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Annexure C Sediment Basin and Drainage Design
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Appendix C
Type D and F Sediment Basin Sizing
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Important Note

This report and all its components (including images, audio, video, text) is copyright. Apart from fair dealing
for the purposes of private study, research, criticism or review as permitted under the Copyright Act 1968,
no part may be reproduced, copied, transmitted in any form or by any means (electronic, mechanical or
graphic) without the prior written permission of the 02 Environmental.

This report has been prepared for the sole use of the Neilsen’s Quality Gravels Pty Ltd (herein, ‘the client’),
for a specific site {herein ‘the site’, the specific purpose specified in Section 1 of this report (herein ‘the
purpose’). This report is strictly limited for use by the client, to the purpose and site and may not be used
for any other purposes.

Third parties, excluding regulatory agencies assessing an application in relation to the purpose, may not
rely on this report. 02 Environmental waives all liability to any third party loss, damage, liability or claim
arising out of or incidental to a third party publishing, using or relying on the facts, content, opinions or

subject matter contained in this report.

02 Environmental waives all responsibility for loss or damage where the accuracy and effectiveness of
information provided by the Client or other third parties was inaccurate or not up to date and was relied
upon, wholly or in part in reporting.

Version Register

Signature Date

Draft Terry Clark Steve Dudgeon Steve Dudgeon 12 March 2010
SC-ROO758
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Transmission Register

Controlled copies of this document are issued to the persons/companies listed below, Any copy of this
report held by persons not listed in this register is deemed uncontrolled. Updated versions of this report if
issued will be released to all parties listed below via the email address listed.

Robert Snowden rob@neilsens.com.au
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1. Introduction

This guideline applies specifically to the operation of a Wet Type F (fine grained soils) or Type D (dispersive
soils) sediment basin at the Kin Kin Quarry, located at 150 Sheppersons Lane, Kin Kin. The document
outlines requirements for monitoring, treatment and discharge of sediment laden water from the basin
(refer Figure 1) on site sized to detain a 24 hour, 5 year ARI rainfall event as per the Development Approval
issued by the Environmental Protection Agency (EPA) in February 2006 (ref. IPDE00324405A11).

This procedure does not apply to the design or canstruction of basins. The location, sizing and design of the
sediment basin is specified in the erosion and sediment control plan.

Spillway .

Sediment storoge zone

= .
Q p N 7777
Inflow q:%ﬂ'/%%

.

/// % — Earth
L i 4 § embankment
eng width A B .
ratio 3:1 min. ~i Plan View

Original ground level fl;?

e : Cut—off trench 600 mm
Cross—section min, depth backfilled with
Impermeable clay ond
compacted

Figure 1 —5tandard Drawing of Sediment Basin (Landcom 2004)
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2. Sediment Basin Operation Flowchart

Type F and Type D sediment basins operate as ‘wet’ basins, Wet basins are designed to retain sediment
laden water, allowing adequate time for the settlement of fine particles, either by gravitational means or
use of chemical flocculants. In operating a wet basin the settled/treated water must be decanted from the

basin as soon as a suitable water quality is achieved.

Type F and Type D sediment basins are typically designed for a maximum 5 day cycle; that being the filling,
treatment and discharge of the basin within a maximum 5 day period.

The sediment basin procedure described in Figure 2 below should be carried out daily, prior to
commencement of works on site. If water is above the sediment storage zone in the basin, treatment,
sampling and discharge should be achieved in the following 48 hours.
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5 Monitoring

Monitoring of water guality in the sediment basin is to be conducted daily by 02 Environmental or other
suitably qualified third party following runoff generating rainfall or when the water level is above the
sediment storage zone. The site foreman is responsible for notifying 02 Environmental or other suitably
qualified third party of such conditions. Recording and reporting of results is to be carried out as per
Section 4.

Water guality is to be assessed against objectives outlined in Table 1.

It will be necessary to undertake sufficient water testing (approximately 5 test depending on statistics) to
enable a site specific calibration between suspended solids concentrations (laboratory analysis for
suspended solids is required) and NTU turbidity readings. This would allow utilization of the turbidity
meters to determine when water reaches 50mg/L.

Until a site specific relationship is developed the Sunshine Coast Regional Council Maroon book (2007)
notes that ‘A turbidity reading of around 75 NTU roughly corresponds to 50 mg/L TSS in may of our
catchments’. Until a site specific calibration can be undertaken it is recommended that this figure is used as

an interim water gquality objective.

Table 1 - Water Quality Objectives

TSS 50mg/L Is achieved if turbidity target is met.

pH 65-75 Measure using calibrated pH probe

Turbidity  Initially 75 Measure using calibrated turbidity probe.
NTU

Kin Kin Quarry - Eroslan and Sediment Control Management Plan Fage 4
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4.

The following items are required to be recorded daily in a spreadsheet. This spreadsheet should be
available in digital format upon request as part of any environmental audit or report/inspection by the

regulating authority.

[in Kin Quarry - Erosk

Records and Reporting

Rainfall in previous 24 hours

Volume in settling zone (record 0 if water is below settling zone)

Has spillway overtopped (yes/no)

Volume of sediment disposed (record 0 if no sediment disposed of)

Turbidity and pH of water prior to discharge
Volume of flocculent applied (record 0 if no flocculent applied)

nd Sediment Contral Management Plan
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-1 Treatment — _ =——

If monitoring results indicate that water quality objectives have not been achieved, apply appropriate
treatment and re-sample water as per Section 3.

5.1. Turbidity / Suspended Solids

If turbidity or suspended solids exceed the target water quality objective, treatment with a flocculent will
be required. Treatmentis recommended at the rates outlined in Table 2.

Table 2 — Dase Rates

Gypsum 32 kg/100m* Gypsum is not readily soluble in water.

PAC 5to 8 mg/L (target IMPORTANT Dose rates are reguired to be determined by
aluminum concentration)  on-site trials, carried out by a suitably qualified person.

Over application of PAC or any aluminum based flocculent
can result in environmental impacts.

5.1.1. Gypsum

Gypsum is often considered the |least ecologically threatening flocculant; however it is also one of the least
effective flocculants and can be difficult to apply in a manner that will allow the flocculant to work
effectively. The application of gypsum will not generally impact pH levels, with only a slight increase in
salinity resulting. Constraints and limitations of gypsum include a even application is required over the
entire pond surface and a resulting scum deposit may form on equipment.

If high intensity storms are forecast it is recommended that gypsum dosage rates be increased to
70kg/100m’. Depending on the clay mineralogy this can achieve flocculation within 24 hours, allowing
discharge within 2 days from the conclusion of a storm. The following procedure should be applied for the

manual dosing of gypsum:

1. Place required gypsum quantity (say 32kg/100m’ of water] in an approximately 50L drum
perforated with 25mm holes at 150mm spacing;

2. Suspend the screened, re-circulating pump intake into the drum;

3. Lift the drum into the basin such that basin water can enter and circulate through the drum;

4, Using the pump, spray the gypsum-rich solution evenly over the surface of the basin until the
gypsum is fully removed from the drum. The pump outlet must spray the mixture over a wide area
rather that just discharging as a confined ‘jet’.

5.1.2. PAC

The use of PAC as a flocculant is only recommended under controlled circumstances and by users who are
aware of the potential downstream risks to the environment. The advantage of PAC as a flocculant is the
low dose rate required in comparison to gypsum, fast settling time and resulting stable sludge that binds
pollutants.

Kin ¥in Quarry - Erosion and Sediment Control Mananement Plan Page b
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As mentioned above in Table 2 assessment of site specific dose rates must be undertaken by an
environmental professional prior to use as overdosing will result in reduction of pH among other things.
Residual alum concentrations remaining in the basin effluent should not exceed the ANZECC (2000)
freshwater quality ‘trigger value’ of 0.055mg/L for aluminium at pH levels above 6.5. Continuous
monitoring of water pH levels should be conducted when using PAC as a flocculant as pH levels lower than
5.5 will result in toxic concentrations of soluble aluminium, which can kill fish and other aquatic life,

5.2. pH

Liming rates for acidified water should be calculated with reference to Table 3.

Table 3 — Quantity of Pure Neutralisiing Agent Reguired to Raise From Existing Ph To Ph 7
for 1 Megalitre Of Low Salinity Acid Water. (From State Planning Policy 2/02 Guideline Acid Sulfate Soils)

Current | [H] Hin Aglime to Hydrated lime to | Sodium
Water {mol'L) I Megalitre | neuntralise neutralise bicarhanate to
pH {mol) 1 Megalitre 1 Megalitre neutralise 1
(kg pure CaC0y) | (ke pure Megalitre
Ca(OH)) (kg pure
NaHCO,)
0.5 316 316 228 15824 11716 26 563
1.0 1 100 000 5004 3705 2390
15 032 32 000 1600 1185 2686
20 01 10 000 500 370 £39
2.5 0032 3200 160 118 269
3.0 001 1000 a0 37 84
35 00032 320 16 12 17
4.0 0001 100 3 1 84
45 000032 32 1.6 1.18 269
5.0 00001 10 0.5 0.37 0.84
55 0000032 |32 0.16 012 0.27
60 000001 1 0.05 0.037 0.08
6.5 00000032 | 32 0.016 0.012 0.027
Notes on Table 5:

1. 1= 1000 litre = 1 kilolitre = 0.001 Megalitre

2. Conelations between curtent water pH and [H+] (mol/L) do not accouut for titratable acidity. The
titratable acidity component should be included in any calculations of nentralising agent requirements.

3. Agpncultual lime has a very low solubility and may take considerable time to even partially react. While
aglime has a theoretical newralising vatne of 2 mol of acidity (H+), this rends o be only fully available
when there is excess arid. This. together with 1t’s very low solubility. means that much mere aglime
beyond the theoretical calculation will generally be required.

4. Hydrated lime 15 more soluble than aglne and hence more smted to water teatment. However, as
Ca(OH)a has a high waier pH. morementz! addition and thorough mixine is needed lo prevent
uverﬂmuhngﬂ::ﬁeﬁmdpﬁ. 'Dtmﬁpﬂshnﬂdh:ch:chﬂmguhﬂyaﬂuﬂmm@mmngand
allowing sufficient time for equilibration before further addition of neutralising product

3. Weights of material piven in the rable above are based on theoretical pore material and henre use of such
amounts of commercial product will penerally result i under treatment.

6. To more accurately calculate the amount of commercial product required. the weight of neutralising agent
from the table should be multiplied by a punty factor {100/ Neutralising Value for aghme) or (148/
Nevtralising Value for hydrated lime).

7. If neutralising substantial quantities of ASS leachate, full Iaboratory analysis of the water wall be
fiecessary o adequately estimate the amownt of neutralising material required.

8. Neutralismg agents such as hvdrated lime Ca(OH): . quick lime Ca0. and magnesium oxide MgO
neutralise 2 miol of acidaty (H). udnksodmmmm}faﬂcos m:lsndnmhy&muﬂeNaDHnumahse

—anly 1T mol of acidiny. =

Kin Kin Quarry - Eroaion and Sadimen! Contral Management Pla Pat
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6. Discharge of Water -

Prior to discharge of water from the sediment basin it is essential that the water quality complies with
specified water quality objectives (see Table 1).

If possible, use water on site for dust suppression. Consumption of sediment basin water can be carried out
without assessment of water quality. Care should be taken to ensure that this water does not runoff into
waterways of drains.

After analvytical results have been received and discharge of water authorized by 02 Environmental or other
suitably qualified person, water may be discharged to the receiving drainage line. When dewatering the
sediment basin care should be taken so as to not re-suspend previously settled sediment. Intake pipes
should be housed in an appropriate flow control chamber to prevent settled sediment being removed from
the basin. Intake pipes must not rest on the bottom of the basin, or in any other location that will allow the

entrainment of settled sediment.

An appropriate housing chamber for an inflow pipe may be formed from a section of PVC drainage pipe,
sealed at one end and perforated along its length with inflow holes. An alternative is to suspend the inflow
pipe from a floating raft that is designed to prevent the intake pipe from resting too close to the settled
sediment. The intake pipe is normally placed inside a horizontal perforated PVC pipe attached to the
underside of a floating raft. Perforations in the PVC pipe should only exist along the top of the pipe, thus
minimizing the risk of settled sediment being entrained into the outlet.

Pump sizing should aim to discharge the basin’s settling zone volume in less than 24 hours

Kin Kin Quarry - Ergston and Sedimen! Ceontral Management Plan Page 8
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y i Maintenance

During daily inspections, site foreman should ensure that all aspects of the sediment basin are operational
and intact, including the emergency spillway. If not, corrective action should be taken.




Annexure E Concept Final Development Plan (Groundwork)
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Chutes Part 1: General information

DRAINAGE CONTROL TECHNIQUE

Low Gradient Velocity Control Short Term v
Steep Gradient v | Channel Lining Medium-Long Term v
Outlet Control [11 | 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 == CH==3

e : -\ - Wt i
Photo 1 — Permanent, grouted-stone Photo 2 — Temporary batter chute lined
batter chute 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 chules fail as a result of water failing to enter the chules properly. It is critical to control
potential leaks and fiow bypassing, especially at the chute entrance.

Design Information

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

Drainage chutes are hydraulic structures that need lo 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. Itis
important to ensure that the water level upstream of the chute's inlet will be fully contained

by the associated Flow Diversion Banks.

e 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.

= Qutlet 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,

@© Catchments & Creeks Ply Ltid Seplember 2009 Page 1



Iniet 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.

V.29

Supercnitical llow
down the face of
the chute

Crast of chute

e R Tt

L

. 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 [evel (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=17bH"
Triangular m:1 Q= 126mH*
Parabalic (T = 3.3(Y)"%) N/A Q=206H"
Trapezoidal 11 Q=17bH"+126 H*®
where : b = base width 2:1 Q=17bH'""+25H*®
and m = side slope 3:1 Q=17bH""+38H%°
& 4:1 Q=17bH'"*+50H**
m:1 Q=17bH"+1.26mH?**

l 18Cmm (men]

Ye

b ity b Coovan ProLid

— — 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)"%),
and a trapezoidal weir with 2:1 (H:V) side slopes and base width (b).

© Catchments & Creeks Pty Ltd September 2009 Page 2




Table 2 -~ Inlet weir capacity for various parabolic and trapezoidal chutes [md/s]

:le-d "",’. - t:'mbwotﬂc Crest width (b) of a trapezoidal chute ™ (m)
et {m;’ g ;"mu 0.3 0.5 1.0 1.5 2.0
0.1 0.066 0.024 0035 D.062 0.088 0.115
0.2 0.184 0.091 0.121 0.197 0.273 0.349
0.3 0.338 0.208 0.264 0.404 0.543 0.683
0.4 0.521 0.384 0470 0.685 0.800 1.115
0.5 — 0.626 0.746 1.047 1.347 1.648
0.6 — 0.940 1.098 1.493 1.888 2.283
0.7 — 1.332 1.531 2.029 2.827 3.024
0.8 — 1,807 2.051 2.659 3.267 3.875
0.9 — 2.372 2,662 3.388 4.114 4.839
1.0 — 3.030 3.370 4.220 5.070 5.920
[1] Flat crested, trapezoidal weir profile with 2:1 (H:V) side siopes (m = 2)
Table 3 - Trapezoidal chute inlet weir capacity "' [m?/s]
Head (H) required Crest width (b) of a rectangular chute (m)
upstream of the
chute entrance (m) 2.5 3.0 4.0 5.0 6.0
0.1 0.14 017 0.22 0.28 0.33
0.2 0.43 0.50 0.65 0.81 096
0.3 0.82 0.96 1.24 1.52 1.80
0.4 1:33 1.55 1.88 2.41 2.84
0.5 1.85 225 2.85 3.45 4.05
0.6 2.68 3.07 3.86 4,65 544
0.7 3.52 4.02 5.02 6.01 7.01
0.8 4.48 5.09 6.31 7.52 B.74
0.9 5.57 6.29 7.74 9.19 10.65
1.0 6.77 7.62 932 11.02 12.72

]

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 [mi/s]

Head
upﬂ}:;::'“g:’ Crest width (b) of a rectangular chute (m)

chute entrance (m) 1.0 2.0 3.0 4.0 5.0
0.1 0.054 0.108 0.161 0.215 0.269
0.2 0.152 0.304 0.456 0.608 0.760
0.3 0.279 0.559 0.838 1.117 1.397
0.4 0.430 0.860 1.290 1.720 2,150
0.5 0.601 1.202 1.803 2.404 3.005
0.6 0.730 1.580 2.370 3.160 3.950
0.7 0.996 1.991 2.987 3983 4,978
0.8 1.216 2433 3.649 4866 6.082
0.9 1.451 2.903 4.354 5808 T.257
1.0 1.700 3.400 5.100 6.800 8.500

® Calchmenls & Creeks Pty Lid September 2009 Page 3




If the flow path upstream of the chute consists of erodible material, then it is imporiant lo ensure
adequate scour protection exists. Such scour protection should extend upstream of the chute's
cresl @ dislance of al least 5 times the depih of approaching flow (Figure 3). This scour
protection should be suitably recessed into the ground to allow the free flow of water,

5 x depth of approach flow »‘

Scour protection at the inlet
can be achieved by extending

the chosen chute lining (e.qg. rock,
concrete, geotextile fabric) upstream

of the crest a distance of around 5 limes
the depth of the approach flow, or by ensuring flow
velocities are below the scour velocity of the surrouding surface
material.

Camhments & Cretha Pry Lid

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 0.156m.

Dimensions and geometry:

+ Minimum recommended chule depth of 300mm. Shallower depths may be appropriate for
smooth chutes (i.e. minimal splash) with very low fiow 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).

I T I
s : 1 /
S m l b l
| B |
3
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, o 41
degrees (1 in 1.2) for angular rock.

FIex?bre chute linings should be adequately anchored to the foundations lo 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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QOutlet structures for temporary dralnage chutes:

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

Recommended mean (ds) 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, ds, (mm) for batter chute outlet protection "

Depth of Flow velocity at base of Chute (m/s)
approach
flow {mm) il 2.0 3.0 4.0 5.0 6.0 7.0 8.0
50 100 100 100 200 200 200 300 I
100 100 100 200 200 300 300 400
200 100 200 300 300 400 [3] [3]
I 300 200 200 300 400 [3] [3] 13]

[1] For exit fiow 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] Thisis the flow depth at the base of the chute as it approaches the outlet structure. The flow depth is
based on the maximum depth, nof the average flow depth.

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

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

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

approach

flow (mm) 2.0 3.0 4.0 5.0 6.0 7.0 8.0
50 1.0 155 2.1 26 31 36 4.2
100 1.3 2.0 2.7 34 4.1 4.8 -]
200 21 2.7 34 4.3 52 6.1 7.0
300 2.7 3.6 4.3 48 58 6.8 7.9

iw, =T + 0.6 (minimum)
W el

Wo=T+0A4L

Width of rock pad ]‘
(W, & W3) may be
-governed by the
width of the outlet
channel I |

T = Top widlh ol design discharge al base of chute

Catctwrends & Creels Py L1

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

Depth of Flow velocity at base of Chute (m/s)
approach
flow (mm) 2.0 3.0 4.0 5.0 6.0 7.0 8.0
50 0.13 0.20 0.28 0.38 0.43 0.50 0.60
100 0.14 0.23 0.32 0.42 0.50 0.60 0.70
200 012 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

W, =T + 0.6 (minimum)

T+0.4L

W,

Width of rock pad ]
(W; & W3) may be
governed by the
width of the oullet L Sl
channel =

T = Top width of design discharge at base of chute

Catenmants & Cresks Py Lid

Figure 6 = Typlcal arrangement of recessed outlet structure for chutes

Caichmants & Croeks Pry L1

Figure 7 — Typical profile of recessed outlet structure for chutes

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

Reference:

ASCE 1992, Design and construction of urban stormwaler 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.

S J LR B st

Photo 3 — Sandbags (temporary) used to Photo 4 - Geotextile socks used to control
control flow entry into grass chute 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 Photo 6 — Turf chute with poorly-defined
inlet profile 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 Photo 8 - Erosion caused by inadequate

chute caused by water spilling out of the rock size and water bypassing around the
chute poorly located boulders
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Design example — Chule 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 @ 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 = 0.6m%s

Manning's roughness, n = 0.022 (based on an expected flow depth > 0.1m)
Channel slope, 5 = 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.Bm

Hydraulic radius, R = 0.083m

-:;R”"S“z _ ' _(0083)?*(0333)" = 50m/s

0.022

From Table 5 the mean rock size, dsg = 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

Ifit 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 approximalely eguals 0.67, then we can eslimate the required depth of rock
profection as, T = 1.8(d50) = 0.36m. In any case, a minimum of two layers of rock should be
specified on the construction plans.

Velocity, Vis

——— Flow diversion bank
f directing flow into the chute
LE
Py Geotextile or tur
Al placed along edge
X S of chute lo conlrol erosion
£ from splash (if required)
~ ~
7 T ~ ~ Energy
e S dissipaler
I ~ 5
Opticnal recessed i, !
sediment lrap ~
3| allhe entrance ~
‘E to the chute
5 Chute lined with
: geotextile fabrc,
i turl, rock, rock-filled
5 maliresses, elc.

Figure 8 — Typical components of a temporary drainage chute
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Description

_A steep, open channel passing down a2
siope. 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 sleep slopes. They are most
commonly usad 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
cheap to consirucl.

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

Disadvantages

Some chute linings have a short service
life.

Significant damage can
overtopping flows.

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

result from

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 chule caused by
inadequate enerqgy dissipation.

Special Requirements

Flow Diversion Banks are often required to
control inflows.

Good subsoll drainage and foundations are
required to stabilise the chule 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.

10.

11.

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

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

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

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

Ensure the subgrade is firm enough to
minimise waler seepage.

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

Place and secure the chute lining as
directed.

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.

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

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

Appropriately stabilise all disturbed
areas immedialely after construction.

Maintenance

:

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

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

Check for soil scour adjacent the chute.
Invesligate the cause of any scour. and
repair as necessary.

When making repairs, always restore
the chute to its original cenfiguration
unless an amendad layout is required.

Removal

15

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

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

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

Materials (Rock outlet pads)

L

Rock: hard, angular, durable, weather
resistant and evenly graded with 50%
by weight larger than the specified
nominal reck 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.

Geolextile 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 consiruction details. [f there are
questions or preblems with the location,
dimensions or method of installation
contact the engineer or responsible on-
sile officer for assislance,

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

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.

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

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

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
exisling fabric a minimum of 300mm.

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.

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

10.

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

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.

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

Removal

1.

Temporary outlet struclures should be
completely removed, or where
approgriate, rehabilitated so as not to
cause ongoing envircnmental nuisance
or harm.

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

Remove malerials and collected
sediment and dispose of in a2 suitable
manner that will not cause an erosion
or pollution hazard.
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Chutes Part 5: Rock linings

DRAINAGE CONTROL TECHNIQUE

Low Gradient Velocity Control Short Term v
Steep Gradient ¥ | Channel Lining Medium-Long Term v
Qutlet Control [11 | Soil Treatment Permanent 2l

[1] Chutes can acl as slable outlet structures for Calch Drains and Flow Diversion Banks.
[2] The design of permanent chutes may require consideration of [ssues not discussed here

Photo 17 = Permanent, rock-lined batter Photo 18 -« Permanent, rock-lined batter
chute 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 unresiricted 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 eritical to control
polential 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 flafler slopes and
higher flow rates) are provided in the separate fact sheet on Rock linings.

“The recommended maximum-batter-slope -is-2:1(H:\} 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.

127.SF K,.K,.5,7%.q%%,y %

(51' = 1) {Eqn 3}

dm=

where:
dss = nominal rock size (diameter) of which 50% of the rocks are smaller [m]
K; = correction factor for rock shape
= 1.0 for angular (fractured) rock, 1.36 for rounded rock (i.e. smooth, spherical rock)
K: = correction factor for rock grading

I = 0.95 for poorly graded rock (C, = de/dys < 1.5), 1.05 for well graded rock (C, > 2.5),
otherwise K;= 1.0 (1.5 <C,; <2.5)

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

S, = bedslope = tan(B) [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, = Embankment chutes where failure
Fail ¢ tiirai \ of the structure is likely to result in
= g SANOLNS i5 ey easlly repairable soil erosion.
unlikely lo cause loss of life or
irreversible property damage. « Permanent chutes that are likely
: io experience significant
» Permanent rock chutes with all sedimentation and vegetation
voids filled with soll and pocket growth before experiencing the
peaiied. high flows.
« Temporary (<2yrs) spillways with
I a design storm of 1 in 10 years of
greater.
1.5 ¢ High risk structures. « Waterway chules where failure of
3 the chute may cause severe gull
= Failure of structure may cause erosion andj:r damage to theg d
loss of life or irreversible property waterway
damage. :
s Sedimen! basin or dam spillways
s T,Em’:gfgf shuch_nes_umlhhaua o located immediately up-slope of a
Righ fisk o xpenencing e residential area or busy roadway
design d'scha{‘;ge whulal‘l}he oids where an embankment failure
remain open (i.e. prior id ;
sediment settling within and Nevshr gtk fonieg o
stabilising the voids between '
individual rocks). = Spiliways and chutes designed for
a storm frequency less than 1 in
10 years.
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Design unit flow rate (q), low velocity (V), and flow depth (y):

Wherevar praclical, the unit flow rate “g™ (mr'/s/m}, flow velocity “V" (m/s), and flow depth “y* (m)
used to deterrine rock size should be based on the 'local’ conditions (e.g. the unit flow rate ata
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 ner 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 rack are provided in Table 38.

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

Rock type Relative density (s,)
Sandstane 21124
Granile 2.5t0 3.1, commonly 2.6
Limestone 26
Basalt 2.7t03.2

The maximum rock size should generally not exceed twice the nominal (dsg) 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 "

Rock size ratio Assumed distribution value
dipo/dsa 2.00
dao/dsp 1.82
dysldan 1.50
degs/dso 1.28
dapl/dsy 0.75
daya/dsg 0.60
dio/dsn > 0.50

(1] Wide variations in the rock size distribution can occur unless suitably controlled by the material
contract specifications.
Thickness of rock pratection:

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

The thickness of rock protection must aiso 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 (dg/dgq) Description
1.4 dsy 1.0 Highly uniform rock size =7
1.6 deg 0.8 Typical upper limit of quarry rock
1.8 ds 0.67 Recommended lower limit of distribution
2.1dg 0.5 Typical lower limit of quarry rock
e ——
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Backing matenial or filter layer.

Norn-vegelated armour tock must be placed over a layer of suilably 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 apprapriately 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
I rainfall conditions.

If the soils adjacent to the rock surface are dispersive (e.g. sodic soils), then prior to placing the

filter cloth or filler 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 11 — Rock placement (without

Figure 10 - Rock placement (without
vegetation) on dispersive soll

vegetation) on non-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

| Rock shape Angle of repose (degrees)
Rock size >100mm Rock size >500mm
Very angular rock 41° TR
Slightly angular rock 40° ar
Moderately rounded rock 3g° 20°

Placement of vegelation over the rock cover:

Vegetaling rock-lined chutes can significantly increase the stability of these drainage structures,
but can alse reduce their hydraulic capacity. Obtaining experienced, experl advice is always
recommended before establishing vegelation within drainage structures,
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Manning roughness of rock-lined surfaces:
Tha 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
dgofdgo = 0.5 dgo/dgg = 0.8
deo= | 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 0.08 0.1
0.3 0.08 0.11 0.14 D.18 0.05 0.0 0.08 0.089
| 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 0.08 .11 0.04 0.08 0.05 D.08
0.8 0.05 0.07 0.08 0.08 0.04 0.04 0.05 D.06
1.0 0.04 0.06 0.07 0.08 0.03 0.04 0.05 0.08
. 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.

18
dso

n= - (Egn 4)
26(1- 0.3593* ) %

where: X = (R/dpo)(dso/dea)

R = Hydraulic radius of flow over rocks [m]
dss = mean rock size for which 50% of rocks are smaller [m]
des = mean rock size for which 80% of rocks are smaller [m]

For “natural” rock extracted from streambeds the relative roughness value (dsy/deo) 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.
BAD PRACTICE GOOD PRACTICE
o d——

i imeilih e hAe 1% L

laleral inflows

rerrinrids & Cawea Py L0

Figure 12 — Incorrect placement of rock  Figure 13 — Rock recessed into the soil to
causing loss of flow area and erosion allow the free entry of lateral inflows
along the outer limits of the rock
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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 vuinerable to damage in the first year
or two after placemenl while the voids remain open and free of sedimentation.

Where appropriate, permanent rock-lined chutes should be topped with a light covering of sail
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.

ke genietas,

Photo 19 - Rock-lined spillway wlth well- Photo 20 - Rock-lined spillway with poorly

defined crest profile defined crest profile

by L

22 -

- e

In this ex

Photo 21 - Placement of the rock on the

Photo

ample, plm‘-m-nt of
soll can result in erosion problems if the rock has resulted in the rock-lined table
significant lateral inflows occur drain being higher than the road shoulder

5 by - 1..(,11'.“.-"- 14 _—

TR et it T R .
Photo 23 - Rounded rock can be Photo 24 — Placement of a few large,
significantly less stable than angular, anchor rocks down a steep slope will not
fractured rock, especially when placed on  help stabilise adjacent, under-sized rocks,
steep slopes and will likely cause flow diversion
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Step 10

Step 11

Hydraulic design of rock-lined chutes:

Determine the design discharge (Q) for the chute:

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.

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

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.

Determine lhe 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 relaticnship betwesn 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,

Ensure the entrance to the chute is suitably designed to allow the free flow of water
into the chute (l.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 chule (see Part 1 of this fact sheet, including Figure 3).

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

Determine the likely density (specific gravity, s,). and a size distribution (dsy/des) of
the rock to be used on the chute.

Using Manning's equation, or Tables 43 and 44, determine the uniform flow depth
(y) and required size of the rock size (dsg) for the chute.
Manning's equation: Q = AV = (1/n)A. R.g"™
Additional rock-sizing tables (for flatter slopes and higher flow rates) are provided in
the separate fact sheet - Rock linings.
Specify the required depth of the chute, being the greater of:
(i) 300mm (unless a lower depth is supporied by expected flow conditions);
{l) 0.67(H) plus minimum freeboard of 150mm; (‘H' determined from Step 4)
(i) the uniform flow depth (y) plus a minimum freeboard of 150mm, or the
equivalent of the flow depth, whichever is smaller.

Design the required oullel energy dissipation slructure al the base of the chule.

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

The ‘local’ uniform flow velocity (V) down the chute may be estimated by dividing
the design unit flow rale (g) 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).

@ Catchments & Creeks Pty Lid September 2008 Page 7




Design example: rock-lined chutes:

Design a rock-lined chute suilable 1o carry a discharge of 1m’/s on a 3:1 slope with @ maximum -
allowable upstream water level (H) of 300mm.

Step 1
Step 2
Step 3
Step 4
Step 5

Step 6

Step 7

Step 8

Step 9

Step 10

Step 11

Design discharge given as 1.0m’/s.

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

Try a trapezoidal profile with side slopes of 2:1

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

Table 3 (Part 1) indicaltes 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 1.0m"s to enter
a trapezoidal chute with side slopes of 2:1

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 chule 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 S(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.

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, g = Q/b = 1.0/3.2 = 0.313m*s (approximation)

Assume rock is available with a specific gravity. s, = 2.6, and a size distribution,
dso/des = 0.5

Given the estimate unit flow rate of 0.313m%/s, the chute slope of 3:1, Table 43
indicates that the required mean rock size, dy; = 300mm.

Even though Table 43 is applicable for rock with a specific gravity of 2.4, thus the
resulls 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.

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;
(i) 0.67(H) plus freeboard of 150mm = 0.67(0.3) + 0.15 = 0.351m;
(i) y+150mm = 0.19+0.15 = 0.34m.
Thus, choose a total chute depth, Y = 350mm.
Design of outlet structure as per Part 1 — 'General Information’:

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

Given that the flow approaching the outlet structure is lass than 200mm in depth,
and the velocity is less than 2m/s, Table § (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), W, = 3.96 + 0.6 = 4.56m, and W, = 3.96 + 0.4(1.3) = 4.48m
Let W, =W, = 4.6m
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Table 43 - Flow depth "], y (m) and mean rock size, d; (m) for SF = 1.2
Safety factor, SF = 1.2 Specific gravity, s, =24 | Size distribution, dss/dg = 0.5
Unit :‘C‘W Bedslope=5:1 | Bedslope=4:1 | Bedslope=3:1 | Bedslope=2:1
[ml;?a?ml y (m) deo y (m) dsp y (m) ds y (m) dso
04 0.08 0.10 0.08 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
0.3 018 0.20 0.19 0.20 0.19 0.30 0.18 0.30
D.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 0.29 050 ||
DB 0.37 0.40 0.37 0.40 0.36 0.50 0.35 0.60
10 0.43 0.40 0.42 0.50 0.42 0.60 0.41 0.70
1.2 0.49 0.50 0.48 050 | 047 0.60 0.46 0.70
1.4 0.54 0.50 0.53 0.60 0.52 0.70 0.51 D.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 0.0 0.65 1.00
I 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 expecied to be highly variable due to whitewater (urbulent) flow conditions.
Table 44 — Flow depth ™, y (m) and mean rock size, dg (m) for for SF=1.5
Safety factor, SF=1.5 Specific gravity, s,= 2.4 |Size distribution, dso/dgs = 0.5
Unit flow | Bed slope =5:1 | Bedslope=4:1 | Bedslope=3:1 | Bed slope = 2:1
(mgafg?m] y (m) s y (m) dso y (m) dso y (m) ds
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
03 0.21 0.30 0.21 0.30 0.20 0.30 0.20 0.40
04 0.25 0.30 0.25 0.40 0.25 0.40 0.24 0.50
05 0.29 0.40 0.29 0.40 0.28 0.50 0.28 0.50
06 0.33 0.40 0.33 0.40 0.32 0.50 0.31 0.60
08 0.40 0.50 0.40 0.50 0.38 0.60 0.38 0.70
1.0 0.47 0.60 0.45 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 0.80 0.55 1.00
1.6 0.64 0.70 0.63 0.80 0.62 0.90 0.60 1.10
18 0.69 0.80 0.68 0.90 0.67 1.00 0.65 1.20 | |
2.0 0.74 0.80 0.73 0.50 0.72 1.10 0.70 1.30
30 | 097 | 140 | 086 | 120 | 0.94 ~1.40 082 [ 1720 |
4.0 TAT 1.30 1.16 1.50 1.14 1.70 5 e i | 2.00
5.0 1.36 1.50 1.34 170 | 1.32 1.90 1.29 2.30
[1] Flow depthis expected to be highly variable due to whitewater (furbulent) flow conditions.
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Canfmon Problews Ensure the outlet is appropriately stabifised.

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 I
growth can be an expensive, labour

intensive exarcise

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. I

Erosion at the base of the chute caused by
inadeguate 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
prevenling the disturbance and release of
underlying sediments through these voids),

The upper rock surface should blend with
surrounding land to allow water to frealy
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 wilh
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.
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Installation (chute formation)

=

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.

Materials

Rock: hard, angular, durable, weather
resislant and evenly graded with 50%
by weight larger than the specified
nominal rock size and sufficient small
rock o fill the voids between the larger
rock. The diameter of the largest rock
size should be no larger than 1.5 times

2. Ensure all necessary soil testing (e.g. X : ] i
soil pH, nutrient levels) and analysis ::eb:gl;n[::;tr;csk size. Specific gravity
has been completed, and reguired soil L
adjustments performed prior to planting. » Geotextile fabric: heavy-duty, needle-

3. Clear the location for the chute clearin punched, non-woven filter cloth,
only what is needed to provide amesg inmurm bidim A24.or equivalent.

i f
i?;mf::{::""al P Ewpownt oK Installation (rock placement)
1. Over-cut the channel to a depth equal

A Ezgiszmgéms;%ﬂ%i pf::ed:ther to the specified depth of rock placement

i such Ihat the finished rock surface will

5. Construct the subgrade to the be at the elevation of the surrounding
elevations shown on the plans. Remo:.re land.

:Lgﬂas%t:g:erln?:::lhg:i r&‘gag:s‘:gg 2. Rock must be placed within the channel
foundationa as specified within the approved plans,
j including the placement of any

6. |If the chute is temporary, then compact specified filter layer.
the subgrade to a firm consistency. If : X
the chut??, is intended o be pennan{mt. 3. [f details are not prwude:.:l on the rock
then compact and finish the subgrade piaﬁemer:ti: 'h‘i‘;'l_‘l ““'I' cpréma(y armour
as specified within the design plans. FOGK MUSLDe SRNST Paced an:

7 Avoid o barads t « a filter bed formed from a layer of

: c:r? dm::":ﬁ:f :*gul d eprseuveg}:f tze E:u?f specified smaller rock (rock filter layer);
s an earth bed nol lined in filter cloth, but

8. sEt:sure m:ns;dﬁ:fﬂ_mg?ule 88 00 only if all voids between the armour

el ~E : e rock are to be filled with soil and pocket

9. Ensure the completed chute has planted immediately afier placement of
sufficient deep along its full length. the rock.

10. Ensure the chute is straight from its 4. If a rock/aggregate filter layer is
crest to the toe of the chute. specified, then place the filter layer

11. On fill slopes, ensure that the soil is :‘::p‘?rﬁe’;pf::; ‘L’; fﬁl':a’ﬁ'f“ﬂf‘si:':
adequately compacted for a width of at ifo ; ; th b
least one metre each side of the chule :“ mi{tnrpmln?lie;;fo .;‘ g;niﬁfmr 'ew?h:reef = o:;
fo minimise the risk of soil erosion, than one layer of filter material has
otherwise protect the soil with suitable Bean speciﬁ::l spread each layer such
s?nur Ffml“c“‘::’ imeatssuras such as turf that minimal mixing occurs between
SNGTORONCONTOLENLS. each layer of rock.

12. Place and secure the turf as directed. 5. If a geotextile (filter cloth) underlay is

13. Install an appropriate outlet structure specified, place the _fahrk: direclly on
(energy dissipater) at the base of the the prepared foundation. If more than
chute (refer lo separate specifications), one sheet of fabric is required to over

- the area, overlap the edge of each

14. g:;’es::fg&t’ﬂﬁgng‘: ‘f:rhat::: awnlfhtohl.: sheet at least 300mm and place anchor

4 E ming 2 :
causing undesirable ponding or scour. Fa)llgzgamen:::::rn;g ong _meTe Sphchd

15. Appropriately stabilise all disturbed
areas immediately after construction.
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6. Ensure the geotextile fabric is protected
from punching or learing during —
installation of the fabric and the rock.
Repair any damage by removing the
rock and placing with another piece of
filler 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 lo 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.

8. Place rock lo its full thickness in one
cperation. Do not place rock by
dumping through chutes or other
methods thal 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 1o 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 soll
erosion.

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

Maintenance

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

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

3. Closely inspect the outer edges of the
rock prolection. Ensure water entry into
erosion along the edge of the rock
protection,

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

5.

Carefully check the stability of the rock

looking for indications of piping, scour

holas, or bank failures.

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

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

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

When making repairs, always restore
the chule to its original configuration
unless an amended layoul is required.

Removal

1.

-the channel or chute is not causing———

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

Dispose of any materials, sediment or
earth in a manner that will nol create an
erosion or pollution hazard.

Grade the area in preparation for
slabilisation, then stabilise the area as
specified in the approved plan.
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Attachment 6

& Neilsen's Environmental Policy




ENVIRONMENTAL POLICY

The Neilsen Group of Companies responsibility is to continually improve all aspects of the Environment in
which we operate.

Our environmental policy includes the following:

1. Compliance with applicable legal and regulatory requirements and company standards in
existing operations, new developments and upgrades;

2. Apply sound environmental management practices, where in our judgement existing legal
requirements are insufficient for our operations;

3. Minimise wastes, develop viable recycling opportunities and ensure proper handling and
disposing methods;

4. Open, constructive dialogue with communities surrounding our operations;

5. Rehabilitate areas affected by business operations;

6. Communicate Neilsens Environmental policy to our employees, customers & contractors.

To support these commitments, Neilsens will progressively implement and maintain environmental
management systems for its business based on international standard 150 14001 or its equivalent.

Mario Panuccio

CEO

24 June 2009

952 240 001



