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 Chutes Part 4: Rock mattress linings
  DRAINAGE CONTROL TECHNIQUE


Low Gradient Velocity Control Short Term
Steep Gradient Channel Lining Medium-Long Term
Outlet Control [1] Soil Treatment Permanent [2]


[1] Chutes can act as stable outlet structures for Catch Drains and Flow Diversion Banks.
[2] The design of permanent chutes may require consideration of issues not discussed here.


Symbol


Photo 15  –  Permanent rock mattress
drainage chute


Photo 16  –  Partially vegetated, rock
mattress-lined batter chute


Key Principles


1. The critical design components of a chute are the flow entry into the chute, the maximum
allowable flow velocity down the face of the chute, and the dissipation of energy at the base
of the chute.


2. The critical operational issues are ensuring unrestricted flow entry into the chute, ensuring
flow does not undermine or spill out of the chute, and ensuring soil erosion is controlled at
the base of the chute.


3. Most chutes fail as a result of water failing to enter the chutes properly. It is critical to control
potential leaks and flow bypassing, especially at the chute entrance.


Design Information


The material contained within this fact sheet has been supplied for use by persons experienced
in hydraulic design.


The following information must be read in association with the general information presented in
Part 1 – ‘General information’.


Part 4 of this fact sheet addresses design issues associated with rock mattress lined chutes.


The design procedure outlined within this fact sheet has been developed to provide a simplified
approach suitable only for those involved in the regular design of temporary drainage chutes.
The procedure is just one example of how chutes can be designed.


Maximum allowable flow velocities are presented in Table 27 for various wire-based rock
mattress and gabion products. Allowable flow velocities for gabions and rock mattresses formed
from products other than wire baskets, refer to the relevant manufacturer’s advice.
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Rock mattresses:
• Typically available in thicknesses of 170, 230, 300 and 500mm at a length of 6 metres and


width of 2 metres.
• Heavily galvanised, PVC coated cages should be used within hydraulic structures.
• Mattresses should be laid over a filter fabric or properly designed gravel filter.


Rock-fill:
• Rock-fill should be angular and block-shaped.
• Nominal rock size as specified in Table 27.
• Minimum rock size around 1/3 the basket depth.
• Maximum rock size around 2/3 the basket depth.
• The rock should be uniformly graded with 80% by number greater than 100mm in size.
• Nominal rock size should be 200-300mm when used within the splash zone of weirs and


drop structures.


Table 27  –  Recommended rock size for rock mattresses and gabions [1]


Rock size
Type Thickness (m)


Range (mm) d50 (mm)
Allowable flow
velocity (m/s)


70–100 85 3.5
0.15–0.17


70–150 110 4.2
70–100 85 3.6


0.23–0.25
70–150 120 4.5
70–120 100 4.2


Rock mattress


0.30
100–150 125 5.0
100–200 150 5.8


Gabion 0.50
120–250 190 6.4


[1] Sourced from Maccaferri (1988) "Flexible gabion and Reno mattress structures in river and stream
training works".


Manning's roughness:


Manning's roughness of rock mattresses can be based on the equivalent roughness of loose
rock assuming a rock size distribution of d50/d90 = 0.8. Table 28 provides typical Manning’s (n)
roughness values for various rock sizes and flow conditions.


Table 28  –  Manning’s roughness of rock mattress lined chutes and channels [1]


Nominal mean rock diameter (d50)
Rh 85 mm 100 mm 110 mm 120 mm 125 mm 150 mm 190 mm


0.1m 0.047 0.052 0.055 0.058 0.060 0.068 0.080
0.15m 0.039 0.043 0.046 0.048 0.049 0.055 0.064
0.20m 0.036 0.039 0.041 0.043 0.044 0.049 0.056
0.25m 0.033 0.036 0.038 0.039 0.040 0.044 0.051
0.30m 0.032 0.034 0.035 0.037 0.038 0.041 0.047
0.40m 0.030 0.032 0.033 0.034 0.035 0.038 0.042
0.50m 0.030 0.030 0.031 0.032 0.033 0.035 0.039
1.00m 0.030 0.030 0.030 0.030 0.030 0.031 0.033


>1.00m 0.030 0.030 0.030 0.030 0.030 0.030 0.030
[1] Manning's roughness based on distribution of rock size represented by d50/d90 = 0.8
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Hydraulic design of rock mattress-lined chutes:


Step 1 Determine the design discharge (Q) for the chute.


Step 2 Determine the slope (S) of the chute from the site geometry. The chute should be
straight, with no bends or curves, from the crest to the base of the chute.


Step 3 Nominate the chute profile: e.g. trapezoidal or rectangular.


Step 4 Determine the maximum allowable approach flow depth, ‘H’ (relative to the inlet
crest) upstream of the chute’s inlet for the nominated design discharge.


Where necessary, design and specify appropriate Flow Diversion Banks or the like
to appropriately control the approach flow and prevent any water bypassing the
chute.


Step 5 Determine the required inlet geometry of the chute using an appropriate weir
equation.


If the approach channel (the channel immediately upstream of the chute’s crest) is
short, then the relationship between the upstream water level (H) and discharge (Q)
may be determined from one of the weir equations presented in Table 1 (Part 1 –
‘General Information’). Tables 2 to 4 (Part 1) provide specific H–Q information for
various chute profiles.


If the approach channel is long, and friction loss within this channel is likely to be
significant, then an appropriate backwater analysis may be required.


Step 6 Ensure the entrance to the chute is suitably designed to allow the free flow of water
into the chute (i.e. flow is not diverted along the up-slope edge of the turf).


Where necessary, detail appropriate measures to control scour at the entrance to
the chute (see Part 1 of this fact sheet, including Figure 3).


Step 7 Determine the Manning’s (n) roughness for sizes of rock fill and flow depth.


Step 8 Using Manning’s equation, or Tables 29 to 36 (if appropriate), determine the
uniform flow depth (y) and maximum flow velocity (V) down the chute.


Manning’s equation: Q  =  A.V  =  (1/n) A . R 2/3. S 1/2


Step 9 Determine the required size of the rock fill from Tables 29 to 36, or Table 27.


Check that the flow velocity is acceptable for the local conditions.


Step 10 Specify the required depth of the chute, being the greater of:
 (i) 300mm (unless a lower depth is supported by expected flow conditions);
 (ii) 0.67(H) plus minimum freeboard of 150mm; (‘H’ determined from Step 4)
 (iii) the uniform flow depth (y) plus a minimum freeboard of 150mm, or the


equivalent of the flow depth, whichever is smaller.


Step 11 Design the required outlet energy dissipation structure at the base of the chute.


Refer to Part 1 of this fact sheet or the fact sheet on Outlet Structures.
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Design example: rock mattress-lined chutes:


Design a rock mattress-lined chute suitable to carry a discharge of 750L/s on a 2:1 slope with a
maximum allowable upstream water level (H) of 300mm.


Step 1 Design discharge given as 750L/s or 0.75m3/s.


Step 2 The chute slope is given as, S = 50% (2:1).


Step 3 Try a trapezoidal profile with side slopes of 2:1


Step 4 The maximum allowable approach flow depth is given as, H = 0.3m


Step 5 Table 3 (Part 1) indicates that for an approach flow depth, H = 0.3m, a bed width of
b = 3m is required to allow the design discharge of 750L/s to enter a trapezoidal
chute with side slopes of 2:1


Step 6 To control water movement and erosion at the chute entrance, specify on the plans
that the up-slope edge of rock mattresses must be recessed into the ground to
allow the unrestricted entry of water.


Flow diversion banks will need to be constructed each side of the chute entrance to
direct water into the chute with minimum height of, H + 0.3m = 0.3 + 0.3 = 0.6m


To control soil erosion near the entrance, the rock mattress will extend a distance of
5(H) = 1.5m upstream of the crest. Otherwise, suitable erosion control matting shall
be placed over the soil and overlapping the upstream edge of the mattresses.


Step 7 For this example, there will be no need to choose a Manning’s roughness for the
rock mattresses because Tables 29 to 36 can be used to design the chute.


Step 8 Given the design discharge of 750L/s, the chute slope of 2:1, and a bed width, b =
3m, Table 30 indicates that flow velocity of around 2.6m/s (interpolated) will be
achieved at a uniform flow depth of around 0.088m (interpolated).


Therefore the bed width, b = 3m obtained in Step 5 appears suitable.


Step 9 Table 30 indicates a required rock size, d50 = 85mm


Step 10 From Table 30 the uniform flow depth is expected to be 0.088m, however the
expected flow turbulence is likely to result in a significant variation in this depth.


The required depth of the chute should be the greater of:
 (i) 300mm;
 (ii) 0.67(H) plus freeboard of 150mm  =  0.67(0.3) + 0.15  =  0.351m; 
 (iii) y + 150mm  =  0.088 + 0.15  =  0.238m.


Thus, choose a total chute depth, Y = 350mm.


Step 11 Design of outlet structure as per Part 1 – ‘General Information’:


Given that the flow approaching the outlet structure is less than 100mm in depth,
and the velocity is less than 3m/s, Table 5 (Part 1) indicates a rock size of 100mm.


Table 6 (Part 1) indicates a length of rock protection, L = 2.0m.


Table 7 (Part 1) indicates a dissipation basin recess depth, Z = 0.19m (interpolated)


The flow top width at the base of the chute, T = b + 2my = 3 + 2(2)0.088 = 3.35m


From Figure 6 (Part 1), W1 = 3.35 + 0.6 = 3.95m, and W2 = 3.35 + 0.4(2.0) = 4.15m


Let W1 = 4.0m and W2 = 4.2m


However, a more appropriate design is likely to be an energy dissipater constructed
from rock mattresses of the size listed above. 
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Table 29  –  Maximum allowable discharge and corresponding uniform flow depth


Trapezoidal Chute – lined with rock mattresses
Manning's n = variable Bed width = 2.0 metres Side slopes 2:1 (H:V)


Flow velocity down Chute


2.0 m/s 3.0 m/s 3.5 m/s 4.0 m/s 5.0 m/s
Flow Depth Flow Depth Flow Depth Flow Depth Flow Depth


Chute
slope
(H:1)


(m3/s) (m) (m3/s) (m) (m3/s) (m) (m3/s) (m) (m3/s) (m)
20:1 1.13 0.229 3.14 0.379 4.80 0.467 7.95 0.615 18.6 0.952
10:1 0.72 0.156 1.83 0.245 2.69 0.296 4.27 0.385 9.34 0.588
6:1 0.53 0.119 1.30 0.183 1.86 0.218 2.88 0.281 6.02 0.423
5:1 0.48 0.109 1.16 0.166 1.65 0.197 2.53 0.253 5.20 0.378
4:1 0.43 0.098 1.01 0.147 1.43 0.174 2.17 0.222 4.39 0.330
3:1 0.37 0.085 0.86 0.127 1.20 0.149 1.80 0.190 3.57 0.279


2.5:1 0.34 0.078 0.77 0.116 1.07 0.135 1.61 0.172 3.16 0.252
2:1 0.30 0.071 0.69 0.104 0.95 0.121 1.41 0.153 2.72 0.223


1.75:1 0.28 0.066 0.64 0.097 0.88 0.113 1.30 0.143 2.50 0.207
1.67:1 0.28 0.065 0.62 0.095 0.86 0.110 1.27 0.139 2.43 0.202
1.5:1 0.26 0.062 0.59 0.090 0.81 0.105 1.19 0.132 2.27 0.191
1.25:1 0.24 0.057 0.54 0.083 0.73 0.096 1.08 0.120 2.04 0.174


1:1 0.22 0.052 0.48 0.074 0.65 0.086 0.96 0.108 1.79 0.155
Rock d50 = 85 mm d50 = 100 mm d50 = 125 mm


Table 30  –  Maximum allowable discharge and corresponding uniform flow depth


Trapezoidal Chute – lined with rock mattresses
Manning's n = variable Bed width = 3.0 metres Side slopes 2:1 (H:V)


Flow velocity down Chute


2.0 m/s 3.0 m/s 3.5 m/s 4.0 m/s 5.0 m/s
Flow Depth Flow Depth Flow Depth Flow Depth Flow Depth


Chute
slope
(H:1)


(m3/s) (m) (m3/s) (m) (m3/s) (m) (m3/s) (m) (m3/s) (m)
20:1 1.47 0.215 3.88 0.350 5.76 0.427 9.21 0.559 20.4 0.862
10:1 0.98 0.148 2.39 0.230 3.42 0.275 5.27 0.355 10.9 0.535
6:1 0.74 0.115 1.74 0.174 2.45 0.205 3.69 0.262 7.33 0.388
5:1 0.67 0.105 1.57 0.158 2.19 0.186 3.28 0.236 6.42 0.348
4:1 0.60 0.095 1.38 0.141 1.92 0.165 2.86 0.209 5.52 0.306
3:1 0.52 0.83 1.18 0.122 1.63 0.142 2.40 0.179 4.58 0.260


2.5:1 0.48 0.076 1.07 0.111 1.47 0.129 2.17 0.163 4.09 0.236
2:1 0.43 0.069 0.96 0.100 1.31 0.116 1.92 0.146 3.57 0.209


1.75:1 0.40 0.065 0.90 0.094 1.22 0.109 1.78 0.136 3.31 0.195
1.67:1 0.40 0.063 0.87 0.092 1.19 0.106 1.74 0.133 3.22 0.191
1.5:1 0.38 0.060 0.83 0.087 1.13 0.101 1.64 0.126 3.03 0.181
1.25:1 0.35 0.056 0.76 0.080 1.03 0.093 1.49 0.116 2.74 0.165


1:1 0.31 0.051 0.68 0.072 0.92 0.083 1.33 0.104 2.43 0.148
Rock d50 = 85 mm d50 = 100 mm d50 = 125 mm
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Table 31  –  Maximum allowable discharge and corresponding uniform flow depth


Trapezoidal Chute – lined with rock mattresses
Manning's n = variable Bed width = 4.0 metres Side slopes 2:1 (H:V)


Flow velocity down Chute


2.0 m/s 3.0 m/s 3.5 m/s 4.0 m/s 5.0 m/s
Flow Depth Flow Depth Flow Depth Flow Depth Flow Depth


Chute
slope
(H:1)


(m3/s) (m) (m3/s) (m) (m3/s) (m) (m3/s) (m) (m3/s) (m)
20:1 1.84 0.208 4.66 0.333 6.82 0.405 10.6 0.526 22.6 0.805
10:1 1.24 0.145 2.96 0.222 4.19 0.265 6.33 0.339 12.6 0.504
6:1 0.95 0.113 2.19 0.169 3.05 0.199 4.53 0.252 8.74 0.369
5:1 0.87 0.103 1.98 0.154 2.75 0.180 4.05 0.228 7.73 0.332
4:1 0.78 0.093 1.76 0.137 2.42 0.160 3.56 0.202 6.71 0.293
3:1 0.68 0.081 1.51 0.119 2.07 0.139 3.03 0.174 5.63 0.250


2.5:1 0.62 0.075 1.38 0.109 1.88 0.127 2.74 0.159 5.06 0.227
2:1 0.56 0.068 1.23 0.098 1.68 0.114 2.43 0.142 4.46 0.203


1.75:1 0.53 0.064 1.15 0.092 1.57 0.107 2.27 0.133 4.14 0.189
1.67:1 0.52 0.063 1.13 0.090 1.53 0.104 2.22 0.130 4.03 0.185
1.5:1 0.49 0.060 1.07 0.086 1.45 0.099 2.10 0.124 3.81 0.175
1.25:1 0.45 0.055 0.99 0.079 1.33 0.091 1.91 0.113 3.46 0.160


1:1 0.41 0.050 0.89 0.071 1.20 0.082 1.72 0.102 3.08 0.144
Rock d50 = 85 mm d50 = 100 mm d50 = 125 mm


Table 32  –  Maximum allowable discharge and corresponding uniform flow depth


Trapezoidal Chute – lined with rock mattresses
Manning's n = variable Bed width = 6.0 metres Side slopes 2:1 (H:V)


Flow velocity down Chute


2.0 m/s 3.0 m/s 3.5 m/s 4.0 m/s 5.0 m/s
Flow Depth Flow Depth Flow Depth Flow Depth Flow Depth


Chute
slope
(H:1)


(m3/s) (m) (m3/s) (m) (m3/s) (m) (m3/s) (m) (m3/s) (m)
20:1 2.56 0.200 6.29 0.316 9.04 0.382 13.7 0.491 27.7 0.740
10:1 1.77 0.141 4.12 0.214 5.76 0.253 8.53 0.321 16.4 0.471
6:1 1.37 0.110 3.10 0.164 4.29 0.192 6.26 0.242 11.7 0.349
5:1 1.25 0.101 2.82 0.149 3.88 0.175 5.64 0.219 10.4 0.315
4:1 1.13 0.091 2.51 0.134 3.43 0.156 4.98 0.195 9.15 0.279
3:1 0.99 0.080 2.18 0.117 2.96 0.135 4.28 0.169 7.78 0.240


2.5:1 0.90 0.074 1.99 0.107 2.70 0.124 3.89 0.154 7.03 0.219
2:1 0.82 0.067 1.79 0.096 2.42 0.111 3.48 0.139 6.25 0.196


1.75:1 0.77 0.063 1.68 0.091 2.27 0.104 3.26 0.130 5.82 0.183
1.67:1 0.76 0.062 1.64 0.089 2.21 0.102 3.18 0.127 5.68 0.179
1.5:1 0.72 0.059 1.56 0.084 2.10 0.097 3.02 0.121 5.38 0.170
1.25:1 0.67 0.055 1.43 0.078 1.93 0.089 2.76 0.111 4.91 0.156


1:1 0.60 0.050 1.30 0.070 1.74 0.081 2.48 0.100 4.40 0.140
Rock d50 = 85 mm d50 = 100 mm d50 = 125 mm
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Table 33  –  Maximum allowable discharge and corresponding uniform flow depth


Rectangular Chute – lined with rock mattresses
Manning's n = variable Bed width = 2.0 metres


Flow velocity down Chute


2.0 m/s 3.0 m/s 3.5 m/s 4.0 m/s 5.0 m/s
Flow Depth Flow Depth Flow Depth Flow Depth Flow Depth


Chute
slope
(H:1)


(m3/s) (m) (m3/s) (m) (m3/s) (m) (m3/s) (m) (m3/s) (m)
20:1 0.92 0.229 2.37 0.395 3.52 0.503 5.76 0.720 14.70 1.470
10:1 0.62 0.154 1.48 0.246 2.10 0.301 3.22 0.402 6.75 0.675
6:1 0.47 0.118 1.09 0.182 1.52 0.217 2.27 0.284 4.47 0.447
5:1 0.43 0.108 0.98 0.164 1.37 0.195 2.02 0.253 3.93 0.393
4:1 0.39 0.097 0.87 0.146 1.20 0.172 1.77 0.222 3.38 0.338
3:1 0.34 0.084 0.75 0.125 1.03 0.147 1.50 0.188 2.82 0.282


2.5:1 0.31 0.077 0.68 0.114 0.93 0.134 1.36 0.170 2.53 0.253
2:1 0.28 0.070 0.61 0.102 0.83 0.119 1.21 0.151 2.22 0.222


1.75:1 0.26 0.066 0.57 0.096 0.78 0.111 1.13 0.141 2.06 0.206
1.67:1 0.26 0.064 0.56 0.094 0.76 0.109 1.10 0.138 2.01 0.201
1.5:1 0.24 0.061 0.53 0.089 0.72 0.103 1.04 0.130 1.90 0.190
1.25:1 0.23 0.056 0.49 0.082 0.66 0.094 0.95 0.119 1.72 0.172


1:1 0.20 0.051 0.44 0.074 0.59 0.085 0.85 0.107 1.53 0.153
Rock d50 = 85 mm d50 = 100 mm d50 = 125 mm


Table 34  –  Maximum allowable discharge and corresponding uniform flow depth


Rectangular Chute – lined with rock mattresses
Manning's n = variable Bed width = 3.0 metres


Flow velocity down Chute


2.0 m/s 3.0 m/s 3.5 m/s 4.0 m/s 5.0 m/s
Flow Depth Flow Depth Flow Depth Flow Depth Flow Depth


Chute
slope
(H:1)


(m3/s) (m) (m3/s) (m) (m3/s) (m) (m3/s) (m) (m3/s) (m)
20:1 1.27 0.212 3.13 0.348 4.53 0.431 6.96 0.580 14.78 0.985
10:1 0.88 0.146 2.04 0.227 2.87 0.273 4.26 0.355 8.28 0.552
6:1 0.68 0.114 1.54 0.172 2.13 0.203 3.11 0.260 5.84 0.389
5:1 0.62 0.104 1.40 0.156 1.92 0.183 2.80 0.234 5.21 0.348
4:1 0.56 0.094 1.25 0.139 1.71 0.163 2.48 0.207 4.56 0.304
3:1 0.49 0.082 1.08 0.120 1.47 0.140 2.12 0.177 3.87 0.258


2.5:1 0.45 0.075 0.99 0.110 1.34 0.128 1.93 0.161 3.50 0.233
2:1 0.41 0.068 0.89 0.099 1.20 0.115 1.73 0.144 3.10 0.207


1.75:1 0.38 0.064 0.84 0.093 1.13 0.107 1.61 0.135 2.90 0.193
1.67:1 0.38 0.063 0.81 0.091 1.10 0.105 1.58 0.132 2.82 0.188
1.5:1 0.36 0.060 0.78 0.086 1.05 0.100 1.50 0.125 2.67 0.178
1.25:1 0.33 0.055 0.71 0.079 0.96 0.092 1.37 0.114 2.44 0.163


1:1 0.30 0.050 0.65 0.072 0.87 0.083 1.24 0.103 2.19 0.146
Rock d50 = 85 mm d50 = 100 mm d50 = 125 mm
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Table 35  –  Maximum allowable discharge and corresponding uniform flow depth


Rectangular Chute – lined with rock mattresses
Manning's n = variable Bed width = 4.0 metres


Flow velocity down Chute


2.0 m/s 3.0 m/s 3.5 m/s 4.0 m/s 5.0 m/s
Flow Depth Flow Depth Flow Depth Flow Depth Flow Depth


Chute
slope
(H:1)


(m3/s) (m) (m3/s) (m) (m3/s) (m) (m3/s) (m) (m3/s) (m)
20:1 1.64 0.205 3.96 0.330 5.63 0.402 8.46 0.529 16.90 0.845
10:1 1.14 0.143 2.63 0.219 3.65 0.261 5.35 0.335 10.10 0.505
6:1 0.89 0.111 2.00 0.167 2.74 0.196 3.98 0.249 7.32 0.366
5:1 0.82 0.102 1.82 0.152 2.49 0.178 3.60 0.225 6.56 0.328
4:1 0.74 0.092 1.63 0.136 2.22 0.159 3.19 0.200 5.78 0.289
3:1 0.64 0.081 1.41 0.118 1.92 0.137 2.75 0.172 4.94 0.247


2.5:1 0.59 0.074 1.29 0.108 1.75 0.125 2.51 0.157 4.49 0.225
2:1 0.54 0.067 1.16 0.097 1.57 0.112 2.25 0.141 4.00 0.200


1.75:1 0.51 0.064 1.09 0.091 1.48 0.106 2.11 0.132 3.74 0.187
1.67:1 0.50 0.062 1.07 0.089 1.44 0.103 2.06 0.129 3.65 0.183
1.5:1 0.47 0.059 1.02 0.085 1.37 0.098 1.96 0.122 3.46 0.173
1.25:1 0.44 0.055 0.94 0.078 1.26 0.090 1.80 0.112 3.16 0.158


1:1 0.40 0.050 0.85 0.071 1.14 0.081 1.62 0.101 2.84 0.142
Rock d50 = 85 mm d50 = 100 mm d50 = 125 mm


Table 36  –  Maximum allowable discharge and corresponding uniform flow depth


Rectangular Chute – lined with rock mattresses
Manning's n = variable Bed width = 6.0 metres


Flow velocity down Chute


2.0 m/s 3.0 m/s 3.5 m/s 4.0 m/s 5.0 m/s
Flow Depth Flow Depth Flow Depth Flow Depth Flow Depth


Chute
slope
(H:1)


(m3/s) (m) (m3/s) (m) (m3/s) (m) (m3/s) (m) (m3/s) (m)
20:1 2.38 0.198 5.62 0.312 7.92 0.377 11.7 0.486 22.3 0.742
10:1 1.67 0.140 3.80 0.211 5.25 0.250 7.61 0.317 14.0 0.466
6:1 1.31 0.109 2.92 0.162 3.99 0.190 5.72 0.239 10.4 0.345
5:1 1.21 0.101 2.66 0.148 3.62 0.173 5.20 0.217 9.33 0.311
4:1 1.09 0.091 2.39 0.133 3.23 0.154 4.63 0.193 8.28 0.276
3:1 0.95 0.080 2.08 0.116 2.81 0.134 4.01 0.167 7.13 0.238


2.5:1 0.88 0.074 1.91 0.106 2.57 0.122 3.67 0.153 6.48 0.216
2:1 0.80 0.066 1.72 0.096 2.31 0.110 3.29 0.137 5.81 0.194


1.75:1 0.75 0.063 1.62 0.090 2.18 0.104 3.09 0.129 5.44 0.181
1.67:1 0.74 0.062 1.58 0.088 2.13 0.101 3.02 0.126 5.31 0.177
1.5:1 0.70 0.059 1.51 0.084 2.03 0.097 2.87 0.120 5.05 0.168
1.25:1 0.65 0.054 1.39 0.077 1.86 0.089 2.64 0.110 4.63 0.154


1:1 0.59 0.050 1.26 0.070 1.69 0.080 2.39 0.100 4.17 0.139
Rock d50 = 85 mm d50 = 100 mm d50 = 125 mm
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Common Problems


Rill erosion can occur along the upper edge
of the mattresses if they are not properly
set into the soil.


Long-term failure of a channel can result if
the mattresses are placed directly on a
dispersive soil.


Severe rilling along the sides of the chute
can be caused by splash or lateral inflows
being deflected by the edge of the chute.


Erosion at the base of the chute caused by
inadequate energy dissipation.


Special Requirements


Flow Diversion Banks are often required to
direct flows into the chute.


Good subsoil drainage and foundations are
required to stabilise the chute lining.


Site Inspection


Check flow entry conditions to ensure no
bypassing, undermining, sedimentation or
erosion.


Ensure the chute is straight.


Check for erosion around the edges of the
chute (top and sides).


Ensure the outlet is appropriately stabilised.


Check for piping failure, scour holes, or
bank failures.


Installation (chute formation)


1. Refer to approved plans for location
and construction details. If there are
questions or problems with the location
or method of installation, contact the
engineer or responsible on-site officer
for assistance.


2. Ensure all necessary soil testing (e.g.
soil pH, nutrient levels) and analysis
has been completed, and required soil
adjustments performed prior to planting.


3. Clear the location for the chute clearing
only what is needed to provide access
for personnel and equipment for
installation.


4. Remove roots, stumps, and other
debris and dispose of them properly.


5. Construct the subgrade to the
elevations shown on the plans. Remove
all unsuitable material and replace with
stable material to achieve the desired
foundations.


6. If the chute is temporary, then compact
the subgrade to a firm consistency. If
the chute is intended to be permanent,
then compact and finish the subgrade
as specified within the design plans.  


7. Avoid compacting the subgrade to a
condition that would prevent the turf
from bonding with the subgrade.


8. Ensure the sides of the chute are no
steeper than a 1.5:1 (H:V) slope.


9. Ensure the completed chute has
sufficient deep along its full length.


10. Ensure the chute is straight from its
crest to the toe of the chute.


11. On fill slopes, ensure that the soil is
adequately compacted for a width of at
least one metre each side of the chute
to minimise the risk of soil erosion,
otherwise protect the soil with suitable
scour protection measures such as turf
or erosion control mats.


12. Place and secure the turf as directed.


13. Install an appropriate outlet structure
(energy dissipater) at the base of the
chute (refer to separate specifications).


14. Ensure water leaving the chute and the
outlet structure will flow freely without
causing undesirable ponding or scour.


15. Appropriately stabilise all disturbed
areas immediately after construction.
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Additional specifications for the
installation of the mattresses:


Installation procedures should be provided
by the manufacturer or distributor of the
product.  A typical installation procedure is
described below, but should be confirmed
with the product manufacturer or distributor.


Materials


• Rock infill: hard, angular, durable,
weather resistant and evenly graded
with 50% by weight larger than the
specified nominal rock size. The
diameter of the largest rock size should
be no larger than 1.5 times the nominal
rock size.


• Geotextile fabric: heavy-duty, needle-
punched, non-woven filter cloth,
minimum bidim A24 or equivalent.


Installation


1. Refer to approved plans for location,
extent and installation details.  If there
are questions or problems with the
location, extent, or method of
installation contact the engineer or
responsible on-site officer for
assistance.


2. Mattresses of different thicknesses
should be stored on-site in separate
piles and clearly labelled.


3. Clear the proposed channel area of
trees, stumps, roots, loose rock, and
other objectionable materials.


4. Excavate the treatment area to the lines
and grades as shown on the plans.
Over-cut the area to a depth equal to
the specified mattress thickness such
that the finished surface will be at the
elevation of the surrounding land.


5. Place filter fabric directly on the
prepared foundation.  If more than one
sheet of filter cloth is required to over
the area, overlap the edge of each
sheet at least 300mm and place anchor
pins at minimum one metre spacing
along the overlap.


6. Ensure the filter cloth is protected from
punching or tearing during installation
of the mattresses.  Repair any damage
by removing the rock and placing with
another piece of filter cloth over the
damaged area overlapping the existing
fabric a minimum of 300mm.


7. Flatten out each mattress on a hard, flat
surface, and stamp out any
unnecessary creases.  Edge creases
will need to be stamped into the bottom
of the 2nd and 4th internal diaphragms.


8. Ensure that each diaphragm is vertical
and the correct height.  Fold the sides
and ends of the mattress to meet the
top of the diaphragms.  Fold the side
panel flaps to lie adjacent to the
diaphragms.  Tack temporarily either by
using short lengths of binding wire, or
alternatively by twisting the top
diaphragm wire over the flap selvedge
wire.


9. The ends of the diaphragms must now
be permanently laced to the sides of
the mattress.  At the four corners, bend
the projected lengths of the end panels
to overlap the sides, and lace up with
binding wire.


10. When the mattress is placed over a
geotextile, care must be taken to
ensure that projecting ends of wire are
bent upwards to avoid puncturing or
tearing the cloth.  Geotextile should be
placed according to specifications.


11. Carry the wired-up mattress to its final
position, and wire it securely to the
adjacent mattresses.  Mattresses
should be placed and wired together
empty as it is difficult to wire mattresses
together when both are full of stone.


12. On slopes, the mattress should
generally be laid with the diaphragm
across the slope rather than up and
down the slope.  On chute and stream
beds, the mattress should generally be
laid with the diaphragm at right angles
to the main direction of water flow.


13. All hand wiring must be done as a
continuous lacing operation.  Begin
wiring by securing the binding wire to
the corner of the panels to be joined by
looping it through and twisting it
together.  Then lace with single loops
and double loops in turn at 100mm
intervals.  Finally poke the loose end
inside the mattress.  Tightness of the
mesh and wiring is essential at all
times.


14. Place the fill material, by hand or
mechanically, in the compartments,
starting at the bottom if on a slope.  The
fill should be a hard, durable stone, in
size between 80mm and two-thirds the
thickness of the mattress, but generally
no greater than 200mm.
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15. Filling can be done unit by unit, but
several units should be ready for filling
at any one time.


16. For units with PVC coated wire mesh,
particular care shall be taken to ensure
that sharp edges of quarry stone are
not placed against the mesh in order to
avoid causing unnecessary abrasion.


17. Slightly overfill each mattress to allow
for settlement.  Tack the lid to the
corners of the mattress, and then
securely wire it to the tops of the sides,
ends and diaphragms, using alternate
single and double loops as specified
above.


18. With more than one mattress filled, the
edges of adjacent lids can be wired
down in the same operation, saving
both time and binding wire.


19. When the mattress is laid on a slope
steeper than 1.5:1(H:V), it should be
secured by star pickets or hardwood
pegs driven into the ground just inside
the upper end panel at two (2) metre
centres or as necessary.


20. On soft or sandy slopes, pegs may be
used to hold the mattress in position
during filling.


21. Mattresses maybe shortened where
necessary, by cutting along the fold at
the top of a diaphragm and removing
the bottom spiral connections.


22. Always consult manufacturer’s
specifications and assembly
instructions before modifying the shape
of the mattress or wiring deformed
mattress shapes.


23. Immediately upon completion of the
channel, vegetate all disturbed areas or
otherwise protect them against soil
erosion.


24. Where specified, fill all voids with soil
and vegetate in accordance with the
approved plan.


Maintenance


1. During the construction period, inspect
all chutes prior to forecast rainfall, daily
during extended periods of rainfall, after
significant runoff producing storm
events, or otherwise on a weekly basis.
Make repairs as necessary.


2. Check for soil scour adjacent the chute.
Investigate the cause of any scour, and
repair as necessary.


3. Ensure sediment is not partially
blocking flow entry into the chute.
Where necessary, remove any
deposited material to allow free
drainage.


4. Dispose of any sediment in a manner
that will not create an erosion or
pollution hazard.


5. When making repairs, always restore
the chute to its original configuration
unless an amended layout is required.


Removal


1. When the soil disturbance above the
chute is finished and the area is
stabilised, the chute and any
associated flow diversion banks should
be removed, unless it is to remain as a
permanent drainage feature.


2. Dispose of any materials, sediment or
earth in a manner that will not create an
erosion or pollution hazard.


3. Grade the area in preparation for
stabilisation, then stabilise the area as
specified in the approved plan.
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 Chutes Part 5: Rock linings
  DRAINAGE CONTROL TECHNIQUE


Low Gradient Velocity Control Short Term
Steep Gradient Channel Lining Medium-Long Term
Outlet Control [1] Soil Treatment Permanent [2]


[1] Chutes can act as stable outlet structures for Catch Drains and Flow Diversion Banks.
[2] The design of permanent chutes may require consideration of issues not discussed here.


Symbol


Photo 17  –  Permanent, rock-lined batter
chute


Photo 18  –  Permanent, rock-lined batter
chute


Key Principles


1. The critical design components of a chute are the flow entry into the chute, the maximum
allowable flow velocity down the face of the chute, and the dissipation of energy at the base
of the chute.


2. The critical operational issues are ensuring unrestricted flow entry into the chute, ensuring
flow does not undermine or spill out of the chute, and ensuring soil erosion is controlled at
the base of the chute.


3. Most chutes fail as a result of water failing to enter the chutes properly. It is critical to control
potential leaks and flow bypassing, especially at the chute entrance.


Design Information


The material contained within this fact sheet has been supplied for use by persons experienced
in hydraulic design.


The following information must be read in association with the general information presented in
Part 1 – ‘General information’.


Part 5 of this fact sheet addresses design issues associated with rock-lined chutes.


Tables 43 and 44 provide design, mean rock size (rounded up to the next 0.1m unit) for a safety
factor of 1.2 and 1.5, based on Equation 3. Additional rock-sizing tables (for flatter slopes and
higher flow rates) are provided in the separate fact sheet on Rock linings.


The recommended maximum batter slope is 2:1(H:V) un-vegetated, or 2.5:1 if the rock is
appropriately integrated with vegetation. Equation 3 can be used for sizing rock on the bank of
straight and near-straight reaches of chutes provided the bank slope (relative to the horizontal)
does not exceed a gradient of 2:1. Rock size should be increased 25% for bank slopes of 1.5:1.
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Equation 3 represents the recommended design formula for sizing rock on the bed of chutes.
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(Eqn 3)


where:
d50 = nominal rock size (diameter) of which 50% of the rocks are smaller [m]
K1 = correction factor for rock shape


= 1.0 for angular (fractured) rock, 1.36 for rounded rock (i.e. smooth, spherical rock)
K2 = correction factor for rock grading


= 0.95 for poorly graded rock (Cu = d60/d10 < 1.5), 1.05 for well graded rock (Cu > 2.5),
otherwise K2 = 1.0 (1.5 < Cu < 2.5)


q = flow per unit width down the embankment  [m3/s/m]
sr = specific gravity of rock


So = bed slope  =  tan(θ)  [m/m]
SF = factor of safety (refer to Table 37)


y = depth of flow at a given location  [m]


Table 37  –  Recommended safety factor for use in determining rock size


Safety
factor (SF) Recommended usage Example site conditions


1.2 • Low risk structures.


• Failure of structure is most
unlikely to cause loss of life or
irreversible property damage.


• Permanent rock chutes with all
voids filled with soil and pocket
planted.


• Embankment chutes where failure
of the structure is likely to result in
easily repairable soil erosion.


• Permanent chutes that are likely
to experience significant
sedimentation and vegetation
growth before experiencing the
high flows.


• Temporary (<2yrs) spillways with
a design storm of 1 in 10 years of
greater.


1.5 • High risk structures.


• Failure of structure may cause
loss of life or irreversible property
damage.


• Temporary structures that have a
high risk of experiencing the
design discharge while the voids
remain open (i.e. prior to
sediment settling within and
stabilising the voids between
individual rocks).


• Waterway chutes where failure of
the chute may cause severe gully
erosion and/or damage to the
waterway.


• Sediment basin or dam spillways
located immediately up-slope of a
residential area or busy roadway
where an embankment failure
could cause property flooding or
loss of life.


• Spillways and chutes designed for
a storm frequency less than 1 in
10 years.
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Design unit flow rate (q), flow velocity (V), and flow depth (y):


Wherever practical, the unit flow rate “q” (m3/s/m), flow velocity “V” (m/s), and flow depth “y” (m)
used to determine rock size should be based on the ‘local’ conditions (e.g. the unit flow rate at a
given location within the chute cross-section, or the depth-average flow velocity at a given
location) rather than a value average over the whole cross-section.


Rock type, size and grading:


The rock should be durable and resistant to weathering, and should be proportioned so that
neither the breadth nor the thickness of a single rock is less than one-third its length. Generally,
crushed (angular) rock is more stable than rounded stone.


Suggested relative densities of various types of rock are provided in Table 38.


Table 38  –  Typical relative density (specific gravity) of rock


Rock type Relative density (sr)
Sandstone 2.1 to 2.4


Granite 2.5 to 3.1, commonly 2.6
Limestone 2.6


Basalt 2.7 to 3.2


The maximum rock size should generally not exceed twice the nominal (d50) rock size.


Table 39 provides a typical rock size distribution for use in preliminary design. Table 39 is
provided for general information only, it does not represent a recommended design
specification.


Table 39  –  Typical distribution of rock size [1]


Rock size ratio Assumed distribution value
d100/d50 2.00
d90/d50 1.82
d75/d50 1.50
d65/d50 1.28
d40/d50 0.75
d33/d50 0.60
d10/d50 > 0.50


[1] Wide variations in the rock size distribution can occur unless suitably controlled by the material
contract specifications.


Thickness of rock protection:


The thickness of the rock protection should be sufficient to allow at least two overlapping layers
of the nominal (d50) rock size.


The thickness of rock protection must also be sufficient to accommodate the largest rock size.


In order to allow at least two layers of rock, the minimum thickness of rock protection (T) may be
approximated by the values presented in Table 40.


Table 40  –  Minimum thickness (T) of rock lining


Min. Thickness (T) Size distribution (d50/d90) Description
1.4 d50 1.0 Highly uniform rock size
1.6 d50 0.8 Typical upper limit of quarry rock
1.8 d50 0.67 Recommended lower limit of distribution
2.1 d50 0.5 Typical lower limit of quarry rock
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Backing material or filter layer:


Non-vegetated armour rock must be placed over a layer of suitably graded filter rock or
geotextile filter cloth (minimum bidim A24 or equivalent).  The geotextile filter cloth must have
sufficient strength and must be suitably overlapped to withstand the placement of the rock.


Armour rock that is intended to be vegetated by appropriately filling all voids with soil and pocket
planting generally will usually not require an underlying filter layer, unless the long-term viability
of the vegetation is questioned due to possible high scour velocities, or limited natural light or
rainfall conditions.


If the soils adjacent to the rock surface are dispersive (e.g. sodic soils), then prior to placing the
filter cloth or filter layer, the exposed bank must first be covered with a layer of non-dispersive
soil (Figure 11), typically minimum 200mm thickness, but preferably 300mm.


Figure 10  –  Rock placement (without
vegetation) on non-dispersive soil


Figure 11  –  Rock placement (without
vegetation) on dispersive soil


Maximum bank gradient:


The recommended maximum batter slope is 2:1(H:V) un-vegetated, or 2.5:1 if the rock is
appropriately integrated with vegetation.


Typical angles of repose for dumped rock are provided in Table 41.


Table 41  –  Typical angle of repose for rock


Angle of repose (degrees)
Rock shape


Rock size >100mm Rock size >500mm
Very angular rock 41o 42o


Slightly angular rock 40o 41o


Moderately rounded rock 39o 40o


Placement of vegetation over the rock cover:


Vegetating rock-lined chutes can significantly increase the stability of these drainage structures,
but can also reduce their hydraulic capacity. Obtaining experienced, expert advice is always
recommended before establishing vegetation within drainage structures.
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Manning roughness of rock-lined surfaces:


The Manning’s (n) roughness for rock-lined surfaces may be determined from Table 42 or
Equation 4.


Table 42  –  Manning’s (n) roughness of rock-lined surfaces


d50/d90 = 0.5 d50/d90 = 0.8
d50 = 200mm 300mm 400mm 500mm 200mm 300mm 400mm 500mm
R (m) Manning’s roughness (n) Manning’s roughness (n)


0.2 0.10 0.14 0.17 0.21 0.06 0.08 0.09 0.11
0.3 0.08 0.11 0.14 0.16 0.05 0.06 0.08 0.09
0.4 0.07 0.09 0.12 0.14 0.04 0.05 0.07 0.08
0.5 0.06 0.08 0.10 0.12 0.04 0.05 0.06 0.07
0.6 0.06 0.08 0.09 0.11 0.04 0.05 0.05 0.06
0.8 0.05 0.07 0.08 0.09 0.04 0.04 0.05 0.06
1.0 0.04 0.06 0.07 0.08 0.03 0.04 0.05 0.05


The roughness values presented in Table 42 have been developed from Equation 4.  Equation
4 (Witheridge, 2002) was developed to allow estimation of the Manning's n of rock lined
channels in shallow water.


n d
X


=
−


90
1 6


26 1 0 3593
0 7


/


( )( . )
. (Eqn 4)


where: X = (R/d90)(d50/d90)
R = Hydraulic radius of flow over rocks  [m]


d50 = mean rock size for which 50% of rocks are smaller  [m]
d90 = mean rock size for which 90% of rocks are smaller  [m]


For “natural” rock extracted from streambeds the relative roughness value (d50/d90) is typically in
the range 0.2 to 0.5. For quarried rock the ratio is more likely to be in the range 0.5 to 0.8.


Placement of rock:


It is important to ensure that the top of the rock surface is level with, or slightly below, the
surrounding land surface to allow the free entry of water including lateral inflows (if required) as
shown in Figure 13.


Figure 12  –  Incorrect placement of rock
causing loss of flow area and erosion


along the outer limits of the rock


Figure 13  –  Rock recessed into the soil to
allow the free entry of lateral inflows
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Most failures of rock-lined hydraulic structures are believed to occur as a result of inappropriate
placement of the rock, either due to inadequate design detailing, or poorly supervised
construction practices. Rock-lined chutes are usually most vulnerable to damage in the first year
or two after placement while the voids remain open and free of sedimentation.


Where appropriate, permanent rock-lined chutes should be topped with a light covering of soil
and planted to accelerate the integration of these structures into the surrounding environment.
Revegetation is not however always advisable, and should be assessed on a case-by-case
basis.


Photo 19  –   Rock-lined spillway with well-
defined crest profile


Photo 20 –  Rock-lined spillway with poorly
defined crest profile


Photo 21  –  Placement of the rock on the
soil can result in erosion problems if


significant lateral inflows occur


Photo 22  –  In this example, placement of
the rock has resulted in the rock-lined table
drain being higher than the road shoulder


Photo 23  –  Rounded rock can be
significantly less stable than angular,


fractured rock, especially when placed on
steep slopes


Photo 24  –  Placement of a few large,
anchor rocks down a steep slope will not
help stabilise adjacent, under-sized rocks,


and will likely cause flow diversion
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Hydraulic design of rock-lined chutes:


Step 1 Determine the design discharge (Q) for the chute.


Step 2 Determine the slope (S) of the chute from the site geometry. The chute should be
straight, with no bends or curves, from the crest to the base of the chute.


Step 3 Nominate the chute profile: e.g. trapezoidal or rectangular.


Step 4 Determine the maximum allowable approach flow depth, ‘H’ (relative to the inlet
crest) upstream of the chute’s inlet for the nominated design discharge.


Where necessary, design and specify appropriate Flow Diversion Banks or the like
to appropriately control the approach flow and prevent any water bypassing the
chute.


Step 5 Determine the required inlet geometry of the chute using an appropriate weir
equation.


If the approach channel (the channel immediately upstream of the chute’s crest) is
short, then the relationship between the upstream water level (H) and discharge (Q)
may be determined from one of the weir equations presented in Table 1 (Part 1 –
‘General Information’). Tables 2 to 4 (Part 1) provide specific H–Q information for
various chute profiles.


If the approach channel is long, and friction loss within this channel is likely to be
significant, then an appropriate backwater analysis may be required.


Step 6 Ensure the entrance to the chute is suitably designed to allow the free flow of water
into the chute (i.e. flow is not diverted along the up-slope edge of the turf).


Where necessary, detail appropriate measures to control scour at the entrance to
the chute (see Part 1 of this fact sheet, including Figure 3).


Step 7 Determine the design unit flow rate (q). This may be estimated by dividing the
design discharge by the bed width determined in Step 5.


Step 8 Determine the likely density (specific gravity, sr), and a size distribution (d50/d90) of
the rock to be used on the chute.


Step 9 Using Manning’s equation, or Tables 43 and 44, determine the uniform flow depth
(y) and required size of the rock size (d50) for the chute.


Manning’s equation: Q  =  A.V  =  (1/n) A . R 2/3. S 1/2


Additional rock-sizing tables (for flatter slopes and higher flow rates) are provided in
the separate fact sheet – Rock linings.


Step 10 Specify the required depth of the chute, being the greater of:
 (i) 300mm (unless a lower depth is supported by expected flow conditions);
 (ii) 0.67(H) plus minimum freeboard of 150mm; (‘H’ determined from Step 4)
 (iii) the uniform flow depth (y) plus a minimum freeboard of 150mm, or the


equivalent of the flow depth, whichever is smaller.


Step 11 Design the required outlet energy dissipation structure at the base of the chute.


For the design of the outlet structure, refer to Part 1 of this fact sheet or the fact
sheet on Outlet Structures.


The ‘local’ uniform flow velocity (V) down the chute may be estimated by dividing
the design unit flow rate (q) by flow depth (y). This flow velocity will be slightly
greater than the average flow velocity, which is equal to the total discharge (Q)
divided by the total flow area (A).
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Design example: rock-lined chutes:


Design a rock-lined chute suitable to carry a discharge of 1m3/s on a 3:1 slope with a maximum
allowable upstream water level (H) of 300mm.


Step 1 Design discharge given as 1.0m3/s.


Step 2 The chute slope is given as, S = 33% (3:1).


Step 3 Try a trapezoidal profile with side slopes of 2:1


Step 4 The maximum allowable approach flow depth is given as, H = 0.3m


Step 5 Table 3 (Part 1) indicates that for an approach flow depth, H = 0.3m, a bed width of
b = 3.2m (interpolated) is required to allow the design discharge of 1.0m3/s to enter
a trapezoidal chute with side slopes of 2:1


Step 6 To control water movement and erosion at the chute entrance, specify on the plans
that the rock must be suitably recessed into the ground to allow the unrestricted
entry of water.


Flow diversion banks will need to be constructed each side of the chute entrance to
direct water into the chute with minimum height of, H + 0.3m = 0.3 + 0.3 = 0.6m


To control soil erosion near the entrance, the rock will extend a distance of 5(H) =
1.5m upstream of the crest. Otherwise, suitable erosion control matting shall be
placed over the soil and overlapping the upstream edge of the rock lining.


Step 7 As a first trial, the unit flow rate may be estimated by dividing the design discharge
by the bed width determined in Step 5.


Trial unit flow rate, q = Q/b = 1.0/3.2 = 0.313m2/s (approximation)


Step 8 Assume rock is available with a specific gravity, sr = 2.6, and a size distribution,
d50/d90 = 0.5


Step 9 Given the estimate unit flow rate of 0.313m2/s, the chute slope of 3:1, Table 43
indicates that the required mean rock size, d50 = 300mm.


Even though Table 43 is applicable for rock with a specific gravity of 2.4, thus the
results are considered conservative for rock with a specific gravity of 2.6.


If it is assumed that this rock size is available on the site, then the bed width, b =
3.2m obtained in Step 5 appears suitable.


Step 10 From Table 43 the uniform flow depth is expected to be 0.19m (interpolated);
however there is expected to be significant variation in this depth due to turbulence.


The required depth of the chute should be the greater of:
 (i) 300mm;
 (ii) 0.67(H) plus freeboard of 150mm  =  0.67(0.3) + 0.15  =  0.351m; 
 (iii) y + 150mm  =  0.19 + 0.15  =  0.34m.


Thus, choose a total chute depth, Y = 350mm.


Step 11 Design of outlet structure as per Part 1 – ‘General Information’:


Given the flow depth, y = 0.19m; the local uniform flow velocity may be estimated
as, V = q/y = 0.313/0.19 = 1.65m/s.


Given that the flow approaching the outlet structure is less than 200mm in depth,
and the velocity is less than 2m/s, Table 5 (Part 1) indicates a rock size of 100mm;
however, choose the same 300mm rock as used on the face of the chute.


Table 6 (Part 1) indicates a length of rock protection, L = 1.3m.


Table 7 (Part 1) indicates a dissipation basin recess depth, Z = 0.14m


The flow top width at the base of the chute, T = b + 2my = 3.2 + 2(2)0.19 = 3.96m


From Figure 6 (Part 1), W1 = 3.96 + 0.6 = 4.56m, and W2 = 3.96 + 0.4(1.3) = 4.48m


Let W1 = W2 = 4.6m
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Table 43  –  Flow depth [1], y (m) and mean rock size, d50 (m) for SF = 1.2


Safety factor, SF = 1.2 Specific gravity, sr = 2.4 Size distribution, d50/d90 = 0.5


Bed slope = 5:1 Bed slope = 4:1 Bed slope = 3:1 Bed slope = 2:1Unit flow
rate


(m3/s/m) y (m) d50 y (m) d50 y (m) d50 y (m) d50


0.1 0.09 0.10 0.09 0.10 0.09 0.20 0.09 0.20
0.2 0.15 0.20 0.14 0.20 0.14 0.20 0.14 0.30
0.3 0.19 0.20 0.19 0.20 0.19 0.30 0.18 0.30
0.4 0.23 0.30 0.23 0.30 0.23 0.30 0.22 0.40
0.5 0.27 0.30 0.27 0.30 0.26 0.40 0.26 0.40
0.6 0.31 0.30 0.30 0.40 0.30 0.40 0.29 0.50
0.8 0.37 0.40 0.37 0.40 0.36 0.50 0.35 0.60
1.0 0.43 0.40 0.42 0.50 0.42 0.60 0.41 0.70
1.2 0.49 0.50 0.48 0.50 0.47 0.60 0.46 0.70
1.4 0.54 0.50 0.53 0.60 0.52 0.70 0.51 0.80
1.6 0.59 0.60 0.58 0.70 0.57 0.70 0.56 0.90
1.8 0.64 0.60 0.63 0.70 0.62 0.80 0.60 1.00
2.0 0.68 0.70 0.67 0.70 0.66 0.90 0.65 1.00
3.0 0.89 0.90 0.88 1.00 0.87 1.10 0.85 1.30
4.0 1.08 1.00 1.07 1.20 1.05 1.30 1.02 1.60
5.0 1.26 1.20 1.24 1.30 1.22 1.50 1.19 1.80


[1] Flow depth is expected to be highly variable due to whitewater (turbulent) flow conditions.


Table 44  –  Flow depth [1], y (m) and mean rock size, d50 (m) for for SF = 1.5


Safety factor, SF = 1.5 Specific gravity, sr = 2.4 Size distribution, d50/d90 = 0.5


Bed slope = 5:1 Bed slope = 4:1 Bed slope = 3:1 Bed slope = 2:1Unit flow
rate


(m3/s/m) y (m) d50 y (m) d50 y (m) d50 y (m) d50


0.1 0.10 0.20 0.10 0.20 0.10 0.20 0.10 0.20
0.2 0.16 0.20 0.16 0.20 0.15 0.30 0.15 0.30
0.3 0.21 0.30 0.21 0.30 0.20 0.30 0.20 0.40
0.4 0.25 0.30 0.25 0.40 0.25 0.40 0.24 0.50
0.5 0.29 0.40 0.29 0.40 0.28 0.50 0.28 0.50
0.6 0.33 0.40 0.33 0.40 0.32 0.50 0.31 0.60
0.8 0.40 0.50 0.40 0.50 0.39 0.60 0.38 0.70
1.0 0.47 0.60 0.46 0.60 0.45 0.70 0.44 0.80
1.2 0.53 0.60 0.52 0.70 0.51 0.80 0.50 0.90
1.4 0.58 0.70 0.58 0.80 0.57 0.90 0.55 1.00
1.6 0.64 0.70 0.63 0.80 0.62 0.90 0.60 1.10
1.8 0.69 0.80 0.68 0.90 0.67 1.00 0.65 1.20
2.0 0.74 0.80 0.73 0.90 0.72 1.10 0.70 1.30
3.0 0.97 1.10 0.96 1.20 0.94 1.40 0.92 1.70
4.0 1.17 1.30 1.16 1.50 1.14 1.70 1.11 2.00
5.0 1.36 1.50 1.34 1.70 1.32 1.90 1.29 2.30


[1] Flow depth is expected to be highly variable due to whitewater (turbulent) flow conditions.
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Common Problems


Severe erosion problems if rocks are
placed directly on dispersive soil.  To
reduce the potential for such problems,
dispersive soils should be covered with a
minimum 200mm layer of non-dispersive
soil before rock placement.


Failure of rock-lined chutes due to the
absence of a suitable filter cloth or
aggregate filter layer beneath the primary
armour rock layer.


Weed invasion of the rock protection can
become unsightly. The control of weed
growth can be an expensive, labour
intensive exercise


Rill erosion can occur along the upper edge
of the rock if they are not properly set into
the soil.


Severe rilling along the sides of the chute
can be caused by splash or lateral inflows
being deflected by the edge of the chute.


Erosion at the base of the chute caused by
inadequate energy dissipation.


Special Requirements


An underlying geotextile or rock filter layer
is generally required unless all voids are
filled with soil and pocket planted (thus
preventing the disturbance and release of
underlying sediments through these voids).


The upper rock surface should blend with
surrounding land to allow water to freely
enter the channel.


Flow Diversion Banks are often required to
direct flows into the chute.


Good subsoil drainage and foundations are
required to stabilise the chute lining.


Site Inspection


Check flow entry conditions to ensure no
bypassing, undermining, sedimentation or
erosion.


Check for piping failure, scour holes, or
bank failures.


Check for erosion around the outer edges
of the treated area.


Ensure the chute is straight.


Ensure the rock size and shape agrees with
approved plan.


Check the thickness of rock application and
the existence of underlying filter layer.


Check for excessive vegetation growth that
may restrict the channel capacity.


Ensure the outlet is appropriately stabilised.
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Installation (chute formation)


1. Refer to approved plans for location
and construction details. If there are
questions or problems with the location
or method of installation, contact the
engineer or responsible on-site officer
for assistance.


2. Ensure all necessary soil testing (e.g.
soil pH, nutrient levels) and analysis
has been completed, and required soil
adjustments performed prior to planting.


3. Clear the location for the chute clearing
only what is needed to provide access
for personnel and equipment for
installation.


4. Remove roots, stumps, and other
debris and dispose of them properly.


5. Construct the subgrade to the
elevations shown on the plans. Remove
all unsuitable material and replace with
stable material to achieve the desired
foundations.


6. If the chute is temporary, then compact
the subgrade to a firm consistency. If
the chute is intended to be permanent,
then compact and finish the subgrade
as specified within the design plans.  


7. Avoid compacting the subgrade to a
condition that would prevent the turf
from bonding with the subgrade.


8. Ensure the sides of the chute are no
steeper than a 1.5:1 (H:V) slope.


9. Ensure the completed chute has
sufficient deep along its full length.


10. Ensure the chute is straight from its
crest to the toe of the chute.


11. On fill slopes, ensure that the soil is
adequately compacted for a width of at
least one metre each side of the chute
to minimise the risk of soil erosion,
otherwise protect the soil with suitable
scour protection measures such as turf
or erosion control mats.


12. Place and secure the turf as directed.


13. Install an appropriate outlet structure
(energy dissipater) at the base of the
chute (refer to separate specifications).


14. Ensure water leaving the chute and the
outlet structure will flow freely without
causing undesirable ponding or scour.


15. Appropriately stabilise all disturbed
areas immediately after construction.


Materials


• Rock: hard, angular, durable, weather
resistant and evenly graded with 50%
by weight larger than the specified
nominal rock size and sufficient small
rock to fill the voids between the larger
rock.  The diameter of the largest rock
size should be no larger than 1.5 times
the nominal rock size.  Specific gravity
to be at least 2.5.


• Geotextile fabric: heavy-duty, needle-
punched, non-woven filter cloth,
minimum bidim A24 or equivalent.


Installation (rock placement)


1. Over-cut the channel to a depth equal
to the specified depth of rock placement
such that the finished rock surface will
be at the elevation of the surrounding
land.


2. Rock must be placed within the channel
as specified within the approved plans,
including the placement of any
specified filter layer.


3. If details are not provided on the rock
placement, then the primary armour
rock must be either placed on:


• a filter bed formed from a layer of
specified smaller rock (rock filter layer);


• an earth bed lined with filter cloth;
• an earth bed not lined in filter cloth, but


only if all voids between the armour
rock are to be filled with soil and pocket
planted immediately after placement of
the rock.


4. If a rock/aggregate filter layer is
specified, then place the filter layer
immediately after the foundations are
prepared. Spread the filter rock in a
uniform layer to the specified depth but
a minimum of 150mm.  Where more
than one layer of filter material has
been specified, spread each layer such
that minimal mixing occurs between
each layer of rock.


5. If a geotextile (filter cloth) underlay is
specified, place the fabric directly on
the prepared foundation. If more than
one sheet of fabric is required to over
the area, overlap the edge of each
sheet at least 300mm and place anchor
pins at minimum one metre spacing
along the overlap.
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6. Ensure the geotextile fabric is protected
from punching or tearing during
installation of the fabric and the rock.
Repair any damage by removing the
rock and placing with another piece of
filter cloth over the damaged area
overlapping the existing fabric a
minimum of 300mm.


7. Where necessary, a minimum 100mm
layer of fine gravel, aggregate or sand
may be placed over the fabric to protect
it from damage.


8. Placement of rock should follow
immediately after placement of the filter
layer. Place rock so that it forms a
dense, well-graded mass of rock with a
minimum of voids.


9. Place rock to its full thickness in one
operation. Do not place rock by
dumping through chutes or other
methods that cause segregation of rock
sizes.


10. The finished surface should be free of
pockets of small rock or clusters of
large rocks. Hand placing may be
necessary to achieve the proper
distribution of rock sizes to produce a
relatively smooth, uniform surface. The
finished grade of the rock should blend
with the surrounding area. No overfall
or protrusion of rock should be
apparent.


11. Immediately upon completion of the
channel, vegetate all disturbed areas or
otherwise protect them against soil
erosion.


12. Where specified, fill all voids with soil
and vegetate the rock surface in
accordance with the approved plan.


Maintenance


1. During the construction period, inspect
all chutes prior to forecast rainfall, daily
during extended periods of rainfall, after
significant runoff producing storm
events, or otherwise on a weekly basis.
Make repairs as necessary.


2. Check for scour or dislodged rock.
Repair damaged areas immediately.  


3. Closely inspect the outer edges of the
rock protection. Ensure water entry into
the channel or chute is not causing
erosion along the edge of the rock
protection.


4. Investigate the cause of any scour, and
repair as necessary.


5. Carefully check the stability of the rock
looking for indications of piping, scour
holes, or bank failures.


6. Replace any displaced rock with rock of
a significantly (minimum 110%) larger
size than the displaced rock.


7. Ensure sediment is not partially
blocking flow entry into the chute.
Where necessary, remove any
deposited material to allow free
drainage.


8. Dispose of any sediment in a manner
that will not create an erosion or
pollution hazard.


9. When making repairs, always restore
the chute to its original configuration
unless an amended layout is required.


Removal


1. When the soil disturbance above the
chute is finished and the area is
stabilised, the chute and any
associated flow diversion banks should
be removed, unless it is to remain as a
permanent drainage feature.


2. Dispose of any materials, sediment or
earth in a manner that will not create an
erosion or pollution hazard.


3. Grade the area in preparation for
stabilisation, then stabilise the area as
specified in the approved plan.
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 Chutes Part 1: General information
  DRAINAGE CONTROL TECHNIQUE


Low Gradient Velocity Control Short Term
Steep Gradient Channel Lining Medium-Long Term
Outlet Control [1] Soil Treatment Permanent [2]


[1] Chutes can act as stable outlet structures for Catch Drains and Flow Diversion Banks.
[2] The design of permanent chutes may require consideration of issues not discussed here.


Symbol


Photo 1  –  Permanent, grouted-stone
batter chute


Photo 2  –  Temporary batter chute lined
with filter cloth


Key Principles


1. The critical design components of a chute are the flow entry into the chute, the maximum
allowable flow velocity down the face of the chute, and the dissipation of energy at the base
of the chute.


2. The critical operational issues are ensuring unrestricted flow entry into the chute, ensuring
flow does not undermine or spill out of the chute, and ensuring soil erosion is controlled at
the base of the chute.


3. Most chutes fail as a result of water failing to enter the chutes properly. It is critical to control
potential leaks and flow bypassing, especially at the chute entrance.


Design Information


The material contained within this fact sheet has been supplied for use by persons experienced
in hydraulic design.


Drainage chutes are hydraulic structures that need to be designed for a specified design storm
using standard hydrologic and hydraulic equations.  The hydraulic design can be broken down
into three components:


• Inlet design: flow conditions may be determined using an appropriate weir equation.  It is
important to ensure that the water level upstream of the chute’s inlet will be fully contained
by the associated Flow Diversion Banks.


• Chute lining: selection of an appropriate chute lining is governed by the estimated flow
velocity, which can be determined on long chutes through use of Manning’s equation.


• Outlet design: a suitable energy dissipater or outlet structure is required at the base of the
chute.  The design of these structures is usually based on the use of standard design
charts.
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Inlet design:


A basin spillway is just one type of chute. If the length of the approach channel is short, then
friction loss upstream of the chute crest can be ignored and the upstream water level (relative to
the crest invert) can be determined directly from the appropriate weir equation.  Figure 1 shows
the flow profile of a typical emergency spillway chute. It is noted that flow conditions
approaching a roadway batter chute may be significantly different from that shown below.


Figure 1  –  Hydraulic profile for spillway crest where only minor friction loss occurs
within the approach channel


In cases where the approach channel is short, the upstream water level (H) relative to the chute
crest can be determined from an appropriate weir equation presented in Table 1.


Table 1  –  Weir equations for short spillway crest length where only minor friction loss
occurs within the approach channel


Weir cross sectional profile Side slope (H:V) Weir equation


Rectangular (b = base width) vertical sides Q  =  1.7 b H 1.5


Triangular m:1 Q  =  1.26 m H 2.5


Parabolic (T = 3.3(Y)0.5) N/A Q  =  2.06 H 1.5


1:1 Q  =  1.7 b H 1.5 + 1.26 H 2.5


2:1 Q  =  1.7 b H 1.5 + 2.5 H 2.5


3:1 Q  =  1.7 b H 1.5 + 3.8 H 2.5


4:1 Q  =  1.7 b H 1.5 + 5.0 H 2.5


Trapezoidal


where :  b = base width


and m = side slope


m:1 Q  =  1.7 b H 1.5 + 1.26 m H 2.5


Figure 2  –  Inlet profile of a trapezoidal chute


Tables 2 and 3 provides the Head–Discharge relationship for a parabolic weir (T = 3.286(Y)0.5),
and a trapezoidal weir with 2:1 (H:V) side slopes and base width (b).
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Table 2  –  Inlet weir capacity for various parabolic and trapezoidal chutes  [m;/s]


Crest width (b) of a trapezoidal chute [1] (m)Head (H)
upstream of the
chute inlet (m)


Parabolic
top width =


3.3(y) 0.5 0.3 0.5 1.0 1.5 2.0


0.1
0.2
0.3


0.065
0.184
0.338


0.024
0.091
0.208


0.035
0.121
0.264


0.062
0.197
0.404


0.089
0.273
0.543


0.115
0.349
0.683


0.4
0.5
0.6


0.521
—
—


0.384
0.626
0.940


0.470
0.746
1.098


0.685
1.047
1.493


0.900
1.347
1.888


1.115
1.648
2.283


0.7
0.8
0.9
1.0


—
—
—
—


1.332
1.807
2.372
3.030


1.531
2.051
2.662
3.370


2.029
2.659
3.388
4.220


2.527
3.267
4.114
5.070


3.024
3.875
4.839
5.920


[1] Flat crested, trapezoidal weir profile with 2:1 (H:V) side slopes (m = 2).


Table 3  –  Trapezoidal chute inlet weir capacity [1]  [m;/s]


Crest width (b) of a rectangular chute (m)Head (H) required
upstream of the


chute entrance (m) 2.5 3.0 4.0 5.0 6.0
0.1
0.2
0.3


0.14
0.43
0.82


0.17
0.50
0.96


0.22
0.65
1.24


0.28
0.81
1.52


0.33
0.96
1.80


0.4
0.5
0.6


1.33
1.95
2.68


1.55
2.25
3.07


1.98
2.85
3.86


2.41
3.45
4.65


2.84
4.05
5.44


0.7
0.8
0.9
1.0


3.52
4.48
5.57
6.77


4.02
5.09
6.29
7.62


5.02
6.31
7.74
9.32


6.01
7.52
9.19
11.02


7.01
8.74
10.65
12.72


[1] Flat crested, trapezoidal weir profile with 2:1 (H:V) side slopes (m = 2).


Table 4 provides the head–discharge relationship for a rectangular weir with base width (b).


Table 4  –  Rectangular chute inlet weir capacity  [m;/s]


Crest width (b) of a rectangular chute (m)Head (H) required
upstream of the


chute entrance (m) 1.0 2.0 3.0 4.0 5.0
0.1
0.2
0.3


0.054
0.152
0.279


0.108
0.304
0.559


0.161
0.456
0.838


0.215
0.608
1.117


0.269
0.760
1.397


0.4
0.5
0.6


0.430
0.601
0.790


0.860
1.202
1.580


1.290
1.803
2.370


1.720
2.404
3.160


2.150
3.005
3.950


0.7
0.8
0.9
1.0


0.996
1.216
1.451
1.700


1.991
2.433
2.903
3.400


2.987
3.649
4.354
5.100


3.983
4.866
5.806
6.800


4.978
6.082
7.257
8.500
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If the flow path upstream of the chute consists of erodible material, then it is important to ensure
adequate scour protection exists. Such scour protection should extend upstream of the chute’s
crest a distance of at least 5 times the depth of approaching flow (Figure 3). This scour
protection should be suitably recessed into the ground to allow the free flow of water.


Figure 3 –  One option for controlling scour at the chute entrance


A Flow Diversion Bank maybe required adjacent the inlet to control flow entry. If a raised bank is
used, then the height of the bank should allow for a minimum freeboard of 0.15m.


Dimensions and geometry:
• Minimum recommended chute depth of 300mm. Shallower depths may be appropriate for


smooth chutes (i.e. minimal splash) with very low flow depths.
• Freeboard of 150mm, or the equivalent of the flow depth, whichever is smaller. A greater


freeboard may be required if it is necessary to contain any splash.
• The chute must be straight from inlet to outlet (i.e. no bends or curves).


Figure 4  –  Typical profile of the face of the chute


Chute linings:
Refer to the Parts 2 to 5 of this fact sheet for relevant design information.
Warning: it is essential that rock-lined chutes have a gradient significantly less than the natural
angle of repose of the rock, usually around 38 degrees (1 in 1.3) for smooth round rock, to 41
degrees (1 in 1.2) for angular rock.
Flexible chute linings should be adequately anchored to the foundations to avoid slippage. A
maximum spacing of 3 metres is recommended between anchor points down the chute.
If splash is expected down the chute, then the sides of the chute should be lined with suitable
scour protection such as 300mm wide turf strips.
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Outlet structures for temporary drainage chutes:


The following design procedure is not appropriate for the design of energy dissipaters at
the base of Sediment Basin spillways.


Recommended mean (d50) rock sizes and length (L) of rock protection for minor chute are
presented in Tables 5 and 6. These rock sizes are based on information presented within ASCE
(1992) rounded up to the next 100mm increment, with a minimum rock size set as 100mm.


Table 5  –  Mean rock size, d50 (mm) for batter chute outlet protection [1]


Flow velocity at base of Chute (m/s) Depth of
approach


flow (mm) [2] 2.0 3.0 4.0 5.0 6.0 7.0 8.0


50 100 100 100 200 200 200 300
100 100 100 200 200 300 300 400
200 100 200 300 300 400 [3] [3]
300 200 200 300 400 [3] [3] [3]


[1] For exit flow velocities not exceeding 1.5m/s, and where growing conditions allow, loose 100mm rock
may be replaced with 75mm rock stabilised with a good cover of grass.


[2] This is the flow depth at the base of the chute as it approaches the outlet structure. The flow depth is
based on the maximum depth, not the average flow depth.


[3] Consider using 400mm grouted rock pad, or a rock-filled mattress outlet.


The pad lengths provided in Table 6 are suitable for temporary, rock-lined outlet structures only.
These rock pad length will not necessarily fully contain all energy dissipation and flow
turbulence; therefore, some degree of scour may still occur downstream of the outlet structure.


Table 6  –  Recommended length, L (m) of rock pad for batter chute outlet protection


Flow velocity at base of Chute (m/s) Depth of
approach
flow (mm) 2.0 3.0 4.0 5.0 6.0 7.0 8.0


50 1.0 1.5 2.1 2.6 3.1 3.6 4.2
100 1.3 2.0 2.7 3.4 4.1 4.8 5.5
200 2.1 2.7 3.4 4.3 5.2 6.1 7.0
300 2.7 3.6 4.3 4.8 5.8 6.8 7.9


Figure 5  –  Typical layout of a recessed rock pad for a chute (plan view)
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As indicated in Figures 5, 6 and 7, outlet structures for minor chutes should be recessed below
the surrounding ground level to promote effective energy dissipation. The recommended recess
depth (Z) may be determined from Table 7. 


Table 7  –  Recommended recess depth, Z (m) for batter Chute outlet protection


Flow velocity at base of Chute (m/s) Depth of
approach
flow (mm) 2.0 3.0 4.0 5.0 6.0 7.0 8.0


50 0.13 0.20 0.28 0.36 0.43 0.50 0.60
100 0.14 0.23 0.32 0.42 0.50 0.60 0.70
200 0.12 0.21 0.31 0.42 0.50 0.60 0.70
300 0.07 0.16 0.25 0.35 0.44 0.55 0.65


Figure 6  –  Typical arrangement of recessed outlet structure for chutes


Figure 7  –  Typical profile of recessed outlet structure for chutes


Note: In circumstances where the outlet structure is located downstream of a smooth surface
chute, e.g. concrete-lined, then the rocks should be grouted in place to avoid displacement.


Reference:


ASCE 1992, Design and construction of urban stormwater management systems. ASCE
Manuals and Reports of Engineering Practice No. 77, and Water Environment Federation
Manual of Practice FD-20, American Society of Civil Engineers, New York.
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It is important to ensure enters the chute properly (Photos 3 and 4), and in a manner that does
not cause water to bypass along or around the edge of the chute.


Photo 3 – Sandbags (temporary) used to
control flow entry into grass chute


Photo 4 – Geotextile socks used to control
flow entry into temporary batter chute


To ensure appropriate flow entry into a chute, the chute must have a well-defined profile (either
rectangular or trapezoidal) with adequate depth to fully contain the design discharge.


Photo 5 – Spillway chute with well-defined
inlet profile


Photo 6 – Turf chute with poorly-defined
inlet profile causing flow bypass


The chute must also have sufficient depth and/or scour controls to prevent any erosion resulting
from splash.


Photo 7 – Severe erosion along edge of
chute caused by water spilling out of the


chute


Photo 8 – Erosion caused by inadequate
rock size and water bypassing around the


poorly located boulders
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Design example – Chute outlet structure:


Design the outlet protection for a temporary, trapezoidal chute lined with filter cloth on a 3:1
batter slope with a base width of 1.0m, side slopes of 2:1, and design discharge of 600L/s.


Solution


Adopting a Manning’s roughness of, n = 0.022 for the filter cloth, the flow conditions at the base
of the chute can be determined from Manning’s equation as:


Discharge, Q = 0.6m3/s


Manning’s roughness, n = 0.022 (based on an expected flow depth > 0.1m)


Channel slope, S = 0.333 (m/m)


Bed width, b = 1.0m


Channel side slope, m = 2:1


Flow depth, y = 0.1m


Flow top width, B = b + 2my = 1.8m


Hydraulic radius, R = 0.083m


Velocity, V
n


R S m s= = =
1 1


0 022
0 083 0 333 5 02 3 1 2 2 3 1 2/ / / /


.
( . ) ( . ) . /


From Table 5 the mean rock size, d50 = 200mm


From Table 6 the length of the rock pad, L = 2.0m


From Table 7 the recommended recess depth, Z = 0.42m


From Figure 6 the upstream width of the rock pad, W1 = B + 0.6 = 2.4m


From Figure 6 the downstream width of the rock pad, W2 = B + 0.4L = 2.6m


If it is assumed that the largest rock is likely to be around 1.5 times the size of the average rock
size, i.e. d50/d90 approximately equals 0.67, then we can estimate the required depth of rock
protection as, T = 1.8(d50) = 0.36m. In any case, a minimum of two layers of rock should be
specified on the construction plans.


__________________________________


Figure 8  –  Typical components of a temporary drainage chute
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Description


A steep, open channel passing down a
slope. The channel gradient is usually
steeper than 10%.


Temporary chutes are usually lined with
fabrics such as filter cloth. Permanent
chutes may be constructed from materials
such as turf, rock, rock-filled mattresses or
concrete.


Purpose


Chutes are used to transport concentrated
flow down steep slopes. They are most
commonly used on constructed slopes such
as road batters.


The emergency spillways of a Sediment
Basin is a special form of chute.


Limitations


Local topography must allow safe collection
and passage of water into the chute. 


Bitumen or asphalt is generally not suitable
as a permanent chute liner.


Advantages


Temporary chutes can be both quick and
cheep to construct.


Chutes typically have a flow capacity
significantly greater than most Slope
Drains.


Disadvantages


Some chute linings have a short service
life.


Significant damage can result from
overtopping flows.


The chute lining may be subject to slippage
caused by poor foundations.


Common Problems


Inappropriate inlet geometry can cause
inflow to bypass or undermine the chute.


Severe rilling along the sides of the chute
can be caused by splash or lateral inflows
being deflected by the edge of the chute.


Erosion at the base of the chute caused by
inadequate energy dissipation.


Special Requirements


Flow Diversion Banks are often required to
control inflows.


Good subsoil drainage and foundations are
required to stabilise the chute lining.


Site Inspection


Check flow entry conditions to ensure no
bypassing, undermining, sedimentation or
erosion.


Ensure the chute is straight.


Check for erosion around the edges of the
chute (top and sides).


Ensure the outlet is appropriately stabilised.
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General specifications for chutes:


Installation


1. Refer to approved plans for location
and construction details. If there are
questions or problems with the location
or method of installation, contact the
engineer or responsible on-site officer
for assistance.


2. Construct the subgrade to the
elevations shown on the plans. Remove
all unsuitable material and replace with
stable material to achieve the desired
foundations.


3. If the chute is temporary, then compact
the subgrade to a firm consistency. If
the chute is intended to be permanent,
then compact and finish the subgrade
as specified within the design plans.  


4. If the chute is to be lined with rock, then
avoid compacting the subgrade to a
condition that would prevent the rock
lining from adequately bedding into the
subgrade.


5. Ensure the subgrade is firm enough to
minimise water seepage.


6. On fill slopes, ensure that the soil is
adequately compacted for a width of at
least one metre each side of the chute
to minimise the risk of soil erosion,
otherwise protect the soil with suitable
scour protection measures such as turf
or erosion control mats.


7. Place and secure the chute lining as
directed.


8. If concrete is used as a lining, then
keep the subgrade moist at the time
concrete is placed. Form, cut-off walls
and anchor blocks as directed in the
approved plans.


9. Install an appropriate outlet structure
(energy dissipater) at the base of the
chute (refer to separate specifications).


10. Ensure water leaving the chute and the
outlet structure will flow freely without
causing undesirable ponding or scour.


11. Appropriately stabilise all disturbed
areas immediately after construction.


Maintenance


1. During the construction period, inspect
all chutes prior to forecast rainfall, daily
during extended periods of rainfall, after
significant runoff producing storm
events, or otherwise on a weekly basis.
Make repairs as necessary.


2. Check for movement of, or damage to,
the chute lining, including surface
cracking.


3. Check for soil scour adjacent the chute.
Investigate the cause of any scour, and
repair as necessary.


4. When making repairs, always restore
the chute to its original configuration
unless an amended layout is required.


Removal


1. Temporary chutes should be removed
when an alternative, stable, drainage
system is available.


2. Remove all materials and deposited
sediment, and dispose of in a suitable
manner that will not cause an erosion
or pollution hazard.


3. Grade the area in preparation for
stabilisation, then stabilise the area as
specified in the approved plan.
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Specifications for rock pad outlet
structure:


Materials (Rock outlet pads)


• Rock: hard, angular, durable, weather
resistant and evenly graded with 50%
by weight larger than the specified
nominal rock size and sufficient small
rock to fill the voids between the larger
rock.  The diameter of the largest rock
size should be no larger than 1.5 times
the nominal rock size.  Specific gravity
to be at least 2.5.


• Geotextile fabric: heavy-duty, needle-
punched, non-woven filter cloth,
minimum bidim A24 or equivalent.


Installation (Rock outlet pads)


1. Refer to approved plans for location
and construction details.  If there are
questions or problems with the location,
dimensions or method of installation
contact the engineer or responsible on-
site officer for assistance.


2. The dimensions of the outlet structure
must align with the dominant flow
direction.


3. Excavate the outlet pad footprint to the
specified dimension such the when the
rock is placed in the excavated pit the
top of the rocks will be level with the
surrounding ground, unless otherwise
directed.


4. If the excavated soils are dispersive,
over-excavated the rock pad by at least
300mm and backfill with stable, non-
dispersive material.


5. Line the excavated pit with geotextile
filter cloth, preferably using a single
sheet.  If joints are required, overlap the
fabric at least 300mm.


6. Ensure the filter cloth is protected from
punching or tearing during installation
of the fabric and the rock.  Repair any
damage by removing the rock and
placing with another piece of filter cloth
over the damaged area overlapping the
existing fabric a minimum of 300mm.


7. Ensure there are at least two layers of
rocks. Where necessary, reposition the
larger rocks to ensure two layers of
rocks are achieved without elevating
the upper surface above the pipe invert.


8. Ensure the rock is placed in a manner
that will allow water to discharge freely
from the pipe.


9. Ensure the upper surface of the rock
pad does not cause water to be
deflected around the edge of the rock
pad.


10. Immediately after construction,
appropriately stabilise all disturbed
areas.


Maintenance


1. While construction works continue on
the site, inspect the outlet structure
prior to forecast rainfall, daily during
extended periods of rainfall, after
significant runoff producing rainfall, and
on at least a weekly basis.


2. Replace any displaced rock with rock of
a significantly (minimum 110%) larger
size than the displaced rock.


Removal


1. Temporary outlet structures should be
completely removed, or where
appropriate, rehabilitated so as not to
cause ongoing environmental nuisance
or harm.


2. Following removal of the device, the
disturbed area must be appropriately
rehabilitated so as not to cause ongoing
environmental nuisance or harm.


3. Remove materials and collected
sediment and dispose of in a suitable
manner that will not cause an erosion
or pollution hazard.
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 Chutes Part 3: Grass linings
  DRAINAGE CONTROL TECHNIQUE


Low Gradient Velocity Control Short Term
Steep Gradient Channel Lining Medium-Long Term
Outlet Control [1] Soil Treatment Permanent [2]


[1] Chutes can act as stable outlet structures for Catch Drains and Flow Diversion Banks.
[2] The design of permanent chutes may require consideration of issues not discussed here.


Symbol


Photo 11  –  Grass-lined chute (showing
incorrect placement of turf)


Photo 12  –  Correct placement of turf (flow
is from top of photo to bottom)


Key Principles


1. The critical design components of a chute are the flow entry into the chute, the maximum
allowable flow velocity down the face of the chute, and the dissipation of energy at the base
of the chute.


2. The critical operational issues are ensuring unrestricted flow entry into the chute, ensuring
flow does not undermine or spill out of the chute, and ensuring soil erosion is controlled at
the base of the chute.


3. Most chutes fail as a result of water failing to enter the chutes properly. It is critical to control
potential leaks and flow bypassing, especially at the chute entrance.


Design Information


The material contained within this fact sheet has been supplied for use by persons experienced
in hydraulic design.


The following information must be read in association with the general information presented in
Part 1 – ‘General information’.


Part 3 of this fact sheet addresses design issues associated with turf and grass-lined chutes.


The design procedure outlined within this fact sheet has been developed to provide a simplified
approach suitable only for those involved in the regular design of temporary drainage chutes.
The procedure is just one example of how chutes can be designed.


Typical Manning’s (n) roughness values for grass 50–150mm blade length are presented in
Table 19. It should be noted that significant variations could occur in the channel roughness
depending on the type, health and density of grass.


Maximum allowable flow velocities are presented in Table 20 for various soil types, channel
gradients and percentage grass cover.
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Table 19  –  Manning’s roughness for grassed channels (50–150mm blade length) [1]


Chute slope (%)Hydraulic
radius (m) 10 15 20 25 33.3 50


0.05 0.119 0.092 0.080 0.072 0.064 0.056
0.10 0.049 0.044 0.042 0.040 0.037 0.035
0.15 0.038 0.036 0.034 0.033 0.031 0.029
0.20 0.034 0.032 0.030 0.030 0.028 0.028
0.25 0.031 0.030 0.028 0.028 0.028 0.028
0.30 0.030 0.028 0.028 0.028 0.028 0.028
0.35 0.028 0.028 0.028 0.028 0.028 0.028
0.40 0.028 0.028 0.028 0.028 0.028 0.028


[1] Values are presented to three significant figures for convenience, but this should not imply the values
are accurate to three significant figures.


In addition to Table 19, the following equations can be used for 50-150mm grass:


Findlay & Ellul (1976) n
V R


= +0 027 0 00534
0 75. .


( . ) . (Eqn 1)


Witheridge (2007) n R
R S


=
+


0 167


14 0 45124 20 77


.


. .. . log( . )
(Eqn 2)


Table 20  –  Maximum allowable velocities for bare earth and grassed channels [1]


Percentage of stable vegetal coverChannel
gradient (%) 0 50 70 100
Erosion resistant soils:


2 (50:1) 0.6 1.4 1.8 2.5
3 (33:1) 0.5 1.3 1.7 2.4
4 (25:1) 1.3 1.6 2.3
5 (20:1) 1.2 1.6 2.2
6 (17:1) 1.5 2.1
8 (13:1) 1.5 2.0


10 (10:1) 1.4 1.9
15 (6.7:1) 1.3 1.8
20 (5:1) 1.3 1.7


Easily eroded soils:
2 (50:1) 0.5 1.1 1.4 1.9
3 (33:1) 0.4 1.0 1.3 1.8
4 (25:1) 1.0 1.2 1.7
5 (20:1) 0.9 1.2 1.6
6 (17:1) 1.1 1.6
8 (13:1) 1.1 1.5


10 (10:1) 1.1 1.5
15 (6.7:1) 1.0 1.4
20 (5:1) 0.9 1.3


[1] Adapted from Natural Resources & Mines (2004)
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Recommended maximum channel bank slopes of 3:1(H:V) for non-mowable banks, and
4:1(H:V) for mowable banks.


In circumstances where flows are likely down the chute immediately after placement of the turf,
then the turf should be anchored with wooden pegs; alternatively, pre-grown reinforced grass
could be used.


All turf should be suitably placed an anchored within the chute. If high-velocity flows are likely
down the chute immediately after placement of the turf, then the turf should be placed in a
‘stretcher bond’ layout as shown in Photo 12 and Figure 9. The placement of turf in such a
manner reduced the risk of flows passing along the joins between the turf causing erosion
(partial failure of the turf can be seen in Photo 11).


It is important to ensure that wherever water is required to enter a turfed area, flow conditions
are suitably detailed to prevent the water being diverted by the up-slope edge of the turf (Photo
13), thus avoiding rill erosion as shown in Photo 14.


Photo 13  –  Example of up-slope edge of
turf that can redirect water flow


Photo 14  –  Undesirable rilling along edge
of turf caused by lateral inflows


Figure 9  –  Placement of turf in chutes


Permanent grass-lined chutes must be formed in a manner and profile that allows all necessary
ongoing maintenance, including mowing (where necessary).


Terminology used in Equations 1 and 2:
n = Manning's roughness value  [dimensionless]
V = average flow velocity  [m/s]
R = hydraulic radius (R = A/P)  [m]
S = slope  [m/m]







© Catchments & Creeks Pty Ltd September 2009 Page 4


Hydraulic design of grass-lined chutes:


Step 1 Determine the design discharge (Q) for the chute.


Step 2 Define the surface conditions of the chute that are appropriate for the design
discharge. A typical design condition being grass of 50–150mm length.


Step 3 Determine the slope (S) of the chute from the site geometry. The chute should be
straight, with no bends or curves, from the crest to the base of the chute.


Step 4 Determine the allowable flow velocity (Vallow) for the grass surface. The allowable
flow velocities for various grass conditions are presented in Table 20.


Step 5 Nominate the chute profile: e.g. rectangular, trapezoidal or parabolic.


Parabolic profiles are typically only used for minor, temporary drainage chutes. 


Step 6 Determine the maximum allowable approach flow depth, ‘H’ (relative to the inlet
crest) upstream of the chute’s inlet for the nominated design discharge.


Where necessary, design and specify appropriate Flow Diversion Banks or the like
to appropriately control the approach flow and prevent any water bypassing the
chute.


Step 7 Determine the required inlet geometry of the chute using an appropriate weir
equation.


If the approach channel (the channel immediately upstream of the chute’s crest) is
short, then the relationship between the upstream water level (H) and discharge (Q)
may be determined from one of the weir equations presented in Table 1 (Part 1 –
‘General Information’). Tables 2 and 3 (Part 1) provides specific H–Q information
for parabolic chutes (T = 3.3(Y)0.5), and trapezoidal chutes with 2:1 (H:V) side
slopes.


If the approach channel is long, and friction loss within this channel is likely to be
significant, then an appropriate backwater analysis may be required.


Step 8 Ensure the entrance to the chute is suitably designed to allow the free flow of water
into the chute (i.e. flow is not diverted along the up-slope edge of the turf).


Where necessary, detail appropriate measures to control scour at the entrance to
the chute (see Part 1 of this fact sheet, including Figure 3).


Step 9 Determine the Manning’s (n) roughness for the grassed surface either from Table
19, or Equations 1 and 2 as appropriate.


Always check the values obtained from Equations 1 and 2 with the values
presented in Table 19 to confirm that a reasonable Manning’s roughness has been
obtained.


Step 10 Using Manning’s equation, or Tables 21 to 26 (if appropriate), determine the
uniform flow depth (y) and maximum flow velocity (V) down the chute.


Manning’s equation: Q  =  A.V  =  (1/n) A . R 2/3. S 1/2


Check that the maximum flow velocity (V) does not exceed the allowable flow
velocity of the grass lining (determined in Step 3). If the flow velocity exceeds the
allowable velocity, then redesign the chute (e.g. increase the bed width).


Step 11 Specify the required depth of the chute, being the greater of:
 (i) 300mm (unless a lower depth is supported by expected flow conditions);
 (ii) 0.67(H) plus minimum freeboard of 150mm; (‘H’ determined from Step 6)
 (iii) the uniform flow depth (y) plus a minimum freeboard of 150mm, or the


equivalent of the flow depth, whichever is smaller.


Step 12 Design the required outlet energy dissipation structure at the base of the chute.


Refer to Part 1 of this fact sheet or the fact sheet on Outlet Structures.
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Design example: grass-lined chute


Design a grass-lined chute on erosion-resistant soils for a discharge of 250L/s, the batter slope
is 6:1, and the maximum allowable water level upstream of the inlet (H) is 200mm during the
design discharge.


Step 1 Design discharge given as 250L/s or 0.25m3/s.


Step 2 Assume 50–150mm length grass cover achieved through the placement of turf.


Step 3 The chute slope is given as, S = 16.7% (6:1).


Step 4 Given the stable soil, choose an allowable flow velocity of 1.8m/s from Table 20.
This assumes 100% grass cover is achieved and maintained.
For permanent chutes, it may be more appropriate to assume 70% cover to
account for the fact that most grassed areas go through some degree of stress
during periods of drought. This, of course, may not be the case if the chute is
contained in a well-maintained area such as a golf course.


Step 5 Try a trapezoidal profile for the chute.


Step 6 The maximum allowable approach flow depth is given as, H = 0.2m


Step 7 Table 2 (Part 1) indicates that a bed width, b = 1.5m is required to allow the design
discharge of 250L/s to enter a trapezoidal chute with side slopes of 2:1.


Step 8 To control water movement and erosion at the chute entrance, specify on the plans
that after the initial laying of the turf down the chute, an erosion control blanket is to
be placed immediately upstream of the turf to ensure the free entry of water into the
chute. Also, flow diversion banks will be constructed each side of the chute
entrance to direct water into the chute. The minimum height of the flow diversion
banks will be H + 0.3m = 0.2 + 0.3 = 0.5m


Step 9 For this example, there will be no need to choose a Manning’s roughness for the
grass chute because Tables 21 to 26 can be used to design the chute.


Step 10 Given the chute slope of 6:1, and an allowable flow velocity of 1.8m/s, Table 22
indicates that a bed width, b = 1.0m will carry a flow of 260L/s, which exceed the
design discharge of 250L/s.
However, in Step 7, a bed width of 1.5m was required to allow the design discharge
to enter the chute while maintaining a maximum upstream flow depth of 0.2m.
Thus, choose a bed width, b = 1.5m
From Table 23 it can be seen that a flow velocity slightly greater than 1.5m/s will
occur at a flow rate of 250L/s on a 6:1 slope.


Step 11 From Table 23 the uniform flow depth is expected to be 0.097m, however the
expected flow turbulence is likely to result in a significant variation in this depth.
The required depth of the chute should be the greater of:


 (i) 300mm;
 (ii) 0.67(H) plus freeboard of 150mm  =  0.67(0.2) + 0.15  =  0.284m; 
 (iii) y + 150mm  =  0.097 + 0.15  =  0.247m.


Thus, choose a total chute depth, Y = 300mm.
Step 12 Design of outlet structure as per Part 1 – ‘General Information’:


Given that the flow approaching the outlet structure is less than 100mm in depth,
and the velocity is less than 2m/s, Table 5 (Part 1) indicates a rock size of 100mm.
Table 6 (Part 1) indicates a length of rock protection, L = 1.3m.
Table 7 (Part 1) indicates a dissipation basin recess depth, Z = 0.14m
The flow top width at the base of the chute = b + 2my = 1.5 + 2(2)0.097 = 1.89m
From Figure 6 (Part 1), W1 = 1.89 + 0.6 = 2.49m, and W2 = 1.89 + 0.4(1.3) = 2.41m
Let W1 = W2 = 2.5m
Alternatively, use an equivalent area of reinforced grass.
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Table 21  –  Maximum allowable discharge and corresponding uniform flow depth


Trapezoidal Chute – grass lined (50–150mm)
Manning's n = variable Bed width = 0.5 metres Side slopes 2:1 (H:V)


Allowable flow velocity down Chute


1.0 m/s 1.2 m/s 1.5 m/s 1.8 m/s 2.0 m/s
Flow Depth Flow Depth Flow Depth Flow Depth Flow Depth


Chute
slope
(H:1)


(L/s) (m) (L/s) (m) (L/s) (m) (L/s) (m) (L/s) (m)
20:1 152 0.178 224 0.205 377 0.251 594 0.300 784 0.335
10:1 88 0.119 125 0.135 199 0.161 299 0.189 384 0.209
6:1 60 0.089 84 0.100 129 0.117 189 0.136 238 0.149
5:1 54 0.081 73 0.090 112 0.105 162 0.121 204 0.133
4:1 46 0.072 63 0.080 94 0.092 136 0.106 168 0.115
3:1 38 0.062 52 0.068 77 0.079 109 0.089 134 0.097


2.5:1 34 0.056 46 0.062 68 0.071 95 0.080 116 0.087
2:1 30 0.050 40 0.055 59 0.063 81 0.071 99 0.076


1.75:1 28 0.047 37 0.052 54 0.059 74 0.066 90 0.071
1.67:1 27 0.046 36 0.050 52 0.057 72 0.064 87 0.069
1.5:1 26 0.044 34 0.048 49 0.054 67 0.060 81 0.065
1.25:1 23 0.040 31 0.044 44 0.049 60 0.055 72 0.058


1:1 21 0.036 27 0.039 38 0.044 52 0.048 62 0.052


Table 22  –  Maximum allowable discharge and corresponding uniform flow depth


Trapezoidal Chute – grass lined (50–150mm)
Manning's n = variable Bed width = 1.0 metres Side slopes 2:1 (H:V)


Allowable flow velocity down Chute


1.0 m/s 1.2 m/s 1.5 m/s 1.8 m/s 2.0 m/s
Flow Depth Flow Depth Flow Depth Flow Depth Flow Depth


Chute
slope
(H:1)


(L/s) (m) (L/s) (m) (L/s) (m) (L/s) (m) (L/s) (m)
20:1 197 0.151 281 0.174 450 0.211 686 0.253 891 0.284
10:1 124 0.103 171 0.116 262 0.137 380 0.160 479 0.177
6:1 91 0.079 123 0.088 184 0.102 260 0.117 322 0.128
5:1 82 0.072 111 0.080 163 0.092 229 0.105 280 0.114
4:1 72 0.064 97 0.071 141 0.081 196 0.092 240 0.100
3:1 62 0.056 82 0.061 119 0.070 163 0.079 198 0.085


2.5:1 56 0.051 75 0.056 107 0.063 146 0.071 176 0.077
2:1 50 0.046 66 0.050 94 0.057 128 0.063 153 0.068


1.75:1 47 0.043 62 0.047 88 0.053 119 0.059 142 0.063
1.67:1 46 0.042 60 0.046 85 0.052 115 0.058 138 0.061
1.5:1 44 0.040 57 0.044 81 0.049 108 0.054 129 0.058
1.25:1 40 0.037 52 0.040 73 0.045 98 0.050 117 0.053


1:1 36 0.034 47 0.036 65 0.040 87 0.044 103 0.047
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Table 23  –  Maximum allowable discharge and corresponding uniform flow depth


Trapezoidal Chute – grass lined (50–150mm)
Manning's n = variable Bed width = 1.5 metres Side slopes 2:1 (H:V)


Allowable flow velocity down Chute


1.0 m/s 1.2 m/s 1.5 m/s 1.8 m/s 2.0 m/s
Flow Depth Flow Depth Flow Depth Flow Depth Flow Depth


Chute
slope
(H:1)


(L/s) (m) (L/s) (m) (L/s) (m) (L/s) (m) (L/s) (m)
20:1 249 0.140 349 0.160 549 0.194 820 0.232 1045 0.259
10:1 164 0.097 225 0.109 337 0.128 478 0.148 595 0.163
6:1 124 0.075 165 0.083 244 0.096 341 0.110 416 0.120
5:1 112 0.069 150 0.076 218 0.087 303 0.099 367 0.107
4:1 100 0.062 132 0.068 191 0.077 264 0.088 319 0.095
3:1 86 0.054 114 0.059 163 0.067 223 0.075 267 0.081


2.5:1 79 0.050 104 0.054 148 0.061 200 0.068 240 0.073
2:1 71 0.045 93 0.049 132 0.055 177 0.061 210 0.065


1.75:1 67 0.042 87 0.046 123 0.051 165 0.057 195 0.060
1.67:1 65 0.041 85 0.045 119 0.050 160 0.055 191 0.059
1.5:1 62 0.039 81 0.043 113 0.047 151 0.052 180 0.056
1.25:1 57 0.036 74 0.039 104 0.044 138 0.048 163 0.051


1:1 51 0.033 67 0.035 92 0.039 123 0.043 145 0.046


Table 24  –  Maximum allowable discharge and corresponding uniform flow depth


Trapezoidal Chute – grass lined (50–150mm)
Manning's n = variable Bed width = 2.0 metres Side slopes 2:1 (H:V)


Allowable flow velocity down Chute


1.0 m/s 1.2 m/s 1.5 m/s 1.8 m/s 2.0 m/s
Flow Depth Flow Depth Flow Depth Flow Depth Flow Depth


Chute
slope
(H:1)


(L/s) (m) (L/s) (m) (L/s) (m) (L/s) (m) (L/s) (m)
20:1 306 0.135 427 0.154 658 0.185 958 0.219 1214 0.244
10:1 206 0.094 278 0.105 414 0.123 584 0.142 721 0.156
6:1 157 0.073 209 0.081 305 0.093 422 0.106 513 0.115
5:1 143 0.067 189 0.074 275 0.085 379 0.096 457 0.104
4:1 127 0.060 169 0.066 242 0.075 332 0.085 399 0.092
3:1 111 0.053 146 0.058 208 0.065 282 0.073 339 0.079


2.5:1 102 0.049 133 0.053 189 0.060 255 0.067 304 0.071
2:1 91 0.044 119 0.048 169 0.054 226 0.059 269 0.063


1.75:1 86 0.041 112 0.045 157 0.050 211 0.056 250 0.059
1.67:1 84 0.041 110 0.044 154 0.049 205 0.054 244 0.058
1.5:1 80 0.039 105 0.042 146 0.047 194 0.051 230 0.055
1.25:1 74 0.036 96 0.039 134 0.043 177 0.047 210 0.050


1:1 67 0.033 86 0.035 120 0.039 158 0.042 187 0.045
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Table 25  –  Maximum allowable discharge and corresponding uniform flow depth


Trapezoidal Chute – grass lined (50–150mm)
Manning's n = variable Bed width = 3.0 metres Side slopes 2:1 (H:V)


Allowable flow velocity down Chute


1.0 m/s 1.2 m/s 1.5 m/s 1.8 m/s 2.0 m/s
Flow Depth Flow Depth Flow Depth Flow Depth Flow Depth


Chute
slope
(H:1)


(L/s) (m) (L/s) (m) (L/s) (m) (L/s) (m) (L/s) (m)
20:1 420 0.129 577 0.146 879 0.175 1265 0.206 1584 0.229
10:1 290 0.091 388 0.101 573 0.118 801 0.136 983 0.149
6:1 223 0.071 297 0.079 429 0.090 588 0.102 715 0.111
5:1 203 0.065 272 0.072 389 0.082 530 0.093 640 0.100
4:1 184 0.059 242 0.065 344 0.073 470 0.083 562 0.089
3:1 160 0.052 211 0.057 298 0.064 402 0.071 479 0.076


2.5:1 147 0.048 193 0.052 271 0.058 365 0.065 435 0.069
2:1 133 0.043 174 0.047 243 0.052 325 0.058 386 0.062


1.75:1 125 0.041 163 0.044 228 0.049 303 0.054 360 0.058
1.67:1 122 0.040 159 0.043 223 0.048 296 0.053 352 0.057
1.5:1 117 0.038 152 0.041 212 0.046 282 0.051 332 0.054
1.25:1 107 0.035 140 0.038 194 0.042 258 0.046 304 0.049


1:1 98 0.032 127 0.035 175 0.038 230 0.042 272 0.044


Table 26  –  Maximum allowable discharge and corresponding uniform flow depth


Trapezoidal Chute – grass lined (50–150mm)
Manning's n = variable Bed width = 5.0 metres Side slopes 2:1 (H:V)


Allowable flow velocity down Chute


1.0 m/s 1.2 m/s 1.5 m/s 1.8 m/s 2.0 m/s
Flow Depth Flow Depth Flow Depth Flow Depth Flow Depth


Chute
slope
(H:1)


(L/s) (m) (L/s) (m) (L/s) (m) (L/s) (m) (L/s) (m)
20:1 651 0.124 887 0.140 1336 0.167 1892 0.195 2335 0.215
10:1 455 0.088 611 0.098 894 0.114 1241 0.131 1512 0.143
6:1 357 0.070 473 0.077 679 0.088 926 0.099 1116 0.107
5:1 328 0.064 432 0.070 619 0.080 839 0.090 1008 0.097
4:1 294 0.058 388 0.063 552 0.072 748 0.081 895 0.087
3:1 259 0.051 340 0.056 480 0.063 643 0.070 767 0.075


2.5:1 239 0.047 312 0.051 437 0.057 586 0.064 696 0.068
2:1 216 0.043 281 0.046 394 0.052 525 0.057 623 0.061


1.75:1 203 0.040 266 0.044 371 0.049 492 0.054 581 0.057
1.67:1 199 0.039 259 0.043 361 0.047 480 0.052 567 0.056
1.5:1 190 0.038 247 0.041 344 0.045 454 0.050 539 0.053
1.25:1 176 0.035 228 0.038 316 0.042 417 0.046 491 0.048


1:1 160 0.032 207 0.034 285 0.038 375 0.041 443 0.044
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Common Problems


Rill erosion can occur along the upper edge
of the turf if it is not properly laid.


Early failure of a channel can result if the
grass or turf is established directly on a
dispersive soil.


Turf strips can be displacement by high
velocity flows if such flows occur within the
first few weeks after placement.


Severe rilling along the sides of the chute
can be caused by splash or lateral inflows
being deflected by the edge of the chute.


Erosion at the base of the chute caused by
inadequate energy dissipation.


Special Requirements


A uniform and complete grass cover is
usually required to control soil erosion.


May require diversion of flows while grass
is being established (grass seeding).


Requires placement of a suitable topsoil
layer prior to seeding or laying turf.


Turf is normally placed transversely on
ripped subsoils that have been covered with
a 75mm layer of topsoil.


Turf usually cannot be placed directly over
a dispersive soil.  A minimum 75mm layer
of non-dispersible topsoil should placed
over the dispersive soil prior to placement
of the turf.


Site Inspection


A minimum grass strand length of 50mm
should be maintained in areas of medium to
high velocity flow.


Check flow entry conditions to ensure no
bypassing, undermining, sedimentation or
erosion.


Ensure the chute is straight.


Check for erosion around the edges of the
chute (top and sides).


Ensure the outlet is appropriately stabilised.


Installation (chute formation)


1. Refer to approved plans for location
and construction details. If there are
questions or problems with the location
or method of installation, contact the
engineer or responsible on-site officer
for assistance.


2. Ensure all necessary soil testing (e.g.
soil pH, nutrient levels) and analysis
has been completed, and required soil
adjustments performed prior to planting.


3. Clear the location for the chute clearing
only what is needed to provide access
for personnel and equipment for
installation.


4. Remove roots, stumps, and other
debris and dispose of them properly.


5. Construct the subgrade to the
elevations shown on the plans. Remove
all unsuitable material and replace with
stable material to achieve the desired
foundations.


6. If the chute is temporary, then compact
the subgrade to a firm consistency. If
the chute is intended to be permanent,
then compact and finish the subgrade
as specified within the design plans.  


7. Avoid compacting the subgrade to a
condition that would prevent the turf
from bonding with the subgrade.


8. Ensure the sides of the chute are no
steeper than a 1.5:1 (H:V) slope.


9. Ensure the completed chute has
sufficient deep along its full length.


10. Ensure the chute is straight from its
crest to the toe of the chute.


11. On fill slopes, ensure that the soil is
adequately compacted for a width of at
least one metre each side of the chute
to minimise the risk of soil erosion,
otherwise protect the soil with suitable
scour protection measures such as turf
or erosion control mats.


12. Place and secure the turf as directed.


13. Install an appropriate outlet structure
(energy dissipater) at the base of the
chute (refer to separate specifications).


14. Ensure water leaving the chute and the
outlet structure will flow freely without
causing undesirable ponding or scour.


15. Appropriately stabilise all disturbed
areas immediately after construction.
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Additional requirements when laying turf
within a chute:


1. Turf should be used within 12-hours of
delivery, otherwise ensure the turf is
stored in conditions appropriate for the
weather conditions.


2. Moistening the turf after it is unrolled
will help maintain its viability.  


3. Turf should be laid on a minimum
75mm bed of adequately fertilised
topsoil.  Rake the soil surface to break
the crust just before laying the turf.


4. During the warmer months, lightly
irrigate the soil immediately before
laying the turf.


5. Ensure the turf is not laid on gravel,
heavily compacted soils, or soils that
have been recently treated with
herbicides.


6. Lay the first row of turf in a straight line
diagonal to the direction of flow.
Stagger subsequent rows in a brick-like
(stretcher bond) pattern.  The turf
should not be stretched or overlapped.
Use a knife or sharp spade to trim and
fit irregularly shaped areas.


7. Ensure the turf extends up the sides of
the channel at least 100mm above the
elevation of the channel bed, or at least
to a sufficient elevation to fully contain
the expected channel flow that is
considered likely to occur within the first
month after placement.


8. On chute gradients of 3:1(H:V) or
steeper, or wherever erosion may be a
problem, or in situations where high
flow velocities (i.e. velocity > 1.5m/s)
are likely within the first two week
following placement, secure the
individual turf strips with wooden pegs.


9. Ensure that intimate contact is achieved
and maintained between the turf and
the soil such that seepage flow beneath
the turf is avoided.


10. Where practicable, once fixed in place,
the turf should be rolled with a roller
weighing 60 to 90kg/m width, then
watered.


11. After rolling, lightly spread screened
topsoil to replace topsoil lost from the
turf and to fill any gaps between the
rows.


12. Water until the soil is wet 100mm below
the turf.  Thereafter, watering should be
sufficient to maintain and promote
healthy growth.


Maintenance


1. During the construction period, inspect
all chutes prior to forecast rainfall, daily
during extended periods of rainfall, after
significant runoff producing storm
events, or otherwise on a weekly basis.
Make repairs as necessary.


2. Maintain a healthy and vigorous grass
condition whenever and wherever
possible, including watering and
fertilising as needed.


3. Ensure a minimum grass leaf blade
length of 50mm is maintained in areas
subject to medium to high flow
velocities, and 20 to 50mm in low
velocity areas.


4. Mowing should not be attempted until
the turf is firmly rooted, usually 2 to 3
weeks after laying.


5. Check for movement of, or damage to,
the turf lining.


6. Check for soil scour adjacent the chute.
Investigate the cause of any scour, and
repair as necessary.


7. Ensure sediment is not partially
blocking flow entry into the chute.
Where necessary, remove any
deposited material to allow free
drainage.


8. Dispose of any sediment in a manner
that will not create an erosion or
pollution hazard.


9. When making repairs, always restore
the chute to its original configuration
unless an amended layout is required.


Removal


1. When the soil disturbance above the
chute is finished and the area is
stabilised, the chute and any
associated flow diversion banks should
be removed, unless it is to remain as a
permanent drainage feature.


2. Dispose of any materials, sediment or
earth in a manner that will not create an
erosion or pollution hazard.


3. Grade the area in preparation for
stabilisation, then stabilise the area as
specified in the approved plan.
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 Chutes Part 2: Synthetic linings
  DRAINAGE CONTROL TECHNIQUE


Low Gradient Velocity Control Short Term
Steep Gradient Channel Lining Medium-Long Term
Outlet Control [1] Soil Treatment Permanent [2]


[1] Chutes can act as stable outlet structures for Catch Drains and Flow Diversion Banks.
[2] The design of permanent chutes may require consideration of issues not discussed here.


Symbol


Photo 9  –  Temporary chute lined with
filter cloth


Photo 10  –  Permanent concrete-lined
batter chute


Key Principles


1. The critical design components of a chute are the flow entry into the chute, the maximum
allowable flow velocity down the face of the chute, and the dissipation of energy at the base
of the chute.


2. The critical operational issues are ensuring unrestricted flow entry into the chute, ensuring
flow does not undermine or spill out of the chute, and ensuring soil erosion is controlled at
the base of the chute.


3. Most chutes fail as a result of water failing to enter the chutes properly. It is critical to control
potential leaks and flow bypassing, especially at the chute entrance.


Design Information


The material contained within this fact sheet has been supplied for use by persons experienced
in hydraulic design.


The following information must be read in association with the general information presented in
Part 1 – ‘General information’.


Part 2 of this fact sheet addresses design issues for chutes lined with materials such as:
• non-woven filter cloth (commonly used for short-term batter chutes);
• woven fabrics, which can include Erosion Control Mats and Sediment Fence fabric;
• rolled plastic sheeting;
• corrugated sheet iron;
• concrete.


The design procedure outlined within this fact sheet has been developed to provide a simplified
approach suitable only for those involved in the regular design of temporary drainage chutes.
The procedure is just one example of how chutes can be designed.
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Tables 8 and 9 provide guidance on the selection of an allowable flow velocity for various
categories of temporary erosion control mats. Wherever possible, the allowable velocity and/or
allowable shear stress should be obtained from the manufacturer/distributor of the chosen
product.


In circumstances where the manufacturer/distributor supplies only the allowable shear stress,
then an equivalent allowable flow velocity may be determined from Table 11.


Table 8  –  Allowable flow velocity for various erosion control mats


Type Description
Allowable
velocity Comments


Non-woven
fabric


Filter cloth Typically
around 1.0 to


1.5m/s


• Minimum bidim A24 or equivalent.


• Assume an allowable velocity of 1.0m/s
when placed on medium erodible soils, and
1.5m/s when placed on low erodible soils.


Woven
fabric


Blankets
reinforced


with synthetic
mesh


1.6 to 
3.6m/s


• Allowable flow velocity depends on soil
erodibility and strength of the mat.


• Warning: debris and wildlife (e.g. birds and
reptiles) can become entangled in the mesh.


Erosion
control
mesh


Jute mesh
sprayed with


bitumen


Refer to
Table 9


• Typical design life of 1 year.


• Allowable flow velocity depends on the soil’s
erosion resistance.


Table 9  –  Allowable flow velocity for temporary channel linings [1]


Anticipated inundation = Less than 6 hours Less than 24 hours
Soil erodibility = Low Medium High Low Medium High


Jute or coir mesh sprayed
with bitumen, and
Coconut/jute fibre mats


2.3 2.0 1.7 1.7 1.5 1.3


Source: Landcom (2004)


Erosion control blanket/mat classification system:


A classification system for erosion control blankets and mats (e.g. Class 1, Type A) is provided
in Table 10. In general terms, this classification system is based on the following distinctions.


Class 1 includes those temporary, light-duty Rolled Erosion Control Products (RECPs) that are
primarily used in areas of ‘sheet’ flow, and thus are termed Erosion Control Blankets.


Class 2 includes those temporary, heavy-duty Rolled Erosion Control Products (RECPs) that
are primarily used in areas of medium shear stress such as drainage channels. These products
may be termed Erosion Control Blankets or Mats depending on their use.


Class 3 comprises permanent, heavy-duty Rolled Erosion Control Products (RECPs) that are
primarily used in areas of high shear stress such as drainage channels and spillways/chutes. 


Class 3 - Type B, C and D Turf Reinforcement Mats (TRM) are permanent, 100% synthetic,
open-weaved mats that shall be continuously bonded at the filament intersections.


Table 10 presents the flow stability properties of erosion control blankets and mats in terms of
permissible shear stress measured in units of Pascals (Pa). Permissible shear stress is
considered a more reliable measure of blanket’s resistance to damage by water flow and is the
measure typically used within Europe and USA; however, allowable flow velocity is more
commonly used within Australia.
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Table 11 defines the relationship between allowable shear stress (Pa) and allowable flow
velocity (m/s) for various values of hydraulic radius (R) and assumed Manning’s n roughness
presented within the table. The table is therefore appropriate for non-vegetated, three-
dimensional turf reinforcement mat (TRM) such as Class 3, Types B, C and D mats.


Table 10  –  Classification of erosion control mats


Class 1 2 3
Type A B C AU BU CU A B C A B C D
Permissible shear
stress (Pa)


N/A 50 70 N/A 50 70 N/A 95 95 95 95 170 240


[1] For more information on this classification system, refer to the fact sheet on Erosion Control Mats.


Table 11  –  Equivalent allowable flow velocity (m/s) for a given permissible shear stress
(Pa) for non-vegetated turf reinforcement mats


Permissible shear stress (Pa)Assumed
Manning’s
roughness


Hydraulic
radius (m)


50 70 95 100 150 170 240


0.06 0.05 0.65 0.72 0.79 0.85 0.91 0.97 1.02


0.04 0.10 1.09 1.22 1.33 1.44 1.54 1.63 1.72


0.036 0.15 1.29 1.45 1.58 1.71 1.83 1.94 2.05


0.033 0.20 1.48 1.66 1.81 1.96 2.09 2.22 2.34


0.031 0.25 1.64 1.83 2.00 2.16 2.31 2.45 2.59


0.029 0.30 1.80 2.02 2.21 2.38 2.55 2.70 2.85


0.026 0.40 2.11 2.36 2.58 2.79 2.98 3.16 3.33


0.023 0.50 2.47 2.77 3.03 3.27 3.50 3.71 3.91


0.02 1.0 3.19 3.57 3.91 4.23 4.52 4.79 5.05


0.02 1.5 3.42 3.82 4.19 4.52 4.83 5.13 5.40


0.02 2.0 3.59 4.01 4.39 4.74 5.07 5.38 5.67


0.02 2.5 3.72 4.16 4.56 4.92 5.26 5.58 5.88


0.02 3.0 3.84 4.29 4.70 5.07 5.43 5.75 6.07


Table 12 provides approximate Manning’s roughness values for various materials.
Table 12  –  Manning’s roughness for various channel linings [1] 


Material Flow depth less
than 150mm


Flow depth of 150
to 600mm


Flow depth
greater than


600mm
Plastic sheeting [1] 0.013


Concrete [1] 0.015 0.013 0.013


Asphalt [1] 0.018 0.016 0.016


Filter cloth on smooth earth 0.018 0.016 0.013


Filter cloth on rough earth 0.028 0.022 0.019


Jute mesh [1] 0.028 0.022 0.019


Wood excelsior blanket [1] 0.066 0.035 0.028


TRM – unvegetated [1] 0.036 0.026 0.020


[1] Sourced from Fifield (2001) “Designing for Effective Sediment and Erosion Control on Construction
Sites”
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Hydraulic design of synthetic-lined chutes:


Step 1 Determine the design discharge (Q) for the chute.


Step 2 Choose the preferred lining material for the chute.


Step 3 Determine the slope (S) of the chute from the site geometry. The chute should be
straight, with no bends or curves, from the crest to the base of the chute.


Step 4 Determine the allowable flow velocity (Vallow) for the chosen lining material. The
allowable flow velocities for various materials are presented in Tables 8 and 9, or
Table 11 if the mat Class and/or allowable shear stress (Table 10) is known.


Step 5 Nominate the chute profile: e.g. rectangular, trapezoidal or parabolic.


Parabolic profiles are typically only used for minor, temporary drainage chutes lined
with fabric. 


Step 6 Determine the maximum allowable approach flow depth, ‘H’ (relative to the inlet
crest) upstream of the chute’s inlet for the nominated design discharge.


Where necessary, design and specify appropriate Flow Diversion Banks or the like
to appropriately control the approach flow and prevent any water bypassing the
chute.


Step 7 Determine the required inlet geometry of the chute using an appropriate weir
equation.


If the approach channel (the channel immediately upstream of the chute’s crest) is
short, then the relationship between the upstream water level (H) and discharge (Q)
may be determined from one of the weir equations presented in Table 1 (Part 1 –
‘General Information’). Table 2 (Part 1) provides specific H–Q information for
parabolic chutes (T = 3.3(Y)0.5), and trapezoidal chutes with 2:1 (H:V) side slopes.


If the approach channel is long, and friction loss within this channel is likely to be
significant, then an appropriate backwater analysis may be required.


Step 8 Where necessary, detail appropriate measures to control scour at the entrance to
the chute (see Part 1 of this fact sheet, including Figure 3).


Step 9 Determine the Manning’s (n) roughness for the material either from Table 12, or
product documentation.


Step 10 Using Manning’s equation, or Tables 13 to 18 (if appropriate), determine the
uniform flow depth (y) and maximum flow velocity (V) down the chute.


Manning’s equation: Q  =  A.V  =  (1/n) A . R 2/3. S 1/2


Check that the maximum flow velocity (V) does not exceed the allowable flow
velocity of the nominated chute lining (determined in Step 3). If the flow velocity
exceeds the allowable velocity, then redesign the chute (e.g. increase the bed
width, or choose an alternative chute lining).


Step 11 Specify the required depth of the chute, being the greater of:
 (i) 300mm (unless a lower depth is supported by expected flow conditions);
 (ii) 0.67(H) plus minimum freeboard of 150mm; (‘H’ determined from Step 6)
 (iii) the uniform flow depth (y) plus a minimum freeboard of 150mm, or the


equivalent of the flow depth, whichever is smaller.


Step 12 Design the required outlet energy dissipation structure at the base of the chute.


Refer to Part 1 of this fact sheet or the fact sheet on Outlet Structures.
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Design example 1: Temporary chute lined with filter cloth 


Design a temporary batter chute lined with filter cloth and cut into a non-dispersive soil. The
design discharge is 5L/s, the batter slope is 3:1, and the maximum allowable water level
upstream of the inlet (H) is 100mm during the design discharge.


Step 1 Design discharge given as 5L/s or 0.005m3/s.


Step 2 Lining material given as filter cloth.


Step 3 The chute slope is given as, S = 33.3% (3:1).


Step 4 Given the stable soil, choose an allowable flow velocity for the filter cloth of 1.5m/s
from Table 8.


Step 5 Trial both a parabolic and trapezoidal profile for the chute.


Step 6 The maximum allowable approach flow depth given as, H = 0.1m


Step 7 Table 2 (Part 1) indicates that for a parabolic chute with side slopes of 2:1 and an
approach flow depth of 0.1m, the maximum discharge is 65L/s, which exceeds the
design discharge of 5L/s, OK.


For a trapezoidal chute with bed width, b = 0.3m, Table 2 indicates a maximum
discharge of 24L/s, which also exceeds the design discharge of 250L/s, OK.


Both options are suitable, so try a parabolic chute.


Step 8 Due to the low flow rate, inlet scour control measures are unlikely to be necessary.


Step 9 From Table 12 choose a design Manning’s roughness of 0.02 (a best guess of the
expected chute conditions).


Step 10 From Table 13 is can be seen that for a Manning’s roughness n = 0.02, a slope of
3:1, and with an allowable flow velocity of 1.5m/s, the maximum allowable
discharge down a parabolic chute is 7.8L/s, which exceed our design discharge of
5L/s, OK.


Step 11 From Table 13 the uniform flow depth is expected to be less than 0.018m, however
splash and turbulence is likely to result in a significant variation in this flow depth.


Given the shallow flow depth, choose a total chute depth, Y = 200mm. Thus the top
width, T = 3.3(0.2) 0.5 = 1.48m


Step 12 Design of outlet structure as per Part 1 – ‘General Information’:


Given that the flow approaching the outlet structure is less than 50mm in depth,
and the velocity is less than 2m/s, Table 5 (Part 1) indicates a required rock size,
d50 = 100mm.


Table 6 (Part 1) indicates a length of rock protection, L = 1.0m.


From Figure 6 (Part 1), W1 = 1.47 + 0.6 = 2.07m, and W2 = 1.47 + 0.4(1.0) = 1.87m


Let W1 = W2 = 2m


However, given the very low flow depth and low flow velocity, it is likely that simply
extending the filter cloth a length of 1.5m and width of 2m, would be sufficient to
control scour at the base of the chute.
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Design example 2: Temporary, concrete-lined chute


Design a temporary, concrete-lined batter chute with a design discharge of 0.25m3/s on a batter
slope of 3:1, and the maximum allowable water level upstream of the inlet (H) of 200mm.


Step 1 Design discharge given as 0.25m3/s.


Step 2 Lining material given as concrete.


Step 3 The chute slope is given as, S = 33.3% (3:1).


Step 4 Assume an allowable flow velocity of 5m/s for the concrete. Flow velocity is unlikely
to be a limiting factor in the design.


Step 5 Assume a Manning’s roughness of 0.015 for rough concrete.


Step 6 Adopt a trapezoidal profile with 2:1 side slopes for the chute.


Step 7 Maximum allowable approach flow depth given as, H = 0.2m


Step 8 Table 2 (Part 1) indicates that for a trapezoidal chute with bed width, b = 1.5m,
Table 2 indicates a maximum discharge of 0.273m3/s, which just exceeds the
design discharge of 0.25m3/s, OK.


Step 9 As discussed in Part 1 of this fact sheet, to control inlet scour, it will be necessary to
extend the concrete lip at least 5(H) or 1.0m upstream of the inlet crest.


Step 10 Using Manning’s equation, uniform flow conditions can be determined down the
chute as:


Flow depth, y = 0.04m


Velocity, V = 4.18m/s


Top width of flow, T = 1.65m


Step 11 Chute depth should be the greater of:


 (i) 0.3m


 (ii) 0.67(H) + 0.15m = 0.67(0.2) + 0.15 = 0.284m


 (iii) y + 0.15m = 0.04 + 0.15 = 0.19m


Thus, choose a chute depth of 0.3m down the face of the slope.


Step 12 Design of outlet structure as per Part 1 – ‘General Information’:


Given that the flow approaching the outlet structure is less than 50mm in depth,
and the velocity of 4.18m/s, Table 5 (Part 1) indicates a required rock size, d50 =
200mm (note; the rock size specified for a velocity of 5m/s has been chosen).


Because the outlet structure is located downstream of a smooth, concrete-lined
chute, then (in accordance with the recommendations presented in Part 1) the
rocks should be grouted in place to avoid displacement.


Table 6 (Part 1) indicates a minimum length of rock protection, L = 2.2m (a value
interpolated between the values presented for V = 4m/s and V = 5m/s).


Table 7 (Part 1) indicates a recess depth, Z = 0.5m


From Figure 6 (Part 1), W1 = 1.65 + 0.6 = 2.25m, and W2 = 1.65 + 0.4(2.2) = 2.53m


Let W1 = 2.25m and W2 = 2.5m
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Table 13  –  Maximum allowable discharge and corresponding uniform flow depth


 Parabolic Chute – lined with filter cloth
Manning’s n = 0.02 Top width, T = 3.286(Y)0.5 Freeboard of 150mm (max.)


Allowable flow velocity down Chute [1]


0.6 m/s 0.8 m/s 1.0 m/s 1.5 m/s 2.0 m/s
Flow Depth Flow Depth Flow Depth Flow Depth Flow Depth


Chute
slope
(H:1)


(L/s) (m) (L/s) (m) (L/s) (m) (L/s) (m) (L/s) (m)
20:1 3.3 0.019 8.7 0.029 18 0.041 68 0.075 175 0.117
10:1 1.5 0.011 3.9 0.017 8.1 0.024 31 0.044 79 0.069
6:1 0.9 0.008 2.2 0.012 4.6 0.016 17 0.030 44 0.047
5:1 0.7 0.007 1.8 0.010 3.7 0.014 14 0.026 36 0.041
4:1 0.6 0.006 1.4 0.009 2.9 0.012 11 0.022 28 0.034
3:1 0.4 0.005 1.0 0.007 2.1 0.010 7.8 0.018 20 0.028


2.5:1 0.3 0.004 0.8 0.006 1.7 0.009 6.3 0.016 16 0.024
2:1 0.2 0.003 0.6 0.005 1.3 0.007 4.9 0.013 13 0.020


1.75:1 0.2 0.003 0.5 0.005 1.1 0.007 4.3 0.012 11 0.018
1.67:1 0.2 0.003 0.5 0.005 1.1 0.006 4.1 0.012 10 0.018
1.5:1 0.2 0.003 0.5 0.004 1.0 0.006 3.6 0.011 9.1 0.016
1.25:1 0.2 0.002 0.4 0.004 0.8 0.005 2.9 0.009 7.4 0.014


1:1 0.1 0.002 0.3 0.003 0.6 0.004 2.3 0.008 5.8 0.012
Note: [1] An appropriate allowable flow velocity must be selected based on site conditions.


Table 14  –  Maximum allowable discharge and corresponding uniform flow depth


 Parabolic Chute – lined with filter cloth
Manning’s n = 0.03 Top width, T = 3.286(Y)0.5 Freeboard of 150mm (max.)


Allowable flow velocity down Chute [1]


0.6 m/s 0.8 m/s 1.0 m/s 1.5 m/s 2.0 m/s
Flow Depth Flow Depth Flow Depth Flow Depth Flow Depth


Chute
slope
(H:1)


(L/s) (m) (L/s) (m) (L/s) (m) (L/s) (m) (L/s) (m)
20:1 8.6 0.035 21 0.053 45 0.075 172 0.140 255 0.150
10:1 3.9 0.021 9.8 0.032 20 0.044 77 0.082 201 0.128
6:1 2.2 0.014 5.5 0.022 11 0.030 43 0.056 112 0.087
5:1 1.7 0.012 4.5 0.019 9.3 0.026 35 0.049 90 0.075
4:1 1.4 0.010 3.5 0.016 7.1 0.022 27 0.041 70 0.064
3:1 1.0 0.008 2.5 0.013 5.2 0.018 20 0.033 51 0.051


2.5:1 0.8 0.007 2.0 0.011 4.2 0.016 16 0.029 41 0.044
2:1 0.6 0.006 1.6 0.009 3.3 0.013 12 0.024 32 0.038


1.75:1 0.5 0.006 1.4 0.009 2.8 0.012 11 0.022 27 0.034
1.67:1 0.5 0.005 1.3 0.008 2.7 0.012 10 0.021 26 0.033
1.5:1 0.5 0.005 1.1 0.008 2.4 0.011 8.9 0.020 23 0.030
1.25:1 0.4 0.004 0.9 0.007 1.9 0.009 7.3 0.017 19 0.026


1:1 0.3 0.004 0.7 0.006 1.5 0.008 5.6 0.014 15 0.022
Note: [1] An appropriate allowable flow velocity must be selected based on site conditions.
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Table 15  –  Maximum allowable discharge and corresponding uniform flow depth


Trapezoidal Chute – lined with filter cloth
Manning’s n = 0.02 Bed width = 0.5 metres Side slopes 2:1 (H:V)


Allowable flow velocity down Chute [1]


0.6 m/s 0.8 m/s 1.0 m/s 1.5 m/s 2.0 m/s
Flow Depth Flow Depth Flow Depth Flow Depth Flow Depth


Chute
slope
(H:1)


(L/s) (m) (L/s) (m) (L/s) (m) (L/s) (m) (L/s) (m)
20:1 4.2 0.013 9.1 0.021 17 0.031 57 0.061 145 0.103
10:1 2.4 0.008 5.0 0.012 9 0.017 28 0.034 67 0.055
6:1 1.6 0.005 3.3 0.008 6 0.012 18 0.022 41 0.036
5:1 1.4 0.005 2.9 0.007 5 0.010 15 0.019 34 0.030
4:1 1.2 0.004 2.4 0.006 4.3 0.008 13 0.016 28 0.025
3:1 0.9 0.003 1.9 0.005 3.4 0.007 10 0.013 22 0.020


2.5:1 0.8 0.003 1.7 0.004 3.0 0.006 8.5 0.011 18 0.017
2:1 0.7 0.002 1.4 0.004 2.5 0.005 7.1 0.009 15 0.015


1.75:1 0.6 0.002 1.3 0.003 2.2 0.004 6.4 0.008 13 0.013
1.67:1 0.6 0.002 1.2 0.003 2.2 0.004 6.1 0.008 13 0.013
1.5:1 0.5 0.002 1.1 0.003 2.0 0.004 5.6 0.007 12 0.012
1.25:1 0.5 0.002 1.0 0.002 1.7 0.003 4.8 0.006 10 0.010


1:1 0.4 0.001 0.8 0.002 1.5 0.003 4.1 0.005 8.6 0.008
Note: [1] An appropriate allowable flow velocity must be selected based on site conditions.


Table 16  –  Maximum allowable discharge and corresponding uniform flow depth


Trapezoidal Chute – lined with filter cloth
Manning’s n = 0.02 Bed width = 1.0 metres Side slopes 2:1 (H:V)


Allowable flow velocity down Chute [1]


0.6 m/s 0.8 m/s 1.0 m/s 1.5 m/s 2.0 m/s
Flow Depth Flow Depth Flow Depth Flow Depth Flow Depth


Chute
slope
(H:1)


(L/s) (m) (L/s) (m) (L/s) (m) (L/s) (m) (L/s) (m)
20:1 7.9 0.013 17 0.020 30 0.029 92 0.055 212 0.090
10:1 4.6 0.008 10 0.012 17 0.017 50 0.032 110 0.050
6:1 3.1 0.005 6.4 0.008 11 0.011 33 0.021 70 0.033
5:1 5.6 0.007 10 0.010 28 0.018 60 0.029
4:1 4.7 0.006 8.2 0.008 23 0.015 50 0.024
3:1 3.8 0.005 6.7 0.007 19 0.012 40 0.019


2.5:1 5.8 0.006 16 0.011 34 0.017
2:1 4.8 0.005 14 0.009 28 0.014


1.75:1 12 0.008 26 0.013
1.67:1 12 0.008 25 0.012
1.5:1 11 0.007 23 0.011
1.25:1 9.4 0.006 20 0.010


1:1 7.9 0.005 16 0.008
Note: [1] An appropriate allowable flow velocity must be selected based on site conditions.
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Table 17  –  Maximum allowable discharge and corresponding uniform flow depth


Trapezoidal Chute – lined with filter cloth
Manning’s n = 0.02 Bed width = 1.5 metres Side slopes 2:1 (H:V)


Allowable flow velocity down Chute [1]


0.6 m/s 0.8 m/s 1.0 m/s 1.5 m/s 2.0 m/s
Flow Depth Flow Depth Flow Depth Flow Depth Flow Depth


Chute
slope
(H:1)


(L/s) (m) (L/s) (m) (L/s) (m) (L/s) (m) (L/s) (m)
20:1 12 0.013 24 0.020 44 0.028 128 0.053 284 0.085
10:1 6.8 0.008 14 0.012 25 0.016 71 0.031 155 0.049
6:1 4.6 0.005 9.5 0.008 17 0.011 47 0.021 101 0.032
5:1 8.2 0.007 15 0.010 41 0.018 87 0.028
4:1 7.0 0.006 12 0.008 34 0.015 73 0.024
3:1 5.7 0.005 10 0.007 28 0.012 58 0.019


2.5:1 8.6 0.006 24 0.011 50 0.016
2:1 7.2 0.005 20 0.009 42 0.014


1.75:1 18 0.008 38 0.012
1.67:1 18 0.008 37 0.012
1.5:1 16 0.007 33 0.011
1.25:1 14 0.006 29 0.010


1:1 12 0.005 25 0.008
Note: [1] An appropriate allowable flow velocity must be selected based on site conditions.


Table 18  –  Maximum allowable discharge and corresponding uniform flow depth


Trapezoidal Chute – lined with filter cloth
Manning’s n = 0.02 Bed width = 2.0 metres Side slopes 2:1 (H:V)


Allowable flow velocity down Chute [1]


0.6 m/s 0.8 m/s 1.0 m/s 1.5 m/s 2.0 m/s
Flow Depth Flow Depth Flow Depth Flow Depth Flow Depth


Chute
slope
(H:1)


(L/s) (m) (L/s) (m) (L/s) (m) (L/s) (m) (L/s) (m)
20:1 15 0.013 32 0.020 57 0.028 164 0.052 360 0.083
10:1 9.1 0.008 19 0.012 33 0.016 94 0.030 199 0.048
6:1 6.2 0.005 13 0.008 22 0.011 63 0.021 131 0.032
5:1 11 0.007 19 0.010 54 0.018 113 0.028
4:1 9.3 0.006 16 0.008 45 0.015 95 0.023
3:1 7.4 0.005 13 0.007 36 0.012 76 0.019


2.5:1 11 0.006 32 0.011 66 0.016
2:1 10 0.005 27 0.009 56 0.014


1.75:1 24 0.008 50 0.012
1.67:1 23 0.008 48 0.012
1.5:1 21 0.007 44 0.011
1.25:1 19 0.006 39 0.010


1:1 16 0.005 33 0.008
Note: [1] An appropriate allowable flow velocity must be selected based on site conditions.
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Common Problems


Most temporary chute linings have a short
service life. Problems can occur if the
service life of the chute extends beyond
that of the materials used to construct the
chute.


Inappropriate inlet geometry or sealing can
cause inflow to bypass the chute resulting
in erosion.


Water can pass between fabric linings and
underlying soil.


Erosion and/or natural settlement along the
sides of long-term, hard surface linings
such as concrete, can result in inflows
being deflected by the now-elevated edge
of the lining.


Severe rilling along the sides of the chute
can be caused by splash or lateral inflows
being deflected by the edge of the chute.


Erosion at the base of the chute caused by
inadequate energy dissipation.


Special Requirements


Upper edge of flexible linings, such as filter
cloth, must be well secured (i.e. pinned and
buried) in an anchor trench.


Porous fabrics, such as filter cloth, must
only be used on non-dispersive soil.


Good subsoil drainage and foundations are
required to stabilise impervious linings.


Site Inspection


Check flow entry conditions to ensure no
bypassing, undermining, sedimentation or
erosion.


Ensure the chute is straight.


Check for erosion around the edges of the
chute (top and sides).


Ensure the outlet is appropriately stabilised.


Installation (chute formation)


1. Refer to approved plans for location
and construction details. If there are
questions or problems with the location
or method of installation, contact the
engineer or responsible on-site officer
for assistance.


2. Clear the location for the chute clearing
only what is needed to provide access
for personnel and equipment for
installation.


3. Remove roots, stumps, and other
debris and dispose of them properly.


4. Construct the subgrade to the
elevations shown on the plans. Remove
all unsuitable material and replace with
stable material to achieve the desired
foundations.


5. If the chute is temporary, then compact
the subgrade to a firm consistency. If
the chute is intended to be permanent,
then compact and finish the subgrade
as specified within the design plans.  


6. Ensure the subgrade is firm enough to
minimise water seepage.


7. Ensure the sides of the chute are no
steeper than a 1.5:1 (H:V) slope.


8. Ensure the completed chute has
sufficient deep along its full length.


9. Ensure the chute is straight from its
crest to the toe of the chute.


10. On fill slopes, ensure that the soil is
adequately compacted for a width of at
least one metre each side of the chute
to minimise the risk of soil erosion,
otherwise protect the soil with suitable
scour protection measures such as turf
or erosion control mats.


11. Place and secure the chute lining (refer
to separate specifications).


12. If concrete is used as a lining, then
keep the subgrade moist at the time
concrete is placed. Form, cut-off walls
and anchor blocks as directed in the
approved plans.


13. Install an appropriate outlet structure
(energy dissipater) at the base of the
chute (refer to separate specifications).


14. Ensure water leaving the chute and the
outlet structure will flow freely without
causing undesirable ponding or scour.


15. Appropriately stabilise all disturbed
areas immediately after construction.
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Installation (fabric placement)


The method of fabric installation varies with
the type of fabric. Installation procedures
should be provided by the product
manufacturer or distributor. A typical
installation procedure is described below,
but should be confirmed with the product
manufacturer or distributor.


1. Geosynthetic fabrics must be stored
away from direct sunlight or covered
with ultraviolet light protective sheeting
until the site is ready for their
installation. 


2. Excavate a 300mm deep by 150mm
wide anchor trench along the full width
of the upstream end of the area to be
treated.


3. At least 300mm of the fabric must be
anchored into the trench with the roll of
matting resting on the ground up-slope
of the trench.  


4. Staple the fabric within the trench at
200 to 250mm spacing using 100mm
wide by 150mm penetration length U-
shaped, 8 to 11 gauge wire staples.
Narrower U-sections may easily tear
the matting when placed under stress.


5. When fabric has been anchored within
the trench, then backfilled the trench
and compact.


6. When spreading the fabric, avoid
stretching the material.


7. Ensure the fabric remains in good
contact with the soil.


8. If the inflow channel curves (upstream
of the crest), then suitably fold (in a
downstream direction) and staple the
fabric to maintain the fabric parallel to
the direction of channel flow.


9. Staple the surface of the fabric at 1m
centres. On irregular ground, additional
staples will be required wherever the
fabric does not initially contact the
ground surface.


10. Install intermediate anchor trenches at
3m (max) intervals down the chute.


11. If the chute extends beyond the length
of the fabric, then form a new trench is
formed at least 300mm up-slope of the
end of the fabric such that the end of
the fabric will be able to fully cover the
trench. A new roll of fabric is then
anchored within this trench as per the
first. The process is continued down the
slope until the desired area is fully
covered.


12. If chute is subject to lateral inflows, ten
anchor the outer most sides of the
fabric in a 300mm deep trench and
staple at 200 to 250mm centres.


13. The installation procedure must ensure
that the fabric achieves and retains
good contact with the soil.


14. Damaged fabric must be repaired or
replaced.


Maintenance


1. During the construction period, inspect
all chutes prior to forecast rainfall, daily
during extended periods of rainfall, after
significant runoff producing storm
events, or otherwise on a weekly basis.
Make repairs as necessary.


2. Check for movement of, or damage to,
the chute lining, including surface
cracking.


3. Check for soil scour adjacent the chute.
Investigate the cause of any scour, and
repair as necessary.


4. Ensure sediment is not partially
blocking flow entry into the chute.
Where necessary, remove any
deposited material to allow free
drainage.


5. Dispose of any sediment in a manner
that will not create an erosion or
pollution hazard.


6. When making repairs, always restore
the chute to its original configuration
unless an amended layout is required.


Removal


1. When the soil disturbance above the
chute is finished and the area is
stabilised, the chute and any
associated flow diversion banks should
be removed, unless it is to remain as a
permanent drainage feature.


2. Dispose of any materials, sediment or
earth in a manner that will not create an
erosion or pollution hazard.


3. Grade the area in preparation for
stabilisation, then stabilise the area as
specified in the approved plan.





