
Save Our Hills (SOH): Time of Concentration Investigation - Pinehaven Stream - Sub-catchment B 

Y X
Segment 1 Yellow Overland sheet flow 50 385 380 5 5.7 1 10.0 10.0% 51.0
Segment 2a Light Orange Shallow Concentrated Flow 150 380 350 30 11.3 1 5.0 20.0% 153.0
Segment 2b Dark Orange Shallow Concentrated Flow 310 350 220 130 22.8 1 2.4 41.9% 336.3
Segment 3 Purple Small open natural channel 420 220 150 70 9.5 1 6.0 16.7% 425.8
Segment 4 Blue Larger open natural channel 320 150 120 30 5.4 1 10.7 9.4% 321.4

Segments 1 - 4 1,250 385 120 265 12.0 1 4.72 21.2% 1,279

Time of Concentration (Tc)
Tc =  T1 + T2 + … + Tm 
m = number of stream segments

WELLINGTON METHOD:
Segment 1 - Overland sheet flow T1 = Time in minutes
(Wellington Water Ltd - Cardno 2019) n = Horton's coefficient = 0.06 for bush (dense grass - see Cardno worked exxample)

L = Length of overland flow = 50m
T1 = 107 n L^0.33 / S^0.2 S = Slope in % = 10 %

Time of overland sheet flow = T1 = 107 x 0.06 x 50^0.33 / 10^0.2 = 14.7 minutes Check: 14.7 minutes

Segment 2a - Shallow concentrated flow
(Wellington Water Ltd - Cardno 2019) T2a = Time in minutes

L = Length of shallow concentrated flow = 150m
T2a = L / 295 S^0.5 S = Slope = (380 - 350) / 150 = 0.20 m/m

Time of shallow concentrated flow = T2a = 150 / 295 x 0.2^0.5 = 1.1 minutes Check: 1.1 minutes

Segment 2b - Shallow concentrated flow
(Wellington Water Ltd - Cardno 2019) T2a = Time in minutes

L = Length of shallow concentrated flow = 310m
T2b = L / 295 S^0.5 S = Slope = (350 - 220) / 310 = 0.42 m/m

Time of shallow concentrated flow = T2a = 310 / 295 x 0.42^0.5 = 1.6 minutes Check: 1.6 minutes

Segment 3 - Small open channel flow* n = Manning's n = 0.09
(Wellington Water Ltd - Cardno 2019) S = slope of channel = (220 - 150) / 420 = 0.17 m/m

Rh = hydraulic radius = Area / Wetted Perimeter
Velocity of open channel flow = V = 1/n x (Rh^2/3) x (S^1/2) Area = 1.5m x 0.7m = 1.05m2  (width x depth of channel) 1.05

Wetted perimeter = 0.7 + 1.5 + 0.7 = 2.9m  (perimeter of X-section that is wet)
V = 1/0.09 x 0.31^2/3 x 0.17^1/2 = 2.1 m/s 2.1 Rh = 0.9 / 2.9 = 0.31 m 0.31

200.0 2.21 m3/s
At this velocity it takes 420m ÷ 2.1 m/s = 200 seconds = 3.3 minutes to travel the small open channel distance Check: 3.3 minutes

3.3

Segment 4 - Large open channel flow** n = Manning's n = 0.12
(Wellington Water Ltd - Cardno 2019) S = slope of channel = (150 - 120) / 320 = 0.094 m/m

Time of Concentration Tc  (see Wellington Method opposite): Rh = hydraulic radius = Area / Wetted Perimeter
Velocity of open channel flow = V = 1/n x (Rh^2/3) x (S^1/2) Area = 2.0m x 1.0m = 2.0m2  (width of channel x depth of channel)

Tc = T1 + T2 + … + Tm Wetted perimeter = 1.0 + 2.0 + 1.0 = 4.0m  (perimeter of X-section that is wet)
m = number of stream segments V = 1/0.12 x 0.5^2/3 x 0.094^1/2 = 1.6 m/s 1.6 Rh = 2.0 / 4.0 = 0.5 m

198.8 3.22 m3/s
Time of Concentration = T c = 14.7 + 1.1 + 1.6 + 3.3+ 3.3 = 24.1 minutes At this velocity it takes 320m ÷ 1.6 m/s = 199 seconds = 3.1 minutes to travel the large open channel distance Check: 3.3 minutes

3.3
SCS Lag time = 2/3 x Tc = 16.1 minutes

* Talbot Formula: A = C M^3/4 where A = waterway area in square ft
M = catchment area in acres = 50% x 74.4ha x 2.47 = acres 91.9 acres
C = constant = 0.6 for rolling to hilly 

ALTERNATIVE METHOD:
Bransby Williams equation: A = 0.6 x 91.9^3/4
(from Cardno, 2019, Equation 6) 17.8 ft2

Tc = FL / A^0.1 S^0.2 1.65 m2 compares ok with waterway area of 1.05m2

where Tc is in minutes
F is 92.7        ** Talbot Formula: A = C M^3/4 where A = waterway area in square ft
L is length in kilometres (km) M = catchment area in acres = = 74ha = 2.47 x 74 = acres 183.8 acres
A is area in hectares (ha) C = constant = 0.6 for rolling to hilly 
S is slope in metres per kilometre (m/km) A = 0.6 x 183.8^3/4

30.0 ft2
Tc = 92.7 x say 1.25km / (74.4ha)^0.1 x (256m/1.25km)^0.2 2.78 m2 compares ok with waterway area of 2.0m2
Tc = 115.875 ÷          ( 1.54 2.90 )
Tc = 26.0 minutes

Hypotenuse 
Length (m)Slope (%)Description

Overall hydraulic length

Sub-catchment B
Pinehaven Stream segments

Gradient
Horizon. (m)

Elevation - 
Start

Elevation - 
Finish Vertical (m)

Angle 
(Degrees)



Gradient of Sub-catchment B

Section through Sub-catchment B showing average slope = 20.6% approx. Aerial View of Sub-catchment B (showing 20m contours)

Elevation (m) h (m) x (m) delta x (m) ave h (m) delta A (=h.delta x) m^2
0.0 0.0 0.0
10.0 10.0 81.5 81.5 5.0 407.5
20.0 20.0 136.8 55.3 15.0 829.5
30.0 30.0 175.4 38.6 25.0 965.0
40.0 40.0 250.6 75.2 35.0 2632.0
50.0 50.0 387.7 137.1 45.0 6169.5
60.0 60.0 440.3 52.6 55.0 2893.0
70.0 70.0 452.2 11.9 65.0 773.5
80.0 80.0 463.2 11.0 75.0 825.0
90.0 90.0 501.2 38.0 85.0 3230.0
100.0 100.0 526.6 25.4 95.0 2413.0
110.0 110.0 584.5 57.9 105.0 6079.5
120.0 120.0 607.3 22.8 115.0 2622.0
130.0 130.0 619.7 12.4 125.0 1550.0
140.0 140.0 632.6 12.9 135.0 1741.5
150.0 150.0 657.6 25.0 145.0 3625.0
150.0 150.0 704.6 47.0 150.0 7050.0
170.0 170.0 839.4 134.8 160.0 21568.0
190.0 190.0 912.6 73.2 180.0 13176.0
210.0 210.0 950.5 37.9 200.0 7580.0
230.0 230.0 997.4 46.9 220.0 10318.0
250.0 250.0 1059.5 62.1 240.0 14904.0
270.0 270.0 1191.1 131.6 260.0 34216.0
275.0 275.0 1237.9 46.8 272.5 12753.0

158321.0

L 1237.9
Sc 0.207

Equal Area Method



Save Our Hills (SOH): Time of Concentration Investigation - Pinehaven Stream - Sub-catchment B 

Pinehaven Stream - Sub-catchment B 
Segment 2a:  Shallow Concentrated Flow (uphill from the road)



Save Our Hills (SOH): Time of Concentration Investigation - Pinehaven Stream - Sub-catchment B 

Pinehaven Stream - Sub-catchment B 
Segment 2a (Contd.):  Shallow Concentrated Flow (uphill from the road)



Examples of runoff uphill of the logging road crossing over the road



Pinehaven Stream - Sub-catchment B 
Segment 2b:  Shallow Concentrated Flow (downhill from the road)



Pinehaven Stream - Sub-catchment B 
Segment 2b (Contd.):  Shallow Concentrated Flow (downhill from the road)



Pinehaven Stream - Sub-catchment B 
Segment 2b (Contd.):  Shallow Concentrated Flow (downhill from the road)



Pinehaven Stream - Sub-catchment B 
Segment 2b (Contd.):  Shallow Concentrated Flow (downhill from the road)



Pinehaven Stream - Sub-catchment B 
Segment 2b (Contd.):  Shallow Concentrated Flow (downhill from the road)



Pinehaven Stream - Sub-catchment B 
Segment 3:  Small open channel flow



Pinehaven Stream - Sub-catchment B 
Segment 3:  Large open channel flow



Pinehaven Stream - Sub-catchment B 
Segment 3 (Contd.):  Large open channel flow



Pinehaven Stream - Sub-catchment B 
Segment 3 (Contd.):  Large open channel flow



Pinehaven Stream - Sub-catchment B 
Segment 3 (Contd.):  Large open channel flow
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Save Our Hills (SOH): Time of Concentration Investigation - Pinehaven Stream - Whole Catchment
Gradient of Pinehaven Stream catchment
Contour Plan of whole catchment 



Whole catchment down to confluence at Hulls Creek (i.e. all 15 sub-catchments A - O)
Equal Area Slope = 3.7%  Catchment down to Gauge opposite Chatsworth Rd (i.e. sub-catchment A - N)

Equal Area Slope = 4.5% 
Elevation (m) h (m) x (m) delta x (m) ave h (m) delta A (=h.delta x) m^2

Hulls Creek 0.0 0.0 0.0 Elevation (m) h (m) x (m) delta x (m) ave h (m) delta A (=h.delta x) m^2
opp. Chats. Rd 10.0 10.0 435.0 435.0 5.0 2175.0 opp. Chats. Rd 0.0 0.0 0.0

15.0 15.0 857.0 422.0 8.3 3516.7 5.0 5.0 422.0 422.0 211.0 89042.0
20.0 20.0 1165.0 308.0 11.3 3465.0 10.0 10.0 730.0 308.0 384.0 118272.0
40.0 40.0 1830.0 665.0 17.0 11305.0 30.0 30.0 1395.0 665.0 636.8 423438.8
60.0 60.0 2213.0 383.0 24.2 9255.8 50.0 50.0 1778.0 383.0 865.0 331295.0
80.0 80.0 2448.6 235.6 32.1 7572.9 70.0 70.0 2013.6 235.6 27.5 6479.0
90.0 90.0 2503.9 55.3 90.0 4977.0 80.0 80.0 2068.9 55.3 80.0 4424.0
100.0 100.0 2542.5 38.6 95.0 3667.0 90.0 90.0 2107.5 38.6 85.0 3281.0
110.0 110.0 2617.7 75.2 105.0 7896.0 100.0 100.0 2182.7 75.2 95.0 7144.0
120.0 120.0 2754.8 137.1 115.0 15766.5 110.0 110.0 2319.8 137.1 105.0 14395.5
130.0 130.0 2807.4 52.6 125.0 6575.0 120.0 120.0 2372.4 52.6 115.0 6049.0
140.0 140.0 2819.3 11.9 135.0 1606.5 130.0 130.0 2384.3 11.9 125.0 1487.5
150.0 150.0 2830.3 11.0 145.0 1595.0 140.0 140.0 2395.3 11.0 135.0 1485.0
160.0 160.0 2868.3 38.0 155.0 5890.0 150.0 150.0 2433.3 38.0 145.0 5510.0
170.0 170.0 2893.7 25.4 165.0 4191.0 160.0 160.0 2458.7 25.4 155.0 3937.0
180.0 180.0 2951.6 57.9 175.0 10132.5 170.0 170.0 2516.6 57.9 165.0 9553.5
190.0 190.0 2974.4 22.8 185.0 4218.0 180.0 180.0 2539.4 22.8 175.0 3990.0
200.0 200.0 2986.8 12.4 195.0 2418.0 190.0 190.0 2551.8 12.4 185.0 2294.0
210.0 210.0 2999.7 12.9 205.0 2644.5 200.0 200.0 2564.7 12.9 195.0 2515.5
220.0 220.0 3024.7 25.0 215.0 5375.0 210.0 210.0 2589.7 25.0 205.0 5125.0
220.0 220.0 3071.7 47.0 220.0 10340.0 210.0 210.0 2636.7 47.0 210.0 9870.0
240.0 240.0 3206.5 134.8 230.0 31004.0 230.0 230.0 2771.5 134.8 220.0 29656.0
260.0 260.0 3279.7 73.2 250.0 18300.0 250.0 250.0 2844.7 73.2 240.0 17568.0
280.0 280.0 3317.6 37.9 270.0 10233.0 270.0 270.0 2882.6 37.9 260.0 9854.0
300.0 300.0 3364.5 46.9 290.0 13601.0 290.0 290.0 2929.5 46.9 280.0 13132.0
320.0 320.0 3426.6 62.1 310.0 19251.0 310.0 310.0 2991.6 62.1 300.0 18630.0
340.0 340.0 3558.2 131.6 330.0 43428.0 330.0 330.0 3123.2 131.6 320.0 42112.0

345 345.0 345.0 3605.0 46.8 342.5 16029.0 335 335.0 335.0 3170.0 46.8 332.5 15561.0
239138.0 227574.0

L 3605.0 L 3170.0 3170.0
Sc 0.037 Sc 0.045

Equal Area Method
Equal Area Method



Gradient of lower catchment



Elevation (m) h (m) x (m) delta x (m) ave h (m) delta A (=h.delta x) m^2
0.0 0.0 0.0
10.0 10.0 81.5 81.5 5.0 407.5
20.0 20.0 136.8 55.3 15.0 829.5
30.0 30.0 175.4 38.6 25.0 965.0
40.0 40.0 250.6 75.2 35.0 2632.0
50.0 50.0 387.7 137.1 45.0 6169.5
60.0 60.0 440.3 52.6 55.0 2893.0
70.0 70.0 452.2 11.9 65.0 773.5
80.0 80.0 463.2 11.0 75.0 825.0
90.0 90.0 501.2 38.0 85.0 3230.0
100.0 100.0 526.6 25.4 95.0 2413.0
110.0 110.0 584.5 57.9 105.0 6079.5
120.0 120.0 607.3 22.8 115.0 2622.0
130.0 130.0 619.7 12.4 125.0 1550.0
140.0 140.0 632.6 12.9 135.0 1741.5
150.0 150.0 657.6 25.0 145.0 3625.0
150.0 150.0 704.6 47.0 150.0 7050.0
170.0 170.0 839.4 134.8 160.0 21568.0
190.0 190.0 912.6 73.2 180.0 13176.0
210.0 210.0 950.5 37.9 200.0 7580.0
230.0 230.0 997.4 46.9 220.0 10318.0
250.0 250.0 1059.5 62.1 240.0 14904.0
270.0 270.0 1191.1 131.6 260.0 34216.0
275.0 275.0 1237.9 46.8 272.5 12753.0

158321.0

L 1237.9
Sc 0.207

Equal Area Method


