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1. Introduction

02 Environmental was commissioned by Neilsen’s Quality Gravels Pty Ltd (Neilsens) to prepare this Erosion
and Sediment Control Management Plan for the Kin Kin Quarry. The quarry is located at 150 Sheppersons
Lane, Kin Kin, Queensland with real property description Lot 259 on Crown Plan MCH187 and comprises an
area of approximately 60 hectares. A site locality plan is provided in Appendix A.

It is understood that a review of erosion and water management practices at Kin Kin Quarry has been
triggered by recent complaints to the Department of Environment and Resource Management (DERM) by
surrounding residents regarding observed discharge of sediment laden stormwater from the subject site.
Further, the complaints raise concerns that the discharged water may impact upon the water quality within
Wahpunga Creek which is used for downstream domestic water supply and stock watering.

The primary objective of this report is to prepare an Erosion and Sediment Control Management Plan
(refer Appendix B, C and D) to comply with relevant conditions outlined in Development Approval

(ref. IPDE00324405A11, dated February 2006). The report will also provide guidance to site personnel on
the implementation of industry best practice principles to manage erosion and sediment control issues
specific to the subject site.

It should be noted that the nature of operations at this site will result in progressive site development over
many years. Therefore a development horizon of 5 years has been adopted for this interim plan. The extent
of site development within this timeframe is based on projected resource demand as advised by the client.
In developing this ESC plan several assumptions have been made due to lack of current detailed survey and
landform information. A conceptual plan indicating the likely final development layout was provided, with
this plan used as the basis for the interim design. A copy of the supplied concept plan is provided in
Appendix E.

1.1. Background

A Quarry Management Plan has been prepared by Groundwork Environmental Management Services Pty
Ltd (Groundwork) in 2005, to support an application for an Environmental Authority. The Quarry
Management Plan consisted of two sections, namely a Quarry Development Plan and an Environmental
Management Plan. The former details plans for developing the resource on site, with the latter providing
plans, procedures and performance targets to ensure the quarry is operated in an environmentally
responsible manner.

1.2. Site Description

The lower and central portions of the site are partially vegetated with grasses and other ground cover, with
isolated areas of mixed tall open forest present on the upper ridges. Topography across the site ranges
between 60 to 250m Australian Height Datum (AHD). Elevated areas comprise a moderately inclined
plateau, with lower areas moderately inclined (approx 1 in 5 slopes). In between is a north west facing
steeply inclined slope (approx 1 in 2.3 slope), which has been incised by two drainage lines (Groundworks,
2005).



2. Compliance

2.1. Development Permit

A Development Approval (DA) was issued by the Environmental Protection Agency (EPA) in February 2006
(ref. IPDE0O0324405A11) for activities relating to quarrying, specifically Environmentally Relevant Activities
(ERA) 20c, 22c, 11a and 28. The DA contains the following conditions specific to stormwater management:

e Water 1 - Erosion protection measures and sediment control measures must be implemented and
maintained to minimise erosion and the release of sediment. The size of any sedimentation dam
must be sufficient to contain the runoff from disturbed areas from a 24 hour storm with an average
recurrence interval of 1in 5 years.

e Water 2 — There must be no release of stormwater runoff that has been in contact with any
contaminants at the site to any waters, roadside gutter or stormwater drain.

Condition ‘Water 1’ requires the sizing of sediment basins to enable capture of runoff generated from a

24 hour, 5 year ARl event. Design of sediment basins as per condition 1 will be undertaken as part of this
report, however it should be noted that the specified design event is not what we considered best practice.
Recommended design sizing of sediment basins in accordance with best practice principles will also be
provided for comparison purposes (refer Appendix C).

Under the Environmental Protection Act (1994) sediment is a prescribed contaminant. Therefore condition
‘Water 2’ of the DA is considered impractical as any stormwater which has come in contact with
contaminants (ie sediment) cannot be released. For the purpose of this report it is considered that
controlled discharge of stormwater from the sediment basin is permitted following treatment to industry
standard water quality criteria levels.

2.2, Quarry Management Plan

The existing Quarry Management Plan (prepared by Groundwork in 2005) states design of sediment basins
is to be designed for a 6 hour, 10 year ARI storm event. Indicative sediment basin sizing will also be
undertaken for the specified design criteria outlined within the Quarry Management Plan.

In addition to the DA the Quarry Management Plan does not provide specific discharge water quality
criteria. Water quality criteria adopted for offsite discharge of waters is presented in the Sediment Basin
Management Plan (refer Appendix D).

Based on the current Quarry Management Plan, the Quarry Manager (or consultant) will undertake
monitoring of waters exiting the site on a periodic basis and following major rainfall events. Testing is to
include turbidity, suspended solids (SS), pH, electrical conductivity (EC), oxides of nitrogen (nitrate and
nitrite) and total nitrogen. The monitoring of nutrient levels and EC in waters to be discharged from the site
is not considered relevant give site based activities. In accordance with adopted guidelines, the Sediment
Basin Management Plan details water quality objectives and target limits for SS, pH and turbidity for
discharge of water from the sediment basin.



2.3. Best Practice

Land disturbance associated with resource mining can be divided into two distinct stages; Construction
(temporary disturbance) and Rehabilitation stage (final). Erosion and sediment control planning generally
covers the construction stage of land disturbance. It can involve treatments and controls for short or longer
term construction/mining activities. Longer term treatment measures and land stabilisation is part of the
quarry rehabilitation stage.

In Queensland, the most widely adopted guideline for Erosion and Sediment Control is ‘Best Practice
Erosion and Sediment Control (IECA 2008)’, however, the document was developed for ‘construction and
building sites’. Although the erosion and sediment control management principles and technical content
are applicable to all types of construction such as resource mining, some of the techniques may not be
practicable for quarry sites.

The most recent industry specific ESC publication for quarries, which predominantly forms the basis of this
plan, was developed by the NSW Department of Environment and Climate Change (DECC). The guideline is
titled ‘Managing Urban Stormwater, Soils and Construction, Volume 2E, Mines and Quarries (DECC 2008)’.

The publication essentially guides the user in the application of the principles and practices of erosion and
sediment control described in Volume 1 of Managing Urban Stormwater: Soils and Construction (Landcom
2004) to mines and quarries.

The guideline (DECC 2008) sets out a management goal for erosion and sediment control from a quarry is to
ensure no pollution of surface water or groundwater. Current best-practice erosion and sediment control
techniques are, however, unlikely to achieve this goal, due to the limited effectiveness of most of the
techniques. An appropriate management objective is therefore to minimise the water-quality impacts from
erosion and sedimentation through implementing best practice management techniques. Given the limited
effectiveness of techniques for capturing eroded sediment, a strong emphasis should be placed on
pollution prevention through erosion control, rather than relying on treatment techniques to capture these
sediments.

As with construction sites, the magnitude of erosion problems (and therefore the effort required to control
erosion) at mine and quarry sites is proportional to the:

® Area of soil exposed to the erosive elements, and
e Duration of that exposure.

Mines and quarries are characterised by land disturbance operations continuing for years (if not decades)
rather than months. Because of this longer period of operation, the management focus should be on site

design and the scheduling of rehabilitation to minimise erosion occurring, rather than the sole reliance on
temporary works to control erosion and sedimentation.

This long period of disturbance, and long operation of many erosion and sediment controls, requires a
stronger emphasis on some management principles particularly:

® Erosion control, as a pollution prevention strategy;

e Runoff separation by diverting ‘clean’ stormwater runoff around the site or away from operational
areas; and

® Management and maintenance of long-term controls.



3. Assessment of Relevant Environmental and Soil Factors

3.1. Rainfall Intensity

The rainfall intensity data used in the following calculations was obtained from the Bureau of Meteorology
(BOM) intensity frequency duration (IFD) design rainfall system. Data obtained is relevant to the subject
locality and is derived from the Australian Rainfall and Runoff, Volume 1 (1998). A copy of IFD data is
presented below in Table 1.

Table 1 — Rainfall Intensity for Kin Kin Quarry

Duration 1 Year 2 years 5 years 10 years 20 years 50 years 100 years
S5Mins 121 154 193 216 247 288 319
6Mins 113 145 181 203 232 271 301
10Mins 92.6 119 149 167 191 223 248
20Mins 68 87 109 123 141 165 183
30Mins 55.5 71 89.6 101 115 135 150
1Hr 37.7 48.4 61.5 69.3 79.8 93.8 105
2Hrs 24.6 31.8 40.9 46.4 53.7 63.6 71.2
3Hrs 19 24.6 31.9 36.4 42.3 50.3 56.6
6Hrs 121 15.8 20.9 24 28.2 33.8 38.2
12Hrs 7.83 10.3 13.8 16 18.9 22.9 26
24Hrs 5.17 6.83 9.29 10.9 12.9 15.7 18
48Hrs 3.39 4.51 6.21 7.3 8.72 10.7 12.3
72Hrs 2.57 3.41 4.75 5.61 6.74 8.31 9.56

Design rainfall volumes for the various event criteria outlined within the DA, Quarry Management Plan and
DECC Guidelines are provided in Table 2.

Table 2 — Design Rainfall Events

Design Criteria/Source Design Rainfall event (mm)
Development Approval — 24 hour duration, 5 year ARI event 223*

Quarry Management Plan — 6 hour duration, 10 year ARI event 144*

DECC Guideline — 5 day, 95%ile 115.57

(sensitive receiving environment, greater than 3 years disturbance)

NOTES:
* based on BOM IFD data for subject locality
A Table 6.2 of the Maroon Book, Maroochy Manual for Erosion & Sediment Control (2007)



3.2 Soil

3.2.1. Soil Texture Group

Based on site observations the predominant soil group assumed at the site is Group D (clay). Group D soils
are described as soils with low porosity, usually consisting of fine-textured clays, soils with poor structure,
surface sealing (dispersive/sodic), or expansive clays (IECA, 2008).

3.2.2. Soil Erodibility

Soil erodibility is the susceptibility of a soil to erosion. It is independent of such factors as topography, land
use, rainfall intensity and plant cover, but may be changed by land management practices. A minimum
organic content of 3% is required for good soil structure (i.e. low erodibility) and nutrient supply in the
surface horizon, while 5% is considered desirable. Structural problems become significant if the organic
matter fall below 1.5% (IECA, 2008).

For the purpose of this assessment a soil erodibility classification of moderate has been assumed based on
site observations. Moderate soil erodibility can generally be defined as having topsoils that contain
moderate amounts of organic matter (1.5 to 3%) and consist of moderate sand and silt and well structured
clay loams and clays that slake in water to particles less than 2mm (Emerson Aggregate classes of 3 to 6).
Subsoils typically range from stable, non-dispersible loams and clay loams to dispersible clays with particles
that slake to finer than 2mm.

3.3. Runoff Coefficient

The volumetric runoff coefficient is defined as the ratio of the volume of stormwater runoff to the volume
of rainfall that produced the runoff.

3.4. Time of Concentration

The time of concentration for a drainage catchment is defined as the time required for stormwater runoff
to flow from the most remote part of the catchment to the location where the discharge is to be
determined (IECA, 2008). The time of concentration determines the shortest storm duration that will
enable runoff from all parts of the catchment to contribute to the discharge at the point of interest at the
time of maximum discharge.

Calculation of the total travel time of stormwater runoff through the catchment involves the sum of travel
times of flow through various sectors represented by uniform flow conditions. Relevant flow conditions
included initial sheet flow (top of catchment) and channel flow (following concentration of initial sheet
flow).



4. Design Standards and Technique Selection

The application of best practice erosion and sediment control is based upon the appropriate integration of
three groups of control measures:

¢ Drainage control measures;

® Erosion control measures (including revegetation measures); and

e Sediment control measures.

Wherever reasonable and practical, control measures from all three groups must be integrated in a total
treatment system. Fact sheets for relevant sediment control measures are provided in Appendix F.

4.1. Drainage Control

The IECA guidelines (2008) recommend the following design standard for drainage works:
® Lessthan 12 months 1in 2 year AR,
e Between 12 -24 months 1in 5 year ARI; and
® Greater than 24 months 1 in 10 year ARI.

The design capacity excludes minimum 150mm freeboard.

DECC (2008) recommends that if the duration of disturbance is to be longer than 24 months then apply a
1in 20 year ARI design standard.

4.1.1. Spacing of Lateral Drains Down Long Continuous Slopes

Long unstable slopes must be divided into manageable drainage areas to prevent the formation of rill
erosion. Catch drains or flow diversion banks should be placed at regular intervals down the slope to collect
and divert surface runoff to a stable outlet.

Table 3 provides the recommended maximum drain, bank and bench spacing down long exposed, non
vegetated or recently seeded slopes.

Table 3 - Recommended “Maximum” Drain or Bench Spacing on Non-Vegetated Slopes

Batter Slope Horizontal Vertical
Spacing (m) Spacing (m)
Percentage Degrees (H):(V)
1% 0.57 100:1 90 0.9
2% 1.15 50:1 60 1.2
4% 2.29 25:1 40 1.6
6% 3.43 16.7:1 32 1.9

8% 4.57 12.5:1 28 2.2



Batter Slope Horizontal Vertical

Spacing (m) Spacing (m)
Percentage Degrees (H):(V)
10% 5.71 10:1 25 2.5
12% 6.84 8.33:1 22 2.6
15% 8.53 6.67:1 19 2.9
20% 11.3 5:1 16 3.2
25% 14.0 4:1 14 3.5
30% 16.7 3.33:1 12 3.5
35% 19.3 2.86:1 10 3.5
40% 21.8 2.5:1 9 3.5
50% 26.6 2:1 6 3.0

Table 4 provides the recommended maximum spacing of benching down well grassed, low to moderately
erodible soil slopes.

Table 4 - Recommended “Maximum” Drain or Bench Spacing on Vegetated Slopes

Batter Slope Horizontal Vertical
Spacing (m) Spacing (m)
Percentage Degrees (H):(V)

<10% 5.71 10:1 Site specific Site specific
12% 6.84 8.33:1 100 12
15% 8.53 6.67:1 80 12
20% 11.3 5:1 55 11
25% 14.0 4:1 40 10
30% 16.7 3.33:1 30 9

>36% >19.8 2.78:1 Site specific Site specific



4.1.2. Low Gradient Drainage Techniques

The recommended usage of various low gradient drainage control techniques is provided in Table 5.
Techniques are taken from the IECA (2008) guidelines. Only applicable and feasible techniques that have
availability of materials are presented.

Table 5 — Low Gradient Drainage Techniques

Technique Typical Use

Catch Drain e The collection and diversion of sheet flow across a slope or
around soil disturbances.

e Best use in non-dispersive soils, otherwise the drain must be
lined with non-dispersive soils (minimum 100m thick) prior to
placement of channel liner.

Diversion Channels o Diversion of large concentrated flows.

e Permanent flow diversion channels.

Flow Diversion Banks ¢ Diversion of minor flows when in-situ subsoils are dispersive or
(earth, sandbags, etc) otherwise highly erodible.

¢ Flow diversion at the base of fill slopes.

e Cross drainage on unsealed roads.

4.1.3. Drainage Down Slope

The recommended usage of drainage controls on steep slopes is provided in Table 6.

Table 6 — Steep-Gradient Flow Diversion Techniques

Technique Typical Use

Rock Lined Chute e Discharge of concentrated flows down steep slopes.
e Control flow into sediment basins.

¢ Temporary drainage down the face of newly formed road
embankments.

Level Spreader ¢ Conversion of minor concentrated lows back to sheet flows.

¢ Discharge of flows down grassed slopes.

Slope Drain ¢ Discharge of minor flows down steep slopes.



4.1.4. Outlet Structures for Temporary Drainage Systems

The recommended usage of outlet structures for chute and slope drains is provided in Table 7.

Table 7 — Outlet Structures

Technique Typical Use

Level Spreader ¢ Used at the end of flow diversion banks and catch drains to
discharge minor concentrated flows down stable, grassed slopes.

¢ Discharge into bushland or grass filter zones.

Outlet Structure ¢ Used at the end of chutes and slope drains to dissipate flow
energy and control scour.

¢ Used as a permanent energy dissipater on pipe and culvert
outlets.

4.1.5. Velocity Control Structure

Wherever reasonable and practicable, drainage channels, whether temporary or permanent, should be
designed and constructed at a gradient that limits the maximum flow velocity to a value not exceeding the
maximum allowable flow velocity for the given surface material.

Excessive flow velocities can cause channel erosion, usually along the invert (bottom) of the drain. Such
erosion is most prominent in newly formed or recently seeded drains.

The flow velocity can be reduced by either:
¢ Reducing the depth of flow (i.e. increasing the width of the channel);
® Reducing the bed slope;

® Reducing the peak discharge (i.e. reducing the effective catchment area or diverting water away
from the channel); or

® Increasing the channel roughness.

4.1.6. Selection of Channel and Chute Linings

In steep channels it is usually more economical to line the channel or chute with turf, rock or Erosion
Control Mats instead of trying to reduce flow velocities down the slope. Table 8 provides guidance on the
selection of appropriate Chute and channel linings. Given the nature of operations at the site the suggested
practice is to use rock for chutes and grass for less steep channels. These options and typical use guidance
is listed below.



Table 8 — Chute and Channel Linings

Technique Typical Use

Grass Lining ¢ Permanent protection of low to medium velocity Chutes and
channels.

Hard Armouring e Large variety of hard armouring systems including, corrugated

sheet metal, grass pavers, reinforced concrete, and shotcrete.

Rock Mattress ¢ Suitable for temporary and permanent high velocity Chutes and
spillways.
Rock Lining e High velocity drainage channels.

e Drainage chutes.

e Sediment Basin spillways.

4.2. Erosion Control Measures

Best practice erosion control requires appropriate measures to be employed as soon as reasonable and
practicable to limit soil erosion and, in particular, to protect any and all exposed areas of soil from raindrop
impact erosion. Erosion control measures are not always practicable and therefore sediment control
measures are understood to be specified as a necessity for all catchments.

Best practice land clearing, erosion control and site rehabilitation depends on the likelihood and intensity
of expected wind or rainfall. If construction occurs during the dry season when rainfall is unlikely, then the
required erosion protection can be significantly less than if construction occurs during the wet season.

Unlike the sediment control standard, which is related to the anticipated soil loss, the timing and degree of
land stabilisation measures depends on the expected erosion risk and sensitivity of receiving waters to
turbidity levels within site runoff.

In the absence of a locally adopted risk assessment procedure, the erosion control standard should be
based on either the monthly rainfall erosivity or the average monthly rainfall depth as appropriate.
Alternatively, the erosion control standard can be based on estimated rate of soil loss. Table 9 provides
erosion risk ratings based on monthly erosivity.

Table 9 — Erosion Risk Rating for Gympie Based on Monthly Rainfall Depth

Month Jan Feb Mar  Apr May Jun Jul Aug Sep Oct Nov Dec

Risk H H H M M M L VL M M M H
Rating




4.2.1. Soil Stabilisation and Protection

Table 10 provides recommended soil stabilisation techniques that may be applied where such measures
are practicable:

Table 10 — Summary of Erosion Control Techniques

Technique Typical Use
Bonded Fibre Matrix e Grass establishment and protection of newly seeded area.
Compost Blanket e Used during the revegetation of steep slopes either incorporating

grasses or other plants.

o Particularly useful when the slope is too steep for the placement
of topsoil, or when sufficient topsoil is absent from the slope.

Erosion Control Blanket ¢ Temporary erosion control on exposed soils not subjected to
concentrated flow.

¢ Temporary erosion control on exposed soils not subjected to
concentrated flow.

e Temporary control of raindrop impact erosion on earth
embankments before and during the revegetation phase.

Gravelling e Protection of non-vegetated soils from raindrop impact erosion.

e Stabilisation of hardstand areas including site office area, process
areas, temporary car parks and access roads.

Heavy Mulching ¢ Stabilisation of soil surfaces that are expected to remain non-
vegetated for medium to long periods.

e Suppression of weed growth on non-grasses areas.

e Stabilisation of existing and proposed garden beds.

Light Mulching ¢ Control of raindrop impact erosion on flat and mild slopes. May
be placed on steeper slopes with appropriate anchoring.

e Control water loss and assist seed germination on newly seeded
soil.

Revegetation e Temporary and permanent stabilisation of soil.

¢ Stabilisation of long-term stockpiles.

¢ Includes Turfing and temporary seeding.

Rock Mulching e Stabilisation of long-term, non-vegetated banks and minor
drainage channels.

e Stabilisation of those areas of a garden bed subject to
concentrated overland flow.

Soil Binders e Dust Control.

e Stabilisation of unsealed roads.

Reproduced from table 4.4.12 of IECA 2008



While vegetation is one of the best long-term options, it can also serve as a short-term option of turf is
used. On mild slopes (1 in 10 to 1 in 4) loose organic mulch may not be appropriate if heavy rains are

expected, or if stormwater runoff is allowed to concentrate down the slope. The application of various
erosion control measures to flat, mild and steep slopes subject to “sheet” flow is summarised in Table 11.

Table 11 - Application of Erosion Control Measure to Soil Slopes

Flat Land
(flatter than 1 in 10)

Mild Slopes
(1in10-1in4)

Steep Slopes
(steeper than 1 in 4)

Erosion Control Blankets
Gravelling

Mulching

Revegetation

Rock Mulching

Bonded Fibre Matrix

Compost Blankets

Erosion Control Blankets, Mats
and Mesh

Mulching well anchored

Bonded Fibre Matrix

Compost Blankets

Erosion Control Blankets, Mats
and Mesh

Revegetation

Soil Binder Revegetation Rock Armouring
Turfing Rock Mulching Turfing
Turfing
Reproduced from Table 4.4.13 IECA 2008
4.3. Sediment Control Measures
4.3.1. Sediment Control Measures in Areas of Sheet Flow

Table 12 outlines the typical use of various sheet flow sediment control techniques

Table 12 - Sheet Flow Sediment Control Techniques

Technique Typical Use
Buffer Zones ¢ Type 3 sediment trap.
¢ Most suited to sandy soils.
e Generally only suitable for rural and rural-residential
building/construction sites.
e Can provide some degree of turbidity control while the Buffer
Zone remains unsaturated.
Compost Berm ¢ Type 2 sediment trap.
o Suitable for all soil types.
Fibre Roll e Supplementary sediment trap.
e Most suited to sandy soils.
e Suitable for minor flows only.
Filter Fence ¢ Type 3 sediment trap.

¢ Very small catchment areas (e.g. stockpiles).

e Better capture of the finer (sand/silt) sediments compared to
woven Sediment Fence.



Technique

Typical Use

Mulch Berm

Type 2 sediment trap.

Suitable for all soil types.

Sediment Fence - woven fabric

Type 3 sediment trap.
Suitable for all soil types.

Long duration construction sites likely to experience several
storm events.

Sediment Fence -
non-woven composite fabric

Type 3 sediment trap.
Suitable for all soil types.

Preferred type of Sediment Fence when placed adjacent critical
habitats such as waterways.

Short duration construction sites or sites likely to experience only
a few storm events.

4.3.2. Sediment Control Structures in Areas of Concentrated Flow

Table 13 outlines the typical use of sediment control techniques used in concentrated flow.

Table 13 - Concentrated Flow Sediment Control Techniques

Technique

Typical use

Rock Filter Dam:
Filter cloth used as the primary
filter medium

Type 2 sediment trap.

Locations where there is sufficient room to construct a relatively
large rock embankment.

The incorporation of filter cloth is the preferred construction
technique if the removal of fine grained sediment is critical;
however, de-silting and replacement of the fabric can be difficult
and can lead to ongoing poor performance.

Rock Filter Dam:
Aggregate used as the primary
filter medium

Type 2 sediment trap.
Best used on sandy soils.

Locations where there is sufficient room to construct a relatively
large rock embankment.

Aggregate filters are normally used on long-term sediment trap,
and sediment traps that are likely to be regularly de-silted.

Sediment Basin - Type F & Type D

Type 1 sediment trap.

Best suited to fine-grained or dispersive soils.
The trapping of coarse and find sediments.
Turbidity control.

Used when a major (Type 1) sediment trap is required when
working in areas containing fine-grained, dispersive or poor
settling soils.



4.3.3. Sediment Basin

The DECC (2008) Guideline make the following recommends for the minimum design criteria for temporary
erosion and sediment control measures when duration of disturbance is greater than 3years.

Type D/F sediment basins:
* non sensitive receiving environment - 90™ percentile five day duration event and
e sensitive receiving environment - 95" percentile five day duration event

® For a five-day management period. Adjustment factors to the five-day volumes for alternate
management periods are 85% for two-days, 125% for 10 days and 170% for 20 days.

Management of the basin requires draining or pumping out within the adopted management period
following rainfall (commonly within a five-day period). The indicative average annual sediment basin
overflow frequency for the 95" percentile is 1-2 spills/year.

Design of the sediment basin will be based on the desired design requirements outlined in Table 14.

Table 14 — Type D/F Sediment Basin Design Requirements

Parameter Design Requirement
Length to width ratio 3(L):1(W)

Sediment storage volume 50% of settling volume
Basin batter slopes 2(H):1(V)

Freeboard from maximum pond water level totop ~ 300 mm
of fill embankment

Minimum spillway chute freeboard 300 mm




5. Staging of Works

It is understood that the life of the quarry is anticipated to be in excess of 30 years, however this is largely
dependent on market demand. Discussions with the client have indicated a projected production rate of
100,000 tonnes in the first year of operation, steadily increasing to 300,000 tonne in the fifth year. Given
the somewhat uncertain rate of development an initial planning horizon of 5 years has been adopted.

Clearing and overburden removal will be conducted in a staged manner with exposure of new areas limited
to that necessary for 12 months production of quarry rock (Groundworks, 2005). Similarly, rehabilitation of
available terminal faces/benches will be conducted in a progressive matter.

Prior to developing new extraction benches beyond the designed 5 year horizon review of stormwater
management and ESC requirements will be required.

5.1. Initial Development Controls

Installation of ESC measures as per the plan provided in Appendix B should be conducted as a priority.
Detailed design has been undertaken for a 5 year horizon, with works expected to progress to the
development of the 90m RL bench within this time.

Immediate works to be undertaken include:

¢ |nstallation of diversion drains upslope of working areas to limit the volume of runoff requiring
treatment;

® Protection of steep gradient drainage lines;
e Stabilisation of exposed batters, hardstand areas and access roads; and

e Upgrade of sediment basin, including installation of emergency spillway and implementation of
sediment basin management plan.

Sizing of the sediment basin to capture runoff generated under the various design scenarios outlined within
the DA, Quarry Management Plan and deemed best practice for the approximate area of current site
disturbance and a development horizon of 5 years is summarised below in Table 15 .



Table 15 - Current and Interim Sediment Basin Sizing

o ) i=
© o0 S ©
] = o - 'S
. = © Q - [« ]
Design Development < € - c & £ £ _ g
. q E S £ o £ e S = —_ 1Y) ; ° E —_
Criteria Stage o £ N — c — S € c 2 — £ £
= b0 ‘E = € € £ —_— ..':., c ; [T} = ..':.;
ST ] £ 2 5 2 3 = B e £ 2 ]
T c 2 > o O o O [5) @ s B 5 S =
o = 0 w w > wn > - (a] 0N = o0 far =
Current 9 (approx) 16,660 8,530 24,990 233 78
Development 223
Approval — 1.5 3 2
24hr, 5yr ARl Interim
y . 18.46 34,170 17,085 51,255 330 110
(5 yr horizon)
Quarry Current 9 (approx) 10,755 5,380 16,135 189 63
Management
g 144 1.5 3 2
Plan —6hr, Interim
. 18.46 22,065 11,030 33,095 266 89
10yr ARI (5 yr horizon)
Best Practice  Current 9 (approx) 8,630 4,315 12,945 170 57
DECC, 2009
( d ! ) 115.5 1.5 3 2
oo, Interim 18.46 17,700 8,850 26,550 240 80
o/ . ’ 2 ’
95%ile (5 yr horizon)
NOTES:

Construction of a sediment basin at a depth greater then 1m will require certification by a geotechnical engineer.

Consideration of compliance with WPHS may also be required with respect to limiting direct access and safety.



A reduction of between 30 - 35% in required footprint of the sediment basin can be achieved by increasing
the depth to 5m, with batter slopes of 2(H):1(V). It is recommended that a geotechnical engineer be
consulted to assess the stability of subsoils present at the sediment basin location prior to undertaking any
excavations past 1m. Consideration must also be given to the proposed method of sediment removal (ie
excavator, front end loader, other conventional mechanical equipment) from the basin and any access
requirements they may require.

5.2. Final Development Controls

Quarry development beyond the designed 5 year horizon will result in a greater disturbed catchment area.
A review of the ESC Plan must be conducted prior to works extending past the designed catchment. Future
works are anticipated to involve the following:

¢ |nstallation of diversion drains above the working face to limit the volume of runoff requiring
treatment;

e Continued protection of steep gradient drainage lines;

e Stabilisation of newly formed access roads and exposed batters. Monitoring of existing hardstand
areas and access roads; and

® Increase capacity of the sediment basin.

Comparative sediment basin sizing to cater for the planned quarry development up to a working bench of
225m RL under the various design scenarios outlined within the DA, Quarry Management Plan and deemed
best practice is summarised below in Table 16.

Table 16 — Sediment Basin Sizing for Final Quarry Development

@ ) =
< € E E OFE E 5} E £
Design £~ SE S+ & E = £§ 7 £ :
L. o © x — o = 9 S ] o — [ s =
Criteria ES gt = E §SE S 2 g 2 2 & g
< = 9 £ 35 €35 = =1 = B & g 3
I I I D L
(8] wn |2 (-]
Development
Approval - 28 223 51,825 25915 77,740 1.5 3 2 403 135
24hr, 5yr AR
Quarry
Management  ,g 144 33465 16735 50,200 15 3 2 326 109
Plan —6hr,
10yr ARI
Best Practice
(DECC,2009)  ,¢ 1155 26,840 13420 40260 1.5 3 2 293 98

— 5day,
95%ile
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Appendix C

Type D and F Sediment Basin Sizing

Basin volume = settling zone volume + sediment storage zone volume

Vset =10 x CV X A X R yyiie x-day

where:

Vset = Settling Volume ()

Cv= The volumtric runoff coefficient (dimensionless)
A= Area (hectare)

Ryosite x-day = Design rainfall event. (mm)

Vstor = K1. K2. K3.K4.R.K.LS.P.C

Equation 1 BCC 2001 Sed Basin Guidelines

Equation 2 BCC 2001 Sed Basin Guidelines

where:

Vstor = Storage Volume (m"3)

Kl= Inverse of settled bulk density (0.8m"3/tonne adopted)
K2= Area of exposed soil

K3= Duration of Exposure (or clean out frequency)

K4= Expected capture percentage of soil particles (1 adopted - all soil particles captured)
R= Rainfall erosivity factor

K= Soil erodibility factor

LS= topographic slope/length factor

P= Erosion Control Practice factor

C= Cover and management factor

Vstor Calculations

INPUTS Input Output
Label R K LS P C K1 K2 K3 Vstor
Total Basin Volume Calculations
INPUTS OUTPUTS Inputs Outputs
Settling
Volumetric Design Zone Sediment Pond length
Runoff Catchment Rainfall Volume Storage Total Depth width ratio Batter Slope Length Width

Description Coefficient Area (ha) Event (m®) Volume (m*) | Volume (m) (LIw) (m) (m)
Label Cv A Rosuite, s-day [Vser Vetor Viota d Liw L w
Current Development
Development Approval - 24hr duration, 5yr ARI event 0.83 9 223 16,658 8,329 24,987 15 3.0 2.0 232.6 775
Quarry Management Plan - 6hr duration, 10yr ARI event 0.83 9 144 10,757 5,378 16,135 15 3.0 2.0 188.8 62.9
DECC Best Practice - 5day 95%ile, 20yr ARI event 0.83 9 115.5 8,628 4,314 12,942 15 3.0 2.0 170.0 56.7
Interim Development (5 yr horizon)
Development Approval - 24hr duration, 5yr ARI event 0.83 18.46 223 34,168 17,084 51,251 15 3.0 2.0 329.2 109.7
Quarry Management Plan - 6hr duration, 10yr ARI event 0.83 18.46 144 22,063 11,032 33,095 15 3.0 2.0 266.4 88.8
DECC Best Practice - 5day 95%ile, 20yr ARI event 0.83 18.46 115.5 17,697 8,848 26,545 15 3.0 2.0 239.5 79.8
Final Development - -
Development Approval - 24hr duration, 5yr ARI event 0.83 28 223 51,825 25,913 77,738 1.5 3.0 2.0 403.4 134.5
Quarry Management Plan - 6hr duration, 10yr ARI event 0.83 28 144 33,466 16,733 50,198 15 3.0 2.0 325.9 108.6
DECC Best Practice - 5day 95%ile, 20yr ARI event 0.83 28 115.5 26,842 13,421 40,263 15 3.0 20 292.9 97.6

| L

|

|

|

|

I

Il

|

D>*T | Cross-section A %g. N

Cross-section B

A A A A
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Appendix C

Sediment Basin Spillway Design Information

Peak Flow

Qy = (Cy X key X A)/360
Where:

Qy=

Cy=

Itc,y=

A=

360=

Equation 1 (IECA 2008)

Peak flow rate (msls) of average recurrence interval (ARI) of Y years
runoff coefficient (dimensionless) for ARI of Y years

Average rainfall intensity (mm/hr) for design duration of tc hours and ARI of Y years.

Area of catchments (ha)
Conversion Factor

Wier (Minor friction loss over spillway crest and approach channel)
Water level in sediment basin solved using equation below using trail and error.

Q = 1.7bH® + 1.26mH>®

Equation 2 (IECA 2008)

Refer to Figure 1

Where 1
Q= Peak flow rate (msls) of average recurrence interval (ARI) of Y years (calculated using Equation 1) «—  »
b= Base width of wier m < >
H= Water level within Sediment Basin relative to spillway (weir) crest (m) b
Chute Refer to Figure 2 Figure 1 Wier Profile
Flow height is solved by trial and error using the three equations below as per IECA 2008.
Q=1/nxAxRF®x s Equation 3 (IECA 2008) -
Where |
Q= Peak flow rate (m’s) of average recurrence interval (ARI) of Y years —— ] —— | W, =T+ 0.8 (minimurmn) —‘?’-ﬂ _,r
n= Mannings coefficieint (unitless) ' |
A= Cross sectional area of flow (mz), refer to Eqaution 4 |
R= Hydraulic Radius (m), refer to Equation 5 i_h- |
S= Slope of energy line, equal to slope of chanel bed (m/m) e Chute

. 1IN ) 4 (=
A=(b+xy)y Equation 4 (IECA 2008) | —_ — — | =
Where x | I <
A= Cross sectional area of flow (m?) - * T —b I :
b= Base width of channel (m) ._'.I l‘) l_.._ o — _— I
X= side slope of channel 'l ' -
y= depth of flow in channel (m) + required 0.30m freeboard | =

-
R = ((b +xy)y) / (b+2y(1+9)"?) Equation 5 (IECA 2008) Traptmid 3| wiath - I
Where & idth of r‘c ck pad | |
R= Hydraulic radius of flow (m) Figure 2 Cross-section of Chute § Wy & Wy} may be |
b= Base width of channel (m) < 9‘_"’@”‘9d by the 4
X= side slope of channel f width of the autlet L I
y= depth of flow in channel (m) + required 0.30m freeboard % channel !
o T = Top width of design discharge at base of chute
Energy Dissipator Refer to Figure 3 - A r—rereeeeres =
d50 Median Rock Diametre (mm) Table 5 of IECA 2008 Fact Sheet "Chutes Part 1" Figure 3 Energy Dissipator
Wi= Width 1 (m)=(b+2xy)+0.6
w2= Width 2 (m)= (b+2xy)+0.4L
L= Length of dissipator (m) Table 6 of IECA 2008 Fact Sheet "Chutes Part 1"
Peak Flow (Entering Basin) Wier Chute Energy Disipator
INPUTS OUTPUTS Inputs Outputs
Upstream Minimum Required
water level Height with Chute Depth Maximum
Base width Horizontal |relative to Wie 0.30m Channel Basel Side Slope Channel Flow Depth | with 300mm| Permissable Mean rock size, d50
Sediment Basin Label (m) Slope of Wier (m) Freeboard (m)| Width (m) Length Slope (m/m) |Proposed Lining Mannings Peak Flow (m) Feeboard | Velocity (m/s) | Velocity (m/s) (mm) Width 1 (m) Width 2 (m) Length (m)
Itc,y (10
C10 yr) I A Q b m H H + freeboard b X So n Q y y+0.3m Vmax \ d50 W, W, L

Sediment Basin 1 0.9 123 24 18.46 5.676 25.000 1.000 0.250 0.550 15 2 0.2500 Rock (d50 of 300mm) 0.1400 5.676 0.250 0.550 #N/A 1.465 200.000 16.600 17.080 2.700
CD1 0.5 167 12 3.52 0.816 1 2 0.0200 Turf 0.0400 0.816 0.350 0.650 1.700 1.372
Chute 2 0.5 167 13 4.08] 0.946 1 2 0.1100 Natural channel with vegetation 0.1000 0.946 0.390 0.690 #NIA 1.363
CD2 0.5 167 12 8.70 2.018 1 2 0.0150 Turf 0.0400 2.018 0.590 0.890 1.700 1.569
Chute 1 0.5 167 13 11.55 2.679 1 2 0.3000 Natural channel with vegetation 0.1000 2.679 0.510 0.810 #N/A 2.600
CD3 0.5 167 15 29.25 6.784 25 2 0.1500 Rock (d50 of 300mm) 0.0800 6.784 0.630 0.930 #N/A 2.864
Diversion Drain 1 123 24 18.46 6.307 5 2 0.0200 Rock (d50 of 300mm) 0.0700 6.307 0.710 1.010 #N/A 1.384
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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 construction of basins. The location, sizing and design of the
sediment basin is specified in the erosion and sediment control plan.

Spillway
Sediment storage zone H—s
v /

¥ Earth

——— ermbankment
Len_glh/widlth .
ratio 3:1 min. Plan View

2
Original ground level 1[;7
Sediment settling zone 3
Illf‘-‘.f.'.;,,,w Sediment storage zone {' 730 mm min. "-_1._ 1

e T crest of

BO0 mm min,

Water depth
1 500 mm min,

P, 1 Cut—off trench 600 mm
CFOSS section min. depth backfilled with

impermeable clay and
compacted

Figure 1 -Standard 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.



INSPECT - Is there water above the basin sediment
storage zone?

No

INSPECT - Does accumulated sediment exceed

sediment storage zone? No

RECORD - Estimate and record volume in basin
settling zone in spreadsheet (Record 0 if no water)

Y

RECORD - Yes / No response in spreadsheet

Yes
A
TEST - Test water quality
parameters specified in Table 1

A4

Yes

y
DISPOSE - Excavate accumulated sediment from basin and
dispose
RECORD - Volume disposed in spreadsheet

ASSESS COMPLIANCE - Does water quality comply with
Water Quality Objectives?

RECORD - Record final turbidity in spreadsheet

TREAT WATER - Dose water with flocculent as per dose rates
specified in Table 2 or manufacturer instructions. Retest until
water quality objectives achieved
RECORD - Volume of flocculent applied.

Yes

A 4
DISCHARGE - Pump water to approved
discharge point.

Figure 2 — Sediment Basin Procedure

INSPECT - Has the pond overtopped the emergency
spillway in the previous 24 hours?
RECORD - Yes/No response in spreadsheet

No

Yes

y
CHECK - Has the design rainfall event for the
pond been exceeded?

y
NOTIFY - If discharge has occurred and
the design event has not been exceeded,
notify environmental consultant

h 4

NO ACTION




3. Monitoring

Monitoring of water quality in the sediment basin is to be conducted daily by O2 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 quality 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 quality objective.

Table 1 — Water Quality Objectives

Parameter Target Notes
TSS 50mg/L Is achieved if turbidity target is met.
pH 6.5-7.5 Measure using calibrated pH probe

Turbidity Initially 75 Measure using calibrated turbidity probe.
NTU




4.

Records and Reporting

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.

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)



5. 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. Treatment is recommended at the rates outlined in Table 2.

Table 2 — Dose Rates

Compound Indicative Dose Rate Notes
Gypsum 32 kg/100m’ Gypsum is not readily soluble in water.
PAC 5 to 8 mg/L (target IMPORTANT Dose rates are required 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;
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.



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 Required 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)



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 analytical 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



7. 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.
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Annexure E Concept Final Development Plan (Groundwork)
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Annexure F Sediment Control Fact Sheets
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Chutes Part 1: General information

DRAINAGE CONTROL TECHNIQUE

Low Gradient Velocity Control Short Term 4
Steep Gradient v | Channel Lining Medium-Long Term v
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.
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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 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.

s 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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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.

| 5 x depth of approach flow |

Scour protection at the inlet
can be achieved by extending

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

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

Catchments & Coéala Pty 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 0.15m.

Dimensions and geometry:

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

e 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).

| Ti

Cakrrnts & Crosbs Pry L2
o

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 (dso) 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) 121 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

Depth of Flow velocity at base of Chute (m/s)
approach
flow (mm) 2.0 3.0 4.0 5.0 8.0 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 55
200 2.1 27 3.4 4.3 52 6.1 7.0
300 2.7 3.6 4.3 4.8 58 6.8 7.9

W; =T+ 0.6 (minimum)

T+ 0.4L

W,

Width of rock pad [
(W; & W3) may be
governed by the
width of the outlet L
channel 1

T =Top width of design discharge at base of chute

Catchments & Creeks Pty Lid

Figure 5 — Typical layout of a recessed rock pad for a chute (plan view)
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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.

fr;- - I - =
Phats auppted by Coiclimenis & Bmers Py L4

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.

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.

| o

"

s P s h

. K " : suppled by CalChmanis &Go#, 1y Lid -t 3
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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Chutes Part 5: Rock linings

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.
{21 The design of permanent chutes may require consideration of issues not discussed here.

Symbol =3 CH=3

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 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. Itis 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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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—llned splllway with well- Photo 20 — Rock-lined splllway w]th pooriy

defined crest profile defined crest profile

ot %wh.‘;_;ﬁhﬁ.—?r f‘” - - o~
Lg,~m% % S e

BEY

B VR I 4 T A : -. s
Photo 21 — Placement of the rock on the Photo 22 - ln this example, placament of
soil 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

Photd 23 - Rounded rock can be Photo 24 - Placement of a few Iargo.

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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Hydraulic design of rock-lined chutes:

Step 1
Step 2

Step 3
Step 4

Step 5

Step 6

Step 7
Step 8

Step 9

Step 10

Step 11

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 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.

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).

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

Determine the likely density (specific gravity, s;), and a size distribution (dse/dasq) 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 (ds;) for the chute.
Manning’s equation: Q = AV = (1/n)A.R*. 8™
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 supported by expected flow conditions),

(i)  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.

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 1m®/s on a 3;1 slope with a 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) 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 1.0m%/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 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.

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,
dspl/den = 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, ds, = 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.

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) 0.87(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 tofal 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 estimated
as, V=q/ly=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 § (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, ds, (m) for SF = 1.2

Safety factor, SF = 1.2

Specific gravity, s, = 2.4

Size distribution, dsg/dge = 0.5

Unit tﬂOW Bed slope =5:1 | Bedslope=4:1 | Bedslope=23:1 | Bed slope=2:1

(mg?s?m} y (m) dso y (m) dso y (m) dso y (m) dso
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 ", y (m) and mean rock size, ds (m) for for SF = 1.5

Safety factor, SF = 1.5

Specific gravity, s, = 2.4

Size distribution, dgo/dg; = 0.5

Unit tﬂOW Bed slope =5:1 | Bedslope=4:1 | Bedslope=3:1 | Bed slope =2:1

{ml;?s?m) y (m) dso y (m) dso y (m) dso y (m) dso
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 1.1 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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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.

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

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

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

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

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.

stable material to achieve the desired 2. Rock INUSE be pla_ced within the channel
foundations. as specified within the approved plans,
including the placement of any
6. If the chute is temporary, then compact specified filter layer.
h bgrade to a fi sistency. If ; ;
:hg i'#utger e intendadntg ;gnp;rlman};nt 3. If details are not provided on the rock
then compact and finish the subgrade p!ackemer;té}ethiﬂ th? prcljmar}r L
as specified within the design plans. FOCA FRUSLUS GIhar Placac on:
° fi
7. Auod compacing the suborade to s * Sprier U2 fomed fom = fever of
condition that would prevent the turf P YSHE
from bonding with the subgrade. ¢ an earth bed lined with filter cloth;
: s an earth bed not lined in filter cloth, but
& Et:?aur:r :::nsa!df g:f(:{ﬁs)cst;; tee b only if all voids between the armour
P e ' P8 rock are to be filled with soil and pocket
9. Ensure the completed chute has planted immediately after placement of
sufficient deep along its full length. the rock.
10. Ensure the chute is straight from its 4. If a rocklaggregate filter layer is
crest to the toe of the chute. specified, then place the filter layer
11. On fil slopes, ensure that the soil is :’r’;’;‘:‘:;a;e"é;zg; e Sunceene; am
tely com fi idth of at . - :
ﬁacziaestt‘uoan: S::\':zift,rt=_-pt;-:‘a;:tt:ﬁdsidc'nr-_' E:):\;%e chute umfo_rm iayen tfo the specified depth but
to minimise the risk of soil erosion, ?hamnmclsr:;n]a?er.‘i{f]r%&r mtirr?alml:’ar:
e B raceyy  Seen speifed. sread ez layersuh
P i that minimal mixing occurs between
or erosion control mats. 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 fabric directly on
(energy dissipater) at the base of the the prepared foundation. If more than
chute (refer to separate specifications). one sheet of fabric is required to over
14. Ensure water leaving the chute and the :;;;za};aos‘;%%%ﬁn;? andpglae‘:: ;n?:ah‘::‘r
outlet structure will flow freely without pins at minimum one metre spacing
causing undesirable ponding or scour. along the overlap.
15. Appropriately stabilise all disturbed
areas immediately after construction.
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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.

4.
S.
6.

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

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

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

Open, constructive dialogue with communities surrounding our operations;

Rehabilitate areas affected by business operations;

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 1SO 14001 or its equivalent.

Mario Panuccio

CEO

24 June 2009
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