 pasture, lawns

0.2 woodland (forest)

Infiltration Factor Calculations

Existing Conditions (Not to be Developed)

0.125 Topography

0.270 Soils

0.150 Cover (Area-Weighted)

Land Use Area (ha) Cover Area*Cover

Pasture and Shrubs 5.09 0.15 0.7635

Forest 0 0.2 0

Mod. Rooted Crops 0 0.1 0

0.545 Total Infiltration Factor (Existing Conditions)

Existing Conditions (To be Developed)

0.125 Topography

0.270 Soils

0.120 Cover (Area-Weighted)

Land Use Area (ha) Cover Area*Cover

Pasture and Shrubs 2.198 0.15 0.3297

Forest 0.615 0.2 0.123

Mod. Rooted Crops 5.597 0.1 0.5597

0.515 Total Infiltration Factor (Existing Conditions)

Proposed Conditions

0.125 Topography

0.270 Soils

Table E.3: Infiltration Factor Calculation

Per MOE Methodology (SWM Planning & Design Manual, MOE, March 2003)

VALDOR ENGINEERING INC.
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AES Water Balance Model Results for a Range of WHC

Pearson Airport Climate Data (1971 - 2000)

Existing Condition

Surplus AE WHC Surplus AE

(mm) (mm) (mm) (mm) (mm)

301 486 50 301 487

256 533 100 257 531

225 565 150 224 567

204 586 200 204 587

191 599 250 191 598

184 605 300 185 605

181 609 350 180 609

178 612 400 178 612

203.8 586.4 200.0 TOTAL SITE

Proposed Condition

Surplus AE WHC Surplus AE

(mm) (mm) (mm) (mm) (mm)

301 486 50 301 487

256 533 100 257 531

225 565 150 224 567

204 586 200 204 587

191 599 250 191 598

184 605 300 185 605

181 609 350 180 609

178 612 400 178 612

256.3 533.0 100.0 TOTAL SITE

Trendline AES Model Results

VALDOR ENGINEERING INC.

AES Model ResultsTrendline

File: 14118

Date: October 2018

Table E.4: Surplus and Actual Evapotranspiration vs Water Holding Capacity (WHC) Regression Analysis

y = -0.000003313131x3 + 0.003636363636x2 - 1.384184704185x + 361.714285714297
R² = 0.999849168104
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y = 0.000003757576x3 - 0.003983982684x2 + 1.466168831168x + 422.500000000035
R² = 0.999423529276
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Normal Normal

Rainfall Days Toronto Pearson Airport Climate Normals (1971 - 2000)

Depth ≥  Rainfall 684.6 Normal Annual Rainfall Depth (mm)

(mm) Depth 111.8 Normal Annual Days with Rainfall (≥ 0.2 mm)

(days) 792.7 Normal Annual Precipitation Depth (mm)

0.2 111.8

5 42.1

10 22.4

25 4.3

Event Based Annual Annual Annual Annual Annual Annual

Simulated Simulated Average Simulated INF Maximum Event Based Incremental Cumulative Incremental Percent of Cumulative Cumulative

Depth Days Event Days Assumed Runoff Design Design INF Design INF Design INF Design INF Total Rain Total Total Rain Percent of

(mm) ≥ Depth Equal to IA (Rain - IA) Storm Depth Depth Depth Depth Depth Rain Depth Total Depth

Sim Depth (mm) Avg Depth (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (%) (mm) (%)

(days) (days)

0.2 120.19

0.5 98.04 0.2 - 0.5 22.15 0.00 0.00 15.00 15.00 0.00 0.00 0.00 0.000 0.0 0.000

1.5 71.49 1 26.55 0.00 1.00 15.00 15.00 1.00 26.55 26.55 26.55 0.039 26.6 0.039

2.5 59.14 2 12.35 0.00 2.00 15.00 15.00 2.00 24.69 51.25 24.69 0.036 51.2 0.075

3.5 51.01 3 8.13 0.00 3.00 15.00 15.00 3.00 24.40 75.64 24.40 0.036 75.6 0.110

4.5 44.93 4 6.07 0.00 4.00 15.00 15.00 4.00 24.30 99.94 24.30 0.035 99.9 0.146

5.5 40.08 5 4.85 0.00 5.00 15.00 15.00 5.00 24.25 124.19 24.25 0.035 124.2 0.181

6.5 36.05 6 4.04 0.00 6.00 15.00 15.00 6.00 24.23 148.42 24.23 0.035 148.4 0.217

7.5 32.59 7 3.46 0.00 7.00 15.00 15.00 7.00 24.21 172.63 24.21 0.035 172.6 0.252

8.5 29.56 8 3.03 0.00 8.00 15.00 15.00 8.00 24.20 196.83 24.20 0.035 196.8 0.288

9.5 26.87 9 2.69 0.00 9.00 15.00 15.00 9.00 24.20 221.03 24.20 0.035 221.0 0.323

10.5 24.46 10 2.42 0.00 10.00 15.00 15.00 10.00 24.19 245.22 24.19 0.035 245.2 0.358

11.5 22.26 11 2.20 0.00 11.00 15.00 15.00 11.00 24.19 269.41 24.19 0.035 269.4 0.394

12.5 20.24 12 2.02 0.00 12.00 15.00 15.00 12.00 24.18 293.59 24.18 0.035 293.6 0.429

13.5 18.38 13 1.86 0.00 13.00 15.00 15.00 13.00 24.18 317.77 24.18 0.035 317.8 0.464

14.5 16.65 14 1.73 0.00 14.00 15.00 15.00 14.00 24.18 341.95 24.18 0.035 342.0 0.499

15.5 15.04 15 1.61 0.00 15.00 15.00 15.00 15.00 24.18 366.13 24.18 0.035 366.1 0.535

16.5 13.53 16 1.51 0.00 16.00 15.00 15.00 15.00 22.67 388.80 24.18 0.035 390.3 0.570

17.5 12.11 17 1.42 0.00 17.00 15.00 15.00 15.00 21.33 410.13 24.18 0.035 414.5 0.605

18.5 10.77 18 1.34 0.00 18.00 15.00 15.00 15.00 20.15 430.28 24.18 0.035 438.7 0.641

19.5 9.49 19 1.27 0.00 19.00 15.00 15.00 15.00 19.09 449.36 24.18 0.035 462.8 0.676

20.5 8.28 20 1.21 0.00 20.00 15.00 15.00 15.00 18.13 467.50 24.18 0.035 487.0 0.711

21.5 7.13 21 1.15 0.00 21.00 15.00 15.00 15.00 17.27 484.76 24.17 0.035 511.2 0.747

22.5 6.03 22 1.10 0.00 22.00 15.00 15.00 15.00 16.48 501.25 24.17 0.035 535.4 0.782

23.5 4.98 23 1.05 0.00 23.00 15.00 15.00 15.00 15.77 517.01 24.17 0.035 559.5 0.817

24.5 3.98 24 1.01 0.00 24.00 15.00 15.00 15.00 15.11 532.12 24.17 0.035 583.7 0.853

25.5 3.01 25 0.97 0.00 25.00 15.00 15.00 15.00 14.50 546.62 24.17 0.035 607.9 0.888

26.5 2.08 26 0.93 0.00 26.00 15.00 15.00 15.00 13.95 560.57 24.17 0.035 632.1 0.923

27.5 1.18 27 0.90 0.00 27.00 15.00 15.00 15.00 13.43 574.00 24.17 0.035 656.2 0.959

28.5 0.32 28 0.86 0.00 28.00 15.00 15.00 15.00 12.95 586.95 24.17 0.035 680.4 0.994

29 0.00 ≥  29 0.00 0.00 29.00 15.00 15.00 15.00 0.00 586.95 4.20 0.006 684.6 1.000

Table E.5:  Rainfall Analysis - Initial Abstraction = 0.0 mm

VALDOR ENGINEERING INC.
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y = -22.390904249840ln(x) + 76.057625682772
R² = 0.998655867012
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Normal Normal

Rainfall Days Toronto Pearson Airport Climate Normals (1971 - 2000)

Depth ≥  Rainfall 684.6 Normal Annual Rainfall Depth (mm)

(mm) Depth 111.8 Normal Annual Days with Rainfall (≥ 0.2 mm)

(days) 792.7 Normal Annual Precipitation Depth (mm)

0.2 111.8

5 42.1

10 22.4

25 4.3

Event Based Annual Annual Annual Annual Annual Annual

Simulated Simulated Average Simulated INF Maximum Event Based Incremental Cumulative Incremental Percent of Cumulative Cumulative

Depth Days Event Days Assumed Runoff Design Design INF Design INF Design INF Design INF Total Rain Total Total Rain Percent of

(mm) ≥ Depth Equal to IA (Rain - IA) Storm Depth Depth Depth Depth Depth Rain Depth Total Depth

Sim Depth (mm) Avg Depth (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (%) (mm) (%)

(days) (days)

0.2 120.19

0.5 98.04 0.2 - 0.5 22.15 5.00 0.00 15.00 10.00 0.00 0.00 0.00 0.000 0.0 0.000

1.5 71.49 1 26.55 5.00 0.00 15.00 10.00 0.00 0.00 0.00 26.55 0.039 26.6 0.039

2.5 59.14 2 12.35 5.00 0.00 15.00 10.00 0.00 0.00 0.00 24.69 0.036 51.2 0.075

3.5 51.01 3 8.13 5.00 0.00 15.00 10.00 0.00 0.00 0.00 24.40 0.036 75.6 0.110

4.5 44.93 4 6.07 5.00 0.00 15.00 10.00 0.00 0.00 0.00 24.30 0.035 99.9 0.146

5.5 40.08 5 4.85 5.00 0.00 15.00 10.00 0.00 0.00 0.00 24.25 0.035 124.2 0.181

6.5 36.05 6 4.04 5.00 1.00 15.00 10.00 1.00 4.04 4.04 24.23 0.035 148.4 0.217

7.5 32.59 7 3.46 5.00 2.00 15.00 10.00 2.00 6.92 10.96 24.21 0.035 172.6 0.252

8.5 29.56 8 3.03 5.00 3.00 15.00 10.00 3.00 9.08 20.03 24.20 0.035 196.8 0.288

9.5 26.87 9 2.69 5.00 4.00 15.00 10.00 4.00 10.75 30.78 24.20 0.035 221.0 0.323

10.5 24.46 10 2.42 5.00 5.00 15.00 10.00 5.00 12.10 42.88 24.19 0.035 245.2 0.358

11.5 22.26 11 2.20 5.00 6.00 15.00 10.00 6.00 13.19 56.07 24.19 0.035 269.4 0.394

12.5 20.24 12 2.02 5.00 7.00 15.00 10.00 7.00 14.11 70.18 24.18 0.035 293.6 0.429

13.5 18.38 13 1.86 5.00 8.00 15.00 10.00 8.00 14.88 85.06 24.18 0.035 317.8 0.464

14.5 16.65 14 1.73 5.00 9.00 15.00 10.00 9.00 15.54 100.61 24.18 0.035 342.0 0.499

15.5 15.04 15 1.61 5.00 10.00 15.00 10.00 10.00 16.12 116.72 24.18 0.035 366.1 0.535

16.5 13.53 16 1.51 5.00 11.00 15.00 10.00 10.00 15.11 131.84 24.18 0.035 390.3 0.570

17.5 12.11 17 1.42 5.00 12.00 15.00 10.00 10.00 14.22 146.06 24.18 0.035 414.5 0.605

18.5 10.77 18 1.34 5.00 13.00 15.00 10.00 10.00 13.43 159.49 24.18 0.035 438.7 0.641

19.5 9.49 19 1.27 5.00 14.00 15.00 10.00 10.00 12.72 172.21 24.18 0.035 462.8 0.676

20.5 8.28 20 1.21 5.00 15.00 15.00 10.00 10.00 12.09 184.30 24.18 0.035 487.0 0.711

21.5 7.13 21 1.15 5.00 16.00 15.00 10.00 10.00 11.51 195.81 24.17 0.035 511.2 0.747

22.5 6.03 22 1.10 5.00 17.00 15.00 10.00 10.00 10.99 206.80 24.17 0.035 535.4 0.782

23.5 4.98 23 1.05 5.00 18.00 15.00 10.00 10.00 10.51 217.31 24.17 0.035 559.5 0.817

24.5 3.98 24 1.01 5.00 19.00 15.00 10.00 10.00 10.07 227.38 24.17 0.035 583.7 0.853

25.5 3.01 25 0.97 5.00 20.00 15.00 10.00 10.00 9.67 237.05 24.17 0.035 607.9 0.888

26.5 2.08 26 0.93 5.00 21.00 15.00 10.00 10.00 9.30 246.35 24.17 0.035 632.1 0.923

27.5 1.18 27 0.90 5.00 22.00 15.00 10.00 10.00 8.95 255.30 24.17 0.035 656.2 0.959

28.5 0.32 28 0.86 5.00 23.00 15.00 10.00 10.00 8.63 263.94 24.17 0.035 680.4 0.994

29 0.00 ≥  29 0.00 5.00 24.00 15.00 10.00 10.00 0.00 263.94 4.20 0.006 684.6 1.000

Table E.6:  Rainfall Analysis Initial Abstraction = 5.0 mm

VALDOR ENGINEERING INC.

File: 14118

Date: October 2018

y = -22.390904249840ln(x) + 76.057625682772
R² = 0.998655867012

0

20

40

60

80

100

120

140

0.1 1 10 100

Rainfall Depth (mm)

N
u

m
b

e
r 

o
f 

D
a

y
s

 ≥
  

R
a

in
fa

ll
 

D
e

p
th

 (
d

a
y

s
)

Number of Days ≥  Rainfall Depth vs Rainfall Depth

Series1 Log. (Series1)



VALDOR ENGINEERING INC.

741 Rowntree Dairy Road, Suite 2, Woodbridge, Ontario   L4L 5T9 Project No: 14118

Tel: 905-264-0054   Fax: 905-264-0069 Date: October 2018

info@valdor-engineering.com    www.valdor-engineering.com

Total Req'd Annual 

Infiltration Volume to 

Achieve Target                                                 

(m
3

)

Total Actual Annual 

Infiltration Volume per 

Design                                                 

(m
3

)

Soil 

Infiltration 

Rate                   

(mm/h)

Drainage Area (ha)

Maximum Trench 

Length per Site 

Plan (m)

Initial Abstraction 

(Trench Drainage 

Area)

(mm)

Retention Time         

(hr)

Total Annual 

Rainfall Depth 

(Per 1981-2010 

Climate Normals 

for Pearson 

Airport)                              

(mm)

Total Rainfall Depth 

Available for 

Infiltration Per 

Rainfall Analysis 

Assuming Ia=0.0mm 

(Refer to Table F.5)

(mm)

Annual Rainfall Depth 

Needed to Achieve 

Target Infiltration              

(mm)

1
Req'd Design 

Storm Depth to 

Achieve Annual 

Infiltration 

Requirements 

(Assuming 

Ia=5.0 mm)

(mm)

Req'd Event-Based 

Runoff Volume to be 

Infiltrated (Based on 

Req'd Design Storm 

Depth)                                                      

(m
3

)

2,846 1,820 15.0 0.31 - 0.0 48 684.6 586.95 918.0 15.0 46.5

Total annual infiltration volume provided (m
3
/yr): 2,875 1,820 cu.m/yr (Roofs) + 1,056 cu.m/yr (Rear Lots)  = 2,875 cu.m/yr

15.0 46.5

48 15.0

0.72 0.40

48

161

Roof 

Drainage 

Area (ha)

Available Infiltration 

Volume (m³)

Length

(m)

Width 

(m)

3
Design Depth 

(m)

Bottom Area

(m²)
Void Ratio

Storage Volume 

Provided

(m³)

0.11 16.5 12.0 5.0 0.70 60 0.40 16.8

0.20 30.0 22.0 5.0 0.70 110 0.40 30.8

0.31

170 Total:

46.5

(1) Infiltration trench volume should be sized based on the runoff generated by a 4-hr 15-mm event or smaller.

(2) The drainage area to each infiltration trench should be sufficient to provide required runoff quantity.

(3) The maximum allowable depth of the infiltration facility is based on the soil infiltrate rate and the retention time.

(4) It is feasible to convey the runoff to the infiltration facility.

(5) The seasonal high water table should be at least 1 m below the infiltration trench.

Total Drainage Area (ha):

Total Bottom Area Provided (m²): 46.50

Total Infiltration Volume Used (m³):

Notes:

Infiltration facilities are sized based on the following criteria (SWMPDM, MOE, 2003) and/or assumptions:

Roof Drainage Infiltration Trench (Block 5) 16.5

Roof Drainage Infiltration Trench (Block 6) 30.0

d, Maximum Allowable Depth (m): n, Void Ratio (clear stone):

∆t, Drawdown Time (hr):

A, Minimum Bottom Area (m²):

Infiltration Trench Design

Infiltration Trench Location

Lesser of Available Infiltration Volume 

or Storage Volume Provided

(m³)

 Table E.7: Infiltration Trench Calculation - Commercial & Mixed Use Area Roof Drainage Areas to Infiltration Trenches 

Maximum Allowable Depth Minimum Bottom Area

P, Soil Infiltration Rate (mm/h): V, Runoff Volume to Infiltrated (m³):

T, Drawdown Time (hr): P, Soil Infiltration Rate (mm/h):

� �
� · �

1000
        	
����� 4.2, �������� ��������� �������� ��� ������ ������, ��	, 2003

! �
1000 · "

� · � · ∆
        	
����� 4.3, �������� ��������� �������� ��� ������ ������, ��	, 2003
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Total Req'd Annual 

Infiltration Volume to 

Achieve Target                                                 

(m
3
)

Total Actual Annual 

Infiltration Volume 

per Design                                                 

(m
3
)

Soil 

Infiltration 

Rate                   

(mm/h)

Drainage Area (ha)

Maximum Trench 

Length per Site 

Plan (m)

Initial Abstraction 

(Trench Drainage 

Area)

(mm)

Retention Time         

(hr)

Total Annual 

Rainfall Depth 

(Per 1981-2010 

Climate Normals 

for Pearson 

Airport)                              

(mm)

Total Rainfall Depth 

Available for 

Infiltration Per 

Rainfall Analysis 

Assuming Ia=5.0mm 

(Refer to Table F.4)

(mm)

Annual Rainfall Depth 

Needed to Achieve 

Target Infiltration              

(mm)

1
Req'd Design 

Storm Depth to 

Achieve Annual 

Infiltration 

Requirements 

(Assuming 

Ia=5.0 mm)

(mm)

Req'd Event-Based 

Runoff Volume to be 

Infiltrated (Based on 

Req'd Design Storm 

Depth)                                                      

(m
3
)

2,846 1,056 15.0 0.40 - 5.0 48 684.6 263.94 711.5 15.0 40.0

Total annual infiltration volume provided (m
3
/yr): 2,875 1,820 cu.m/yr (Roofs) + 1,056 cu.m/yr (Rear Lots)  = 2,875 cu.m/yr

15.0 40.0

48 15.0

0.72 0.40

48

139

Rear Lot 

Drainage 

Area (ha)

Available Infiltration 

Volume (m³)

Length

(m)

Width 

(m)

3
Design Depth 

(m)

Bottom Area

(m²)
Void Ratio

Storage Volume 

Provided

(m³)

0.40 40.0 240.0 0.6 0.70 144 0.40 40.3

0.40

144 Total:

40.0

(1) Infiltration trench volume should be sized based on the runoff generated by a 4-hr 15-mm event or smaller.

(2) The drainage area to each infiltration trench should be sufficient to provide required runoff quantity.

(3) The maximum allowable depth of the infiltration facility is based on the soil infiltrate rate and the retention time.

(4) It is feasible to convey the runoff to the infiltration facility.

(5) The seasonal high water table should be at least 1 m below the infiltration trench.

40.0Surface Infiltration Trench (Lots 57-72)

Total Drainage Area (ha):

Total Bottom Area Provided (m²): 40.0

Total Infiltration Volume Used (m³):

Notes:

Infiltration facilities are sized based on the following criteria (SWMPDM, MOE, 2003) and/or assumptions:

d, Maximum Allowable Depth (m): n, Void Ratio (clear stone):

∆t, Drawdown Time (hr):

A, Minimum Bottom Area (m²):

Infiltration Trench Design

Infiltration Trench Location

Lesser of Available Infiltration Volume 

or Storage Volume Provided

(m³)

 Table E.8: Infiltration Trench Calculation - Residential Rear Lot Areas to Infiltration Trenches 

Maximum Allowable Depth Minimum Bottom Area

P, Soil Infiltration Rate (mm/h): V, Runoff Volume to Infiltrated (m³):

T, Drawdown Time (hr): P, Soil Infiltration Rate (mm/h):

� �
� · �

1000
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APPENDIX  “F” 

 
Standard Road Cross Sections 
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APPENDIX  “G” 
 

Geotechnical Bore Hole / Test Pit Logs 
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Erosion & Sediment Control Details 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 








