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Ladner Creek Climate Station (1982 to 1992)

Rainfall (mm) Snowfall (cm) Precipitation (mm)

Mean Temperature (°C) Max Temperature (°C) Min Temperature (°C)
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Hope A Climate Station (1934 to 1995)

Rainfall (mm) Snowfall (cm) Precipitation (mm)

Mean Temperature (°C) Max Temperature (°C) Min Temperature (°C)
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𝑅𝑝 = 𝑅𝐶  ×  1.07∆𝑇
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Map Version/Date: Design Flow Calculation
= Input

= Calculated

RAINFALL DATA:

Return Period IDF-CC A B t0 Flat = 0%

Climate Change 100 35.3 -0.509 0 Rolling = 1%

Historic 100 26.4 -0.509 0 Moderate = 2.5%

Climate Change Steep = 10%

L (km) L (km) AB Sqrt(Area) S (m/m) I (mm/hr) Qp (m3/s)

Overland 

Flow

Main Flow 

Path
(ha) (km)

Main Channel Ave 

Slope
C CN

BC Method 

(Figure 

1020.B)

SCS Curve 

Number 

Method

Bransby-

Williams
Average Average Average

North Crossing 1.11 18.2 0.43 57% 1.05 76.0 0.58 0.23 0.35 0.39 57.24 3.04

Ditch 1 Crossing 0.51 4.8 0.22 69% 1.05 76.0 0.30 0.11 0.18 0.20 80.75 1.14

Ditch 2 Crossing 0.65 5.9 0.24 56% 1.05 76.0 0.35 0.15 0.23 0.24 72.55 1.25

Ditch 3 Crossing 0.57 3.3 0.18 50% 1.05 76.0 0.25 0.14 0.22 0.20 79.26 0.77

South Crossing 1.58 30.9 0.56 44% 1.05 76.0 0.69 0.34 0.50 0.51 49.65 4.48

No Climate Change

L (km) L (km) AB Sqrt(Area) S (m/m)

Overland 

Flow

Main Flow 

Path
(ha) (km)

Main Channel Ave 

Slope
C CN

BC Method 

(Figure 

1020.B)

SCS Curve 

Number 

Method

Bransby-

Williams
Average Average Average

North Crossing 1.11 18.24 0.43 57% 1.05 76.0 0.58 0.23 0.35 0.39 42.81 2.28

Ditch 1 Crossing 0.51 4.82 0.22 69% 1.05 76.0 0.30 0.11 0.18 0.20 60.39 0.85

Ditch 2 Crossing 0.65 5.91 0.24 56% 1.05 76.0 0.35 0.15 0.23 0.24 54.26 0.94

Ditch 3 Crossing 0.57 3.34 0.18 50% 1.05 76.0 0.25 0.14 0.22 0.20 59.27 0.58

South Crossing 1.58 30.95 0.56 44% 1.05 76.0 0.69 0.34 0.50 0.51 37.13 3.35

Notes:

Airport Drainage Method (RTAC pg. 2.23)

Suggested maximum area is one square kilometre.

Bransby Williams Formula (RTAC pg. 2.26)

Underestimates times of concentrations on permeable or wooded basins.

SCS Curve Number Method (RTAC pg. 2.24)

Suitable for basins up to 10 square kilometres.

Hathaway Formula (MoTI TAC Supplement pg. 1020-4)

Suitable for small urban, agricultural catchments, or small interior basins with light forest.

Kirpich Formula (MoTI TAC Supplement pg. 1020-4)

Suitable for well defined channels, for overland flow, grassed surfaces, multiply tc by 2; for over land flow concrete or asphal surfaces, multiply tc by 0.4)

SCS Upland Method (RTAC Fig. 2.4.2)

Limited to basins up to 10 square kilometres, and applies to overland flow and flow in gullyies and grassed waterways

Water Management Method (MoTI TAC Supplement Fig. 1020.B)

Limited to 25 square kilometres when used with the BC Rational Formular

Catchment Area Tc (hr)Land Charactristics

Catchment Area Tc (hr)Land Charactristics



Culvert Sizing **Box dimensions must be entered manually if not square
**Embedded box culverts assumed 300 mm embedment (functional depth will be 300 mm less than shown height)

Climate Change

Basin/Station Design Flow Existing Culverts Box? 
(Y/N)

Embedded? 
(Y/N)

Material Inlet Configuration Location Diameter Height 
(Box only)

HW/D @ 
2%

General Notes Flow Condition

m3/s (mm) (mm) (mm)

North Crossing 3.04 N N CSP Projecting 2000 2000 0.62 Q100, Hw/D < 0.7 UNSUBMERGED
Ditch 1 Crossing 1.14 N N CSP Projecting 1200 1200 0.74 Q100, Hw/D <1 UNSUBMERGED
Ditch 2 Crossing 1.25 N N CSP Projecting 1200 1200 0.79 Q100, Hw/D <1 UNSUBMERGED
Ditch 3 Crossing 0.77 N N CSP Projecting 900 900 0.93 Q100, Hw/D <1 UNSUBMERGED
South Crossing 4.48 N N CSP Projecting 2200 2200 0.68 Q100, Hw/D <0.7 UNSUBMERGED

No Climate Change

Basin/Station Design Flow Existing Culverts Box? 
(Y/N)

Embedded? 
(Y/N)

Material Inlet Configuration Location Diameter Height 
(Box only)

HW/D @ 
2%

General Notes Flow Condition

m3/s (mm) (mm) (mm)

North Crossing 2.28 N N CSP Projecting 1800 1800 0.61 Q100, Hw/D < 0.7 UNSUBMERGED
Ditch 1 Crossing 0.85 N N CSP Projecting 1000 1000 0.83 Q100, Hw/D <1 UNSUBMERGED
Ditch 2 Crossing 0.94 N N CSP Projecting 1000 1000 0.89 Q100, Hw/D <1 UNSUBMERGED
Ditch 3 Crossing 0.58 N N CSP Projecting 800 800 0.93 Q100, Hw/D <1 UNSUBMERGED
South Crossing 3.35 N N CSP Projecting 2000 2000 0.66 Q100, Hw/D <0.7 UNSUBMERGED

New Culverts

New Culverts



Mannings equation 6.1: 

n = 0.319*da^(1/6)                

       (2.25+5.23log(da/d50)) Equation 6.2 

n = da^(1/6)                   

       √g*f(Fr)*f(REG)*fCG) 

only valid where 1.5<da/d50<185 where f(Fr)= (0.28*Fr/b)^(log(0.755/b))

f(REG) = 13.434*(T/D50)^0.492*b^(1.025*(T/D50)^0.118)

f(CG) = (T/da)^-b

T= Channel top width (m) 

b = effective roughness concentration = 1.14*(D50/T)^0.453*(da/D50)^0.814

**MILD < 5%, STEEP > 10%, IN BETWEEN = LARGER OF MILD/STEEP METHOD only valid where 0.3<da/d50<1.5

Station = North Crossing Ditch 1 Crossing Ditch 2 Crossing Ditch 3 Crossing South Crossing 1

Depth of Flow = 0.134 0.241 0.245 0.180 0.142
Average Depth of Flow = 0.129 0.184 0.186 0.144 0.138

Area of Flow = 0.697 0.350 0.358 0.241 1.166

Slope of left bank (1:z) = 1.500 1.750 1.750 1.750 1.500

Slope of right bank (1:z) = 1.500 2.000 2.000 2.000 1.500

Wetted Perimeter = 5.483 2.025 2.042 1.765 8.512

Top width of water, T = 5.402 1.904 1.919 1.675 8.426

Bottom width of water = 5.000 1.000 1.000 1.000 8.000

Hydraulic Radius, Rh = 0.127 0.173 0.175 0.136 0.137

Avg. Channel Velocity, V = 4.355 2.388 2.604 2.411 3.847

Channel Slope (max), S = 58% 7% 9% 10% 37%

Mannings Coefficient, n =eqn 6.1 -0.198 0.175 0.171 0.154 -0.769

Mannings Coefficient, n =eqn 6.2 0.044 0.035 0.035 0.035 0.042

Eq. 5.7.2.1-1, n 0.044 0.039 0.039 0.037 0.042

Froude Number = 3.9 1.8 1.9 2.0 3.3

f(Fr) = 5.601 1.134 1.161 1.210 5.239

b = 0.122 0.344 0.347 0.333 0.118

f(REG) = 2.449 8.863 8.974 8.968 2.596

f(CG) = 0.633 0.447 0.446 0.442 0.615

Ditch Capacity, Q = 3.04 0.84 0.93 0.58 4.49

1:100 year Design Flow = 3.04 0.84 0.93 0.57 4.48

 Trial size d50 (m)  = 0.575 0.270 0.270 0.200 0.425

Calculated d50 (HEC-15) 7.998 0.179 0.360 0.275 24.957

Calculated d50 (Rock Chutes) 0.473 0.197 0.223 0.174 0.397

Class size of rip rap FALSE Class 10kg Class 100kg Class 50kg FALSE
CHECK Froude Number 

Subcritical < 1

Critical = 1

Supercritical > 1 3.9 1.8 1.9 2.0 3.3

CHECK 1.5<da/d50<185 Method not valid- use equation 6.2Method not valid- use equation 6.2Method not valid- use equation 6.2Method not valid- use equation 6.2Method not valid- use equation 6.2

CHECK 0.3<da/d50<1.5 Method not valid equation 6.2 = OKAY equation 6.2 = OKAY equation 6.2 = OKAY equation 6.2 = OKAY

Use Eq. 5.7.2.1-1-

HEC 15 results (Not applicable to steep slope) Class 250kg Class 25kg Class 25kg Class 10kg Class 100kg

Robinson, Rice, Kadavy (Rock Chutes) Class 250kg Class 25kg Class 25kg Class 10kg Class 100kg

NOTES: 

SELECTED SIZE Class 250kg Class 25kg Class 25kg Class 10kg Class 100kg

tfriedmann
Text Box
Riprap Sizing - Ditches (25-Year with CC)



Mannings equation 6.1: 

n = 0.319*da^(1/6)                

       

(2.25+5.23log(da/d50)) Equation 6.2 

n = da^(1/6)                   

       √g*f(Fr)*f(REG)*fCG) 

only valid where 1.5<da where f(Fr)= (0.28*Fr/b)^(log(0.755/b))

f(REG) = 13.434*(T/D50)^0.492*b^(1.025*(T/D50)^0.118)

f(CG) = (T/da)^-b

T= Channel top width (m) 

b = effective roughness concentration = 1.14*(D50/T)^0.453*(da/D50)^0.814

**MILD < 5%, STEEP > 10%, IN BETWEEN = LARGER OF MILD/STEEP METHOD only valid where 0.3<da/d50<1.5

Station = North Crossing Ditch 1 Crossing Ditch 2 Crossing Ditch 3 Crossing South Crossing 1

Depth of Flow = 0.134 0.305 0.315 0.230 0.142
Average Depth of Flow = 0.129 0.224 0.230 0.177 0.138

Area of Flow = 0.697 0.479 0.501 0.329 1.166

Slope of left bank (1:z) = 1.500 1.750 1.750 1.750 1.500

Slope of right bank (1:z) = 1.500 2.000 2.000 2.000 1.500

Wetted Perimeter = 5.483 2.297 2.339 1.978 8.512

Top width of water, T = 5.402 2.144 2.181 1.863 8.426

Bottom width of water = 5.000 1.000 1.000 1.000 8.000

Hydraulic Radius, Rh = 0.127 0.209 0.214 0.166 0.137

Avg. Channel Velocity, V = 4.355 2.358 2.498 2.397 3.847

Channel Slope (max), S = 58% 7% 9% 10% 37%

Mannings Coefficient, n =eqn 6.1 -0.198 0.191 0.293 0.313 -0.769

Mannings Coefficient, n =eqn 6.2 0.044 0.040 0.042 0.040 0.042

Eq. 5.7.2.1-1, n 0.044 0.040 0.042 0.040 0.042

Froude Number = 3.9 1.6 1.7 1.8 3.3

f(Fr) = 5.601 1.081 1.133 1.213 5.239

b = 0.122 0.352 0.329 0.310 0.118

f(REG) = 2.449 8.792 7.551 7.144 2.596

f(CG) = 0.633 0.451 0.477 0.482 0.615

Ditch Capacity, Q = 3.04 1.13 1.25 0.79 4.49

1:100 year Design Flow = 3.04 1.14 1.25 0.77 4.48

 Trial size d50 (m)  = 0.575 0.340 0.425 0.340 0.425

Calculated d50 (HEC-15) 7.998 0.317 0.312 0.333 24.957

Calculated d50 (Rock Chutes) 0.473 0.225 0.246 0.213 0.397

Class size of rip rap FALSE Class 50kg Class 50kg Class 50kg FALSE
CHECK Froude Number 

Subcritical < 1

Critical = 1

Supercritical > 1 3.9 1.6 1.7 1.8 3.3

CHECK 1.5<da/d50<185 Method not valid- use equation 6.2Method not valid- use equation 6.2Method not valid- use equation 6.2Method not valid- use equation 6.2Method not valid- use equation 6.2

CHECK 0.3<da/d50<1.5 Method not valid equation 6.2 = OKAY equation 6.2 = OKAY equation 6.2 = OKAY equation 6.2 = OKAY

Use Eq. 5.7.2.1-1-

HEC 15 results (Not applicable to steep slope) Class 250kg Class 50kg Class 100kg Class 50kg Class 100kg

Robinson, Rice, Kadavy (Rock Chutes) Class 250kg Class 25kg Class 25kg Class 25kg Class 100kg

NOTES: 

SELECTED SIZE Class 250kg Class 25kg Class 25kg Class 25kg Class 100kg

tfriedmann
Text Box
Riprap Sizing - Watercourses & Ditch Crossing Inlets (100 -Year with CC)



Mannings equation 6.1: 

n = 0.319*da^(1/6)                

       (2.25+5.23log(da/d50)) Equation 6.2 

n = da^(1/6)                   

       √g*f(Fr)*f(REG)*fCG) 

only valid where 1.5<da/d50<185 where f(Fr)= (0.28*Fr/b)^(log(0.755/b))

f(REG) = 13.434*(T/D50)^0.492*b^(1.025*(T/D50)^0.118)

f(CG) = (T/da)^-b

T= Channel top width (m) 

b = effective roughness concentration = 1.14*(D50/T)^0.453*(da/D50)^0.814

**MILD < 5%, STEEP > 10%, IN BETWEEN = LARGER OF MILD/STEEP METHOD only valid where 0.3<da/d50<1.5

Station = North Crossing Ditch 1 Crossing Ditch 2 Crossing Ditch 3 Crossing South Crossing 1

Depth of Flow = 0.134 0.125 0.140 0.091 0.142
Average Depth of Flow = 0.129 0.115 0.128 0.086 0.138

Area of Flow = 0.697 0.273 0.309 0.194 1.166

Slope of left bank (1:z) = 1.500 1.500 1.500 1.500 1.500

Slope of right bank (1:z) = 1.500 1.500 1.500 1.500 1.500

Wetted Perimeter = 5.483 2.451 2.505 2.328 8.512

Top width of water, T = 5.402 2.375 2.420 2.273 8.426

Bottom width of water = 5.000 2.000 2.000 2.000 8.000

Hydraulic Radius, Rh = 0.127 0.112 0.124 0.084 0.137

Avg. Channel Velocity, V = 4.355 4.159 4.045 3.983 3.847

Channel Slope (max), S = 58% 63% 52% 77% 37%

Mannings Coefficient, n =eqn 6.1 -0.198 -0.159 -0.194 -0.152 -0.769

Mannings Coefficient, n =eqn 6.2 0.044 0.044 0.044 0.042 0.042

Eq. 5.7.2.1-1, n 0.044 0.044 0.044 0.042 0.042

Froude Number = 3.9 3.9 3.6 4.3 3.3

f(Fr) = 5.601 3.591 3.050 4.613 5.239

b = 0.122 0.162 0.175 0.145 0.118

f(REG) = 2.449 2.973 3.277 2.738 2.596

f(CG) = 0.633 0.613 0.598 0.622 0.615

Ditch Capacity, Q = 3.04 1.14 1.25 0.77 4.49

1:100 year Design Flow = 3.04 1.14 1.25 0.77 4.48

 Trial size d50 (m)  = 0.575 0.575 0.575 0.425 0.425

Calculated d50 (HEC-15) 7.998 7.432 10.136 4.539 24.957

Calculated d50 (Rock Chutes) 0.473 0.456 0.450 0.400 0.397

Class size of rip rap FALSE FALSE FALSE FALSE FALSE
CHECK Froude Number 

Subcritical < 1

Critical = 1

Supercritical > 1 3.9 3.9 3.6 4.3 3.3

CHECK 1.5<da/d50<185 Method not valid- use equation 6.2Method not valid- use equation 6.2Method not valid- use equation 6.2Method not valid- use equation 6.2Method not valid- use equation 6.2

CHECK 0.3<da/d50<1.5 Method not valid Method not valid Method not valid Method not valid equation 6.2 = OKAY

Use Eq. 5.7.2.1-1- Use Eq. 5.7.2.1-1- Use Eq. 5.7.2.1-1- Use Eq. 5.7.2.1-1-

HEC 15 results (Not applicable to steep slope) Class 250kg Class 250kg Class 250kg Class 100kg Class 100kg

Robinson, Rice, Kadavy (Rock Chutes) Class 250kg Class 250kg Class 250kg Class 100kg Class 100kg

NOTES: 

SELECTED SIZE Class 250kg Class 250kg Class 250kg Class 100kg Class 100kg

tfriedmann
Text Box
Riprap Sizing - Ditch Crossing Outlets (100-Year with CC)
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